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Brucellosis is a zoonotic disease that remains endemic worldwide. Its clinical manifestations and focal com-

plications are often troublesome in making a diagnosis. Involvement of the respiratory system in brucellosis

is an acknowledged but rare event that is only occasionally described in literature. We describe 37 cases of

respiratory involvement during the course of brucellosis that presented as pneumonia, bronchopneumonia,

pleural effusion with a predominance of monocytic or lymphocytic infiltrates, and paroxysmal dry cough. We

also discuss aspects of the respiratory pathology, radiological characteristics, coexisting complications, and

aspects of treatment of respiratory brucellosis.

Brucellosis is a major zoonotic disease that remains en-
demic in many developing countries and in rural areas
of many developed countries around the world [1, 2].
It is commonly implicated in the everyday differential
diagnosis in various clinical settings, because the peculiar
presentations and complications of the infection are not
rare [3]. Transmission is achieved through direct contact
with contaminated animals, ingestion of infected dairy
products, and inhalation of infectious aerosol particles.
The last means of transmission is not only the route by
which brucellae achieve direct contact with the respira-
tory system, but it is a route that has potential for use
in biological warfare [4].

Among the most rare complications in the course of
brucellosis are those involving the respiratory system.
Most large studies of patients with brucellosis have only
occasionally focused on the respiratory system, with an
estimated rate of involvement of <1%—5% of cases [5].
Here, we review data on respiratory complications in
31 patients with brucellosis—to our knowledge, the
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largest report ever—from a total of 450 cases of bru-
cellosis diagnosed in 3 hospitals of the Balkan Peninsula
during a 3-year period. Moreover, we describe 6 ad-
ditional patients who presented with respiratory com-
plications of brucellosis in a retrospective study that
used data from the archives of one of the participating
hospitals.

PATIENTS, MATERIALS, AND METHODS

Brucellosis was diagnosed in 450 patients during the
period from 1 October 1999 through 30 September
2002 at 3 reference hospitals on the Balkan Peninsula.
The participating hospitals were the University Hospital
of Ioannina (specifically, the Internal Medicine De-
partment; loannina, Greece), Peripheral General Hos-
pital “G. Hatzikosta” (specifically, the Department of
Internal Medicine; Ioannina), and the Clinic for Infec-
tious Diseases and Febrile Conditions (Skopje, Former
Yugoslav Republic of Macedonia).

Of these 450 patients, 31 presented with a form of
respiratory involvement. Data on 6 more patients with
respiratory involvement in the course of brucellosis
were retrieved from the archives at one of the partic-
ipating hospitals (Peripheral General Hospital “G. Hat-
zikosta”) for the years of 1995-1999; these patients were
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considered to have definitely had pulmonary brucellosis.

For all 450 patients, the diagnosis of brucellosis was based
on the following: (1) a positive result of an agglutination test
for brucellosis (titers >1:320) with a compatible clinical pre-
sentation; (2) a 4-fold increase in the titer, as determined by
an agglutination test, during the period of illness; (3) a positive
result of a serologic test for brucellosis (i.e., detection of IgM
antibodies by ELISA) in the absence of a history of brucellosis
during the past year; or (4) isolation of Brucella species on
culture of blood or pleural fluid specimens. In patients with
respiratory involvement, other potential diagnoses and co-
infections were excluded (i.e., blood cultures were negative for
Streptococcus pneumoniae; sputum cultures were negative for
common pathogens and mycobacteria; results of Ziehl-Nielsen
smears of sputum samples were negative; results of dermal
tuberculin tests were negative; results of serologic tests for
Mycoplasma species, Chlamydia pneumoniae, Coxiella burnetii,
and Legionella species were negative, both for acute- and conva-
lescent-phase specimens; and the results of tests of urine sam-
ples for Legionella pneumophila antigen were negative). Pres-
ence of neoplasia was excluded by cytologic examination of
sputum and pleural fluid samples and, in most cases, by res-
olution of symptoms noted by imaging studies (i.e., lobar pneu-
monia or pleural fluid noted on radiographs) during posttreat-
ment follow-up.

All 450 patients underwent a thorough clinical examination,
provided a chest radiograph, and, when pulmonary pathologic
findings were present, underwent additional diagnostic evalu-
ation, as described above. CT of the thorax was performed for
5 patients. Samples of pleural fluid were examined for 2 of the
4 patients with pleural effusion. Thirty-six of 37 patients with
respiratory complications were observed throughout the period
of treatment and after the resolution of infection, for a mini-
mum observation period of 1 year. All 37 patients underwent
additional evaluation for diagnosis of other focal complications
of brucellosis.

RESULTS

Of the 450 patients in whom brucellosis was diagnosed, 31 had
some respiratory pathologic finding. A retrospective search of
the archives for the previous 5 years at one of the participating
hospitals revealed 6 more hospitalized patients who had bru-
cellosis with some form of respiratory involvement. The char-
acteristics of patients with symptoms involving the respiratory
system, the presenting symptom, the form of the respiratory
involvement, and concurrent focal complications of brucellosis
are shown in table 1.

Of the 37 patients with respiratory involvement, 25 were
men and 12 were women. This 2:1 ratio was similar to the
ratio for all patients with brucellosis. The median age of female

patients was 53 years (range, 1685 years). The median age for
male patients was also 53 years (range, 29-74 years). The me-
dian age for female patients with respiratory involvement was
similar to the median age of all female patients with brucellosis,
whereas the median age for male patients with respiratory in-
volvement was slightly higher than the median age for all male
patients with brucellosis. Thirty-six of the 37 patients with
respiratory complications had no previous history of respira-
tory manifestations of disease, and 1 patient reported that he
had tuberculosis a decade before the diagnosis of brucellosis,
for which he was adequately treated at that time. Thirty-five
(94.5%) of the 37 patients presented with fever; its duration
ranged from 7 to 180 days (median, 14 days) before the di-
agnosis of brucellosis was established.

Cough was reported by 25 patients (67.6%). Ten (27%) of
these patients reported productive cough with expectoration,
and 15 (40.5%) reported dry cough. One patient presented
with paroxysmal, pertussis-like dry cough. Sputum cultures
were performed for 7 of a total of 10 patients with expecto-
ration. Brucella species were not isolated from any of the cul-
tures. One patient presented with hemoptysis. Dyspnea was
reported by 8 (21.6%) of 37 patients. Arterial blood gas values
were only randomly determined for these patients, and, thus,
the level of dyspnea cannot be adequately evaluated. However,
only 1 patient needed respiratory assistance.

Of the 37 patients, 34 (91.9%) were hospitalized, and 3 were
treated as outpatients. Chest radiography was performed for
all patients at admission or presentation to the emergency de-
partment. The patterns of respiratory involvement for each
patient are shown in table 1. Twelve (32.4%) of the 37 patients
presented with typical lobar pneumonia. The right basal lobe
was involved in 7 of the patients, the left basal lobe was involved
in 2 of the patients, 1 patient presented with lobar pneumonia
of the right middle lobe, and 1 presented with lobar pneumonia
of the right upper lobe. One patient exhibited bilateral con-
solidations. An interstitial pattern was present on the chest
radiographs for 15 patients (40.5%) with respiratory symptoms
and brucellosis. The interstitial pattern was bilateral in 7 of the
patients, involved mainly the right lobe in 7 patients, and in-
volved the left lobe in 1 patient. For patients with unilateral
interstitial involvement, paracardial basal infiltration was the
usual presentation (5 of 8 patients). A honeycomb pattern was
present in 4 patients (10.8%). All 4 of these patients reported
extended duration of symptoms before the diagnosis of bru-
cellosis. Four patients (10.8%) presented with pleural effusion.
The effusion was bilateral in 1 patient and unilateral in 3 pa-
tients (left side in 1 patient and right side in 2 patients).

Sampling of the effusion was performed for 2 of the patients.
Culture of pleural fluid specimens yielded Brucella melitensis
on both occasions. Pleural fluid was characterized as suffusion
(i.e., the pleural fluid protein to serum protein quotient was
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Table 1.

Clinical and epidemiological characteristics of patients with respiratory brucellosis.

Age,
Patient  Sex  years

Presenting symptom(s)

Radiographic findings

Other complication(s)

Interstitial pattern

Pleural effusion (right side)
Interstitial pattern

Interstitial pattern

Interstitial pattern

Interstitial pattern

Interstitial pattern

Interstitial pattern

Interstitial pattern

Honeycomb pattern

Left-side hilar lymphadenopathy
Lobar pneumonia (basal left side)
Lobar pneumonia (basal right side)
Interstitial pattern

Honeycomb pattern

Interstitial pattern

Honeycomb pattern

Lobar pneumonia (basal left and right sides)
Honeycomb pattern

Lobar pneumonia (basal right side)
Lobar pneumonia (basal right side)
Lobar pneumonia (basal right side)
Pleural effusion (left side)

Lobar pneumonia (middle right side)
Lobar pneumonia (basal right side)

Bilateral hilar lymphadenopathy

Interstitial pattern
Interstitial pattern
Lobar pneumonia (basal right side)
Lobar pneumonia (upper right side)
Interstitial pattern
Interstitial pattern
Interstitial pattern

Lobar pneumonia (basal left side), pleural
effusion (left side)

Pleural effusion (bilateral)

1 M 38 Fever, cough

2 F 65 Fever, cough, dyspnea

3 M 35 Fever, dyspnea

4 F 76 Fever, sputum production

5 M 45 Fever, cough

6 F 63 Fever

7 M 60 Fever, cough

8 F 16 Fever

9 M 57 Fever

10 F 63 Fever

" M 40 Fever

12 M 45 Fever, sputum production
13 M 60 Fever, dyspnea

14 F 38 Fever, sputum production
15 M 62 Fever, cough

16 M 29 Fever, cough

17 F 69 Fever, sputum production
18 M 63 Fever, dyspnea

19 M 30 Fever, sputum production
20 M 52 Fever, dyspnea

21 M 72 Fever, cough

22 F 69 Fever, cough

23 M 74 Fever, sputum production, dyspnea
24 M 71 Fever, cough

25 F 85 Fever, sputum production, dyspnea
26 F 33 Lymphadenopathy

27 M 30 Paroxysmal cough None
28 M 65 Fever, cough

29 M 61 Fever, cough

30 M 74 Fever, cough

31 M 63 Fever, sputum production
32 M 61 Fever, cough

33 F 43 Fever, cough

34 M 59 Fever, cough

35 M 38 Fever, hemoptysis, dyspnea
36 M 48 Fever, sputum production
37 F 59 Fever, sputum production

Lobar pneumonia (basal right side)

Hepatitis, spondylitis
Hepatitis, spondylitis
Hepatitis, meningitis
Hepatitis, spondylitis
Hepatitis, spondylitis
None

Hepatitis

Hepatitis

Hepatitis

Hepatitis

Hepatitis

None

Spondylitis

None

Hepatitis

Sacroiliitis

None

None

Hepatitis

Hepatitis, spondylitis
Hepatitis
Spondylitis
Epididymo-orchitis
None

Spondylitis
Generalized lymphadenopathy
None

Spondylitis

Hepatitis
Spondylitis

None

Hepatitis, arthritis
None

Spondylitis

Hepatitis

Arthritis, epididymo-orchitis, hepatitis
Spondylitis

>0.5) in both cases. Samples obtained from the first patient
revealed mixed lymphocytes (55%) and mononuclear cells,
whereas samples obtained from the other patient revealed pre-
dominantly mononuclear cells (95%). Pleural fluid in both
patients was not considered suppurative. Two patients (5.4%)
presented with hilar lymphadenopathy, as determined by chest
radiography and additional CT. One patient presented with
bilateral lymphadenopathy, and the other exhibited unilateral,
left-side hilar lymphadenopathy. One patient did not exhibit

any pathologic findings on chest radiographs. This patient pre-
sented with paroxysmal, pertussis-like dry cough. Diagnosis of
brucellosis was based on serum agglutination test results for
33 of the 37 patients; the results were in concordance with the
entire clinical presentation for the patients. For the remaining
4 patients, the diagnosis was based on conversion of the ag-
glutination test result during hospitalization, positive IgM an-
tibodies (as determined by ELISA), or culture results. Addi-
tional diagnostic tests were performed for 24 of the 33 patients
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with an initially positive agglutination test result: ELISA was
performed for 13 patients, and blood samples were obtained
for culture from 21 patients. There were no data available on
blood culture results for the 6 patients for whom data were
collected from the archives.

Of the 37 patients with respiratory complications, 28 (75.6%)
exhibited signs of another form of focal brucellosis. Hepatitis
was the most common complication (18 patients [48.6%]); the
signs varied from mild elevation of serum aminotransferase
levels to profound, sustained cholestatic jaundice. Spondylitis
was concomitantly present in 12 patients (32.4%); it mainly
involved the lumbar spine in 10 patients, whereas 2 patients
presented with dorsal spondylitis. Two patients had polyar-
thritis. Two patients had epididymo-orchitis. One patient pre-
sented with generalized lymphadenopathy, and 1 patient pre-
sented with meningitis. Eight (21.6%) of 28 patients exhibited
>1 extrapulmonary complication of brucellosis.

Six of the 37 patients (those for whom data were obtained
from the archive) were treated with a combination of tetra-
cycline for 42 days and streptomycin for 14 days. Twenty-four
patients were treated with a regimen of tetracycline or doxy-
cycline plus rifampin for =42 days. One patient was treated
with doxycycline and rifampin for =42 days. Six patients were
treated with doxycycline, rifampin, and trimethoprim-sulfa-
methoxazole for =45 days. The variation in the regimens used
reflects the different policies of the institutions involved in this
study or different policies of the same institution through time.
All patients were considered to have been cured of the respi-
ratory involvement after 6 weeks of treatment. Nevertheless,
some patients continued to receive treatment or part of the
treatment regimen for a prolonged period (up to 210 days)
because of other complications (mainly spondylitis).

DISCUSSION

The aim of this article was to examine the incidence and the
modes of involvement of the respiratory system in the course
of brucellosis. Although the disease is systemic and exhibits a
potential for granuloma formation, the respiratory system is
only occasionally involved, which is not the case for other
granulomatous diseases. This seems to be the case even in pa-
tients in whom airways serve as the presumed or definite en-
trance of Brucella species into the human body.

Pulmonary manifestations of brucellosis are not unknown
in our region [6]. As with most infectious diseases, the inci-
dence of the disease—and, thus, the potential for peculiar pres-
entations of it—parallels the interest in the disease shown by
medical personnel in the region. Still, even in studies from
countries where brucellosis is almost epidemic, the percentage
of reported cases with respiratory involvement is extremely low.
One has to bear in mind that definitions of “respiratory in-

volvement” vary. It is well known that brucellosis can initially
present with atypical symptoms not unlike the symptoms of
most mild upper respiratory tract infections. This presentation
could be considered the respiratory mononuclear cells’ reaction
to the invading microbe; it is not considered to truly be “res-
piratory involvement” by us or by most other specialists, unless
it takes a prolonged and paroxysmal course.

In our study, the incidence of respiratory involvement ap-
proached 7%, which is, by far, the highest percentage reported.
Still, as in most studies, respiratory involvement should be
considered a rare focal form of brucellosis, because osteoartic-
ular, genitourinary, and reticuloendothelial system complica-
tions are far more common. Moreover, pulmonary complica-
tions are rarely serious and readily respond to the usual
regimens used for treatment of uncomplicated brucellosis. In
our study, none of the patients required prolonged antibiotic
therapy for respiratory complications, and none of the patients
exhibited serious deterioration of respiratory function.

Of interest is the fact that none of our patients exhibited any
previous respiratory manifestations of disease. Brucellosis can
often trigger an exacerbation of existing underlying conditions
in certain target organs [7], and, thus, one would expect the
disease to act, for example, as the trigger of an acute exacerbation
of chronic bronchitis or pneumonia in patients with a previous
lung condition (e.g., bronchiectasis or neoplasia). Sputum cul-
tures did not yield brucellae for any of our patients. In fact, such
isolation has only been rarely reported in the past [8].

Indirect evidence of the pathogenesis of respiratory involve-
ment in brucellosis can be drawn from the characteristics of
the pleural fluid obtained from 2 of our patients. One patient
presented with pleural effusion characterized by an especially
intense mononuclear infiltration. There are other reports link-
ing unusual complications of brucellosis to intense topical
mononuclear activation [9]. Still, the exact pathologic char-
acteristics of the process and the reasons for its localization are
unclear. One can presume that the same pathway, with a gen-
eralized mononuclear activation of the respiratory tree (or part
of it), accounts for our patient who presented with a pertussis-
like illness.

There are few reports of respiratory involvement in brucel-
losis, many of which are case reports [10]. Empyema [11-13],
pleural effusion [14], granulomas and solitary nodules [15, 16],
interstitial pneumonia [17], hilar and paratracheal lymphade-
nopathy [18], and even pneumothorax [18] have all been re-
ported. Often, respiratory symptoms are the presenting or even
the sole symptoms of brucellosis [19]. Military mottling has
also been reported [8], thus raising an important issue: it can
be difficult to differentiate respiratory brucellosis from tuber-
culosis [20]. Most regions where there is an increased incidence
of brucellosis are also areas where tuberculosis is endemic [21].
Moreover, the clinical presentation of both diseases is often
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identical. The burden of empirically and unnecessarily treating
a patient who has brucellosis with antituberculous medications,
as well as the fact that agents such as rifampin and streptomycin
can act against both brucellae and mycobacteria, underlines the
need for additional diagnostic evaluation in these cases. In our
opinion, it is only in cases in which it is difficult to differentiate
respiratory brucellosis from tuberculosis that bronchoscopy
would be truly beneficial to the patient.

In conclusion, we should emphasize that—and this is of
paramount importance in areas where brucellosis is endemic—
the clinician should never forget brucellosis, even the clinician
who specializes in respiratory diseases. Prompt recognition and
treatment not only is beneficial to the patient, but it also allows
the clinician to readily differentiate brucellosis from tubercu-
losis and neoplasia, thus excluding the need for unnecessary

invasive procedures.
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