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SYNOPSIS

Multicenter Retrospective
Study of Vascular Infections
and Endocarditis Caused by
Campylobacter spp., France

Claire Tinévez, Philippe Lehours, Anne-Gaélle Ranc, Yaniss Belaroussi, Fanny Velardo, Damien Dubois,
Catherine Neuwirth, Héléne Pailhoriés, Marie Dorel, Genevieve Hery-Arnaud, Olivier Join-Lambert,
Emmanuelle Gras, Stéphane Corvec, Cyrielle Codde, Damien Fournier, Hugo Boijout, Violaine Doat,
Leslie Bouard, Anne-Sophie Lagneaux, Maxime Pichon, Célia Couzigou, Claire Letellier,
Adrien Lemaignen, Emmanuelle Bille, Xavier Bérard, Caroline Caradu, Claire Webster,
Didier Neau, Charles Cazanave, Mathilde Puges, for the Campylobacteremia Study Group

The incidence of campylobacteriosis has substantially in-
creased over the past decade, notably in France. Second-
ary localizations complicating invasive infections are poor-

ly described. We aimed to describe vascular infection or

endocarditis caused by Campylobacter spp. We included
57 patients from a nationwide 5-year retrospective study
on Campylobacter spp. bacteremia conducted in France;
44 patients had vascular infections, 12 had endocarditis,
and 1 had both conditions. Campylobacter fetus was the
most frequently involved species (83%). Antibiotic treat-

ampylobacteriosis is the leading cause of food-
borne bacterial gastroenteritis. Its incidence in
North America, Europe, and Australia is alarming,
and data from Africa, Asia, and the Middle East in-
dicate that campylobacteriosis is endemic in sev-
eral areas (1-3). The incidence of campylobacteriosis

ment involved a B-lactam monotherapy (54%) or was
combined with a fluoroquinolone or an aminoglycoside
(44%). The mortality rate was 25%. Relapse occurred in
8% of cases and was associated with delayed initiation of
an efficient antimicrobial therapy after the first symptoms,
diabetes, and coexistence of an osteoarticular location.
Cardiovascular Campylobacter spp. infections are associ-
ated with a high mortality rate. Systematically searching
for those localizations in cases of C. fetus bacteremia may
be warranted.

seems to have increased over recent years but might
partially be overestimated because of differences in
molecular techniques.

Campylobacter spp. is a gram-negative mobile
curved rod. After digestive contamination, it can trans-
locate through the gastrointestinal barrier, leading to
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bacteremia. This complication is poorly described be-
cause of its scarcity, accounting for <1% of Campylo-
bacter spp. infections but having substantial mortality
rates (3%-28%) (4-6). Bacteremias can be complicated
by secondary localizations in the joints, bones, soft tis-
sues, arterial wall, and valves (5,7,8). Lack of aware-
ness of this risk and a challenging diagnosis caused by
tedious culture may be responsible for underdiagnosis.
Vascular infections and endocarditis caused by
Campylobacter spp. have been poorly described in the
literature; therefore, clinical manifestations, treat-
ment, and outcomes remain unclear. Identifying the
predisposing underlying conditions for Campylobacter
spp. vascular infections or endocarditis and recogniz-
ing evocative clinical and biologic signs could lead
to an earlier effective antibiotic therapy. Our study
aimed to describe Campylobacter spp.-related vascu-
lar infections and endocarditis in France and analyze
the factors associated with 3-month mortality rates.

Methods

Study Design and Patients

We conducted an ancillary study from the Campy-
lobacteremia Project (6), a multicenter retrospective
study conducted in 37 hospitals participating in the
surveillance network of France’s National Refer-
ence Centre for Campylobacters and Helicobacters
(NRCCH), along with other hospitals in France. The
Campylobacteremia study included all patients with
Campylobacter spp. bacteremia during January 1,
2015-December 31, 2019. We extracted and analyzed
records from patients with vascular localizations or
endocarditis for our study. We also included patients
with Campylobacter spp. identification from a retro-
spective cohort of vascular infections in Bordeaux
University Hospital (BUH; Bordeaux, France) during
January 1, 2004-December 31, 2019, excluding pa-
tients already included through the NRCCH.

Data Collection

We retrospectively extracted data on demographic
characteristics, clinical signs, underlying conditions
previously described as risk factors of campylobacte-
riosis, or cardiovascular infections (4-10) and medico-
surgical treatment from medical records through a
standardized questionnaire sent to clinicians and mi-
crobiologists. We also extracted microbiologic data,
especially identification to species level, results of con-
comitant stool or any other site culture (e.g., fluid and
biopsy), and susceptibility to ampicillin, amoxicillin/
clavulanic acid, erythromycin, tetracyclines, gentami-
cin, fluoroquinolones, and imipenem when tested.

Emerging Infectious Diseases *« www.cdc.gov/eid ¢ Vol. 29, No. 3, March 2023

Campylobacter spp., France

Definitions

We defined endovascular localizations by a positive
vascular biopsy, graft, blood culture (or a combina-
tion of these) and evocative images on computed
tomography, ®F-fluoro-deoxyglucose-positron emis-
sion tomography/computed tomography (*F-FDG
PET/CT), or leukocyte scan based on the American
Heart Association consensus for native infections and
Management of Aortic Graft Infection Collaboration
(MAGIC,) criteria for vascular graft and endograft in-
fections (VGElISs) (10,11). We defined endocarditis by
a positive valvular biopsy, blood culture, or both, as-
sociated with evocative images on echocardiography,
BE-FDG PET/CT, or leukocyte scan according to the
European Society of Cardiology 2015 modified crite-
ria for diagnosing infective endocarditis (9).

We considered antibiotic treatment appropriate
if the strain was susceptible to >1 of the drugs pre-
scribed, according to the Antibiogram Committee
of the French Society of Microbiology and European
Committee On Antimicrobial Susceptibility Testing
recommendations (12). Campylobacter spp. are natu-
rally resistant to third-generation cephalosporins,
ticarcillin, and piperacillin, so we considered those
antibiotics to be inappropriate.

We defined relapse by >1 new positive blood cul-
ture with Campylobacter spp. after clinical sign resolu-
tion and apyrexia or negative control blood culture.
We defined 3-month mortality as death within 3
months of the first positive blood culture.

Microbiological Diagnosis

All participating laboratories used continually moni-
tored noninvasive blood culture systems (e.g., BacT/
Alert and Virtuo [bioMérieux, https://www.biom-
erieux.com] or Bactec [Becton Dickinson, https://
www.bd.com]). Each blood culture set included an
aerobic and an anaerobic bottle inoculated with 10 mL
of blood and incubated for 5 days. Two sets of blood
culture were recommended. We performed Gram
staining and fresh examinations for positive samples.
We identified curved or spiral-shaped gram-negative
rods as Campylobacter spp. We inoculated a blood
agar plate and incubated it in a microaerobic atmo-
sphere (6% O,, 7% CO,, 7% H,, and 78% N,) at 35°C.
For patients who underwent vascular surgery, we ob-
tained several samples from vascular tissue, throm-
bus, or grafts; for patients who underwent valvular
surgery, we analyzed native or prosthetic valves. We
plated intra-operative samples onto polyvitex choco-
late agars (bioMérieux) and inoculated them into 10
mL of Schaedler and brain-heart broth. We incubated
agar plates at 37°C for 14 days in aerobic atmosphere
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with 5% CO, and for 14 days in anaerobic atmo-
sphere. We incubated broth at 37°C for 15 days and
subsequently plated cloudy broth media on polyvitex
chocolate agar plates and incubated them ina 5% CO,
atmosphere for 7 days. We performed bacterial iden-
tification by using matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (13) from
positive standard bacterial culture. We interpreted
susceptibility testing according to Antibiogram Com-
mittee of the French Society of Microbiology and Eu-
ropean Committee On Antimicrobial Susceptibility
Testing recommendations (12).

Objectives

Our primary objective was to evaluate the risk factors
of 3-month mortality in patients with Campylobacter
spp- vascular infection, endocarditis, or both. The sec-
ondary objectives were to describe the epidemiology,
clinical manifestations, and therapeutic management
and to evaluate risk factors of relapse.

Ethics Approval

We declared our study to France’s National Institute
of Health Data (https://www.snds.gouv.fr). We re-
ported our retrospective cohort with France’s data
protection authority (https://www.cnil.fr).

Statistical Analysis

We expressed descriptive statistics as percentages
for categorical variables and as the mean with SD
and median with interquartile range (IQR) for con-
tinuous variables. We performed univariate analyses
using Fisher exact test for count data, Wilcoxon test,
and Pearson y? test with Yates” continuity correction
to identify the factors associated with a fatal outcome
within 3 months. We considered results with p values

50/592 patients included from the
Campylobacteremia Project (6)

<0.05 to be statistically significant. We performed
statistical analyses with R studio version 1.2.5033
(https:/ /rstudio.com).

Results

Among 592 patients with Campylobacter spp. bactere-
mia, 57 were included in this analysis (Figure 1); 38
had a vascular infection (6.6%) and 12 had endocar-
ditis (2.1%). Seven more patients among the 384 in-
cluded in the BUH retrospective cohort before 2015
or without bacteremia were included. Overall, most
included patients had a vascular infection (n = 44),
followed by endocarditis (n = 12). One had both en-
docarditis and an infectious native aortic aneurysm.

Demographic Data and Clinical Characteristics

of Vascular Infection Cases

We compared clinical characteristics of patients with
native (n = 30) or prosthetic (n = 15) vascular infec-
tions (Table 1). Male (80%) and elderly (64.9% were
>65 years of age) patients were predominantly affect-
ed. Most patients had underlying conditions, mainly
cardiovascular, and impairing immunity conditions;
26.7% were active smokers, 24.4% had diabetes, 24.4%
had a history of aortic aneurysm, and 22.2% had isch-
emic cardiomyopathy.

Fever (71.1% of cases) and abdominal or lumbar
pain (51.1% of cases) were the most common clinical
signs. Diarrhea was quite rare (22.2%).

The infections were heterogeneous. The aorta
was the most commonly infected vessel (66.7%); how-
ever, peripheral arteries could also be involved, either
iliac (n = 2), popliteal (n = 3), gastroduodenal (n = 1),
or carotid (n = 1). Some rare venous infections were
described, either portal veins (n = 2), jugular-perito-
neal shunt (n = 1), sural or femoral veins (n =1 each),

7/384 patients included from the BUH*
retrospective cohort of vascular infections

Y

57 patients included

A4 A4

A4

44 vascular infections

12 endocarditis

1 infected aneurysm and

endocarditis

Figure 1. Flowchart of 57 patients with Campylobacter spp. vascular infections in a multicenter retrospective study on vascular
infections and endocarditis caused by Campylobacter spp., France. BUH, Bordeaux University Hospital (Bordeaux, France).
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Table 1. Characteristics of 45 patients with Campylobacter spp. vascular infections in a multicenter retrospective study on vascular
infections and endocarditis caused by Campylobacter spp., France*

Vascular graft or

Characteristic Vascular infection Native vascular infection endograft infection
All patients 45 (100) 30 (66.7) 15 (33.3)
Age, y, median (interquartile range) 69.5 (61.2-81.3) 69.5 (61.8-81.3) 70 (62-81)
Sex
M 36 (80) 23 (76.7) 13 (86.7)
F 9 (20) 7(23.3) 2(13.3)
Localization
Aortic 30 (66.7) 17 (56.7) 13 (86.7)
Peripheral artery 7 (15.6) 6 (20) 1(6.7)
Venous involvement 5(11.1) 4 (13.3) 1(6.7)
Lymphatic involvement 1(2.2) 1(3.3) 0
Not available 2(4.4) 2(6.7) 0
Underlying condition
Preexisting aortic aneurysm 11 (24.4) 9 (30) 2 (13.3)
Ischemic cardiomyopathy 10 (22.2) 8 (26.7) 2 (13.3)
Tobacco use 12 (26.7) 8 (26.7) 4 (26.7)
Chronic liver disease 5(11.1) 4 (13.3) 1(3.3)
Diabetes 11 (24.4) 8(26.7) 3(20)
Chronic renal failure 9 (20) 5(16.7) 4 (26.7)
Hematologic malignancy 2(4.4) 2(6.7) 0
Solid neoplasm 11 (24.4) 6 (20) 5(33.3)
Immunodeficiency 7 (15.6) 6 (20) 1(6.7)
Clinical manifestationst
Fever 32 (71.1) 24 (80) 8 (53.3)
Septic shock 1(2.2) 1(3.3) 0
Hemorrhagic shock 4 (8.9) 3 (10) 1(6.7)
Diarrhea 10 (22.2) 6 (20) 4(26.7)
Gastrointestinal bleeding 6 (13.3) 5(16.7) 1(3.3)
Abdominal or lumbar pain 23 (51.1) 16 (53.3) 7 (46.7)
Acute limb ischemia 3(6.7) 3 (10) 0
Osteoarticular involvement 4 (8.9) 2(6.7) 2 (13.3)
Campylobacter species
C. fetus 36 (80) 23 (76.7) 13 (86.7)
C. jejuni 5(11.1) 4 (13.3) 1(3.3)
Other Campylobacter spp. 4 (8.9) 3 (10) 13.3)

*Values are no. (%) except as indicated.
1Signs and symptoms occurring within the past month were considered.

and finally a lymphangioma of the lower limb (n =1).
One third of these cases occurred on vascular grafts
or endografts (33.3%), including 13 aortic, 1 femoro-
popliteal, and 1 jugular-peritoneal shunt.

time interval between valve or pacemaker implanta-
tion and endocarditis was >1 year in all cases.

Diagnostic Imaging Results

Four of these patients also had an osteoarticular
infection, 1 had hip arthritis, and 3 had spondylo-
discitis, 2 of which occurred in patients with aortitis,
suggesting a contiguous infection. One of these 2 pa-
tients also had a psoas abscess.

Demographic Data and Clinical Characteristics
of Endocarditis Cases
We compared clinical characteristics of patients with
endocarditis (Table 2). Again, the clinical manifestations
were nonspecific; most patients were febrile (84.6%),
and a cardiac murmur was found in only 4 patients.
Valvular infections mostly occurred on the aortic
valve (n = 9), and only 2 were on the mitral valve.
No right-sided infective endocarditis was found.
Those infections involved 7 prosthetic valves, 4 native
valves, and 2 intracardiac devices (pacemakers). The

Emerging Infectious Diseases *« www.cdc.gov/eid ¢ Vol. 29, No. 3, March 2023

All but 1 of the patients with vascular infection had
documented imaging procedure data (Table 3). De-
tailed echography data were reported in 11 cases of
endocarditis. All of them had major criteria for endo-
carditis, either typical oscillating valvular vegetation
(n = 11), cardiac abscess (n = 3), valve perforation (n
= 1), or prosthetic valve dehiscence (n = 1). One diag-
nosis was made on ®F-FDG PET/CT, which revealed
hypermetabolism around the site of a prosthetic aor-
tic valve associated with a thoracic aorta aneurysm.
The last case, a mediastinitis associated with pace-
maker infection, was diagnosed intraoperatively.

Microbiologic Diagnosis and Antimicrobial
Susceptibility Profiles

C. fetus was the most frequently identified species
(82.5%), followed by C. jejuni (10.5%) (Figure 2).
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Table 2. Characteristics of 13 patients with Campylobacter spp. endocarditis in a multicenter retrospective study on vascular infections

and endocarditis caused by Campylobacter spp., France*

Native valve infective Prosthetic valve infective

Characteristic Infective endocarditis endocarditis endocarditis and CIED infection
All patients 13 (100) 4 (30.8) 9 (69.2)
Age, y, median (interquartile range) 67 (60.3-80.8) 64 (57-80) 67 (60.3-80.8)
Sex
M 13 (100) 4 (30.8) 9(69.2)
F 0 0 0
Localization
Aortic valve 9(69.2)
Mitral valve 2(15.4) 1 1
CIED 2 (15.4)
Underlying condition
Ischemic cardiomyopathy 2 (15.4) 0 2
Chronic liver disease 2 (15.4) 1 1
Diabetes 4 (30.8) 2 2
Chronic renal failure 4 (30.8) 2 2
Hematologic malignancy 1(7.7) 0 1
Solid neoplasm 2(15.4) 1 1
Immunodeficiency 4 (30.8) 1 3
Clinical manifestationst
Fever 11 (84.6) 3 8
Septic shock 2(15.4) 1 1
Diarrhea 3(23.1) 1 2
Gastrointestinal bleeding 1(7.7) 0 1
Abdominal or lumbar pain 3(23.1) 2 1
Cardiac murmur 4 (30.8) 1 3
Cardiac failure 1(7.7) 1 0
Campylobacter species
C. fetus 12 (92.3) 4 8
C. jejuni 1(7.7) 0 1

*Values are no. (%) except as indicated. CIED, cardiac implantable electronic device.

1Signs and symptoms occurring within the past month were considered.

C. fetus was responsible for 92.3% of endocarditis
and 80% of vascular infections. A C. rectus infection
occurred on a gastroduodenal artery in a neutrope-
nic patient with diabetes who was co-infected with
commensal bacteria of the oral cavity. As compari-
son, among the initial cohort of patients with bacte-
remia, C. jejuni (42.9%) and C. fetus (42.6%) were the
most commonly identified species, followed by C.
coli (6.8%) and C. ureolyticus (3.7%) (6). Among the
252 patients with C. fetus bacteremia, 29 (11.5%) pa-
tients had vascular localization, and 11 (4.4.%) had

endocarditis. However, secondary vascular localiza-
tions were not systematically researched and might
have been underdiagnosed in the initial cohort.
Blood cultures were performed in all patients and
were positive in 100% of patients with endocarditis
and 88.9% of patients with vascular infections. The
median time to positive blood samples was rather
long, 55.5 hours (IQR 44.95-73 hours). The 5 patients
with vascular infections and negative blood cultures
were all infected by C. fetus species. Intraoperative
specimens were positive in 11 vascular infections

Table 3. Imaging results for 44 patients with vascular infections in a multicenter retrospective study on vascular infections and

endocarditis caused by Campylobacter spp., France*

Radiologic finding Native vascular infection, no.  Vascular graft and endograft infection, no.
All patients 30 14
Computed tomography 23 12
Perivascular or graft infiltration 5 5
Perivascular or graft gas 2 2
Abscess 1 4
Dissection 2 0
Pseudoaneurysm 3 2
Rupture 6 2
Thrombosis 4 3
Enteric contact with aorta 1 2
F-FDG PET/CT 10 8
Perivascular or graft abnormal metabolic activity 6 8
Leukocyte scan 1 2
Vascular radiolabeled leukocyte uptake 0 1

8F-FDG PET/CT, '8F-fluoro-deoxyglucose-positron emission tomography/computed tomography.
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6 Campylobacter jejuni

Campylobacter spp., France

Figure 2. Distribution of
Campylobacter species among
57 patients with vascular
infections and endocarditis

in a multicenter retrospective
study on vascular infections
and endocarditis caused by
Campylobacter spp., France.
Numbers indicate no. cases.

1 Campylobacter lari
'J 1 Campylobacter rectus

1 Campylobacter upsaliensis
1 Campylobacter spp.

over the 14 cultures performed and 1 of 2 patients
with endocarditis. Only 1 patient had a positive stool
culture (C. jejuni) among the 12 performed.

We assessed antimicrobial-acquired resistance
(Table 4). No strain was resistant to amoxicillin/
clavulanate or to imipenem among the levels tested.
Higher rates of resistance were observed for ampi-
cillin (9.8%), fluoroquinolones (31.4%), and tetracy-
cline (20.5%).

Clinical Outcome
Survival without relapse at 3 months was observed
for 67.3% (33/49) of the patients with available data at
follow-up; the mortality rate was estimated at 24.5%
(12 cases), and estimated relapse rate was 8.2% (4 cas-
es). Two patients with endocarditis and 10 patients
with vascular localization died within 3 months.
Among the 56 patients for whom antimicrobial
therapy was documented, 54 (96.4%) received an
appropriate treatment based on the susceptibility
results. Only 2 patients were inefficiently treated (1
by third-generation cephalosporine, 1 by ofloxacin).

Regarding antimicrobial therapy regimen among pa-
tients with VGEIs or prosthetic valves, 9/24 (37.5%)
received single therapy and 15/24 (62.5%) dual ther-
apy, combining a B-lactam with either a fluoroquino-
lone (9 patients), an aminoglycoside (5 patients), or a
macrolide (1 patient). All patients with endocarditis
received an initial association of aminoglycoside in-
fusion and a B-lactam, except for 1 who received an
aminoglycoside and fluoroquinolone therapy. The
median duration of antimicrobial treatment was 42
days (IQR 20-49 days). Five patients received life-
long suppressive antimicrobial therapy (amoxicillin,
amoxicillin/clavulanate, or ofloxacin).

We analyzed risks factors for 3-month mortality
and relapse. Neither time to efficient therapy, immu-
nosuppression, surgery, nor antimicrobial therapy
regimen (single versus dual therapy) was associat-
ed with 3-month mortality in multivariate analysis.
However, the time to efficient antimicrobial therapy
initiation after the first symptoms was much longer
in the patients who relapsed compared with relapse-
free patients (61 days [IQR 20.3-104.3 days] vs. 9.5

Table 4. Antimicrobial resistance by species of Campylobacter spp. identified in a multicenter retrospective study on vascular

infections and endocarditis caused by Campylobacter spp., France*

No. (%) isolates

Antimicrobial tested MIC breakpoint, mg/L C. fetus C. jejuni Other Campylobacter spp.
Ampicillin 16 1/44 (2.3) 3/5 (60) 1/2 (50)
Amoxicillin/clavulanate 16 0/40 0/5 0/3
Ciprofloxacin 0.5 11/44 (25) 3/5 (60) 2/2 (100)
Erythromycin 4 1/43 (2.3) 0/5 0/2
Tetracycline 2 5/38 (13.2) 4/5 (80) 01
Gentamicint 2 0/41 0/5 0/2

Imipenem 2 0/7 Not tested 0/1

*Strains susceptible to gentamicin were assumed to be susceptible to amikacin.

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 29, No.
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days [IQR 2-15 days]; p = 0.006). Relapse patients also
more often had diabetes (75% vs. 12%; p = 0.022) and
osteoarticular-associated infection (75% vs. 2%; p =
0.001) than did relapse-free patients.

Nine of the 15 patients with VGEIs underwent
surgery, and 7 underwent complete graft removal.
Two patients with prosthetic valve endocarditis un-
derwent surgery for valve replacement, and 2 un-
derwent infected pacemaker replacement. Two more
patients required surgery because of severe valve
dysfunction.

Discussion

We examined a comprehensive series of Campylo-
bacter spp. cases associated vascular infections and
endocarditis among 57 patients identified because of
the participation of 37 hospitals in France. Consistent
with data on Campylobacter spp. bacteremia, male and
elderly patients were predominantly affected, and
most patients had underlying conditions, particularly
cardiovascular conditions, diabetes, solid neoplasm,
chronic renal failure, or hepatic failure (6). Of interest,
although Campylobacter spp. is the leading cause of
bacterial diarrhea responsible for enteritis mainly oc-
curring before 30 years of age in immunocompetent
patients, invasive infections are more likely to affect
immunocompromised elderly patients (7).

Native vascular infections preferentially affect the
infra-renal aorta; Salmonella spp. and Staphylococcus
aureus were the most commonly identified bacteria in
previous studies (14,15). Campylobacter spp. involve-
ment is rarely described, even though it represented
almost 10% of infective native aortic aneurysms in a
recent study in France (16). In our study, 66.7% of in-
fections were aortic, and 15.6% occurred on peripher-
al arteries. Venous infections were also reported, but
thrombophlebitis is poorly described so far because
only a few case reports are available (17-19).

The 13 cases of endocarditis included in our study
and the 21 case reports previously described in the
literature highlight the role of this non-HACEK (spe-
cies other than Haemophilus species, Actinobacillus acti-
nomycetemcomitans, Cardiobacterium hominis, Eikenella
corrodens, or Kingella spp.) gram-negative bacillus in
endocarditis (Appendix, https://wwwnc.cdc.gov/
EID/article/29/3/22-1417-Appl.pdf). So far, the In-
ternational Collaboration on Infective Endocarditis
Prospective Cohort Study has described 49 (1.8%)
endocarditis attributable to non-HACEK gram-neg-
ative bacilli among 2,761 patients with definite en-
docarditis (20). Most commonly encountered bacilli
were Escherichia coli and Pseudomonas aeruginosa, but
no Campylobacter spp. infection was reported. These
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gram-negative bacilli infections were severe, leading
to an increased in-hospital mortality rate of 24% com-
pared with 8% for Streptococcus spp. and 33% for S.
aureus-associated endocarditis (21). In our study, the
3-month mortality rate associated with endocarditis
was 15.4%, but it remains difficult to conclude given
the small number of patients. Non-HACEK gram-
negative bacilli endocarditis is usually associated
with active injection drug use (up to 93% of cases)
and therefore involves native tricuspid valve in most
cases (22). In our cohort, all endocarditis cases were
left-sided, and 69.2% occurred either on prosthetic
valves or intracardiac devices. This profile looks more
like other foodborne endocarditis, such as Salmonella
spp. or Listeria monocytogenes, which more likely af-
fect older and immunocompromised patients and are
associated with higher mortality rates (42.5% for Sal-
monella spp. [23] and 41% for L. monocytogenes [24]).

C. fetus was the most frequently involved species
(82.5%), whereas according to the report of NRCCH,
this species represents only 1% of the isolates ana-
lyzed among the 8,082 isolates received in 2020 (25).
In our study, the most frequently isolated species are
C. jejuni (84%) and C. coli (13%), and they both are pre-
dominantly isolated from stool culture (98.8% of C. je-
juni and 99.6% of C. coli). C. fetus is much less common
(1%) and is predominantly isolated from blood culture
or deep samplings (57 %) compared with stool samples
(41%) (25). C. fetus virulence is notably attributable to
a protein capsule called the S-layer, which impairs
complement activation by a lack of C3b binding (26).
Different mechanisms have been suggested to explain
its tropism for vascular endothelium, especially when
the latter is previously damaged, such as the produc-
tion of procoagulant factors favoring the formation of
microthrombi or the presence of a membrane receptor
with an affinity for the endothelium (27).

Regarding the nonspecific symptoms, because
only 22.8% of patients had diarrhea, and because of
the lack of awareness of the risk for secondary local-
izations associated with campylobacteriosis, those
complications might be underestimated. Among pa-
tients with C. fetus bacteremia in the campylobactere-
mia study, 11.5% had a vascular infection and 4.4%
had endocarditis. Furthermore, 11% of the 99 patients
who underwent echocardiography had endocarditis,
close to the rate described for S. aureus bacteremia
(6,28). Those findings warrant the use of systematic
transthoracic echocardiography in cases of C. fetus
bacteremia. Foreign implants and preexisting an-
eurysms also seemed to be risk factors for bacterial
colonization because vascular infections occurred on
(endo)grafts in 33.3% of cases and native aneurysms
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in 24.4%. Therefore, a systematic computed tomogra-
phy angiogram should be discussed for these patients.
Moreover, the risk for 3-month relapse was associat-
ed with osteoarticular involvements, highlighting the
paramount importance of a comprehensive diagnosis
and treatment of these secondary localizations.

The association of 3-month relapse with delayed
initiation of efficient antimicrobial therapy advocates
for the necessity of prompt appropriate treatment. The
retrospective design of our study did not enable us to
make a conclusion on the optimal treatment modality.
Nevertheless, considering low acquired resistance rates,
which is consistent with NRCCH reports in recent years
(25), an initial dual bactericidal therapy by amoxicillin/
clavulanate and gentamicin could be a good option for
empiric therapy. The issue of secondary targeted ther-
apy remains unresolved. Amoxicillin and macrolides
could be good options according to the susceptibility
profile. Ciprofloxacin could also be of interest; however,
the use of fluoroquinolones remains debated given the
recent divergent data published on possible excess risks
of aneurysmal rupture and aortic dissection (29,30).

Campylobacter spp. cardiovascular infections are
rare but should be considered seriously in light of the
high incidence of campylobacteriosis. These infections
are associated with high mortality rates and mainly oc-
cur in elderly patients with underlying conditions. The
relapse rate is also high and correlates with delayed
initiation of an efficient antimicrobial therapy, sug-
gesting a need for prompt recognition and treatment.
Therefore, systematic transthoracic echocardiography
should be performed in cases of C. fetus bacteremia.
Dedicated imaging might also be indicated for patients
with a preexisting aneurysm or vascular (endo)graft,
even in the absence of evocative symptoms.
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