ANNALS OF MEDICINE
2021, VOL. 53, NO. 1, 2258-2267
https://doi.org/10.1080/07853890.2021.2005821

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS ‘ N Checkforupdates‘

ORIGINAL ARTICLE

Molecular diagnosis of Coxiella burnetii in culture negative endocarditis and
vascular infection in South Korea

Moonsuk Bae®*, Hyo Joo Lee““*, Joung Ha Park®, Seongman Bae?, Jiwon Jung?, Min Jae Kim?,
Sang-Oh Lee® (), Sang-Ho Choi?, Yang Soo Kim?, Yong Shin“* and Sung-Han Kim®*

®Department of Infectious Diseases, Asan Medical Institute of Convergence Science and Technology, Asan Medical Center, University
of Ulsan College of Medicine, Seoul, Republic of Korea; PDivision of Infectious Diseases, Department of Internal Medicine, Pusan
National University Yangsan Hospital, Yangsan, Republic of Korea; “Department of Convergence Medicine, Asan Medical Institute of
Convergence Science and Technology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea;
dDepartment of Biotechnology, Yonsei University, Seoul, Republic of Korea

ABSTRACT

Background: Q fever endocarditis is a major cause of culture-negative endocarditis. The role of
Coxellia burnetii is underestimated because it is difficult to diagnose. We investigated the signifi-
cance of C. burnetii as the cause of culture-negative endocarditis and vascular infection by
examining blood and tissue specimens using serological testing and polymerase chain reac-
tion (PCR).

Methods: All patients with infective endocarditis or large vessel vasculitis were prospectively
enrolled at a tertiary-care hospital from May 2016 through September 2020. Q fever endocarditis
and vascular infection were diagnosed based on: (1) positive PCR for a cardiac valve or vascular
tissue, (2) positive PCR for blood or phase | immunoglobulin G (IgG) > 6400, or (3) phase | IgG
> 800 and < 6400 with morphologic abnormality. PCR targeted C. burnetii transposase gene
insertion element IS77717a.

Results: Of the 163 patients, 40 (25%) had culture-negative endocarditis (n=35) or vascular
infection (n=5). Of the 40 patients, 24 (60%) were enrolled. Eight (33%) were diagnosed with Q
fever endocarditis or vascular infection. Of these 8 patients, 6 had suspected acute Q fever
endocarditis or vascular infection with negative phase | IgG. Six patients were not treated for C.
burnetii, 4 were stable after surgery. One patient died due to surgical site infection after
5 months post-operatively and one died due to worsening underlying disease.

Conclusions: Approximately one-third of patients with culture-negative endocarditis and vascu-
lar infection was diagnosed as Q fever. Q fever endocarditis and vascular infection may be
underestimated in routine clinical practice in South Korea.
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KEY MESSAGE

e Q fever endocarditis and vascular infection may be underestimated in routine clinical prac-
tice, thus, try to find evidence of C. burnetti infection in suspected patients by all available
diagnostic tests including PCR.

Introduction

is the most common causative pathogen [3,4]. Q fever
endocarditis is clinically important because the diag-
nostic delay and the absence of combination treat-

Culture negative endocarditis is a life-threatening
condition associated with significant morbidity and
mortality. It accounts for 15-40% of all cases of infect-

ive endocarditis [1-3]. There are several causes of cul-
ture-negative endocarditis. Of these, infection due to
intracellular or non-culturable pathogens remains a

ment can be associated with mortality and serological
monitoring is necessary to monitor relapse [5]. In add-
ition, Q fever vascular infection is a disease entity as

diagnostic and therapeutic challenge. Coxiella burnetii ~ well-known as Q fever endocarditis, and it is
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associated with high mortality and major complica-
tions [6-9].

The microbiological diagnosis of Q fever endocardi-
tis and vascular infection mainly relies on serology. So,
a certain cut-off titre of phase | immunoglobulin G
(IgG) antibody with clinically suspected Q fever endo-
carditis easily makes a diagnosis, although the ser-
ology cannot distinguish an acute infection from a
past infection [10]. However, the appropriate cut-off
value of phase | IgG antibody titre for an accurate
diagnosis is contentious. High phase | IgG antibody
titre is found in asymptomatic patients with cardiovas-
cular risk, whereas there are patients with docu-
mented endocarditis  with low titres [11,12].
Serological testing might also be delayed by the time
to send samples to a reference laboratory. The devel-
opment of polymerase chain reaction (PCR) to detect
C. burnetii DNA in blood, cardiac valves, or other surgi-
cal tissue biopsy specimens has helped lessen these
problems. Advantages of PCR include early detection,
the short turn-around time for results, and high speci-
ficity [13]. However, C. burnetii DNA may be detected
only in the early period of infection [14] with limited
sensitivity for the diagnosis of Q fever endocarditis.
Despite of this limitation, the positive C. burnetii PCR
make a diagnosis more definitive. Therefore, there is
no single test with a 100% predictive value for Q fever
endocarditis or vascular infection. New criteria have
recently been proposed incorporating PCR and sero-
logical test results [11,12,14].

Little is known about Q fever endocarditis or vascu-
lar infection in South Korea [15]. However, the inci-
dence of Q fever has increased from 0.05 to 0.31/
100000 population per year in the last 5years [16].
Presently, we investigated the significance of C. burne-
tii as a causative agent of culture-negative endocardi-
tis and vascular infection in South Korea using
serological testing and PCR to detect C. burnetii DNA
in blood, cardiac valve, and vascular tissue samples.

Materials and methods
Study patients

All adult patients with suspected infective endocarditis
or vascular infection were prospectively screened
between May 2016 and September 2020. The study
was conducted in Asan Medical Centre, a 2700-bed,
university-affiliated tertiary-care teaching hospital in
Seoul, Republic of Korea. Patients with culture-nega-
tive endocarditis and vascular infection patients were
enrolled in this study. Culture negative infective endo-
carditis was defined as the absence of microbial
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growth in blood and cardiac valve tissues culture and
meeting definite or possible infective endocarditis
according to modified Duke criteria [10]. Culture nega-
tive vascular infection was defined as the absence of
microbial growth in blood and vascular tissue culture
and was proved large vessel or prosthetic infection by
imaging techniques that included '®F-fluorodeoxyglu-
cose positron emission tomography/computed tomog-
raphy (‘®F-FDG PET/CT) or computed tomography (CT).
Data collected included: demographic variables, infor-
mation regarding contact with cattle or livestock, pre-
disposing heart disease, history of previous heart
surgery procedure, symptoms and signs at presenta-
tion, microbiological and imaging findings, surgical
intervention, type and duration of antimicrobial ther-
apy, and patient outcome. Informed written consent
was obtained from all patients. This study was
approved by the Institutional Review Board of Asan
Medical Centre (ethical approval number 2016-0748)

Definition of Q fever endocarditis and
vascular infection

Q fever endocarditis and vascular infection were diag-
nosed with either definitive or possible according to
the new recently published criteria [11,14]. Definite cri-
teria included detection of C. burnetii by PCR in a car-
diac valve, arterial sample or periarterial abscess.
Major criteria included morphological abnormalities
proven by imaging techniques associated with micro-
biological evidence. The microbiological evidence was
positive PCR of the blood or emboli, or single-phase |
IgG antibody titre > 1:6400 by indirect immunofluor-
escence assay (IFA). Minor criteria included serologic
evidence (single-phase | IgG antibody titre > 800 and
< 6400 by IFA), non-specific clinical signs of infection,
and predisposition to the suspected focus of infection
(predisposing heart condition for endocarditis and vas-
cular aneurysm or prosthesis for vascular infection).
Definitive diagnosis required fulfilment of; one definite
criterion, 2 major criteria, or one major criterion and 3
minor criteria for endocarditis or 2 minor criteria for
vascular infection (including one microbiological char-
acteristic and a predisposition). Other cases were con-
sidered as possible diagnosis.

Molecular detection of Coxiella burnetii

DNA extraction

To detect C. burnetii, DNA was extracted from the
blood of patients with suspected Q fever endocarditis
or vascular infection. Approximately 4 ml of blood was
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collected in EDTA tubes and centrifuged at 134 x g for
5min. The plasma was transferred to a sterile tube
and kept frozen at —20°C until further use.
Approximately 200 ul of plasma was used for DNA
extraction using QlAamp DNA Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instruction
with minor modifications. For lysis, AL buffer and pro-
teinase K were added, and samples remained in a
water bath for 10 min. Washing with these buffers was
done twice and the samples were eluted in 200 ul of
AE buffer and stored at —20°C until use.

DNA was also extracted from a formalin-fixed car-
diac valve or arterial tissues. Five sections 5um in
thickness were cut from each paraffin block and
placed in a microtube. Xylene was added, the tube
was centrifuged at 13,000 x g for 5min, and the super-
natant was discarded. This procedure was repeated 3
times. The specimens were rehydrated through a
graded series of ethanol solutions and centrifuged after
each washing step. Finally, the tubes were kept open
to allow any remaining ethanol to evaporate. DNA was
extracted using the Exgene™ FFPE Tissue DNA kit
(GeneAll®, Seoul, South Korea) according to the manu-
facturer’s protocol. Briefly, tissue was digested in FPL
buffer and proteinase K in a water bath for 18h.
Samples were washed in BW buffer followed by TW
buffer. The DNA was eluted in 100l of Tris-Acetate
EDTA (TAE) buffer and stored at —20°C until use.

PCR

Detection of C. burnetii in blood and tissue by conven-
tional PCR was performed using primers and proce-
dures that were modified from previous reports [17,18].
The gene target was derived from the transposase
gene insertion element IST7117a of C. burnetii RSA 493
(NCBI Nr. NC 002971.4). For each sample, PCR amplifica-
tion was carried out in two separate assays using differ-
ent primer sets. Primers (approximately 24 bp) of the
first set (1F; 5-GAGCGAACCATTGGT ATCG-3' and 1R;
5/-CTTTAACAGCGCTTGAACGT-3") and the second
set 2F; 5'-CGGGTTAAGCGTGCTCAGTATGTA-3" and 2R; 5'-
TGCCACCGCTTTTAATTCCTCCTC-3") were synthesised. The
conventional PCR process consisted of an initial denatur-
ation step at 95°C for 15min; 45 cycles of 95°C for
30sec, 57°C (for first primer set) or 62°C (for second pri-
mer set) for 30 sec, and 72°C for 30sec; and a final elong-
ation step at 72°C for 7 min. Amplification of 5l of DNA
was performed in a total volume of 25ul containing
10 x PCR buffer (Qiagen), 2.5mM MgCl,, 0.25mM deoxy-
nucleotide triphosphate, 25pmol of each primer, and 1
unit of Tag DNA polymerase (Qiagen). Agarose gel electro-
phoresis (2%) in the presence of ethidium bromide was

used to separate PCR products. The products were visual-
ised using a GelDoc System (Clinx Science Instruments,
Shanghai, China). Samples were considered positive if a
positive PCR product was observed in two consecutive
PCR assays. The presence of C. burnetii (IS1111A transpo-
sase gene, Accession number: MN094854.1) were con-
firmed by Sanger sequencing according to the study
definition in all amplified PCR product.

Serological methods for Q fever

The blood samples of patients with suspected Q fever
endocarditis or vascular infection were sent to the
Korea Centres for Disease Control and Prevention
(KCDCQ) for serological testing for C. burnetii. The sero-
logical testing for C. burnettii was performed using a Q
Fever IFA IgG kit and IgM kit (Focus Diagnostics, Inc.,
Cypress, CA, USA), as per the manufacturer’'s instruc-
tions. In brief, 1:16 screening dilutions for IgG antibody
assay were prepared by mixing 1 part patient serum
with 15 parts 1xIgG Sample Diluent Working
Solution. Other 1:16 screening dilutions for IgM anti-
body assay were prepared by mixing 5pul of patient
serum with 75l IgM Pre-treatment Diluent. To deter-
mine endpoint titres, reconstituted phosphate-buffered
saline (PBS) was used to serially dilute the screening
dilution and Positive control (supplied in the kit). Q
fever substrate slides were removed from cold storage
and allowed to reach room  temperature.
Approximately 25pl of each serial dilution of the
screening dilutions and Positive control were individu-
ally placed on an appropriate slide well. The same
amount of Negative control (supplied in the kit) was
also applied to an appropriate slide well. The slides
were incubated in a humid chamber for 30 min (for
IgG antibody assay) or 90 min (for IgM antibody assay)
at 37°C. The slides were washed three times for 5 min
with PBS using roll-mixer, followed by distilled water,
and allowed to air dry. Approximately 25 pl of fluores-
cein labelled goat anti-human gamma-chain specific
IgG or mu-chain specific IgM (supplied in the kit) were
applied to each slide well. The slides were incubated
in @ humid chamber for 30 min at 37°C and washed
as mentioned above. The slides were observed using a
fluorescence microscope (ZEISS AXioskop2, Carl Zeiss,
Munich, Germany) at a magnification of x 400.

Measurement of anti-cardiolipin IgG antibodies by
enzyme-linked immunosorbent assay (ELISA)

According to the manufacturer’s protocol, the pres-
ence of anti-cardiolipin IgG in stored plasma of 8



patients with Q fever endocarditis or vascular infection
was measured with a commercial ELISA kit (Novus
Biologicals, Centennial, CO, USA). The optical density
value of 450 nm (OD450) was measured. When OD450
(sample/negative control) was 2.1 or higher, it was
considered as positive for anti-cardiolipin I1gG.

Statistical analyses

Qualitative data were expressed as absolute and rela-
tive frequencies. Quantitative data were expressed as
medians and interquartile ranges. Fisher's exact test
was used to test the difference between proportions
for categorical variables and Mann-Whitney U-test for
continuous variables. A p-value < .05 was considered
statistically significant. Statistical analysis was con-
ducted using SPSS software v24.0 (IBM, Armonk,
NY, USA).

Results

A total of 176 patients with suspected endocarditis
were detected by transthoracic echocardiography
(TTE) or transesophageal echocardiography (TEE) and
13 patients with suspected vascular infection were
detected by clinical imaging. Twenty-four (14%) were
eventually classified as rejected infective endocarditis
according to the modified Duke criteria and 2 (15%)
excluded due to an alternative diagnosis. Of the
remaining total of 163 patients, 123 were excluded
due to an infectious agent identified on blood culture
or tissue culture. Of the remaining 40 (25%), the diag-
nosis was culture-negative endocarditis in 35 patients
and vascular infection in 5. Twenty-four of the 40
(60%) patients who provided informed consent were
finally enrolled (Figure 1).

Tables 1 and 2 summarise the clinical characteris-
tics, echocardiographic findings, clinical imaging find-
ings, histologic features of excised tissue, and the
results of serology and PCR to detect C. burnetii from
blood or tissue in the 24 patients with culture-nega-
tive endocarditis and vascular infection. The median
age [interquartile range] was 61 [44-72] years, 19
(79%) were male, and 11 (46%) had underlying predis-
posing conditions. Based on the modified Duke crite-
ria, 12 patients were classified as definitive infective
endocarditis and 8 patients as possible infective endo-
carditis. The use of antimicrobial agents prior to blood
culture was recorded in 6 patients (25%). The median
period of use was 9 [4-20] days. The median follow-
up time at the date of the last disease assessment was
207 [89-476] days. A total of 13 (54%) received
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‘ 176 patients with echocardiogram positive for [E* |

117 excluded for identification of 24 excluded for rejected IE by Duke Criteria
etiologic agent in blood or tissue culture 7 with theumatologic disease

10 with degenerative lesion
5 with non-specific thrombotic lesion

2 with primary cardiac tumor

35 patients with culture negative IE ‘

15 refused informed consent

20 patients with culture negative

12 definite IE
8 possible IE
| 13 patients with suspected aortic vasculitis or vascular graft infection in imaging ‘

6 excluded for identification of etiologic 2 excluded for non-infectious disease

agent in blood or tissue culture

1 with giant cell arthritis
1 with thrombotic lesion

1 refused informed consent

‘ 4 patients with culture negative vascular infection |

Figure 1. Distribution of the 189 patients with echocardio-
gram positive for infective endocarditis (IE) or vascular inflam-
matory lesion *Echocardiogram positive for IE was defined as
follows: oscillating intracardiac mass on the valve or support-
ing structures, in the path of regurgitant jets, or on implanted
material in the absence of an alternative anatomic explan-
ation; abscess; or new partial dehiscence of prosthetic valve or
new valvular regurgitation.

surgical treatment due to valvular insufficiency, valve
perforation, or other complication. All but 2 patients
received empirical antibacterial therapy with a median
duration of use of 43 [26-66] days. Four (17%) patients
died during the follow-up period.

Of the 24 patients with culture-negative infective
endocarditis or vascular infection, 8 (33%) were diag-
nosed as Q fever endocarditis or vascular infection
(Table 1). All patients except one did not have zoo-
notic risk factors. There were no significant differences
regarding comorbidities, predisposing heart condi-
tions, the proportion of patients requiring surgical
intervention, duration of antimicrobial agent therapy,
and all-cause of mortality between patients diagnosed
with Q fever infection and the rest of the patients
(Table S1). All but two of the patients (Table 1, #4 and
#8) did not receive a combination of doxycycline and
hydroxychloroquine. Two patients (Table 1, #1 and #7)
recovered after undergoing cardiac valve repair sur-
gery and descending aortic graft replacement surgery,
respectively. Two patients (Table 1, #3 and #5)
remained stable with moderate paravalvular regurgita-
tion. Two patients died. One (Table 1, #2) died due to
the development of surgical site infection 5months
post-operatively. The other (Table 1, #6) died due to
worsening underlying disease.
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because of a 3-week history of fever and was diag-
nosed with acute Q fever based on serologic results
for C. burnetii (phase Il IgM/IgG and phase | IgM/IgG
antibodies titre of 512/64 and 64/<16, respectively).
Baseline '8F-FDG PET/CT performed on the admission
date demonstrated no abnormal lesions. After a 14-
day administration of doxycycline, the fever persisted
and the phase | IgG antibody titre had risen to 512.
TEE was performed on suspicion of Q fever endocardi-
tis. No abnormality was apparent. Hydroxychloroquine
was added in case of evolution to persistent Q fever
infection. Despite the combination treatment for
7 days, the fever persisted and the phase | IgG anti-
body titre rose to 2048. Another '8F-FDG PET/CT
revealed newly appearing focal hypermetabolic activ-
ity in the ascending aorta, suggestive of the presence
of a large vessel vasculitis. He recovered while being
maintained on the combination treatment without
surgery and was loss to follow-up after discharge.

Discussion

The present study investigated Q fever endocarditis
and vascular infection cases in culture negative infect-
ive endocarditis and vascular infection in South Korea.
Among 163 patients with infective endocarditis or vas-
cular infection, 40 had negative results in blood and
tissue culture. Of the 40, 24 of them were included in
the analysis. Finally, 8 (33%) patients with culture
negative endocarditis and vascular infection were
diagnosed as Q fever by serological and molecu-
lar testing.

The incidence of C. burnetii infection in culture-
negative endocarditis varies widely, ranging from 2.5%
to 48%, depending on detecting methods and study
design [2-4]. In this study, 6 patients diagnosed with
Q fever endocarditis and vascular infection fulfilled the
microbiologic criteria based on PCR results but did not
show a concomitant increase in phase | IgG antibody
titre. There could be concerns about false-positive
results regarding the diagnostic value of the PCR-
based method. The specificity of PCR detecting C. bur-
netii DNA in persistent Q fever infection has been
rarely reported. In one study from France, 100 sera
from 100 patients with endocarditis caused by other
microorganisms were tested to estimate the specificity
of their in-house PCR targeting IS1711 of C. burnetii.
The authors reported that all PCR results were nega-
tive [13]. We also performed in-house PCR targeting
IS1111a of C. burnetii in valve tissues from 20 control
patients with culture-positive endocarditis to check for
potential false-positive results in a previous study [18].
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Of the 20 control patients, none showed a positive Q
fever PCR results from cardiac valve tissue. Therefore,
the possibility of false-positive PCR results is low. On
the other hand, there could be concerns about the
diagnostic accuracy of serological testing. Since the
blood samples were submitted to the national refer-
ence laboratory during the entire study period and
were performed by the serologic test using the com-
mercial kit according to the manufacturer’s instruc-
tions, the possibility of inaccurate serologic test results
is low. Therefore, we cautiously assumed that these
patients might have “acute Q fever endocarditis and
vascular infection.”

The repeated tests for phase | IgG antibody are
highly sensitive for the diagnosis Q fever endocarditis
except in immunocompromised hosts, those with mas-
sive transfusion, or those with acute Q fever endocar-
ditis. So, Q fever infection could not be excluded
without repeated tests especially in those with sus-
pected acute Q fever endocarditis, even with a phase |
IgG antibody titre < 800, given the reports of several
such cases [5,6,19]. In addition, acute Q fever endocar-
ditis is an emerging clinical entity as it was suggested
that primary infection caused by C. burnetii could lead
to cardiac valve infection [20,21]. Of 8 patients who
were classified as Q fever endocarditis or vascular
infection, (1) 4 did not undergo blood sampling in the
convalescent phase, (2) 2 showed no serological
response even from the convalescent blood samples,
and (3) 2 demonstrated phase | IgG titre > 800 in the
acute or convalescent phase. Unfortunately, it could
not be directly verified whether the serological
response developed later or not because of the
absence of the convalescent blood samples from these
4 patients. We remained the assumption that there
may be insufficient time for the serological response
to occur in these 4 patients.

On the other hand, there were 2 patients without
Q fever serologic response even in the blood samples
collected at the convalescent phase. Furthermore,
negative phase Il serology in acute Q fever endocardi-
tis is unusual, although phase | serology may be nega-
tive or low titre [21]. It has been established that
genetic differences between C. burnetti strains could
affect their virulence and host adaptation [22,23].
Results from studies in the guinea pigs infection
model implied that C. burnetii strains with different
genetic profiles could show a variable range of the
magnitude of C. burnetti-specific 1gG level detected by
the commercial IFA kit using antigens of Nine Mile
strain [23]. Therefore, we carefully could be assumed
that certain C. burnetti strains to evoke the serologic
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response not detected by commercial kit using Nine
Mile antigen could exist. As far as we know, only a
few studies have been reported about the genetic
profiles of C. burnetii strains in South Korea [24].
Additional studies are needed to further investigate
the genetic diversity and pathogenicity of C. burnettii
circulating in South Korea.

Recently, it was suggested that a single-phase | IgG
cut-off definition for Q fever infection is not possible
and that new diagnostic criteria based on molecular
or serological assay are necessary [11,12,14]. The pre-
sent results support this suggestion. Of note, increased
anti-cardiolipin antibodies can be helpful in identifying
acute Q fever patients who eventually progress to
acute endocarditis [21]. One of the 8 patients with Q
fever endocarditis or vascular infection was positive
for anti-cardiolipin 1gG in this study. Although it was
lower values with respect to those reported by the
French group (anti-cardiolipin IgG levels were elevated
in all 9 patients with acute Q fever endocarditis in
their previous study, and positive anti-cardiolipin anti-
body was shown 68% [28/41] of acute Q fever endo-
carditis in their later study) [20,21], it could be helpful
in identifying a patient who eventually progressed to
acute Q fever vasculitis (Table 1, #8). Further studies
are needed on appropriate diagnostic tests to detect
acute Q fever endocarditis.

One patient was diagnosed with Q fever vascular
infection based on the findings in 'F-FDG PET/CT
scan even though he did not have a vascular pros-
thesis and did not display aneurysmal change of the
involved area. Q fever vascular infection can develop
after primary C. burnetti infection in patients with pre-
disposing factors that include prosthesis or aneurysm,
based mainly on case reports [6]. However, several
cases of Q fever infection associated vasculitis without
aneurysmal change have been described [25-28]. '8F-
FDG PET/CT is useful to screen for early detection of Q
fever vascular infection in the risk group [29] and is a
promising diagnostic tool for localisation of persistent
focalised Q fever infection [30]. In addition, anti-cardio-
lipin antibiotics associated with acute Q fever endocar-
ditis were positive. Therefore, we suggest that this
patient could have had acute Q fever vasculitis or was
in the early stage of persistent Q fever vascu-
lar infection.

This study has several limitations. First, it was pos-
sible that the small number of more severe cases were
only included since this was a single centre study at a
major referral hospital. Second, since the modified
Duke criteria were used to define culture-negative
endocarditis, most of the morphological abnormalities

detected by echocardiography were valvular vegeta-
tion. However, since valvular vegetation was reported
to occur in only approximately 30% of patients with Q
fever endocarditis [5], the incidence of Q fever endo-
carditis could be underreported in this study. Third,
we did not perform the serological or molecular test-
ing for other common microbial aetiologies of culture-
negative endocarditis, such as Bartonella, Legionella,
Mycoplasma or Chlamydia species. Concerning the
molecular cross-reactivity between Bartonella species
and C. burnetii [2-4], further study is necessary to
include this missed diagnosis, since Bartonella endo-
carditis also had been reported in South Korea [31].
Fourth, we could not perform the additional genetic
analysis for confirmed Q fever cases because of a
small number of patients and low amount of genomic
DNA. Further study with large cohort samples would
be desired for the investigation of the genetic epi-
demiology of C. burnetii in South Korea using molecu-
lar analysis such as multispare sequence typing. Fifth,
the follow-up period was relatively short in the evalu-
ation of the prognosis of patients with Q fever endo-
carditis and vascular infection. Finally, there was
insufficient information to explain the serological
response since the convalescent blood samples were
obtained only from some patients.

In summary, approximately one-third of patients
with culture-negative endocarditis and vascular infec-
tion was diagnosed as Q fever using a Q fever sero-
logical test and PCR. The finding suggests that Q fever
endocarditis and vascular infection has been underes-
timated in routine clinical practice in South Korea.
Given this high prevalence, physicians should suspect
C. burnetii as a causative agent of culture-negative
endocarditis and vascular infection, even if the patient
does not have zoonotic risk factors. In addition,
regarding the difficulties of its diagnosis, physicians
should try to find evidence of C. burnetti infection by
all available diagnostic tests when the infection
is suspected.
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