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Objective: To describe the main tomographic findings in
patients with acute Q fever pneumonia.

Methods: We analyzed high-resolution CT (HRCT) find-
ings from six male patients (mean age, 22.6 years) with
confirmed diagnoses of acute Q fever. Two chest radi-
ologists analyzed the images and reached decisions by
consensus. All patients presented fever, myalgia, prosta-
tion, headache, and dry cough. They also had common
epidemiologic factors (recent travel for military service,
where they had contact with sheep and capybara). Diag-
noses were confirmed by the detection of C. burnetii
DNA in clinical samples by polymerase chain reaction.
Results: The predominant HRCT findings were areas of
consolidation (100%) and nodules (66.6%) with halos

INTRODUCTION

Q fever is a zoonotic disease caused by Coxiella burnetii,
an obligate intracellular Gram-negative aerobic bacterium.
The incubation period can extend up to 2-4 weeks after
exposure, and the infection is usually self-limiting." The
most common mode of transmission in humans is inha-
lation of infectious aerosols directly from birth fluids of
infected animals or in dust contaminated with dried birth
fluids or excreta.” Although small wild rodents seem to
be important reservoirs, the most commonly identified
sources of human infection are farm animals such as cattle,
goats, and sheep.” Q fever has acute and chronic stages that
correspond to two distinct antigenic phases of antibody
response.” Clinical symptoms develop in approximately
half of infected persons, and the most common clinical
manifestation of acute disease is a flu-like illness charac-
terized by myalgia, headache, anorexia, asthenia, high fever
and dry cough, with pneumonia and hepatitis occurring in
more severe cases.” Chronic disease is rare and reflects the
persistence of the pathogen after primary infection. Typi-
cally, chronic Q fever is characterized by endocarditis in

of ground-glass opacity, predominantly with segmental
and peripheral distributions. Lesions affected all lobes,
and predominated in the left upper and lower lobes.
Involvement of more than one lobe was observed in four
patients. No pleural effusion or lymph node enlargement
was found.

Conclusion: The predominant HRCT findings in patients
with acute Q fever pneumonia were bilateral, periph-
eral areas of consolidation and nodules with irregular
contours and halos of ground-glass opacity.

Advances in knowledge: Acute Q fever should be
included in the differential diagnosis of lesions with the
halo sign on HRCT.

patients with pre-existing risk factors, such as valvular or
vascular defects.>* Pulmonary involvement is possible in

the acute and chronic forms.”™®

The diagnosis of Q fever is based on serologic, clinical,
and radiologic criteria. Polymerase chain reaction (PCR)
of whole blood or serum provides rapid results and can
be used to diagnose acute Q fever in the first 2 weeks
after symptom onset but before antibiotic administration.
A negative acute titer does not rule out Q fever because
most patients seroconvert by the third week of illness.
After the 2 week post-onset period and when the date of
illness onset is not known, serology is recommended for
initial testing.” The diagnosis of chronic Q fever requires
demonstration of an increased Phase I immunoglobulin G
antibody (=1:1024) and an identifiable persistent infection
(e.g. endocarditis).>*” Doxycycline is the drug of choice for
adults, children aged >8 years, and patients of any age with
severe infection. Serologic monitoring is recommended
following acute Q fever infection to assess possible progres-
sion to the chronic form of the disease.” The purpose of
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this study was to describe high-resolution CT (HRCT) findings
from six patients with microbiologic diagnosis of acute Q fever
pneumonia.

METHODS AND MATERIALS

Our institutional review board approved this study and waived
the requirement for informed patient consent. All data used in
this study were anonymized. This study involved the retrospec-
tive analysis of HRCT images from six consecutive patients with
confirmed acute Q fever, performed during a 2 week hospital-
ization period in December 2016. All patients participated in a
1 week military expedition in Ribeirdo das Lages, a rural area in
the State of Rio de Janeiro, Brazil. The military unit camped near
a river and had contact with sheep and capybara.

The sample included six males with a mean age of 22.6 (range,
20-28) years. The clinical presentation was acute respiratory
infection characterized by fever, dry cough, dyspnea, myalgia,
asthenia, malaise, and anorexia, starting a few days after contact
with these animals. Five of six patients had ill-defined opaci-
ties on chest X-ray. The other patient had normal chest X-ray
findings. All six patients were hospitalized for 1-2 weeks, and
underwent HRCT immediately after hospitalization (3-5 days
after symptom onset). Based on the reported contact and clinical
findings, Q fever was suspected. The diagnosis was confirmed by
PCR, which detected C. burnetii DNA in blood samples. No other
military personnel participating in the expedition became ill. All
patients showed progressive improvement of the symptoms after
the initiation of antibiotic treatment, becoming asymptomatic
and finally being discharged. Control chest X-rays performed an
average of 1 month after the onset of symptoms were normal.

The HRCT scans were performed using helical acquisition and
reconstructed with 1-2 mm slice thickness and 1-2 mm inter-
vals using a high-spatial-frequency reconstruction algorithm.
The acquisition time was 0.5-1 s per rotation, peak voltage was
120 kVp, modulated tube current was 100-400 mA, pitch was 1,
and matrix was 512 x 512 pixels (MDTC Brilliance 64; Philips,
Chicago, IL). Two chest radiologists with more than 15 years of
experience independently reviewed the images using medias-
tinal (width, 350-450 HU; level, 10-20 HU) and lung (width,
1200-1600 HU; level, 2500-2700 HU) window settings, and
reached final decisions regarding the findings by consensus. The
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radiologists were blinded to patient demographics, clinical data,
and final diagnoses. Parenchymal abnormalities were defined
according to the recommendations of the Fleischner Society
glossary of terms for thoracic imaging.” The HRCT scans were
assessed to determine the presence, distribution, and extent of
the following findings: air-space consolidation, ground-glass
opacity, halo sign, and nodules. The axial distribution of lesions
in the lung parenchyma was classified as central, peripheral, or
diffuse. The distribution was considered to be peripheral when
abnormalities were predominant in the outer third of the lung
periphery, and central when abnormalities were predominant
in the inner two-thirds of the transverse plane. The location
of abnormalities was recorded in relation to six lobes, consid-
ering the lingula as a lobe. Lesions were defined as lobar when
one or more lobes were involved, segmental when one or more
segments were involved, and patchy when a subsegment of one
or more segments was involved.

RESULTS

The main HRCT patterns consisted of consolidations and
nodules with halos of ground-glass opacity. Consolidations were
observed in six (100%) patients, and nodules were observed in
four (66.6%) patients. Four (66.6%) patients presented associa-
tion of nodules and consolidation, and two (33.3%) patients had
only consolidations. Consolidations had halos of ground-glass
opacity in six (100%) cases (Figure 1). Four (66.6%) patients had
nodules with halos of ground-glass opacity. Thus, all patients
presented lesions with the halo sign (Figures 2 and 3).

HRCT scans from the six patients showed a total of 16 lesions
comprising 8 (50%) consolidations and 8 (50%) nodules. All
16 (100%) lesions had irregular contours. 14 (87.5%) lesions
presented halos of ground-glass opacity: 8 (57.2%) were consol-
idations and 6 (42.8%) were nodules. All eight (100%) consol-
idations showed halos of ground-glass opacity. Six of the eight
(75%) nodules presented the halo sign. Peripheral distribution of
lesions was observed in all (100%) cases. 14 (87.5%) lesions were
defined as segmental and 2 (12.5%) were characterized as patchy.
Multilobar distribution occurred in four (66.6%) patients.
Six (37.5%) lesions were located in the right lower lobe, three
(18.7%) were in the left upper lobe, three (18.7%) were in the left
lower lobe, two (12.5%) were in the lingula, one (6.3%) was in

Figure 1. Axial HRCT images from a 20-year-old male with Q fever showing peripheral consolidations in the left upper (a) and left

lower (b) lobes. HRCT, high-resolution CT.
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Figure 2. Axial HRCT images from a 22-year-old male with Q fever showing peripheral nodules in the left upper lobe (a) and right
lower lobe (b, c). Note that the nodules are surrounded by halos of ground-glass opacity (halo sign). HRCT, high-resolution CT.

Cc

the middle lobe, and one (6.3%) was in the right upper lobe. No
pleural effusion or lymph node enlargement was found.

DISCUSSION

Pneumonia is one of the primary clinical manifestations of acute
Q fever.? Q fever pneumonia can range from mild to severe,
and numerous patients have extrapulmonary manifestations,

Figure 3. Axial HRCT image from a 28-year-old male with Q
fever showing a nodule with irregular contours and a halo of
ground-glass opacity in the left lower lobe. HRCT, high-reso-
lution CT.

including severe headache, myalgia, and arthralgia.>>*%!° The
onset of symptoms can be gradual or abrupt, with variable
severity. Typically, pneumonia in acute Q fever infection results
in a dry to productive cough, pleuritic chest pain, and focal
or bilateral infiltrates that are visible on chest radiographs.*!
Although the mortality rate is <2% in patients with acute Q
fever, up to 50% of patients were hospitalized in an outbreak
in the Netherlands.? Acute respiratory failure and acute respira-
tory distress syndrome are rare manifestations of Q fever.>!! The
majority of patients with acute Q fever present abnormalities
on chest radiographs,? although the findings are non-specific.
The most common abnormalities are pulmonary infiltrates and
single or multiple consolidations, with segmental or lobar distri-
bution, involving the upper or lower lobes. In the early stages
of the disease, chest radiographs might be normal.''™'® Impor-
tantly, Q fever cannot be differentiated from other causes of
community-acquired pneumonia based solely on radiographic
findings.®

HRCT is rarely required for the diagnosis of this disease,
which may explain the paucity of studies concerning the tomo-
graphic findings of acute Q fever.”®!” Nevertheless, in selected
cases in which radiographic findings are confusing or coex-
istent disease is suspected, chest CT may be requested.'” The
HRCT features of acute Q fever pneumonia consist of airspace
consolidation or nodules, which may be associated with a
halo of ground-glass opacity, in a segmental, patchy, or lobar
distribution.®!”
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All cases in our series had been in contact with sheep and capy-
bara, presumably C. burnetii reservoirs, on a military trip. Coxiella
burnetii DNA was identified by PCR of blood samples. HRCT
showed a total of 16 lesions in this population. The predomi-
nant HRCT findings were bilateral peripheral consolidations
and nodules with irregular contours and halos of ground-glass
opacity. All six patients presented consolidations with halos of
ground-glass opacity, and four patients had nodules with such
halos. Thus, both consolidations and nodules were present in
four patients. In five patients, all lesions had halos of ground-
glass opacity. Multilobar distribution was found in four patients.
The right lower lobe was the most frequently involved location in
our sample (six lesions in three patients). All 16 lesions presented
peripheral distribution.

Few studies have presented HRCT findings from patients with
acute Q fever.”*!” Voloudaki et al'” described tomographic find-
ings from 12 patients. HRCT revealed airspace consolidations
in all cases, with lobar, segmental, patchy, and combined distri-
butions. One patient presented nodular lesions with halos of
ground-glass opacity. The authors found lesions in all lobes. The
right lower lobe was the most frequently affected. Involvement
of more than one lobe was detected by HRCT in seven patients,
with no sparing of or predilection for any particular lobe.

Several differences between our study and that of Voloudaki et
al'” should be noted. Their patients were diagnosed during a
period about 8 years. All of our cases occurred in the same period,
related to a microepidemic in a military camp. The predominant
pattern observed in all cases described by Voloudaki et al'” was
airspace consolidation, with only one patient presenting nodular
lesions. Lesions with halos of ground-glass opacity were observed
in all (100%) cases in our study, but in only 1 of 12 (8.33%) cases
examined by Voloudaki et al.'” This difference can probably be
explained by the long time interval (>20 years) between the two
studies. Voloudaki et al'” performed CT examinations with older
technology, using 8-10 mm sections. In five patients, additional
thinner (5 mm) sections were obtained. We used 1-2 mm slice
thicknesses, which have greater sensitivity for the evaluation of
ground-glass opacity. Voloudaki et al'” observed pleural effusion
in three (25%) and lymph node enlargement in four (33.3%) of
their patients. None of our patients had lymph node enlargement
or pleural effusion.

Gikas et al'® showed that segmental pneumonia was observed
as a unilateral single area of opacity in 38 (72%) patients, and
was located more frequently in the upper lobes. The left upper
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lobe was most frequently involved (in 31% of cases). The authors
found no correlation between the extent of pulmonary involve-
ment and the course of the disease.

Several pathologic findings have been reported to account for
the presence of ground-glass opacity surrounding pulmonary
lesions on HRCT; main findings are tumor cells, inflamma-
tory infiltrates, and, most commonly, alveolar hemorrhage."’
Coxiella burnetii infection was believed to be a rare and excep-
tional cause of the halo sign.*!” However, 100% of patients
in our series presented consolidations with halos of ground-
glass opacity, and 66.6% had nodules with the halo sign. To
date, the histopathological correlation of the halo sign in Q
fever has not been described. According to HRCT data from
a few previous studies,*'® and especially due to the great
frequency of lesions with the halo sign found in our study,
Q fever should be considered in the differential diagnosis of
lesions with the halo sign in appropriate clinical and epidemi-
ologic contexts.

No specific tomographic pattern allows the differentiation of
Q fever from the spectrum of other infectious diseases associ-
ated with an airspace consolidation pattern on HRCT, or from
diseases that cause lesions with the halo sign.*'” Lesions with
peripheral distribution, such as those of thromboembolism and
infarction, also must be considered in the differential diagnosis
of Q fever.

Our study has some limitations, including the small sample
and lack of histopathological confirmation of the tomographic
features. Although our sample was small, the HRCT patterns
observed in this study are consistent with previous reports of
HRCT findings in patients with Q fever. To our knowledge,
this study documents the highest reported frequency of lesions
with the halo sign, detected by HRCT, in patients with acute Q
fever. Further studies are necessary to draw conclusions about
the pathologic cause of the halo sign.

In conclusion, the most common HRCT findings in our series
of patients with Q fever were consolidations and nodules with
halos of ground-glass opacity, predominantly with segmental
and peripheral distributions. In addition, the lesions affected
all lobes, and were located most frequently in the lower and left
upper lobes. In the appropriate clinical setting, these findings
have diagnostic value. Moreover, our findings contribute to the
inclusion of acute Q fever in the differential diagnosis of lesions
with the halo sign on HRCT.
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