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Abstract: This article reports a case of acute Q fever in a 61-year-old man. The patient mainly presented with high fever and cough.
Extensive multi-system investigations failed to identify an etiology. On the fourth day of admission, the diagnosis of acute Q fever was
confirmed by rapid detection of Coxiella burnetii nucleic acid sequence by blood metagenomic Next-Generation Sequencing (mNGS).
With the treatment of intravenous omadacycline, the fever was controlled within 24 hours and the clinical symptoms significantly
improved. Subsequent sequential therapy with oral doxycycline was administered, and the patient was discharged successfully. This
case highlights the value of mNGS in the rapid diagnosis of rare or zoonotic pathogens in patients with fever of unknown origin,
especially in patients with potential exposure to endemic areas. Furthermore, the novel tetracycline antibiotic omadacycline,
demonstrating favorable efficacy and safety despite the patient’s liver dysfunction, offers a valuable treatment option for rapid control
of acute Q fever symptoms, especially in severe cases or those intolerant to doxycycline.
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Background

Q fever, caused by Coxiella burnetii, is an important global zoonosis. Inhalation of contaminated aerosols is the main mode of
Coxiella burnetii infection in humans.'? Given the high infectivity and environmental resistance of Coxiella burnetii, the
Centers for Disease Control and Prevention (CDC) in the USA has classified it as a category B potential bioterrorism agent.’
Q fever remains underappreciated, underreported, and understudied in many regions worldwide.'**> Although often under-
recognized, acute Q fever can lead to significant morbidity, including severe pneumonia and hepatitis. Approximately 1-5% of
cases may progress to chronic Q fever, primarily presenting as endocarditis, with some investigations reporting this proportion
exceeding 10%,>° which is associated with high mortality and long-term disability. Q fever imposes a considerable public
health burden in endemic regions. The economic costs of Q fever include direct medical expenses for diagnosis, hospitaliza-
tion, and prolonged antibiotic therapy, as well as indirect costs from lost productivity and disability. In outbreak settings, such
as the large epidemic in the Netherlands (2007-2010), the societal impact was substantial, with over 4000 reported cases and
enormous expenditures on healthcare, livestock culling, and public health interventions.” As highlighted by the World Health
Organization, the large-scale epidemics in Europe underscore Q fever’s potential to become a major public health concern.>’
Despite evidence of widespread seropositivity in China (estimated 10% population exposure),® Q fever is currently not
recognized as a notifiable disease in China and receives little attention. Raising awareness of Q fever among clinicians and
public health authorities is therefore essential to improve diagnosis, reduce chronic complications, and implement cost-
effective surveillance strategies.
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Doxycycline is the first-line treatment for Q fever. Early diagnosis is crucial for patients to receive targeted anti-
infective therapy and achieve better prognoses. However, Coxiella burnetii is a highly infectious obligate intracellular
bacterium requiring biosafety level 3 (BSL-3) conditions for culture, which are not available in most clinical laboratories.
Consequently, routine culture and phenotypic antimicrobial susceptibility testing are not feasible in most diagnostic
settings and are not recommended in clinical practice. Alternative diagnostic methods, including indirect immunofluor-
escence assay (IFA), mini/portable qPCR, rapid diagnostic tests (RDTs), and rapid molecular testing, offer more
accessible and cost-effective options for initial screening and diagnosis, particularly in resource-limited or remote
endemic regions where Q fever is more prevalent. Compared with metagenomic Next-Generation Sequencing
(mNGS), these methods are faster, require less infrastructure, and are more suitable for point-of-care testing. With the
development of mNGS technology, more rare Coxiella burnetii infections have been identified in recent years. Although
equitable access to mNGS remains a concern, it has unique advantages in detecting rare, unexpected, or co-infecting
pathogens without prior hypothesis, making it a valuable complementary tool in complex cases and for diagnosing
emerging or rare infectious diseases. Omadacycline, a novel aminomethylcycline antibacterial agent, overcomes the
ribosomal protection and efflux mechanisms of tetracycline resistance and has proven to be safe and effective for patients
with community-acquired bacterial infection, including infection caused by atypical pathogens.” However, clinical
studies on its effectiveness for acute Q fever remain limited.

We report a case of acute fever of unknown origin in which blood mNGS rapidly confirmed the diagnosis of acute
Q fever. The patient showed rapid symptom resolution following treatment with omadacycline and achieved a favorable
prognosis. This case aims to illustrate the value of mNGS in the early diagnosis of zoonotic diseases in patients with fever of
unknown origin, while also demonstrating the significant therapeutic effect of the novel tetracycline antibiotic omadacy-
cline in acute Q fever, providing an important reference for treatment decisions in acute and severe Q fever cases.

Case

A 6l-year-old man was admitted on January 24, 2026, with a 5-day history of cough, expectoration, and fever. He
developed a high fever (up to 40°C) accompanied by rigors, myalgia, and headache, without upper respiratory catarrhal
symptoms, chest pain, or dyspnea. He reported a recent short-term travel history to Shandong Province, China, but
denied any specific tick bites or direct contact with livestock or animals. The patient is a retired factory worker with no
occupational exposure to livestock or farming and resides in an urban area (Suzhou, Jiangsu Province, China). He denied
any contact with individuals exhibiting similar symptoms, and no unexplained febrile illnesses were reported among his
family members, or neighbors during the same period. He had no history of tick bites, raw milk consumption, or direct
contact with cattle, sheep, or goats. His working habits had never involved handling animal products or visiting farms.
Past medical history included hypertension and dilated cardiomyopathy, managed with sacubitril/valsartan, atorvastatin,
and aspirin. He denied diabetes or history of infectious diseases.

Physical examination on admission: temperature 38.9°C, pulse 98 beats/min, respiratory rate 18 breaths/min, blood
pressure 122/83 mmHg. He was conscious with clear mentation. No jaundice, petechiae, or rash was observed on the skin
and mucosa. No superficial lymphadenopathy was palpable throughout the body. The pharynx was not congested, and tonsils
were not swollen. Clear breath sounds were heard in both lungs without dry or moist rales. The heart rate was regular, with no
pathological murmurs. The abdomen was soft and non-tender. Neurological examination was unremarkable.

The white blood cell count was normal with elevated neutrophil percentage (78.7%) and a significantly increased
C-reactive protein (CRP, 54.25 mg/L). Procalcitonin and erythrocyte sedimentation rate were both within normal range.
Liver function tests revealed significant hepatic injury with elevated transaminases (Alanine aminotransferase 131 U/L,
Aspartate aminotransferase 100 U/L). Chest CT showed only old pulmonary nodules, linear opacities, and pleural
thickening, without signs of consolidation. Cardiac ultrasound did not reveal any valvular vegetations. The abdominal
ultrasound demonstrated intrahepatic calcifications, gallbladder polyps, and prostatic hyperplasia, with no additional
abnormalities identified. Community-acquired infection was suspected, and empirical therapy with cefoxitin was
initiated. However, the patient continued to experience recurrent high fever, with temperatures around 39°C.

Further investigations showed negative in nucleic acid amplification testing on throat swabs (covering COVID-19,
influenza viruses A and B, rhinovirus, respiratory syncytial virus, adenovirus, and Mycoplasma pneumoniae). Serological
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screening for Epstein-Barr virus (EBV) infection, viral hepatitis, and common autoimmune disorders returned negative
results. Blood culture showed negative. Microbiological nucleic acid PCR detection of sputum samples revealed
Klebsiella pneumoniae, and sputum culture results also confirmed Klebsiella pneumoniae without Extended-Spectrum -
Lactamases. Given the lack of radiological evidence for typical bacterial pneumonia and the poor response to cefoxitin,
this bacterium was considered a colonizer or a non-primary pathogenic organism.

Considering the patient’s travel history, along with persistent high fever, hepatic injury, and lack of response to beta-
lactam antibiotics, a zoonotic infection was highly suspected. Further differential diagnosis was needed to identify
infections caused by pathogens including Rickettsia spp., Brucella spp., Salmonella typhi, and Leptospira spp. However,
none of the routine diagnostic assays for these pathogens, including IFA, mini/portable qPCR, or RDTs, were available at
our institution. Therefore, on hospital day 3 (January 26, 2026), a blood sample was sent to Dinfectome Inc. (Nanjing,
China) for mNGS analysis. On hospital day 4 (January 27, 2026), the mNGS report identified a significant number of
specific nucleic acid sequences for Coxiella burnetii (DNA reads: 688, relative abundance 98.01%; RNA reads: 2935,
relative abundance 99.8%). DNA and RNA sequencing were performed using independent and parallel workflows. The
starting plasma input volume was identical for both DNA and RNA extractions. The read counts presented in the case
report represent raw sequencing reads. After normalization according to the total sequencing yield, the standardized read
counts for the DNA and RNA pipelines of Coxiella burnetii were 276 and 3830, respectively. For DNA mNGS, the
proportions of human, microbial, and unclassified reads were 98.37%, 0.0019%, and 1.63%, respectively. For RNA
mNGS, the corresponding proportions were 97.73%, 2.94%, and 2.27%, respectively. All microorganisms detected by
mNGS are listed with detailed information in Table 1. The genome coverage map of Coxiella burnetii detected by DNA
mNGS is shown in Figure 1. The overall genome coverage was 2.82%. Uniform coverage across the genome supports the
specificity and reliability of the mNGS result. Antimicrobial resistance genes were simultaneously analyzed from mNGS
data using the Resistance Gene Identifier (RGI) aligned against the Comprehensive Antibiotic Resistance Database
(CARD), and no antimicrobial resistance genes were detected. These results strongly supported the diagnosis of acute
Q fever. Detailed mNGS procedures have been supplemented in the Supplementary Material 1.

Upon confirmation of the diagnosis, cefoxitin was discontinued immediately. Considering the poor condition and abnormal
liver function, we modified antibiotic therapy to intravenous omadacycline with a first dose of 200 mg, followed by 100 mg
once daily. After switching therapy, the patient’s clinical symptoms (cough, fatigue, myalgia) improved significantly and his
body temperature decreased markedly within 24 hours (Figure 2). Follow-up blood tests showed normalization of white blood
cell count, decreased neutrophil percentage (43.8%), increased lymphocyte percentage (46.4%), and a significant drop in CRP
to 13.34 mg/L. So, therapy was de-escalated from intravenous omadacycline to oral doxycycline for sequential treatment on
February 1, 2026, to facilitate discharge. The patient was discharged in good condition on February 2, 2026. Follow-up after
discharge confirmed sustained normal body temperature and absence of symptoms. Table 2 shows the laboratory examination

during the disease course and follow-up of the patient. Figure 3 summarizes the clinical course of the patient over time.

Table I mNGS Results

Types Microorganisms Reads Number Reads Number Relative Coverage | Source
(Raw) (Normalized) Abundance®
Rickettsia Coxiella burnetii 688 276 98.01% 2.82% DNA
Fungi Malassezia restricta 2 | 33.33% 0.0069% DNA
Bacteria Pseudomonas alcaligenes | | 14.25% 0.0057% DNA
Bacteria Burkholderia cepacia complex | | 14.25% 0.0006% DNA
Bacteria Staphylococcus saprophyticus | | 14.25% 0.029% DNA
Bacteria Staphylococcus lentus | | 14.25% 0.016% DNA
Viruses Human betaherpesvirus 6B | | 100.00% 1.73% DNA
Rickettsia Coxiella burnetii 2935 3830 99.80% 0.99% RNA

Notes: Internal controls were successfully detected in DNA and RNA mNGS, which validated the reliability and effectiveness of the entire detection workflow. *Relative
abundance was calculated individually within each microbial type, e.g., the proportion of Staphylococcus lentus among all bacterial reads.
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Figure | Genome coverage map of Coxiella burnetii based on DNA mNGS data. The x-axis represents the nucleotide position along the Coxiella burnetii genome (in
megabases, Mb), and the y-axis indicates the number of sequencing reads. The blue shaded area illustrates the sequencing coverage across the genome. The overall genome
coverage was 2.82%. Uniform coverage across the genome supports the specificity and reliability of the mNGS result.
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Figure 2 Trend of maximum body temperature.

Discussion

This case illustrates the successful management of acute Q fever facilitated by rapid diagnosis with mNGS. The patient in
this case had a travel history to Shandong Province, an endemic area for several natural-focal diseases. Between 2010
and 2017, Shandong reported an annual average of 3.47 cases per million residents of four major diseases: severe fever
with thrombocytopenia syndrome, human granulocytic anaplasmosis, endemic typhus, and scrub typhus, with farmers
accounting for over 85% of cases.'® Rickettsial exposure is expected in eastern China due to frequent tick bites.'""'
However, the prevalence of Coxiella burnetii in Shandong remains unclear, and conventional diagnostic kits for Q fever,
such as serologic and Coxiella burnetii—specific PCR reagents, are largely unavailable in primary healthcare settings.
Rodents, livestock, and ticks serve as reservoirs and vectors for Coxiella burnetii. Infection can occur via aerosol

inhalation or tick bites, complicating risk assessment even without direct animal contact.'> Previous reports from
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Table 2 Changes During Clinical Course of the Patient in the Laboratory
Examination

Reference Range | Baseline | Day 9 Follow-Up
(Post-Discharge)

WBC (1079 /L) 3.5-95 4.29 6.69 52
Hemoglobin (g/L) 130-175 148 135 4.99
Platelets (10"9 /L) 125-350 144 268 209
Lymphocytes (1079 /L) | 1.1-3.2 0.57 3.1 2.76
Lymphocytes (%) 20-50 13.2 46.4 53.1
Neutrophils (1079 /L) 1.8-6.3 337 2.93 1.83
Neutrophils (%) 40-75 787 438 35.1
CRP (mg/L) 0-10 54.25 13.34 2

Procalcitonin (ng/mL) 0-0.5 0.32 NA NA
ESR (mm/H) 0-15 6 NA NA
AST (U/L) 3-40 100 NA 20
ALT (U/L) 0-40 131 NA 38
LDH (U/L) 109-250 485 NA 157
Creatinine (umol/L) 57-111 58 NA 58

Abbreviations: WBC, White blood cells; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; AST,
Aspartate aminotransferase; ALT, Alanine aminotransferase; LDH, Lactate dehydrogenase; NA, Not available.

Shandong have described both acute and chronic Q fever cases diagnosed by mNGS, including in patients without
apparent animal or tick exposure and in urban residents, where routine culture, PCR, or immunoassays failed to identify
the pathogen.'*'® These observations highlight the diagnostic challenges of Q fever in China and underscore the value of
mNGS for detecting fastidious pathogens when conventional testing is unrevealing.

Acute Q fever often presents as nonspecific fever with or without pneumonia or hepatitis. Traditional diagnosis relies on
serology (eg., rise in Phase II antibodies), which has a window period (typically 1-4 weeks post-infection), leading to potential
diagnostic delay in early stages.” In contrast, mNGS has demonstrated excellent diagnostic power in rare and emerging
infectious diseases, providing early etiological evidence and enabling timely treatment. In the present case, mNGS enabled
rapid confirmation of Coxiella burnetii, overcoming the limitations of serology and guiding timely targeted therapy. However,
mNGS cannot reliably distinguish between viable microorganisms and residual genetic material from dead microbes. In our
case, both DNA- and RNA-based mNGS detected Coxiella burnetii sequences, with 688 and 2,953 reads, respectively. As
Coxiella burnetii is a DNA pathogen, the presence of its RNA reads may suggest active transcription and possible metabolic
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Figure 3 The clinical course of the patient with acute Q fever over time.
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activity. Nevertheless, this conclusion is tentative, and the ability to differentiate active infection from residual nucleic acids
based on RNA read counts requires further validation. Importantly, mNGS was performed within one week of fever onset,
before targeted therapy was initiated. The patient’s rapid defervescence and clinical improvement within 24 hours after
omadacycline therapy, along with negative imaging for chronic foci (endocarditis), supported acute Q fever.

Doxycycline is the first-line oral agent for acute Q fever. However, intravenous options are limited for severe cases,
patients unable to tolerate oral medication, or those requiring rapid symptom control. Omadacycline, a novel intravenous
tetracycline-class agent, exhibits a broad spectrum covering atypical pathogens, including rickettsiae.”'® In this case,
switching to intravenous omadacycline resulted in rapid and effective fever control, demonstrating its clinical efficacy.
Notably, the patient had liver injury on admission, which was possibly related to prior medications or the infection itself.
Omadacycline was used safely and effectively in this context. Compared to doxycycline, omadacycline has fewer reports
of significant hepatotoxicity, and its pharmacokinetic profile allows for use without dose adjustment in renal impairment,
making it a potentially preferable option for infected patients with hepatic or renal comorbidities.'”'® Therefore,
omadacycline can be considered an effective alternative or preferred intravenous regimen for severe Q fever, patients
intolerant to oral doxycycline, or those with hepatic/renal impairment.

A recent case report by Nie et al also used NGS (targeted NGS of bronchoalveolar lavage fluid) and omadacycline for
Q fever.'® Our case differs in several important ways. First, unlike most previously reported Q fever cases that occurred
in farmers, our patient was a retired factory worker with no occupational animal exposure but had a travel history to
Shandong Province, a potential endemic area. This highlights that Q fever should be suspected in travelers, even without
traditional risk factors. Second, our patient had dilated cardiomyopathy, liver dysfunction, and negative imaging,
underscoring the value of unbiased blood mNGS when clinical clues are lacking. Third, this is the first report to
simultaneously detect both DNA and RNA reads of Coxiella burnetii from a single blood sample. The presence of RNA
reads may indicate active transcription, helping differentiate acute infection from residual nucleic acids, though this
finding requires further validation. Fourth, this is the first acute Q fever case diagnosed by blood mNGS in Suzhou,
Jiangsu Province. These distinctive features highlight the value of blood mNGS for rapid diagnosis of Q fever in travelers
from potential endemic areas, even without direct animal contact. Blood mNGS is non-invasive, unbiased, and can assess
pathogen viability when clinical clues are lacking. Omadacycline is a safe and effective alternative to doxycycline in
high-risk patients with multiple comorbidities.

Moreover, the present case underscores a broader issue: the lack of awareness of Q fever among medical professionals in
China. Despite seroepidemiological evidence of widespread exposure, Q fever is not a notifiable disease and receives little
attention in clinical practice. Enhancing medical knowledge about Q fever, including its epidemiology, diverse clinical
presentations, and diagnostic options, is essential for timely diagnosis and treatment, thereby preventing chronic complica-
tions and reducing unnecessary healthcare costs. Moreover, as a zoonosis with environmental reservoirs, Q fever cannot be
effectively controlled by human health measures alone. The One Health approach, which integrates human, animal, and
environmental health through multisectoral collaboration, is crucial for the surveillance, prevention, and control of neglected
zoonotic diseases.'® Coordinated strategies should include animal surveillance, data sharing between public health and
veterinary sectors, strengthening of laboratory infrastructure, and environmental monitoring. Such an approach not only
helps prevent Q fever outbreaks but also reduces the overall public health burden of emerging and re-emerging zoonoses.

Several limitations should be acknowledged. First, we acknowledge that IFA for phase II antibodies is the gold
standard for confirming acute Q fever after exclusion of potential differential diagnoses. Serological confirmation was not
performed because Coxiella burnetii-specific IFA was unavailable at our institution. Although the clinical presentation
and rapid response to therapy strongly support acute Q fever, the lack of reference serology is a limitation. Therefore,
while mNGS provided rapid and compelling molecular evidence for Coxiella burnetii infection, the lack of serological
confirmation should be interpreted with caution. Future studies would benefit from integrating both molecular and
serological methods to enhance diagnostic accuracy for Q fever. Second, based solely on molecular data, we cannot
completely rule out prior subclinical exposure instead of acute infection, though the clinical course argues for the latter.
Third, for DNA pathogens, while concurrent detection of DNA and RNA reads from blood may suggest active
transcription and therefore viable organisms, the RNA threshold required to distinguish active infection from residual
microbial material remains unknown. This uncertainty applies to all molecular diagnostics, and our observation should be
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considered hypothesis-generating. Fourth, from a public health perspective, unbiased blood mNGS may not be cost-ef-
fective for routine use in non-endemic areas, and in such settings, targeted NGS (tNGS) combined with IFA may offer
a more practical approach. In resource-limited or remote endemic regions, alternative rapid diagnostic tools (RDTs, mini/
portable qPCR, rapid molecular testing) are more accessible and affordable. Finally, as a single case report, our findings
require validation in larger studies.

Conclusion

In patients with fever of unknown origin and a history of travel to potential endemic areas (eg., Shandong Province,
China), Q fever should be considered. For diagnosis, mNGS enables rapid, unbiased pathogen detection, facilitating early
diagnosis and targeted treatment. However, in resource-limited endemic regions, rapid diagnostic tools (RDTs, mini/
portable qPCR, rapid molecular testing) are more practical, and in non-endemic areas, tNGS combined with IFA may
represent a more cost-effective alternative to unbiased mNGS. For control, raising awareness of Q fever among medical
professionals and implementing the One Health approach that integrates human, animal, and environmental surveillance
are essential for timely diagnosis, prevention, and control of neglected zoonotic diseases. Regarding treatment, intrave-
nous omadacycline demonstrated good efficacy in rapidly controlling symptoms of acute Q fever, with an acceptable
safety profile in patients with hepatic injury, making it a valuable option among therapeutic approaches, especially for
severe cases or special patient populations.
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