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Abstract

Introduction: Q fever, a zoonotic disease caused by Coxiella burnetii (C. burnetii), presents diagnostic challenges due to its clinical and
radiological nonspecificity, which often mimics community-acquired pneumonia, coupled with the limitations of traditional diagnostic
methods. Metagenomic next-generation sequencing (mNGS) has become an indispensable tool in clinical diagnostics for its high-throughput
pathogen identification capabilities. Herein, we detail a case of acute Q fever pneumonia diagnosed with mNGS.

Case presentation: The patient exhibited symptoms of fever, cough, expectoration, and diarrhea for three days, with the pathogen undetected
in initial laboratory assessments. Bronchoscopy and bronchoalveolar lavage (BAL) were conducted, leading to the identification of C. burnetii
in the lavage fluid via mNGS. Consequently, the patient was promptly initiated on a treatment regimen of 100 mg doxycycline, administered
orally every 12 hours.

Results: Post-treatment, the patient's temperature normalized, and a full recovery was observed. The follow-up chest CT scan revealed complete
resolution of the right lower lobe consolidation.

Conclusions: The clinical presentation of Q fever pneumonia lacks specificity, making diagnosis based solely on symptoms and imaging

challenging. mNGS offers a superior alternative for identifying elusive or rarely cultured pathogens.
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Introduction

Q fever is a zoonotic disease caused by C. burnetii.
Infection with C. burnetii can lead to a systemic illness,
which is categorized into two forms: acute and chronic
Q fever [1]. Without treatment, about 5% of patients
with acute Q fever may progress to chronic Q fever,
potentially resulting in persistent localized infection or
endocarditis, complicating treatment [2]. While
traditional diagnostic methods like culture and
serological testing are utilized for Q fever, they suffer
from low sensitivity and delayed results Metagenomics
next-generation sequencing (mNGS) is a recent
molecular technique that can detect a wide array of
microbes by analyzing all DNA or RNA present in a
sample. This method has also been effective in
identifying rare pathogens, such as C. burnetii [3].

We present a rare case of Q fever in a male patient
characterized by recurrent fever and pneumonia.
Empirical anti-infective treatments proved ineffective,

leading to a definitive diagnosis via mNGS analysis of
bronchoalveolar lavage fluid (BALF).

Case report

A 60-year-old male, presenting with fever, cough,
expectoration, and diarrhea for three days, was admitted
to our hospital on May 7th, 2022. A long-term resident
of the local city, he had no history of pet or poultry
farming. He had no exposure to epidemic water or
areas. He had a decade-long history of pneumoconiosis,
type 2 diabetes, and hypertension. Additionally, he had
been diagnosed with rheumatoid arthritis ten years
earlier and was maintained on a regimen of
methotrexate (10mg/week) and methylprednisolone
(4mg/day) for symptomatic management. Chest CT
scan on May 4th, 2022, at a local hospital showed
pneumoconiosis, right lower lobe consolidation, and
suspected infection (Figure 1a). He was initially treated
with Cefoperazone sodium and sulbactam, along with
moxifloxacin for antibacterial therapy. Despite initial
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treatment, he continued to have a fever, prompting
admission to our hospital for further evaluation.
Physical examination noted diminished breath sounds
in the right lower lung and right-hand joint deformity.
Laboratory findings indicated a hemoglobin of 97 g/L,
leukocyte count of 5.88 x 10%/L, serum albumin of 26.2
g/L, alanine aminotransferase at 41 U/L, and aspartate
aminotransferase at 47 U/L. However, renal function
was within normal limits. Elevated infection markers
included C-reactive protein (197 mg/mL), procalcitonin
(0.636 ng/mL), and erythrocyte sedimentation rate (110
mm/hour). Influenza A and B antigen tests, as well as
adenovirus nucleic acid testing, were negative.
Rickettsial IgM antibody testing was also negative.
Tumor marker tests, Widal reaction, and screenings for
hepatitis, HIV, syphilis, and syphilis (RPR) were all
negative. CD4 T-cell count was 231 cells/uL; CDS8 T-
cell count was 141 cells/puL. The initial diagnosis was
bacterial pneumonia. However, viral pneumonia could
not be definitively excluded. Thus, the patient was
given empiric antibiotics (Levofloxacin 500mg/day
intravenous drip, Imipenem 1g/8 hours intravenous
drip) and antiviral therapy (Oseltamivir 75mg/12 hours
oral).

He showed a marginal response to therapy, with
persistent mild to moderate fever. No pathogens were
identified in blood, stool, urine, or sputum cultures. On
May 10th, 2022, the patient developed acute dyspnea,
with oxygen saturation plummeting to 60%. He was
immediately sedation, intubated, and placed on
mechanical ventilation. Chest CT scan showed
progressive lower lung lesions (Figure 1b). On May
11th, 2022, bronchoscopy revealed congested bronchial
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Figure 2. The coverage of Coxiella burnetii detected by mNGS in
BALF.
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mucosa in all lung lobes. BALF was collected and for
PACEseq mNGS at BGI Genomics, Wuhan, China, and
conventional pathogen detection. The patient’s
condition stabilized, and mechanical ventilation was
discontinued on May 12th, 2022. The mNGS result,
obtained on May 13th, 2022, identified C. burnetii with
five reads (Figure 2). The patient reported no close
contact with individuals diagnosed with Q fever, which
is rare in the region. Hence, we re-assessed the patient's
history, uncovering his recent two-week rural residency
before symptom onset. Rat activity was noted at his
residence; however, there were no reports of tick bites
or skin lesions. Given the patient's environmental
exposure, radiological findings, and mNGS pathogen
identification, a diagnosis of Q fever pneumonia was

Figure 1. Pre- and post-therapy CT scan. a. Chest CT before treatment; b. Chest CT after oseltamivir, levofloxacin, and imipenem treatment;
c. Chest CT after doxycycline treatment; d. Chest CT after one month of doxycycline treatment.
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confirmed. Doxycycline treatment was initiated at a
dosage of 100 mg every 12 hours orally. Normalization
of body temperature was observed following
doxycycline therapy, leading to the discontinued and
antivirals (Figure 3). Subsequently, the patient’s fever
resolved, with concurrent normalization of C-reactive
protein and procalcitonin levels. After 13 days of
doxycycline, a follow-up chest CT scan showed
diminished bilateral lung lesions (Figure 1c). The
patient was discharged with a residual dry cough and
continued doxycycline for an additional eight days.
Upon return visit on July 11th, 2022, the chest CT scan
demonstrated complete resolution of the right lower
lobe consolidation, with a residual fibrous strip,
signifying full recovery (Figure 1d).

Discussion

Q fever can infect a broad spectrum of hosts and is
transmissible through ruminants, various domestic and
wild animals, birds, and arthropods [4]. C. burnetii is
predominantly found in the urine, feces, amniotic fluid,
and other excretions of infected animals. C. burnetii has
a long environmental persistence, can form aerosols
under certain conditions, and can spread Q fever over
long distances via wind [5,6]. Inhalation is the primary
route of human infection, leading to pulmonary disease,
although systemic infections can arise via lymphatic
and hematopoiesis spread. Yet, in numerous instances,
no clear epidemiological links or direct animal
exposures are found, underscoring the high virulence
and environmental resilience of C. burnetii spores [7].
In this case, there was no reported history of tick bites,
although rodent activity was noted in the patient’s
environment, leaving the specific epidemiological
factors undetermined. A hypothesis suggests a
correlation between the biological traits of C. burnetii
and the infection’s origin.

Highly virulent, C. burnetii can provoke systemic
infection from inhaling minimal amounts bacteria into
the respiratory tract [8]. Acute Q fever typically
manifests as pneumonia with symptoms including
fever, cough, dyspnea, and abnormal auscultation [7].
Q fever pneumonia is also marked by extrapulmonary
symptoms—such as muscle and joint pain, rash, and
diarrhea—with neurological symptoms being less
common [7]. Regrettably, the clinical and radiological
features of Q fever pneumonia are nonspecific, which
can result in misdiagnosis. Moreover, isolation and
culturing C. burnetii has a low success rate,
complicating ~ pathogen  identification. = While
radiological findings are not definitive for
distinguishing Q fever pneumonia from other types,
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Figure 3. Longitudinal analysis of temperature and medication.
After using specific drugs—doxycycline, the temperature was
effectively controlled and did not rebound.
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they can show distinctive features [9]. Voloudaki ef al.
[10] examined chest CT scans from twelve patients with
Q fever pneumonia. CT scans showed air-space
involvement with lesions appearing as lobar, segmental,
patchy, or mixed patterns. One patient exhibited
extensive patchy consolidation, nodular lesions linked
to vasculature, and a ground-glass opacity halo.
VonRanke ef al. [11] also reported HRCT findings in 6
patients with acute Q fever pneumonia. HRCT scans
predominantly showed consolidation (100%) and
nodular lesions (66.6%), along with ground-glass
opacities. These opacities were mainly observed in a
segmental and peripheral distribution. Differences
observed may stem from variations in CT technology.
VonRanke et al. employed advanced technology,
enhancing sensitivity in detecting ground-glass opacity.
In this case, the initial CT scan showed consolidation
with halos of ground-glass opacity. With ineffective
antibiotics, the consolidation expanded, affecting the
left lower lung and causing pleural effusion. However,
upon starting the correct antibiotics, the consolidation
resolved, with residual fibrous strip shadows.
Currently, Q fever diagnosis predominantly
depends on laboratory tests, including pathogen culture
and serology. Pathogen culture necessitates a high
biosafety level laboratory, which is not readily available
in most hospitals. Fluorescence quantitative PCR offers
good specificity and sensitivity but is costly to operate.
Therefore, serological antibodies detection is the
mainstay for diagnosing Q fever in the clinical lab [12].
However, it is essential to recognize that serological
tests may lack sensitivity in early disease stages or
before antibody production, risking false negatives.
Advancing biological technology has led to the
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application of mNGS for diagnosing Q fever. For
example, Huang et al. [13] used mNGS to successfully
identify an acute Q fever outbreak in Zhuhai, China,
from 2018 to 2019. mNGS is a high-throughput
sequencing technique that directly detects DNA nucleic
acid sequences from clinical samples. Bioinformatics
then analyzes these sequences to identify pathogens
within the samples. mNGS offers significant
advantages over conventional PCR by concurrently
detecting bacteria, fungi, parasites, and viruses.
Traditional culture methods usually require days to
weeks and have a low detection rate. In contrast, mNGS
significantly reduces detection time, enabling rapid
pathogen identification. mNGS is particularly adept at
identifying rare, culture-resistant pathogens. Here, C.
burnetii was identified within 23 hours, expediting
pathogen identification.

Studies  suggest doxycycline, gatifloxacin,
levofloxacin, moxifloxacin, and ciprofloxacin are the
most effective antibiotics against C. burnetii isolates
[14]. The patient initially received moxifloxacin and
levofloxacin, but the response was unsatisfactory.
However, initiating doxycycline treatment led to the
resolution of the patient’s fever and gradual
improvement in condition. This suggests doxycycline’s
higher efficacy against C. burnetii in this instance. The
United States Centers for Disease Control and
Prevention recommends doxycycline as the first-line
treatment for severe Q fever in patients regardless of
age. The adult dosage is typically 100mg every 12 hours
for a duration of 14 to 21 days [I5].
Immunosuppression is recognized as a risk factor for
persistent C. burnetii infection [16]. Despite limited
research, doxycycline has been used to treat Q fever in
immunosuppressed patients [2]. The patient had been
on methotrexate and methylprednisolone for an
extended period. These immunosuppressants were
discontinued upon the onset of fever and other signs of
infection. A  three-week doxycycline course
significantly improved the patient’s condition, with
complete resolution of the right lower lobe
consolidation.

In conclusion, the nonspecific clinical presentation
of Q fever pneumonia complicates diagnosis based on
symptoms and imaging alone. Nevertheless, mNGS is a
valuable molecular diagnostic tool offering rapid,
accurate, and comprehensive pathogen detection,
including common, rare, and emerging ones. In clinical
practice, mNGS should be considered early on if
traditional detection methods are inconclusive,
facilitating timely pathogen identification and targeted
treatment for complex cases.
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