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A patient with multiple sclerosis presented with seronegative 
C.  burnetii endocarditis diagnosed using C.  burnetii–specific 
polymerase chain reaction and fluorescence in situ hybridiza-
tion on cardiovascular biopsy. This case supports the necessity 
of a systematic polymerase chain reaction testing of removed 
cardiac valves because blood culture–negative endocarditis can 
be pauci-symptomatic, and serological tests can be negative in 
cases of immunosuppression.
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A 65-year-old man presented to our hospital for cardiac sur-
gery of an aortic stenosis. His medical history included arte-
rial hypertension, testicular cancer, dyslipidemy, and multiple 
sclerosis, for which he had been receiving sequential immu-
nosuppressive therapies since 2014. He was first treated with 
intravenous corticosteroid, which was switched to tecfidera 
(dimethyle fumarate) in 2015. In 2016, tecfidera was stopped 
because of persistent lymphopenia (0.7 G/L), teriflunomide was 
initiated and switched in November 2018 to glatiramer acetate. 
Associated medications included olmesartan, acetylsalycilate, 
lansoprazole, and alpha-tocopherol acetate. He used to work 
in a metal factory and lived in Corsica at the time of presen-
tation. The first transthoracic echocardiography, performed 
in March 2015, showed a bicuspid aortic remodeled valve. In 
2017, a severe aortic stenosis was diagnosed in association with 
an aneurysm of the ascendant thoracic aorta (40×34 mm); the 
patient was pauci-symptomatic. In January 2018, an aortic 

bioprosthetic valve and an aortic vascular segment I  pros-
thesis were placed. Histological analysis of the surgical material 
(aortic valve and vascular sample) showed a remodeled valve 
with fibrosis and calcification (Figure 1A). At the University 
Hospital of Marseille, La Timone, we systematically screened 
patients with valvular surgery for bacterial agents responsible 
for blood culture–negative endocarditis (BCNE). Accordingly, 
C.  burnetii–specific polymerase chain reaction (PCR; IS1111 
and IS 30a) was positive on the aortic valve and on blood. 
Anti–C.  burnetii immunohistochemistry and fluorescence in 
situ hybridization (FISH) targeting C. burnetii was positive on 
vascular biopsy and negative on the aortic valve (Figure 1B, C). 
Nonetheless, C. burnetii serology (immunofluorescence assay) 
remained negative from January 2018 to March 2019. Western 
blot analysis for C.  burnetii was positive (Figure 1D) [1]. No 
hypogammalobulinemia was detected (IgG, 8.5  g/L, IgA, 
1.2 g/L, IgM 0.9 g/L). Severe T-cell and B-cell deficits were ob-
served (naïve and memory TCD4, TCD8, memory, and differ-
enced B cell). Doxycycline associated with hydroxychloroquine 
was initiated in April 2018 for 24 months, as recommended by 
the French National Reference Center for Q fever [2]. C. burnetii 
PCR on blood sample became negative 3 months later.

This report highlights 2 major advances. The first is the sys-
tematic screening of microbiological agents in patients who 
have undergone cardiovascular surgery, and the second is the 
revolutionary impact of PCR on microbiological diagnosis. 
Microbial agents responsible for blood culture–negative en-
docarditis should be systematically screened by PCR on fresh 
removed cardiovascular samples (16S qRT PCR and specific 
qRT PCR for Bartonella sp., Coxiella burnetii, and Tropheryma 
whipplei, S. aureus, S. oralis, S. mitis, S. sanguinis, S. gallolyticus, 
E. faecalis, E. coli), especially in immunocompromised patients. 
Although BCNE may represent 2.5% to 70% of all endocarditis 
cases, the multimodal diagnosis strategy we used, including sys-
tematic blood testing and specific PCR on the valvular biopsy in 
cases of valvular surgery, made it possible to identify a microbi-
ological agent in 78% of BCNE in a previous study [3, 4]. This 
strategy is therefore promising for diagnosing BCNE in pauci-
symptomatic patients.

In addition, this is the first case of definite C. burnetii per-
sistent cardiovascular infection with negative serological testing 
reported from the French National Reference Center for Q 
fever. Patients with C.  burnetii persistent focalized infection 
and low serological titers (phase I IgG < 800) represent 5% of 
our cohort. No seronegative C.  burnetii persistent infection 
has been reported in the literature [2, 5, 6]. This case supports 
the paradigm shift in Q fever diagnosis criteria, as neither the 
serological cutoff phase I IgG > 800 nor positive serology was 
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required to diagnose C. burnetii endocarditis [7]. This enhances 
the new definition criteria we use for C. burnetii infection, in 
which microbiological criteria in addition to an organic lesional 
criteria are required [8]. Here, the microbiological criteria were 
positive C.  burnetii specific PCR and immunohistochemistry 
and FISH on valvular and vascular specimens, respectively, 
whereas the organic lesion was the damaged aortic valve. This 
observation highlighted the limit of the serological test and the 
crucial place of PCR in the diagnosis of Q fever [9]. The patient 

was lymphopenic, and the immunomodulatory molecules he 
received act on B lymphocytes. It is known that teriflunomide 
blocks de novo pyrimidine synthesis via the selective and re-
versible inhibition of synthesis of dihydro-orotate dehydro-
genase, a key mitochondrial enzyme [10]. This has reduced the 
proliferation of activated T and B lymphocytes and limited their 
involvement in the inflammatory process [10]. Nevertheless, no 
impact of teriflunomide on the immune response to influenza 
vaccine has been reported, and the influence of teriflunimide on 
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Figure 1.  A–C, Aortic vascular tissue. A, Hematoxilin and eosin coloration showed aspecific degenerative lesions of the media. B, Positive anti–C.  burnetii 
immunohistochemistry. C1, In situ fluorescence hybridization targeting C. burnetii RNA (green), all bacteria DNA (red), and nuclei (blue) (A and C). C2, Positive C. burnetii 
signal (green) and positive universal bacterial probe EUB (red) colocalize as a yellow signal. Confocal microscopy Mx100. D, C. burnetii Western blot performed from a pe-
ripheral blood sample with a serum dilution at 1/100.
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the humoral response is not well established [11]. Similarly, al-
though glatiramer acetate therapy modulates B cells, the reports 
are contradictory. First, B cells from glatiramer acetate patients 
produced significantly more IgM and IgG compared with the B 
lymphocytes from treatment-naïve patients and healthy donors 
[12]. Second, glatiramer acetate modifies the humoral response, 
as Basile et al. identified a shift from Th1 to Th2 in the antibody 
response [13]. Therefore, the impact of these molecules on the 
serological response is not clear, but it could have influenced the 
severe T-cell and B-cell deficits observed here.

This case first evidenced the importance of systematic 
screening for intracellular bacteria (Bartonella henselae, 
Bartonella quintana, Coxiella burnetii, Tropheryma whipplei) on 
cardiovascular surgical material to diagnose a negative pauci-
symptomatic cardiovascular infection in blood culture. In ad-
dition, this case also demonstrates the limitations of Q fever 
serology in diagnosing persistent C.  burnetii infection, which 
justifies the need for a microbiological criterion in addition to a 
lesional criterion [2, 7]. Molecular biology, whether in situ vis-
ualization or DNA amplification, has become crucial for the di-
agnosis of Q fever, particularly in the case of immune disorders, 
when the serological response is altered.
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