194e-2

PART 8
Infectious Diseases

Antibodies promote clearance of extracellular brucellae by bactericidal
action and by facilitation of phagocytosis by polymorphonuclear and
mononuclear phagocytes; however, antibodies alone cannot eradicate
infection. Organisms taken up by macrophages and other cells can
establish persistent intracellular infections. The key target cell is the
macrophage, and bacterial mechanisms for suppressing intracellular
killing and apoptosis result in very large intracellular populations.
Opsonized bacteria are actively phagocytosed by neutrophilic granulocytes and by monocytes. In these and other cells, initial attachment
takes place via specific receptors, including Fc, C3, fibronectin, and
mannose-binding proteins. Opsonized—but not unopsonized—bacteria trigger an oxidative burst inside phagocytes. Unopsonized bacteria
are internalized via similar receptors but at much lower efficiency.
Smooth strains enter host cells via lipid rafts. Smooth lipopolysaccharide (LPS), β-cyclic glucan, and possibly an invasion-attachment
protein (IalB) are involved in this process. Tumor necrosis factor α
(TNF-α) produced early in the course of infection stimulates cytotoxic
lymphocytes and activates macrophages, which can kill intracellular
brucellae (probably mainly through production of reactive oxygen and
nitrogen intermediates) and may clear infection. However, virulent
Brucella cells can suppress the TNF-α response, and control of infection in this situation depends on macrophage activation and interferon
γ (IFN-γ) responses. Cytokines such as interleukin (IL) 12 promote
production of IFN-γ, which drives TH1-type responses and stimulates
macrophage activation. Inflammatory cytokines, including IL-4, IL-6,
and IL-10, downregulate the protective response. As in other types of
intracellular infection, it is assumed that initial replication of brucellae
takes place within cells of the lymph nodes draining the point of entry.
Subsequent hematogenous spread may result in chronic localizing
infection at almost any site, although the reticuloendothelial system,
musculoskeletal tissues, and genitourinary system are most frequently
targeted. Both acute and chronic inflammatory responses develop
in brucellosis, and the local tissue response may include granuloma
formation with or without necrosis and caseation. Abscesses may also
develop, especially in chronic localized infection.
The determinants of pathogenicity of Brucella have not been fully
characterized, and the mechanisms underlying the manifestations of
brucellosis are incompletely understood. The organism is a “stealth”
pathogen whose survival strategy is centered on several processes
that avoid triggering innate immune responses and that permit survival within monocytic cells. The smooth Brucella LPS, which has an
unusual O-chain and core-lipid composition, has relatively low endotoxin activity and plays a key role in pyrogenicity and in resistance to
phagocytosis and serum killing in the nonimmune host. In addition,
LPS is believed to play a role in suppressing phagosome–lysosome
fusion and diverting the internalized bacteria into vacuoles located
in endoplasmic reticulum, where intracellular replication takes place.
Specific exotoxins have not been isolated, but a type IV secretion
system (VirB) that regulates intracellular survival and trafficking has
been identified. In B. abortus this system can be activated extracellularly, but in B. suis it is activated (by low pH) only during intracellular
growth. Brucellae then produce acid-stable proteins that facilitate the
organisms’ survival in phagosomes and may enhance their resistance
to reactive oxygen intermediates. A type III secretion system based on
modified flagellar structures also has been inferred, although not yet
confirmed. Virulent brucellae are resistant to defensins and produce a
Cu-Zn superoxide dismutase that increases their resistance to reactive
oxygen intermediates. A hemolysin-like protein may trigger the release
of brucellae from infected cells.
CLINICAL FEATURES
Brucellosis almost invariably causes fever, which may be associated
with profuse sweats, especially at night. In endemic areas, brucellosis may be difficult to distinguish from the many other causes of
fever. However, two features recognized in the nineteenth century
distinguish brucellosis from other tropical fevers, such as typhoid and
malaria: (1) Left untreated, the fever of brucellosis shows an undulating
pattern that persists for weeks before the commencement of an afebrile
period that may be followed by relapse. (2) The fever of brucellosis is

associated with musculoskeletal symptoms and signs in about one-half
of all patients.
The clinical syndromes caused by the different nomen species are
similar, although B. melitensis tends to be associated with a more acute
and aggressive presentation and B. suis with focal abscess induction.
B. abortus infections may be more insidious in onset and more likely to
become chronic. B. canis infections are reported to present frequently
with acute gastrointestinal symptoms.
The incubation period varies from 1 week to several months, and
the onset of fever and other symptoms may be abrupt or insidious. In
addition to experiencing fever and sweats, patients become increasingly apathetic and fatigued; lose appetite and weight; and have
nonspecific myalgia, headache, and chills. Overall, the presentation of
brucellosis often fits one of three patterns: febrile illness that resembles
typhoid but is less severe; fever and acute monoarthritis, typically of
the hip or knee, in a young child; and long-lasting fever, misery, and
low-back or hip pain in an older man. In an endemic area (e.g., much
of the Middle East), a patient with fever and difficulty walking into
the clinic would be regarded as having brucellosis until it was proven
otherwise.
Diagnostic clues in the patient’s history include travel to an endemic
area, employment in a diagnostic microbiology laboratory, consumption of unpasteurized milk products (including soft cheeses), contact
with animals, accidental inoculation with veterinary Brucella vaccines,
and—in an endemic setting—a history of similar illness in the family
(documented in almost 50% of cases). Focal features are present in the
majority of patients. The most common are musculoskeletal pain and
physical findings in the peripheral and axial skeleton (~40% of cases).
Osteomyelitis more commonly involves the lumbar and low thoracic
vertebrae than the cervical and high thoracic spine. Individual joints
that are most commonly affected by septic arthritis are the knee, hip,
sacroiliac, shoulder, and sternoclavicular joints; the pattern may be
one of monoarthritis or polyarthritis. Osteomyelitis may also accompany septic arthritis.
In addition to the usual causes of vertebral osteomyelitis or septic
arthritis, the most important disease in the differential diagnosis is
tuberculosis. This point influences the therapeutic approach as well
as the prognosis, given that several antimicrobial agents used to treat
brucellosis are also used to treat tuberculosis. Septic arthritis in brucellosis progresses slowly, starting with small pericapsular erosions. In the
vertebrae, anterior erosions of the superior end plate are typically the
first features to become evident, with eventual involvement and sclerosis of the whole vertebra. Anterior osteophytes eventually develop, but
vertebral destruction or impingement on the spinal cord is rare and
usually suggests tuberculosis (Table 194e-1).
Other systems may be involved in a manner that resembles typhoid.
About one-quarter of patients have a dry cough, usually with few
changes visible on the chest x-ray, although pneumonia, empyema,
Table 194e-1 R adiology of the Spine: Differentiation of Brucellosis
from Tuberculosis

Osteophyte

Tuberculosis
Dorsolumbar
Contiguous
Early
Morphology lost early
Common
General: upper and lower
disk regions, central, subperiosteal
Unusual

Psoas abscess

Anterior wedge, gibbus
Variable
Common and discrete
loss, transverse process
More likely

Site
Vertebrae
Diskitis
Body
Canal compression
Epiphysitis

Brucellosis
Lumbar and others
Multiple or contiguous
Late
Intact until late
Rare
Anterosuperior (Pom’s
sign)

Anterolateral (parrot
beak)
Deformity
Wedging uncommon
Recovery
Sclerosis, whole-body
Paravertebral abscess Small, well-localized
Rare

