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Q fever is a worldwide zoonotic infectious disease due to Coxiella
burnetii. The clinical presentation may be acute (pneumonia and/or
hepatitis) or chronic (most commonly endocarditis). Diagnosis
mainly relies on serology and PCR. We therefore developed a
quantitative real-time PCR. We first tested blindly its performance
on various clinical samples and then, when thoroughly validated,
we applied it during a 7-year period for the diagnosis of both acute
and persistent C. burnetii infection. Analytical sensitivity (< 10
copies/PCR) was excellent. When tested blindly on 183 samples,
the specificity of the PCR was 100% (142/142) and the sensitivity
was 71% (29/41). The sensitivity was 88% (7/8) on valvular
samples, 69% (20/29) on blood samples and 50% (2/4) on urine
samples. This new quantitative PCR was then successfully applied
for the diagnosis of acute Q fever and endovascular infection due
to C. burnetii, allowing the diagnosis of Q fever in six patients over
a 7-year period. During a local small cluster of cases, the PCR was
also applied to blood from 1355 blood donors; all were negative
confirming the high specificity of this test. In conclusion, we
developed a highly specific method with excellent sensitivity,
which may be used on sera for the diagnosis of acute Q fever and
on various samples such as sera, valvular samples, aortic
specimens, bone and liver, for the diagnosis of persistent
C. burnetii infection.
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Q fever is a worldwide zoonosis due to Coxiella burnetii, a small
pleomorphic gram-negative intracellular bacillus. Human infec-
tion is caused by inhalation of contaminated aerosols that can
spread by wind over some distance [I]. When infected
pregnant small ruminants abort, billion of C. burnetii end up in
the environment and fewer than ten organisms are sufficient to
seed an infection [2]. The clinical presentation may be (i) acute
with influenza-like illness, hepatitis or pneumonia, or (ii)
chronic with mainly endocarditis [3]. Diagnosis still remains
challenging and relies mainly on serology, mostly performed by
indirect immunofluorescence assay. However with serology it
is difficult to make an early diagnosis, especially in acute
settings because it may occur during an epidemic.

In Switzerland, an important outbreak of human Q fever
occurred in 1983 in a Swiss Alpine valley [4] caused by flocks
of sheep infected by C. burnetii. Some villages located near the
flocks were strongly affected and the percentage of inhabitants
with acute Q fever was about 21%. Since that time, several
new outbreaks have been described, including a huge epidemic
in the Netherlands, with more than 4000 human cases notified
between 2007 and 2010 [5]. This large outbreak demonstrated
the importance of recognizing an epidemic early, through strict
veterinary surveillance and early recognition of acute Q fever
among humans. Serology is one of the current diagnostic
methods for Q fever, but it is obvious that the lag phase in
antibody response of 7—15 days after onset of clinical symp-
toms, is an important drawback of serology [5]. Conversely,
for the diagnosis of persistent C. burnetii infection, serology is
associated with a very high negative predictive value whereas
PCR may be applied to various samples such as cardiac valves,
aortic fragments and liver tissue, according to the respective
organ involved, so representing a pivotal tool to confirm which
organ is affected.

In this context, we developed in 2005 an in-house diagnosis
real-time PCR that may be applied to various clinical speci-
mens including lower respiratory tract samples, blood, sera
and biopsies. We then assessed its analytical performance and
all respiratory specimens submitted to our diagnostic labora-
tory for Mycoplasma pneumoniae, Chlamydia pneumoniae and
Legionella pneumophila PCRs from 2005 to 2012 were
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prospectively analysed with the C. burnetii PCR. Specimens
from patients with suspected persistent C. burnetii infection
were also tested prospectively using our real-time PCR during
this 7-year period. Finally, in July 2012, in the context of a local
Q fever outbreak, we used this PCR to test all blood
donations to prevent transmission of C. burnetii via blood
transfusion. Hence, we report here our 7-year experience
with this new PCR initially validated at the analytical and

clinical levels.

Development of the real-time C. burnetii PCR
Primers, probe and PCR settings. Primers and probe were
selected using PRIMER ExPREss software (Applied Biosystems,
Foster City, CA, USA) from alignments of the available
sequences of the ompA gene using CLONE MANAGER 9 software
(Scientific & Education software, Cary, NC, USA). A forward
primer COX_F (5-CAGAGCCGGGAGTCAAGCT-3'), a
reverse primer COX_ R (5-CTGAGTAGGAGATTTGAAT
CGC-3'), and a minor-groove binder probe labelled with 5’
TET(6-carboxyfluorescein) COX_probe (5'-CAGCCCTGC-
AGCGAGGAGCC-3') were selected to amplify an 82-base-pair
fragment of the highly conserved region of the ompA gene.
The PCR were performed in a final volume of 20 uL
containing 0.4 M of each primer, 0.1 uM of probe, 10 uL of
2x Universal master mix (Applied Biosystems) and 5 uL of
extracted sample. The cycling conditions were 2 min at 50°C,
10 min at 95°C, followed by 45 cycles of |15 s at 95°C and
| min at 60°C, during 45 cycles. The PCR products were
detected with an ABI Prism 7900 instrument (Applied
Biosystems). Since | April 2012, the Fast ABI Prism 7900
instrument was used, 7.5 uL of Fast advanced Master Mix
(Applied Biosystems) was used in each reaction and the cycling
conditions were 2 min at 50°C, 10 min at 95°C, followed by
45 cycles of | s at 95°C and 20 s at 60°C, during 45 cycles.
This fast PCR reduced the time of the PCR from 2 h and
20 min to | h.

Analytical sensitivity and specificity. To allow quantification, a
plasmid containing the target was constructed as performed
previously [6]. To trace possible plasmid contamination the
insert was synthesized with four base modifications (R&D
Biotech, Besangon, France). These plasmids were run to
evaluate the analytical sensitivity and the intra-run and inter-run
reproducibility with samples containing ten-fold dilution from
1000 to ten copies of the positive control (plasmid DNA). When
the TagMan Fast instrument was introduced, these controls

were run again to reassess the analytical sensitivity and the

robustness of the system. Moreover, the plasmids were used
routinely as positive controls in each run of PCR (1000, 100, 10
copies) and the cycle thresholds were introduced in a database
(multiQ system, developed by Philippe Marquis, France) in order
to daily check the analytical sensitivity of the PCR.

DNA extraction. DNA was extracted using the MagnaPure LC
automated system (Roche, Rotkreuz, Switzerland) and the
MagNA Pure LC DNA isolation kit | (Roche) from 2005 to |
February 2011. From this date, to increase the diagnostic
efficiency of our molecular diagnosis platform, the samples
were extracted using a full automation of nucleic acid
extraction with the dual STARIlet (Hamilton®, Bonaduz,
Switzerland)-MagNAPure 96 (Roche) system using the DNA
and viral NA small-volume kit with the PATHOGEN UNIVERSAL 2.0
protocol. This new system was evaluated before its use as
described earlier [7]. DNA was extracted from 200 ulL of

specimen, i.e. EDTA-blood, sera, ground biopsies.

Validation of the C. burnetii PCR on clinical samples

Patients. First, we retrospectively analysed blindly eight paired
sera taken from four patients with acute Q fever, infected
during the 1983 Swiss outbreak and diagnosed as Q fever by
indirect immunofluorescence assay. All four paired sera were
initially negative by serology and all seroconverted for IgM and/
or IgG phase 2 antigens.

To evaluate the sensitivity and specificity of the real-time
PCR, 123 extracted DNA from 66 EDTA-blood, 45 sera and
12 cardiac biopsies specimens (provided by Prof. Didier
Raoult) were tested blindly and the results were compared
to a nested PCR targeting the IS |11 [8].

Pneumonia is the predominant presenting syndrome in
acute Q fever, we therefore analysed prospectively all 1046
respiratory specimens (I || sputa, 132 bronchial aspirations,
752 bronchoalveolar lavages, 20 nasopharyngial secretions, 19
endotracheal secretions, 12 pleural fluids) for which Chlamydia
pneumoniae, M. pneumoniae or L. pneumophila were requested
by clinicians and that were referred to our laboratory from
2005 to 2012. Other specimens (48 EDTA-blood, 29 serum,
59 cardiac biopsies, |3 liver biopsies, 9 pulmonary biopsies and
19 other different specimens) from 10| patients with sus-
pected acute or persistent C. burnetii infection were addition-

ally tested prospectively, when requested by clinicians.

Blood donors. From 14 July to 20 August 2012, we had to test
in our high throughput platform, 2393 blood donations in a
prospective reactive way, to prevent Q fever transmission by
blood transfusion in the setting of a local Coxiella outbreak.
We received a mean of 100 specimens per day (minimum 50

and maximum |79 specimens) to be tested for C. burnetii by
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PCR within 24 h so that the blood could be used as quickly as
possible. This overwork was challenging and had to be carried
out in parallel with the routine diagnostic workload. In
practice, when the bar-coded EDTA blood tubes arrived in
the laboratory they were scanned using the STARIet liquid
handling system (Hamilton®) and then 200 uL was transferred
to the bar-coded MagnaPure 96 Processing cartridge (Roche).
This step took 15 min to be completed for 95 specimens and
one negative extraction control. DNA was then extracted (I h
for 96 specimens) and eluted in another bar-coded plate, i.e.
MagnaPure 96 output plate. Generally two runs per day were
completed.

The master mix was prepared manually each day and
distributed in a bar-coded microamp optical 384-well reaction
plate (Applied Biosystems) by the liquid handling system Tecan
Freedom Evo through the 2.4 SDS software (Applied Biosys-
tems). The DNA distribution in the 384-well plate was carried
outaccording to the Hamilton® Robot ExceL master file through
Gemini (Tecan, Mannedorf, Switzerland). For each plate, two
sets of diluted plasmid-positive controls were added (1000, 100,
|0 copies/PCR corresponding to 100 000, 10 000 and 1000
copies/mL of the initial sample). For each specimen, duplicates
were performed. Moreover a third well used as an inhibition
control was prepared by adding 200 copies of plasmid DNA (in
| L) to the DNA of each specimen (4 ulL). One 384-well plate
was needed for |19 specimens, because three wells were
required per specimen and as many as 27 wells were used for the
positive and negative controls of the PCR. The set up of the plate
was performed in 100 min and finally the 384-well plate was
placed in the Fast ABI-Instrument for 55 min. The results were
read and checked on the 2.4 SDS in less than |5 min.

Reproducibility, analytical sensitivity and specificity of the
PCR

To detect C. burnetii, a new quantitative real-time PCR was
developed that targets the ompA gene. This gene was chosen
given its high sequence conservation, as assessed by in silico
comparison of the seven available sequences in 2005, con-
firmed with 64 ompA sequences available in 2012. Analytical
specificity was excellent and no cross-amplification was
observed when we tested the genomic DNA of humans
(Human genomic DNA, Roche), fungi (Candida albicans
ATCCI0231, Aspergillus fumigatus clinical isolate), bacteria
(Bordetella pertussis clinical specimen, Chlamydia pneumoniae
ATCC VR-1310, Parachlamydia acanthamoebae ~ATCC
VR-1476, Escherichia coli ATCC 35218, Klebsiella pneumoniae
ATCC 27736, Haemobphilus influenzae ATCC 49247, Haemo-

philus parainfluenzae ATCC 7901, Legionella pneumophila ATCC
33152, Mycoplasma pneumoniae ATCC 15293, Staphylococcus
aureus 29213, Staphylococcus epidermidis ATCC 14990, Strepto-
coccus pneumoniae ATCC 49619, Streptococcus pyogenes ATCC
19615, Streptococcus mitis ATCC 6249, Moraxella catharralis
ATCC 25238, Mycobacterium tuberculosis clinical specimen,
Pseudomonas aeruginosa ATCC 27853), and viruses (adenovirus
QAL-London, cytomegalovirus QAL-London, herpes simplex
type | clinical specimen, herpes simplex type 2 clinical
specimen, varicella zoster virus clinical specimen).

Then, a plasmid was constructed to assess the reproduc-
ibility of the PCR, to define the analytical sensitivity and to be
used as positive control. Sensitivity was first determined by
testing duplicates of ten-fold serial dilutions of the plasmid in
independent experiments. The ten-fold diluted plasmids
corresponding to 1000, 100 and 10 copies per reaction
were always positive when tested in ten different runs with
Ct of 28.04 £+ 0.33, 31.56 + 0.24 and 35.11 £ 0.71, respec-
tively. The | and 0. copy positive controls were only
positive in 5/10 and 3/10 PCRs with cycle threshold of
37.78 £ 2.04 and 40.1 £ 2.44, respectively. Hence the
analytical sensitivity is close to one copy and clearly better
than ten copies. To assess the intra-run and inter-run
variation observed during routine work, the data of the
plasmid positive controls were introduced from | January
2008 to 3| January 2012 in a MumQC WIiNDows software
application, a program that allows monitoring of the analytical
sensitivity of the PCR. During this 4-year period, 468 runs
were performed with the conventional ABI 7900 and the
1000 copies, 100 copies and |0 copies/reaction exhibited
medium  cycle threshold values corresponding to
27.76 + 0.44, 30.97 £ 0.51, 34.18 & 0.73, respectively; with
the new TagMan Fast 7900, 80 runs were performed from |
January 2012 to | August 2012 and the medium cycle
threshold values were 27.96 + 042, 31.13 + 042 and
3442 £+ 0.78, showing the robustness of the analytical
sensitivity of the PCR run on two different instruments with
two different master mixes (Table ).

Analytical sensitivity and reproducibility of the
real-time PCR

468 runs 80 runs
Initial I January 2008 | January 2012
validation of to | January to | August
the PCR 2012 2012

Copies/reaction Ctmean SD Ctmean SD Ctmean SD

1000 28.04 033 2776 044 27.96 0.42
100 31.56 024 3097 051  31.13 0.42
10 35.11 071 34.18 073 3442 0.78

| 37.78 204 nd = nd =

0.1 40.1 244 nd = nd =

Ct, Cycle threshold; SD, standard deviation; nd, not done.
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Retrospective blind validation on 123 specimens of the new real-time PCR targeting the ompA gene using as gold

standard a nested PCR targeting the IS 111 gene

Nested PCR Real-time PCR
ISIIl ompA n Sensitivity, % Specificity, % min-max Ct mean Ct median Ct
66 EDTA-blood i i B 100 100 19.82-34.04 26.01 27.17
— - 63
45 serum + + 18 33.74-42.4 36.46 35.59
+ - 5
- + | 783 95.5 34.88
- - 21
12 valvular biopsies H* + 5 15.41-36.4 31.32 34.88
+ - | 83.3 83.3
- + | 37.94
- — 5
All + + 26
+ 6
+ 2 81.2 98
— — 89

The mean, median and minimum/maximum Ct values are also shown. Ct, Cycle threshold; n, number of samples.

Prospective evaluation on 1046 respiratory sam-

ples*

Respiratory Coxiella Legionella Mycoplasma

specimens n burnetii P phil P i

Sputa 11 0 18 8
Bronchial 132 0 7 0
aspirates

Bronchoalveolar 752 0 9 4
lavage

Nasopharyngeal 20 0 0 |
secretions

Endotracheal 19 0 3 0
secretions

Pleural fluids 12 0 2 0

*Note that all these 1046 samples have also been tested for Chlamydia pneumoniae,
but none were positive [31].

Retrospective validation on clinical samples

Among eight sera from four patients infected during the
outbreak of Q fever in 1983, all 4 initial sera negative by
serology were positive by PCR (cycle threshold : 32.04, 36.84,
38.04 and 40.69) whereas all four convalescent sera positive by
serology were all negative by PCR. This confirmed that
real-time PCR may be useful for early diagnosis of acute Q
fever before seroconversion [5,8,9]. These sera had been
stored for 20 years and this long storage did not prevent the
positivity of the PCR.

We then assessed the sensitivity and specificity of the
real-time PCR on 66 EDTA-blood, 45 sera and |2 valvular
specimens. These 123 samples were tested blindly and the
results were compared with the nested PCR targeting the IS
I111 performed in Marseille as described elsewhere [8]
(Table 2). Real-time PCR was positive in three out of three
EDTA-blood samples that were positive with the nested PCR
and negative in 63 out of 63 EDTA-blood samples that were
negative by nested PCR. This shows a sensitivity and specificity of
100% in EDTA-blood samples. Cycle threshold values for the
three positive samples were 19.82, 27.17 and 34.04, corre-

sponding to high copy numbers per mL. For serum samples, 18

were positive by both PCR methods, whereas five were only
positive by the nested PCR and one was only positive by
real-time PCR, the other 21 serum samples were negative by
both PCR, showing a sensitivity of 78.3% and a specificity of
95.5% for serum samples when compared with the nested PCR.
For positive serum samples the mean Ct value was 36.46
(minimum 33.74, maximum 42.4) clearly lower than the values of
EDTA-blood samples, suggesting that EDTA-blood is a better
specimen than serum. Regarding the |2 valvular samples, five
were positive by both PCR, one was positive only by nested PCR
and another one only by real-time PCR whereas five were
negative by both PCR. Sensitivity and specificity were both 83.3%
but these are small numbers of specimens. For specimens that
were positive by both PCR, cycle threshold values were 15.41,
34.88, 34.04, 35.90, 36.40, respectively, corresponding to a
mean 31.32 (minimum 15.41; maximum 36.40), median of 34.88.
The relatively high mean and median of cycle threshold values of
serum samples could explain the lower sensitivity of the
real-time PCR for those specimens.

Prospective application to respiratory samples

During 7 years (2005 to 2012), 1046 respiratory samples (11|
sputum, 132 bronchial aspirates, 752 bronchoalveolar lavage,
20 nasopharyngeal secretions, |9 endotracheal secretions and
12 pleural fluids) were prospectively analysed by this new
C. burnetii real-time PCR. All were found to be negative
whereas 39 were found positive for Legionella pneumophila
PCR, 13 were positive for Mycoplasma pneumoniae PCR and

none were positive for Chlamydia pneumoniae PCR (Table 3).

Prospective application to specimens other than respiratory
samples

Among a total of 177 samples, the C. burnetii real-time PCR
was positive in 12 samples taken from six different patients:

seven cardiac biopsies, one serum, two inguinal biopsies, one
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Clinical characteristics and results of laboratory investigations of the six patients with a positive Coxiella PCR

Coxiella burnetii

PCR DNA copies/mL

Patient no. Age Sex Clinical presentation Laboratory findings Sample (mean value Ct) Serology*
| 65 M Aortic prosthesis Serum and EDTA-blood Femoro-iliac 260 (35.3) Phl: IgG: 6 400; IgM: 0; IgA: 3 200
infection negative by C. burnetii PCR abscess
lleofemoral abscess Aortic stent | 19 900 (29.7) Ph2: 1gG: 6 400; IgM: 0; IgA: 800
Aortic stent 2 184 000 (26.1)
Inguinal fragment | 124 (37.9)
Inguinal fragment 2 3100 (33.0)
Intraoperative groin 123 (36.6)
biopsy
2 71 [F Endocarditis Periaortic valve 3500 (32.3) Not available
abscess
Pus around aortic 1 357 900 (24.7)
valve
3 43 F Endocarditis Eubacterial PCR positive Aortic valve 1 000 000 (16.7) Phl: IgG: 6400; IgM: 0; IgA: 200
for C. burnetii Ph2: IgG: 12 800; IgM: 0; IgA: 400
Serum negative by C.
burnetii PCR
4 53 Aortic aneurysm Pseudoaneurysm 380 (36.0) Not available
fragment
5 57 Spondylodiscitis Paraffin-embedded tissue L3-L4 vertebral 18 969 (31.2) Phl: 1gG: 8192; IgM: 0; IgA: O
was also positive by PCR biopsy Ph2: 1gG: 4096; IgM: 0; IgA: 0
6 47 Granulomatous Serum** 390 (35) **Phl: 1gG: 0; IgM: 0; IgA: 0

hepatitis

Ph2: 1gG: >640; IgM: 0; IgA:0

*Only highest titres are shown.

**Serology on initial serum was negative for C. burnetii. The PCR was only positive on first serum

intraoperative groin biopsy and one vertebral biopsy. The
clinical, microbiological and serological characteristics of these
six patients are summarized in Table 4. Four patients (patients
|—4) presented with endocarditis, one patient with a spond-
ylodiscitis and the last one had acute Q fever with isolated
granulomatous hepatitis. For this last patient, the first serum
did not exhibit any anti-Coxiella antibodies but was positive by
PCR confirming that PCR was positive earlier than serology.

High throughput application of the Coxiella PCR to blood
from blood donors

For 7 weeks (from 14 July until 30 August 2012) in the context
of a local outbreak (see Introduction) we had to test 2393
samples. Time to results had to be minimal because the stock
of blood was very low during the summer. Thanks to the
automated format of our molecular diagnostic platform, time
to get the results was less than 4 h for up to 96 specimens
(one run of extraction, Tecan distribution and TagMan), less
than 5 h for up to |19 specimens (two runs of extraction, one
run of Tecan distribution and Tagman) and less than 7 h for up
to 179 specimens (two runs of extraction, Tecan distribution

and TagMan). All the results were negative.

Since the first report of molecular methods for the detection of
C. burnetii, different PCR mainly targeting the IS I I | | have been
developed [10—16]. In Lausanne, a novel real-time PCR targeting
the ompA gene was developed to specifically detect C. burnetii

DNA in clinical samples. This new real-time PCR was sensitive
with an analytical sensitivity of at least ten plasmid DNA copies
per reaction and was highly reproducible. The high analytical
sensitivity of our real-time PCR was expected given the small
PCR products of the TagMan format and the efficient detection
thanks to a fluorescent probe. Regarding the analytical specific-
ity, all DNA from other pathogens were negative, confirming the
good specificity of the primers and probe. However, when
tested blindly the overall specificity was 98% (Table 2).
Conversely, the overall sensitivity ranged from 78.3% on serum
samples to 100% on EDTA-blood. This higher sensitivity on
EDTA-blood may be because the centrifugation steps used to
remove blood cells, when preparing sera, may also decrease the
total number of bacteria whereas EDTA-blood does not require
such a centrifugation step.

Early diagnosis of Q fever is important because delayed
diagnosis may lead to severe chronic infections such as
endocarditis and endovascular infections with high morbidity
and mortality [17-21]. As a matter of fact, despite the poor
performance of PCR on serum [9], sera are often used
instead of EDTA-blood because serum is often already
available for serology. To further validate our PCR on sera
from patients with acute Q fever, we also tested retrospec-
tive samples. All four seronegative initial sera from the former
Swiss outbreak of Q fever, were positive by PCR whereas all
the seropositive convalescence stage sera were negative. This
confirmed that real-time PCR may be useful at the onset of
the disease [5,8,9,22] and that PCR positivity is directly
related to the absence of phase Il antibody [23]. Regarding
the valvular biopsies, the sensitivity was 83.3%, which is
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excellent because sensitivity of eubacterial PCR is generally as
low as 60% [24]. Hence, valve biopsy represents an ideal
sample, when available, for the diagnosis of Coxiella endocar-
ditis [13].

During 7 years of clinical use, our PCR was positive on
various non-respiratory samples such as cardiac valve, aortic
aneurysm, liver biopsy and vertebral biopsy (Table 4), con-
gruent with manifestations of Q fever already reported in the
literature [3,21,25-28]. All these positive results were also
positive by serology, confirming the excellent specificity of our
test over a 7-year period. Specificity of the PCR is also
supported by the negative results obtained on 1046 respira-
tory tract samples taken from patients with lung infections of
unknown aetiology.

Finally it has been shown that C. burnetii can survive and
remain infectious in blood products [29]. As this pathogen may
be present in blood during the first weeks of infection,
C. burnetii may be present in donated human blood [30]. For
this reason, it was decided when an outbreak of Q fever
occurred close to Lausanne in June 2012 to test all blood
donations during a 2-month period. All tests were negative,
confirming again the high specificity of our PCR. This large
screening prevented the exclusion of blood donations as a
precaution. Moreover this blood testing demonstrated the
usefulness of the automated format of our PCR platform.

In conclusion, we have developed a specific and sensitive
real-time PCR for the direct detection of C. burnetii DNA in
clinical samples that is compatible with our high throughput
Tagman real-time diagnostic PCR platform.

We are grateful to all the technicians of the Molecular
Diagnostic Laboratory of the Institute of Microbiology, partic-
ularly René Brouillet, Zahera Nazeri and Gregory Gonzalez for
their technical help.

I. Tissot-Dupont H, Amadei MA, Nezri M, Raoult D. Wind in November,
Q fever in December. Emerg Infect Dis 2004; 10: 1264-1269.

2. Benenson AS, Tigertt WD. Studies on Q fever in man. Trans Assoc Am
Physicians 1956; 69: 98—104.

3. Raoult D, Tissot-Dupont H, Foucault C et al. Q fever 1985-1998.
Clinical and epidemiologic features of 1,383 infections. Medicine 2000;
79: 109-123.

4. Dupuis G, Petite |, Peter O, Vouilloz M. An important outbreak of human
Q fever in a Swiss Alpine valley. Int | Epidemiol 1987; 16: 282-287.

5. Schneeberger PM, Hermans MH, van Hannen EJ, Schellekens JJ,
Leenders AC, Wever PC. Real-time PCR with serum samples is

indispensable for early diagnosis of acute Q fever. Clin Vaccine Immunol
2010; 17: 286-290.

6. Jaton K, Bille J, Greub G. A novel real-time PCR to detect Chlamydia
trachomatis in first-void urine or genital swabs. | Med Microbiol 2006; 55:
1667—1674.

7. Jaton K. Full automation of nucleic acid extraction with the dual
STARlet® (Hamilton)-MagNAPure 96® (Roche) system: a preliminary
experience. Poster presented at ECCMID 201 |, May 9, 2011, Milano,
Italy (poster number P1916).

8. Fenollar F, Fournier PE, Raoult D. Molecular detection of Coxiella
burnetii in the sera of patients with Q fever endocarditis or vascular
infection. | Clin Microbiol 2004; 42: 4919-4924.

9. Fournier PE, Raoult D. Comparison of PCR and serology assays for
early diagnosis of acute Q fever. | Clin Microbiol 2003; 41: 5094-5098.

10. Fenollar F, Raoult D. Molecular genetic methods for the diagnosis of
fastidious microorganisms. APMIS 2004; | 12: 785-807.

I1. Klee SR, Ellerbrok H, Tyczka J, Franz T, Appel B. Evaluation of a
real-time PCR assay to detect Coxiella burnetii. Ann N Y Acad Sci 2006a;
1078: 563-565.

12. Klee SR, Tyczka J, Ellerbrok H et al. Highly sensitive real-time PCR for
specific detection and quantification of Coxiella burnetii. BMC Microbiol
2006b; 6: 2.

13. Lepidi H, Houpikian P, Liang Z, Raoult D. Cardiac valves in patients
with Q fever endocarditis: microbiological, molecular, and histologic
studies. J Infect Dis 2003; 187: 1097—1106.

14. Stein A, Raoult D. Detection of Coxiella burnetti by DNA amplification
using polymerase chain reaction. | Clin Microbiol 1992; 30: 2462-2466.

I5. Yuasa Y, Yoshiie K, Takasaki T, Yoshida H, Oda H. Retrospective
survey of chronic Q fever in Japan by using PCR to detect Coxiella
burnetii DNA in paraffin-embedded clinical samples. | Clin Microbiol
1996; 34: 824-827.

16. Zhang GQ, Nguyen SV, To H et al. Clinical evaluation of a new PCR
assay for detection of Coxiella burnetii in human serum samples. | Clin
Microbiol 1998; 36: 77-80.

17. Brouqui P, Dupont HT, Drancourt M et al Chronic Q fever.
Ninety-two cases from France, including 27 cases without endocarditis.
Arch Intern Med 1993; 153: 642-648.

18. Fournier PE, Casalta JP, Piquet P, Tournigand P, Branchereau A, Raoult
D. Coxiella burnetii infection of aneurysms or vascular grafts: report of
seven cases and review. Clin Infect Dis 1998; 26: 116—121.

19. Griffin AT, Espinosa M, Nakamatsu R. Q fever endocarditis: an unusual
presentation. Am | Med Sci 2012; 344: 480-484.

20. Million M, Thuny F, Richet H, Raoult D. Long-term outcome of Q fever
endocarditis: a 26-year personal survey. Lancet Infect Dis 2010; 10: 527—
535.

21. Senn L, Franciolli M, Raoult D et al. Coxiella burnetii vascular graft
infection. BMC Infect Dis 2005; 5: 109.

22. Fenollar F, Raoult D. Molecular diagnosis of bloodstream infections
caused by non-cultivable bacteria. Int | Antimicrob Agents 2007; 30(suppl
1): S7-S15.

23. Turra M, Chang G, Whybrow D, Higgins G, Qiao M. Diagnosis of acute
Q fever by PCR on sera during a recent outbreak in rural south
Australia. Ann N Y Acad Sci 2006; 1078: 566-569.

24. Greub G, Lepidi H, Rovery C et al Diagnosis of infectious
endocarditis in patients undergoing valve surgery. Am | Med 2005;
118: 230-238.

25. Raoult D. Chronic Q fever: expert opinion versus literature analysis
and consensus. | Infect 2012; 65: 102—108.

26. Sessa C, Vokrri L, Porcu P, Maurin M, Stahl JP, Magne L. Abdominal
aortic aneurysm and Coxiella burnetii infection: report of three cases
and review of the literature. | Vasc Surg 2005; 42: 153—158.

27. Tande AJ, Cunningham SA, Raoult D, Sim FH, Berbari EF, Patel R.
Coxiella burnetii prosthetic joint infection — case report and assay for
detection. | Clin Microbiol 2012; 53: 26-29.

© 2013 The Authors. New Microbes and New Infections published by John Wiley & Sons Ltd on behalf of the European Society of Clinical Microbiology and Infectious Disease., NMNI, 1, 6—12



12 New Microbes and New Infections, Volume | Number |, October 2013

28. Wegdam-Blans MC, Kampschreur LM, Delsing CE et al. Chronic Q 30. Hogema BM, Slot E, Molier M et al. Coxiella burnetii infection among
fever: review of the literature and a proposal of new diagnostic criteria. blood donors during the 2009 Q-fever outbreak in the Netherlands.
J Infect 2012; 64: 247-259. Transfusion 2012; 52: 144-150.

29. Kersh GJ, Priestley R, Massung RF. Stability of Coxiella burnetii in stored 31. Senn L, Jaton K, Fitting JW, Greub G. Does respiratory infection due to
human blood. Transfusion 2012; 53: 1493-1496. Chlamydia pneumoniae still exist? Clin Infect Dis 201 1; 53: 847-848.

© 2013 The Authors. New Microbes and New Infections published by John Wiley & Sons Ltd on behalf of the European Society of Clinical Microbiology and Infectious Disease., NMNI, I, 6—12



