intrathoracic adenopathy, or lung abscess can occur. Sputum or pleural effusion cultures are rarely positive in such cases, which respond
well to standard brucellosis treatment. One-quarter of patients have
hepatosplenomegaly, and 10–20% have significant lymphadenopathy;
the differential diagnosis includes glandular fever–like illness such as
that caused by Epstein-Barr virus, Toxoplasma, cytomegalovirus, HIV,
or Mycobacterium tuberculosis. Up to 10% of men have acute epididymoorchitis, which must be distinguished from mumps and from surgical problems such as torsion. Prostatitis, inflammation of the seminal
vesicles, salpingitis, and pyelonephritis all occur. There is an increased
incidence of fetal loss among infected pregnant women, although teratogenicity has not been described and the tendency toward abortions
is much less pronounced in humans than in farm animals.
Neurologic involvement is common, with depression and lethargy
whose severity may not be fully appreciated by either the patient or the
physician until after treatment. A small proportion of patients develop
lymphocytic meningoencephalitis that mimics neurotuberculosis,
atypical leptospirosis, or noninfectious conditions and that may be
complicated by intracerebral abscess, a variety of cranial nerve deficits,
or ruptured mycotic aneurysms.
Endocarditis occurs in ~1% of cases, most often affecting the aortic
valve (natural or prosthetic). Any site in the body may be involved in
metastatic abscess formation or inflammation; the female breast and
the thyroid gland are affected particularly often. Nonspecific maculopapular rashes and other skin manifestations are uncommon and are
rarely noticed by the patient even if they develop.

Figure 194e-1 Liver biopsy specimen from a patient with brucellosis shows a noncaseating granuloma. (From Mandell’s Atlas of
Infectious Diseases, Vol II, in DL Stevens [ed]: Skin, Soft Tissue, Bone and
Joint Infections, Fig. 5-9; with permission.)
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DIAGNOSIS
Because the clinical picture of brucellosis is not distinctive, the
diagnosis must be based on a history of potential exposure, a presentation consistent with the disease, and supporting laboratory
findings. Results of routine biochemical assays are usually within
normal limits, although serum levels of hepatic enzymes and bilirubin
may be elevated. Peripheral leukocyte counts are usually normal or
low, with relative lymphocytosis. Mild anemia may be documented.
Thrombocytopenia and disseminated intravascular coagulation with
raised levels of fibrinogen degradation products can develop. The
erythrocyte sedimentation rate and C-reactive protein levels are often
normal but may be raised.
In body fluids such as cerebrospinal fluid (CSF) or joint fluid, lymphocytosis and low glucose levels are the norm. Elevated CSF levels of
adenosine deaminase cannot be used to distinguish tubercular meningitis, as they may also be found in brucellosis. Biopsied samples of tissues such as lymph node or liver may show noncaseating granulomas
(Fig. 194e-1) without acid/alcohol-fast bacilli. The radiologic features
of bony disease develop late and are much more subtle than those of

tuberculosis or septic arthritis of other etiologies, with less bone and
joint destruction. Isotope scanning is more sensitive than plain x-ray
and continues to give positive results long after successful treatment.
Isolation of brucellae from blood, CSF, bone marrow, or joint
fluid or from a tissue aspirate or biopsy sample is definitive, and
attempts at isolation are usually successful in 50–70% of cases.
Duplicate cultures should be incubated for up to 6 weeks (in air and
10% CO2, respectively). Concentration and lysis of buffy coat cells
before culture may increase the isolation rate. Cultures in modern
nonradiometric or similar signaling systems (e.g., Bactec) usually
become positive within 7–10 days but should be maintained for at least
3 weeks before the results are declared negative. All cultures should
be handled under containment conditions appropriate for dangerous
pathogens. Brucella species may be misidentified as Agrobacterium,
Ochrobactrum, or Psychrobacter (Moraxella) phenylpyruvicus by the
gallery identification strips commonly used in the diagnostic laboratory. In recent years, matrix-assisted laser desorption ionization timeof-flight spectrometry (MALDI-TOF MS) has emerged as a powerful
tool in bacterial identification. The relative homogeneity of classical
Brucella species makes identification beyond the genus level by routine
approaches challenging, although further improvements may facilitate
discrimination at the species level. The place of this technique in routine diagnostic practice will depend on such refinements. Meanwhile,
the authors are aware of cases in which blood culture isolates have been
identified incorrectly using MALDI-TOF MS.
The peripheral blood–based polymerase chain reaction has enormous potential to detect bacteremia, to predict relapse, and to exclude
“chronic brucellosis.” This method is probably more sensitive and
is certainly quicker than blood culture, and it does not carry the
attendant biohazard risk posed by culture. Nucleic acid amplification
techniques are now quite widely used, although no single standardized
procedure has been adopted. Primers for the spacer region between
the genes encoding the 16S and 23S ribosomal RNAs (rrs-rrl), various outer-membrane protein–encoding genes, the insertion sequence
IS711, and the protein BCSP31 are sensitive and specific. Blood and
other tissues are the most suitable samples for analysis.
Serologic examination often provides the only positive laboratory
findings in brucellosis. In acute infection, IgM antibodies appear early
and are followed by IgG and IgA. All these antibodies are active in
agglutination tests, whether performed by tube, plate, or microagglutination methods. The majority of patients have detectable agglutinins
at this stage. As the disease progresses, IgM levels decline, and the
avidity and subclass distribution of IgG and IgA change. The result
is reduced or undetectable agglutinin titers. However, the antibodies
are detectable by alternative tests, including the complement fixation
test, Coomb’s antiglobulin test, and enzyme-linked immunosorbent
assay. There is no clear cutoff value for a diagnostic titer. Rather,
serology results must be interpreted in the context of exposure history
and clinical presentation. In endemic areas or in settings of potential
occupational exposure, agglutinin titers of 1:320–1:640 or higher are
considered diagnostic; in nonendemic areas, a titer of ≥1:160 is considered significant. Repetition of tests after 2–4 weeks may demonstrate
a rising titer.
In most centers, the standard agglutination test is still the mainstay
of serologic diagnosis, although some investigators rely on the rose
bengal test, which has not been fully validated for human diagnostic
use. Dipstick assays for anti-Brucella IgM are useful for the diagnosis
of acute infection but are less sensitive for infection with symptoms
of several months’ duration. In an endemic setting, more than 90% of
patients with acute bacteremia have standard agglutination titers of at
least 1:320. Other screening tests are used in some centers.
Antibody to the Brucella LPS O chain—the dominant antigen—is
detected by all the conventional tests that employ smooth B. abortus cells as antigen. Since B. abortus cross-reacts with B. melitensis
and B. suis, there is no advantage in replicating the tests with these
antigens. Cross-reactions also occur with the O chains of some
other gram-negative bacteria, including Yersinia enterocolitica O:9,
Escherichia coli O157, Francisella tularensis, Salmonella enterica group
N, Stenotrophomonas maltophilia, and Vibrio cholerae. Cross-reactions

