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Abstract

Q fever is a zoonotic disease caused by Coxiella burnetii. Most patients have non-specific symp-
toms at onset. In addition, routine diagnostic tests for C. burnetii are not sensitive, and the
bacterium cannot grow in general culture medium. The diagnosis of Q fever therefore poses a
challenge. This case study describes a man with a clear history of tick bite who had recurrent
fever, pneumonia, and liver damage. Routine tests and bacterial cultures failed to clarify the
pathogeny, but laboratory and imaging data suggested infection. After routine tests were
exhausted, we detected the presence of C. burnetii in a whole blood sample using next-
generation sequencing (NGS). To our knowledge, this is the first report of Q fever associated
with Coxiella burnetii detected directly from blood samples in Lishui, China. NGS has revolution-
ized the diagnosis of infectious diseases, especially those caused by rare or newly discovered
pathogens, and patient responses have finally proved its substantial benefits. NGS has important
clinical significance for the early diagnosis of chronic Q fever. This proof-of-concept study is
worthy of promotion in clinical practice.
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Introduction

In 1937, a fever of unknown cause was dis-
covered in Queensland, Australia and was
subsequently named Q fever. According to
a seroepidemiological investigation, Q fever
is distributed in all global regions excluding
New Zealand,! and it often occurs in pas-
toral, semi-agricultural, and semi-pastoral
areas. Q fever is a natural tick-borne infec-
tious disease caused by Coxiella burnetii.
Q fever has a widespread prevalence, and
it is listed as 1 of 13 global priority zoono-
ses. The most common route of infection is
the inhalation of airborne particles or con-
taminated aerosols during processes such as
parturition and slaughter.” C. burnetii has
large and small cell variants, both of which
are infectious. The small cell variants are
extremely stable in a variety of harsh envi-
ronments.” Organisms can be transmitted
between animals without direct contact.*
Primary C. burnetii infection is asymptom-
atic or has only non-specific symptoms,
such as recurrent fever, headache, night
sweats, muscle soreness, and weight loss.’
Q fever can be classified as acute or chronic.
Acute Q fever may be accompanied by
atypical pneumonia or hepatitis. The incu-
bation period for primary infection is 2 to 3
weeks before the onset of symptoms.® The
most common manifestations of chronic Q
fever are endocarditis, granulomatous hep-
atitis, and osteomyelitis.” Acute infection
can progress to chronic Q fever, especially
in the presence of immunodeficiency, preg-
nancy, or underlying heart disease. The dis-
ease is also widely recognized in patients
with conditions associated with immunode-
ficiency, such as rheumatoid arthritis, sys-
temic  sclerosis, and  non-Hodgkin

lymphoma.® Diagnosis is often delayed or
missed because of its non-specific symp-
toms. Acute symptoms are quickly relieved
after appropriate antibiotic treatment,
whereas chronic disease requires long-term
antibiotic treatment and disease monitor-
ing. Chronic Q fever has a poor prognosis,
and its mortality rate after 10 years is 10%
to 20% when patients are treated.’

C. burnetii exhibits pantropism, being
capable of invading the heart, lungs, liver,
and other viscera. This report describes a
patient with an acute onset and symptoms
such as high fever, systemic fatigue, pneu-
monia, and liver damage. C. burnetii was
ultimately detected in this patient via next-
generation sequencing (NGS), and doxycy-
cline effectively treated the condition. After
symptomatic treatment, the patient’s febrile
episodes were relieved.

Case presentation

Medical history and previous diagnosis

A 55-year-old farmer was admitted to a
local county hospital (October 11-15,
2019) because of “repeated fever for 7
days” and a tick bite on his left leg more
than 10 days before onset. Seven days
before admission, the patient developed
fever without an obvious cause accompa-
nied by chills and obvious fatigue.
Without special treatment, his body tem-
perature normalized, but fever repeatedly
recurred within 48 hours. After investiga-
tion, he was determined to be in good
health, and he had no history of smoking
or allergy. There were no abnormalities in
his personal, marital, or familial history.
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The findings of the examination per-
formed after admission were as follows:
temperature, 40°C (normal range, 36.3—
37.2°C); respiratory rate, 20 breaths/
minute (normal range, 16-18 breaths/
minute); and blood pressure, 116/
65mmHg (normal range, 90-140/60—
90mmHg). No ecchymosis or bleeding
points were found in the skin. The patient
had slightly coarse sounds in both lungs,
and no obvious dry and wet rales were
detected. His heart rhythm was regular,
but he exhibited pain in the liver on percus-
sion and palpable lymph node enlargement
in the groin.

The results of blood testing were as
follows: total white blood cell count,
3.1x10°/L  (normal range, 5.0x10°—
10.0 x 10°/L); neutrophil count, 2.48 x
10°/L  (normal range, 2.0 x10°-7.0 x
10°/L); hemoglobin, 138 g/L (normal
range, 120-160g/L); platelet count,
112 x 10°/L  (normal range, 100 x 10°—
200 x 10°/L); and C-reactive protein,
66.7mg/L (normal range, <10mg/L). The
patient was negative for hepatitis B surface
antigen, and urinalysis was normal. Chest
computed tomography (CT) revealed mild
inflammation in  both lungs and
emphysema.

The patient had previously been diag-
nosed with sepsis and pneumonia.
Piperacillin 4.5 g was given every 8 hours
for 2 days, but no significant improvement
was achieved. The treatment was subse-
quently changed to Tienam injection 1.0
every 8 hours for 2 days, but there was no
observable improvement. The patient
relapsed, and he was then admitted to
Lishui People’s Hospital (Lishui, China)
for further treatment on October 16, 2019.

Physical examination

On admission to the Department of
Respiratory and Critical Care Medicine,
the patient’s laboratory data were as

follows: temperature, 38°C; pulse, 67
beats/minute (normal range, 60—100 beats/
minute); blood pressure, 113/69 mmHg;
and respiratory rate, 21 breaths/minute.
The patient was delirious, and he responded
suspiciously to bending of his neck.

Laboratory examinations

A routine blood test was performed imme-
diately after admission, and the hematology
parameters were as follows: white blood cell
count, 3.5 x 109/L; red blood cell count,
4.38 x 10"?/L (normal range, 4.40 x 10'*—
5.60 x 10'?/L); hemoglobin, 132 g/L ; plate-
let count, 61 x 10°/L; and erythrocyte sedi-
mentation rate, 17 mm/hour (normal range,
0-25 mm/hour). The results for coagulation
indices were as follows: prothrombin time,
13.1 s (normal range, 10.8-13.0 s); and
D-dimer, 4546 pg/L.  (normal  range,
<500 pg/L). The results of serum biochem-
istry for liver function were as follows: total
protein, 53.4 g/L (normal range, 60-80 g/L);
alanine aminotransferase, 285 U/L (normal
range, 13-40U/L); aspartate aminotrans-
ferase, 235U/L (normal range, 12—
30U/L); total bile acids, 30.9umol/L
(normal range, 0-10 umol/L); and C-reac-
tive protein, 130.8 mg/L. No blood plasmo-
dia were detected under a microscope, and
the patient was serologically negative for
human immunodeficiency virus, hepatitis
C, anti-Epstein—Barr virus IgG, syphilis,
and pneumonia antibody. Both the Widal
and Weil-Felix tests were negative.
Urinalysis revealed a weakly positive
signal for urinary microalbumin (>0.15g/
L; normal range, <0.02 g/L). Regarding
routine cerebrospinal fluid tests, transpar-
ency was clear, and Pandy’s test revealed
weak positivity for chloride (119 mmol/L;
normal range, 120—130 mmol/L), total pro-
tein (0.64 g/L; normal range, 0.15-0.45g/
L), and IgG(95mg/dL; normal range,
2.00-4.00mg/dL). Cerebrospinal fluid and
blood culture were sterile for 5 days.
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Imaging examination

Repeat cardiac color Doppler ultrasound
revealed mild mitral valve and tricuspid
valve reflux and cardiac arrhythmia.
Ultrasonic images of the prostate revealed
calcification in the left renal cortex and
prostate. Hepatobiliary and splenic ultra-
sound uncovered hepatomegaly with echo-
genicity, gallbladder wall thickening, and
abdominal cavity effusion. Chest CT
(Figure 1) performed in our hospital
revealed inflammation in both lungs, multi-
ple small nodules in the right and left lower
lobes, patchy fibrosis in the right middle
Iung lobe and upper lobes of both lungs,
and emphysema. Total abdominal plain
CT and enhanced CT revealed the follow-
ing findings: hepatomegaly, dilatation of
intrahepatic lymphatic vessels, gallbladder

wall edema, ascites, enlarged lymph nodes
in the abdominal cavity and retroperito-
neum, multiple low-density lesions in the
spleen and possible splenic infarction,
small cysts in caudate hepatic lobes and a
small cyst in the left kidney, calcification
foci in the prostate, and bilateral pleural
effusion (Figure 2).

Next-generation sequencing

Although tests for pathogens were negative,
the possibility of infection could not be
eliminated. Therefore, further tests were
needed to elucidate the causes of emphyse-
ma, hepatic cysts, and pleural effusion.
Whole-blood samples were sent for metage-
nomic sequencing using the Illumina HiSeq
platform (Illumina, San Diego, CA, USA).

Figure |I. Chest computed tomography. Large patches of high-density shadows were present in the upper
lobes of the lungs, and the boundary was not clear. Solid nodules were observed in the middle lobe segment

of the right lung and lower lobes of both lungs.
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Figure 2. Whole-abdomen plain computed tomography plus contrast-enhanced computed tomography.
The liver caudate lobe was round without an enhanced low-density shadow with a diameter of approxi-
mately 7 mm. A patchy low-density shadow was observed on the edge of the spleen. A blotchy dense
shadow was present in the prostate. Enlarged lymph nodes were observed in the abdominal cavity and
retroperitoneum, the largest of which was approximately 13 x 23 mm? in size. There was a flaky liquid

density shadow in the abdominal pelvic cavity.

The nucleic acids of clinical samples were
extracted to construct a sequencing library.

Results and treatment

NGS identified Q fever associated with
Coxiella infection on October 22, 2019
(Figure 3). Sequences were compared and
analyzed using a special database of micro-
organisms. The similarity plot of sequenc-
ing result compared the C. burnetii to
available sequences for C. burnetii at the
nucleotide level. In total, 2404 reads
mapped to C. burnetii in the reference data-
base, and 49 reads corresponded to human
herpesvirus type 4 (Epstein—Barr virus) and
common skin microflora. C. burnetii reads

were abundant in all microbial species. The
known sequences covered most of the
genome of C. burnetii.

Doxycycline  hydrochloride  enteric-
coated capsules were administered orally
(0.1 g twice daily), and a compound glycyr-
rhizin and reduced glutathione injection
was used to protect the liver. Three days
later, the patient had no fever or chills.
The result of the repeat test was negative,
and the patient was discharged from the
hospital according to the standard proce-
dure. After discharge, both doxycycline
anti-infection and compound glycyrrhizin/
doxycycline treatment were sustained. To
date, the patient has reported no side effects
of therapy.
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Figure 3. Next-generation sequencing results. A Coxiella burnetii strain had the highest similarity with the
available strains. (a) The abundance of bacteria, fungi, viruses, and parasites was assessed. The relative
abundance reflected the relative proportion of genomes in the corresponding classification of the pathogen.
Approximately 76.8% of the genomes mapped to C. burnetii in the reference database. (b) The genome
coverage denoted the proportion of obtained sequences occupying the entire genome.

Discussion

C. burnetii, a deadly bacterium that causes
Q fever, is considered an emerging global
concern because of its contagious nature.
The most effective route of infection is
intradermal inoculation by ticks. C. burnetii
infection in humans is usually asymptomat-
ic, or it presents as a mild disease with spon-
taneous recovery (fatigue, night sweats, and
chills). Atypical pneumonia is also a prima-
ry clinical manifestation. Severe complica-
tions and even death may occur in patients

with acute illness, especially in those with
meningitis or myocarditis. Effective treat-
ment and vaccines are available. However,
if not treated appropriately, Q fever can
become a chronic infection affecting multi-
ple organs, including the bones, heart, and
lungs."!

Concerning local treatment, diagnoses of
sepsis and pneumonia were rendered
according to the presence of mild percus-
sion pain in the liver and infections in
both lungs. Piperacillin—tazobactam and
Tienam injection were administered , but
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no significant improvement was observed.
After transfer to Lishui People’s Hospital,
physical examination revealed positivity for
meningeal irritation, laboratory analysis
revealed liver and kidney dysfunction and
inflammation, and imaging uncovered
infection and small nodules in both lungs.
Hepatomegaly, thickening of the gallblad-
der wall, effusion of the abdominal cavity,
and lymphadenectasis indicated an inflam-
matory response associated with infection.
Further efforts focused on the detection of
etiologic microorganisms. Routine tests
such as blood plasmodium, Epstein—Barr
virus, syphilis, and HIV were negative.
Cerebrospinal fluid and blood culture
were sterile on day 5. Finally, whole blood
was sent for sequencing, and NGS revealed
Q fever associated with Coxiella infection.
After treatment with doxycycline hydro-
chloride,'? the patient’s body temperature
normalized, and his condition had generally
improved after 3 days.

Current laboratory diagnostic methods
mainly include antigen assays, bacterial iso-
lation, and nucleic acid amplification test-
ing. The sensitivities of culture and
polymerase chain reaction (PCR) for
Coxiella infection using serum or blood
samples vary (40%—-53% and 23%, respec-
tively).” Samples with low contamination
rates and high bacterial counts can be sub-
mitted to direct microbial isolation via cell
culture (Vero, HEL, HeLa, DH82, XTC2,
and L1929 cells) or yolk sac inoculation.
Severely contaminated samples are usually
inoculated into Guinea pigs and mice intra-
peritoneally. Specific culture techniques are
also widely used (e.g., shell bottle method,
Vero cell extract-based medium culture,
ACCM-2, ACCM-D).® However, C. burne-
tii is highly contagious in aerosol environ-
ments, and it can only be cultured and
handled in biosafety level III laboratories."'
Serological methods include the Weil-Felix
test, complement binding assays, immuno-
fluorescence assays, immunoperoxidase

assays, the latex agglutination test, and
enzyme-linked  immunosorbent  assay
(ELISA).® Immunofluorescence and immu-
noperoxidase assays are laborious and inef-
ficient to execute, and they may not be
easily accessible in resource-poor environ-
ments. ELISA is the most commonly used
serosurveillance assay, but it cannot differ-
entiate between acute and chronic Q fever.
Serology is the main and standard labora-
tory method for diagnosing Q fever.
However, the use of serological methods is
limited by the technique for obtaining anti-
gens, and the inconsistency of analysis
standards will also affect accuracy, thus
hindering its widespread use.'> Molecular
detection may be the preferred strategy.
PCR can quickly screen a large number of
samples with high sensitivity and specificity
using target genes such as is//11, is30A4
coml, groEL, htpAB, 16s rRNA, and icd.
Two PCR-based genotyping methods have
gained widespread use, namely multi-locus
variable number of tandem repeats analysis
and multispacer sequence typing, which
permit the typing of C. burnetii without
bacterial isolation. Meanwhile, single-
nucleotide polymorphisms genotyping has
been explored recently.'* However, molecu-
lar assays using blood are only effective
when the patient is bacteremic, and the suc-
cess rates may be affected by low bacterial
counts and the prior judgment of the inves-
tigator. The clinical manifestations of Q
fever are not typical, and infection is not
common. Differences in the strain specific-
ity can lead to different symptoms.
Therefore, the definition and diagnostic cri-
teria of Q fever remain controversial.
Patients infected with C. burnetii have
been reported globally and analyzed using
different methods. Ivi¢'® reported a case of
pericarditis that was serologically proved to
involve chronic C. burnetii infection.
Serological methods are suitable for coun-
tries in which the pathogen is endemic.
Merhej'® found that abscess samples from
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the femoral region were positive using PCR.
Keijmel'” retrospectively reported a regret-
table case of death after infection with C.
burnetii in 2016. A male patient had experi-
enced inflammation since 2012, and was
hospitalized in 2014 with a negative diagno-
sis of Q fever using PCR, the complement
fixation assay, and ELISA. In 2015, he was
diagnosed with chronic Q fever infection,
an aneurysm, and an intravascular prosthe-
sis. The patient died despite optimized
treatment. Therefore, the early diagnosis
and confirmation of Q fever are extremely
valuable. If there are signs of disease, such
as elevated inflammatory indicators, and
routine culture is negative,'® then appropri-
ate antibiotic therapy using an appropriate
detection method can greatly reduce the
mortality rate. Because there is no standard
test in this case, sensitive NGS is recom-
mended for the identification of unknown
pathogenic microorganisms.

As an emerging high-throughput
sequencing technology, NGS can be used
to sequence all pathogens in a single
sample without using any probes or pri-
mers, thus enabling the unbiased identifica-
tion of all potential pathogens.'”” More
specific and effective treatment options
depend on the development of precise and
rapid methods for identifying Coxiella spe-
cies. The important point is this platform is
unbiased, and a variety of DNA sequences
of bacteria,?® viruses,! fungi,22 and para-
sites>® have been detected in clinical sam-
ples. In addition, NGS can also help guide
the treatment of rare tumors®* and genetic
diseases.?

As the applications of metagenomic
sequencing increase, it is important for
clinicians to fully understand the advan-
tages and limitations of this approach.
Culture, Gram staining, and biochemical
and molecular detection are the traditional
methods. For some microbes, especially
fungi, these methods are usually slow. In
addition, they sometimes do not necessarily

provide relevant therapeutic guidance,’®
and they are even considered “a guess” for
the identification of infectious diseases.
However, NGS also has several other dis-
advantages. NGS struggles to detect viruses
and other non-bacterial organisms because
the integrity of viral nucleic acids is com-
promised during the extraction process.

Conclusion

NGS is the most promising and sensitive
diagnostic tool for Q fever, especially
when the clinical manifestations are atypi-
cal, and all pathogens can be identified
directly from samples in a single run in a
hypothesis-free and culture-independent
manner. For the early detection and diag-
nosis of clinically suspected infection, the
diagnosis can be confirmed via NGS of
blood samples, and appropriate antibacte-
rial treatment and symptomatic support
treatment can be provided as early as pos-
sible to reduce the mortality rate.
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