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The most prevalent zoonotic disease is brucellosis, which poses a significant threat for worldwide public health.
Particularly in endemic areas, spinal involvement is a major source of morbidity and mortality and can complicate the
course of the disease.

Keywords: Brucella ; brucellosis ; spine ; spondylitis ; spondylodiscitis

| 1. Introduction

Brucellosis is a zoonotic infection caused by the bacterial genus Brucella. Humans represent occasional hosts, but
brucellosis remains a major public health problem globally and is the most common zoonotic infection. Spinal involvement
may complicate the course of the disease and is a significant cause of morbidity and mortality, especially in endemic
areas 4,

| 2. Epidemiology

Brucellosis is caused by a group of small (diameter: 0.5-0.7; length: 0.6—1.5 ym), non-motile, non-spore-forming, slow-
growing, facultative intracellular, Gram-negative coccobacilli 2. It is an ancient disease known by various names,
including Mediterranean fever, Malta fever, and undulant fever. The genus Brucella was named after David Bruce in 1887.
He isolated and identified the causative bacterium from the spleen of a British soldier who had died of a febrile illness that
was common among military personnel stationed in Malta Bl. Twelve species are known to date 4, and each has its
preferred animal host, although it can also infect other hosts . The major Brucella species known to cause disease in
humans are B. melitensis (sheep and goats), B. abortus (cattle, including the vaccine strain RB51), B. suis (pigs), and B.
canis (dogs) . The vast majority of human cases worldwide are associated with B. melitensis [,

The disease can be transmitted to humans through the consumption of unpasteurized animal products (especially raw
milk, soft cheese, butter, and ice cream), direct skin or mucous membrane contact with infected animal tissue, or
inhalation of infected aerosol particles €. The risk of transmission is generally greater for people working with the bacteria
in laboratories, slaughterhouses, veterinarians, hunters, shepherds, and meat-packing plant workers. In rare cases,
human-to-human transmission has been documented through sexual contact, breastfeeding, congenital transmission,
bone marrow transplantation, blood transfusion, and aerosol from an infected patient [,

Although accurate epidemiologic data are not available for many endemic areas, it is estimated that more than 500,000
new human cases are reported worldwide each year [&l. The disease is most common in people who have travelled to or
live in areas where the disease is endemic in animals along the Mediterranean basin (Portugal, Spain, Southern France,
Italy, Greece, Turkey, and North Africa), Mexico, South and Central America, Eastern Europe, Asia, Africa, and the Middle
East B9 Even though it is a nationally notifiable disease in most countries and must be reported to the local health
authorities, this is not always the case, and official numbers represent only a fraction of the actual incidence of the
disease 19,

Osteoarticular involvement is one of the most common complications of brucellosis and varies in the literature from 10%
to 85% of patients L2345 The wide range between reports in the literature may be due to the characteristics of
the study populations, the radio-diagnostic methods used, and the different diagnostic criteria 13l It may present as
sacroiliitis, spondylitis, osteomyelitis, peripheral arthritis, bursitis, and tenosynovitis 14, The type of skeletal involvement
depends in part on the age of the patient (I, The most common osteoarticular finding in children is monoarticular arthritis
(usually of the knees and hips) 28, whereas in adults, the sacroiliac (up to 80%) and spinal (up to 54%) joints are most
commonly involved 4. According to one study, patients with osteoarticular brucellosis have a longer duration of illness
before diagnosis 14,



Brucella spondylitis is among the most serious manifestations of the disease and is associated with complications such as
epidural, paravertebral, and psoas abscesses, and possible resultant nerve compression . The incidence of spondylitis
among the cases of brucellosis varies in the literature between 2 and 60% 18 In a review study regarding spinal
brucellosis, the predominant radiologic finding was spondylitis or spondylodiscitis, which was documented in 92% of
cases, followed by a pre- or paravertebral abscess at a rate of 18% 18l According to several studies, spondylitis is more
common in men and in patients aged between 50 and 60 years LHI1920] |t mainly affects the lumbar spine, followed by
the thoracic, sacral, and cervical areas 2. The most frequently involved site of infection is the L5-S1 level (15121 one
study showed that although the lumbar spine is most commonly affected, the involvement of the thoracic spine was more

frequent in severely complicated cases 9. Notably, multilevel vertebral involvement has been reported to occur in 2-36%
g [11][18][19][20][21][22][23]

of cases of Brucella spondyliti

| 3. Pathogenesis

Brucellosis may present as a multisystemic disease. Infectious organisms have been described to reach the spine by
hematogenous or non-hematogenous routes, such as direct external bacterial inoculation or contiguous spread from an
adjacent infectious site 241, As for Brucella species, they mainly spread to the spine hematogenously through the nutrient
arterioles of the vertebral bodies 23 or, rarely, by retrograde flow through the venous plexus of Batson, which was first
described in an attempt to explain the preference of metastatic disease for the posterior aspect of the vertebral body 28!
[27], As the vascularization of the vertebral bodies has been meticulously studied, the natural history of Brucella spondylitis
can be explained sufficiently. Early Brucella spondylitis involves the anterior portion of the vertebral rim as the arterial
vascularization of the vertebral bodies is anatomically denser on that surface 28, Later, the infection progresses to the
remainder of the vertebral body using the medullary spaces, eventually reaching the disc annulus and the nucleus
pulposus M3 1t is worth noting that in adult life intra-osseous arteries are end arteries and therefore, in the event of
septic emboli entrapment, extensive destruction of the vertebral body cannot be prevented by the presence of an
anastomotic network 29, The most commonly affected sites are the lumbar spine, followed by the thoracic and cervical
spine, while multilevel involvement has also been described 2129,

Before diving deeper into the pathophysiological mechanisms that orchestrate the deleterious effects of a Brucella
infection on joints and bones, this section will first analyze the key aspects of normal bone physiology. Bone is primarily
comprised of cells and an extracellular matrix, the osteoid, which becomes mineralized after the deposition of calcium and
phosphate in the form of hydroxyapatite, a process essential for the structural integrity of the bone. There are three types
of bone cells: osteoblasts, osteoclasts, and osteocytes 1. Osteoblasts are bone-forming cells responsible for bone
mineralization and the production of the receptor activator of nuclear factor kappa-B ligand (RANKL) and osteoprotegerin,
which induce and suppress osteoclastogenesis, respectively [22. Osteocytes are terminally differentiated osteoblasts that
become entrapped in the mineralized matrix B, Finally, osteoclasts are bone-resorbing cells with the unique ability to
digest the calcified bone matrix. Until recently, it was established that the formation of osteoclasts can be accomplished
either by the fusion of osteoclast progenitor cells that originate from the monocyte/macrophage lineage of the bone
marrow or through the differentiation of osteal macrophages, which are the bone marrow resident macrophages 23114,
Nonetheless, the latest research has demonstrated that peripheral blood mononuclear cells can also fuse and become
mature multinucleated osteoblasts and that these may significantly contribute to the bone damage seen during
inflammatory conditions such as rheumatoid arthritis [21136],

Bone is often regarded as a metabolically inert structure with an innate resistance to infection. Nevertheless,
osteoarticular brucellosis is the most frequent complication of a Brucella infection in humans U2 The underlying
mechanisms involved in this process have only recently been elucidated (Figure 1). The available data are mainly derived
from research regarding B. abortus but can be safely used for the understanding of the pathogenesis of Brucella
spondylitis in general. By now, it is evident that Brucella's success as a pathogen relies on its ability to maintain an
intracellular lifestyle, primarily by invading and replicating within macrophages. However, macrophages are not the only
intracellular niche that Brucella can penetrate B2, Firstly, it has been established that B. abortus can infect and replicate
within osteoblasts in vitro B89 Once inside osteoblasts, Brucella interferes with the physiological functions of these cells
via, principally, three mechanisms: the induction of osteoblast apoptosis and the hampering of their differentiation; the
inhibition of mineralization and organic matrix deposition; and the upregulation of RANKL B2 These changes are the
result of the direct effect of Brucella on osteoblasts, but also the result of Brucella-infected macrophages, the ones that
already reside in the bone and the ones that are attracted to the site of infection. The induction of apoptosis is largely
dependent upon the phosphorylation of p38 and extracellular signal-regulated kinase 1 and 2 (ERK1/2), which is activated
in Brucella-infected osteoblasts. P38 and ERK1/2 are mitogen-activated protein kinases (MAPK) that regulate a plethora
of functions in terms of cell growth, development, and survival 2%, Another critical function of these pathways is the



production of monocyte chemotactic protein 1 (MCP-1) by osteoblasts, which is responsible for the attraction of
monocytes and macrophages to the site of infection. In turn, these cells secrete tumor necrosis factor alpha (TNF-a) that
results in osteoblast apoptosis, decreased bone mineralization, and upregulation of RANKL 221,
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Figure 1. The underlying mechanisms of Brucella-induced osteoarticular disease are multiple, complex, and largely rely
on experimental data from B. abortus studies. B. abortus can infect and replicate within osteoblasts and interfere with the
physiological functions of these cells via three mechanisms: the induction of osteoblast apoptosis and the hampering of
their differentiation; the inhibition of mineralization and organic matrix deposition; and the upregulation of receptor
activator of nuclear factor kappa-B ligand (RANKL). Brucella-infected osteoblasts also secrete monocyte chemotactic
protein 1 (MCP-1) that attracts monocytes and macrophages to the site of infection. In turn, these cells secrete tumor
necrosis factor alpha (TNF-a) that, similarly, results in osteoblast apoptosis, decreased bone mineralization, and
upregulation of RANKL. Brucella-infected osteoblasts and monocytes can also secrete matrix metalloproteinases, MMP-2
and MMP-9, respectively. Specifically, MMP-9 production is the result of the autocrine function of TNF-a produced by
monocytes. Additionally, Brucella can multiply within osteocytes and lead to the production of MMP-2, RANKL, TNF-a, and
proinflammatory cytokines. Moreover, Brucella and supernatants from Brucella-infected macrophages inhibit the
expression of connexin 43 along with the expression of integrins, ultimately leading to osteocyte apoptotic cell death.
Upon Brucella infection or in response to B. abortus, lipidated outer membrane protein 19 macrophages release
inflammatory mediators such as TNF-a, eventually enhancing osteoclastogenesis. Moreover, supernatants from B.
abortus-activated macrophages stimulate T cells to produce interleukin-17 which promotes osteoclast differentiation
through the induction of proinflammatory cytokines. Finally, B. abortus-infected B cells produce MMP-9 and RANKL.

Matrix metalloproteinases (MMPs) also contribute to the osteoarticular damage in the context of brucellosis. Specifically,
two types of MMPs, MMP-2 and MMP-9, which aid in the degradation of type | collagen present in bones and type Il
collagen present in cartilage, have been demonstrated to be involved in Brucella-induced tissue injury “142 |n particular,
in vitro studies have shown that B. abortus-infected osteoblasts produce MMP-2 in a process that is largely mediated by
the production of granulocyte-macrophage colony-stimulating factor (GM-CSF) by the same cells 2. In addition, as
mentioned above, Brucella-infected osteoblasts produce MCP-1 that attracts monocytes, which then secrete MMP-9 42,

MMP-9 production is the result of the autocrine function of TNF-a produced by monocytes in response to GM-CSF 42,

Brucella can also infect and multiply within osteocytes in vitro 23], Infected osteocytes then secrete MMP-2, RANKL, TNF-
a, and proinflammatory cytokines 2l This response ultimately leads bone marrow-derived monocytes (BMM) to undergo
osteoclastogenesis. At this point it should be mentioned that one of the ways by which coordinated communication among
osteocytes and between osteocytes and osteoblasts is achieved is via gap junctions, and the most abundant protein in
these gap junctions is connexin 43 (Cx43) 44l Interestingly, the B. abortus infection has been found to reduce the
expression of Cx43 [13 Moreover, the interaction between osteocytes and supernatants from Brucella-infected
macrophages inhibits the expression of Cx43 along with the expression of integrins 43!, which also participate in osteocyte
adhesion and signaling 22, The outcome of these changes is osteocyte apoptotic cell death 43l Based on these findings,



it can be safely deducted that Brucella harms osteocyte activity and viability, directly and indirectly, thus contributing to the
tissue damage observed in an osteoarticular infection.

The role of macrophages and monocytes in the pathophysiology of tissue damage noted in Brucella infections is not
limited to their interaction with osteoblasts and osteocytes. Upon infection with Brucella or in response to Brucella
lipoproteins, such as the lipidated outer membrane protein 19 (L-Omp19), macrophages release inflammatory mediators
such as TNF-a, interleukin-6 (IL-6), and IL-1pB in a toll-like receptor 2-dependent manner (TLR2) €. In turn, TNF-a
production results in the differentiation of BMM into osteoclasts 8. Another intriguing observation is that supernatants
from B. abortus-infected monocytes or L-Ompl9-stimulated monocytes are able to induce, again, through TNF-a
production, the differentiation of human monocytes to osteoclasts €. It should be pointed out that osteoclastogenesis
associated with B. abortus does not require bacterial viability but is equally elicited by structural bacterial components. It is
established that these components are the Brucella lipoproteins but not the Brucella lipopolysaccharide 48147,

Brucella affects the bone tissue not only through macrophages and monocytes but also through T cells and B cells by
exploiting them to induce bone loss. Specifically, stimulation of activated T cells with supernatants from B. abortus-
activated macrophages results in the production of RANKL and IL-17 which promote osteoclastogenesis in vitro 28], |n
addition, it appears that IL-17 is the main driving force for osteoclast differentiation through the induction of
proinflammatory cytokines, primarily TNF-a, by osteoclast precursors 8l This phenomenon has also been replicated in
vivo when injection of mice tibiae with T cells that were treated with supernatants from Brucella-infected macrophages
induced extensive osteoclastogenesis 8. Similarly, B. abortus-infected B cells produce MMP-9, proinflammatory
cytokines, and RANKL, the latter being the main mediator of B cell-induced osteoclastogenesis in vitro 42,

Finally, the role of several cytokines, their receptors, and single-nucleotide polymorphisms for cytokine-encoded genes in
the inflammatory damaged observed during Brucella spondylitis is still unclear and demands further research [29[511(52],

In summary, the osteoarticular damage observed in a Brucella infection is the aftereffect of the direct changes that the
bacterium causes on bone cells and also the result of the intricate interactions between Brucella, bone cells, and the
immune system.
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