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un +H+ —+

Abstract: Objectives: The role of colorectal neoplasms (CRN) as a common potential source of
recurrent Streptococcus gallolyticus subsp. gallolyticus (SGG) and Enterococcus faecalis (EF) endocarditis
remains unstudied. We aimed to investigate what proportion of episodes of recurrent endocarditis
are caused by a succession of SGG and EF, or vice versa, and to assess the role of a colonic source
in such recurrent episodes. Methods: we conducted a retrospective analysis of two prospective
endocarditis cohorts (1979-2019) from two Spanish hospitals, providing descriptive analyses of the
major features of the endocarditis episodes, colonoscopy findings, and histologic results. Results:
among 1552 IE episodes, 204 (13.1%) were caused by EF and 197 (12.7%) by SGG, respectively. There
were 155 episodes (10%) of recurrent IE, 20 of which (12.9%) were due to a succession of SGG/EF
IE in 10 patients (the first episode caused by SGG in eight cases, and by EF in two cases). The
median follow-up was 86 (interquartile range 34-156) months. In 8/10 initial episodes, the causative
microorganism was SGG, and all patients were diagnosed with CRN either during the initial episode
or during follow-up. During the second episode of IE or follow-up, colonoscopies revealed CRN
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in six patients. Conclusions: There seems to be an association between SGG and EF in recurrent
endocarditis that warrants further investigation. Our findings reinforce the need for systematically
performing colonoscopy in the event of endocarditis caused by both microorganisms.

Keywords: infective endocarditis; Enterococcus faecalis; Streptococcus gallolyticus; recurrences;
reinfections; colorectal neoplasms; colonoscopy

1. Introduction

Approximately 2—6% of patients with infective endocarditis (IE) will have one or
more recurrent episodes of IE throughout their lives [1]. When these recurrent episodes
occur shortly after the initial episode (generally within six months) and are caused by
the same microorganism, it is considered a relapse. When recurrent IE are caused either
by a microorganism other than the one causing the initial episode, or by the same micro-
organism, but more than six months later, it is considered a re-infection. Ideally, molecular
studies should be carried out to rule out strains of the microorganism belonging to the
same clone [2]. In a study by the International Collaboration on Endocarditis, Alagna and
colleagues identified intravenous drug use and hemodialysis as chief factors associated with
re-infection [1], whereas a gastrointestinal tract focus, including invasive gastrointestinal
procedures, is currently considered a minor cause of re-infection [1,3].

Enterococcus faecalis (EF) and Streptococcus gallolyticus subsp. gallolyticus (SGG, formerly
known as S. bovis I) are frequent causes of IE, especially in elderly patients [4-6]. These mi-
croorganisms share phenotypic characteristics (both were formerly taxonomically grouped
as D group streptococci) and a common habitat: the intestine. The association of SGG with
colorectal neoplasms (CRN) is very well established [7]. More recently, the association of EF
with colonic tumors has also been described, and several experts argue that systematically
performing colonoscopy after EF bacteremia/IE should become common practice, as in the
case of SGG [5,6,8-10].

The origins of EF IE are poorly known. In some cases, a possible gateway is identified
in urinary manipulation, catheter infection, etc., but in most cases, the primary focus is
unknown [6]. In these cases, the primary source likely lies in the gut, but our knowledge is
still in its infancy when it comes to the underlying mechanisms, including the role played by
CRN, in its genesis. These mechanisms are better known in the case of SGG IE, in which an
extraintestinal focus is not usually detected, and strong evidence suggests that CRN plays
a decisive role [11,12]. In available studies, the presence of CRN has not been shown to be
associated with a higher likelihood of relapse, either for SGG and EF IE [5,6,8,10,13-16].
Seemingly, the two microorganisms might also potentially share common pathways in the
pathophysiology of bloodstream infections, such as IE, and even cause successive episodes
of IE in patients with predisposing factors at the gut level. However, the occurrence of
relapsing IE episodes by both microorganisms has not been assessed thus far.

We aimed to analyze IE recurrences in patients who had suffered IE episodes by both
microorganisms and to explore the potential role of the colorectal tract in the development
of such recurrent IE episodes.

2. Materials and Methods
2.1. Design

Retrospective analysis of two cohorts collected through a prospective registry in two
Spanish university hospitals: Hospital Clinic, Barcelona (HCB), with 830 beds, a referral
center for cardiac surgery, and Lucus Augusti University Hospital, Lugo (HULA), with
690 beds, and without cardiac surgery facilities. The collection periods were: 1979-2019
(HCB) and 1987-2019 (HULA).
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2.2. Patients

Patients with recurrent definite IE caused consecutively by SGG and EF, and vice
versa, were considered for this study. Only the first episode of recurrence was analyzed
in those patients with more than one recurrence after the first episode of IE. All patients
had at least one-year follow-up after the initial IE episode. Colonoscopies were performed
following the international guidelines for SGG IE (i.e., carried out systematically), whereas
it was performed at the discretion of the treating physician for EF IE.

2.3. Definitions

The diagnosis of IE was made according to the modified Duke criteria [17]. We ana-
lyzed only episodes of reinfection where either SGG IE followed EF IE, or vice versa. CRN
included adenomas and carcinomas. Advanced adenomas were defined as those fulfill-
ing at least one of the following criteria: >1 cm diameter, tubulovillous (25-75% villous
component) or villous (>75%) histology, high-degree dysplasia, or >3 adenomas. In situ
carcinoma was considered as a high-degree dysplastic adenoma. Invasive carcinoma was
defined as that in which malign cells were found beyond the muscularis mucosa [5].

2.4. Ethics

The ethical review boards of both institutions approved the study. All patients pro-
vided informed consent.

2.5. Variables and Analyses

The variables include the description of patients’ baseline characteristics and ma-
jor comorbidities, causative microorganism, characteristics of both first and recurrent IE
episodes (date, valve/s affected (native or prosthetic), severe complications), performance
of colonoscopy, endoscopic and histological findings, follow-up, deaths during follow-up,
and causes of death. Results are expressed as medians (interquartile range, IQR) and
percentages. All statistical analyses were carried out using SPSS software, v20 (Chicago,
IL, USA).

3. Results

During the study period, 1552 IE episodes were diagnosed across both sites,
204 (13.1%) and 197 (12.7%) of which were caused by EF and SGG, respectively. There
were 30 relapses (1.9%) and 125 re-infections (8%). At HCB, EF predominated over SGG
(157 vs. 83), whereas SGG predominated (114 vs. 47) at HULA. Twenty-three (11.3%) and
eighteen (9.1%) patients with EF IE and SGG IE, respectively, presented at least one episode
of re-infection. In 10 of these cases (24.4%), the same patient presented consecutive IE
caused by SGG and EF. It was these 10 patients with their 20 episodes of IE that were
analyzed. The first episode was caused by SGG in eight cases and by EF in two cases.

The median age during the first episode was 69.5 years (IQR 65-79 years) and eight
(80%) were male. Almost all had comorbidities (Table 1).

The presentation was subacute, with 26.3 days (IQR 12—47) as the median length
of symptoms prior to admission. Only one patient presented symptoms suggestive of
intestinal pathology (Case 6, during the second episode of IE). Six episodes (30%) were
native IE and 14 prosthetic IE (70%). The aortic valve was involved in 10 cases (50%), the
mitral valve was affected in seven (35%), and mitro-aortic involvement was identified in
three cases (15%). Three episodes (15%) were complicated with spondylitis.

The median time elapsing between the first and second IE episodes was 23.5 months
(IQR 13-50 months), with 7/10 episodes occurring within three years.

Valve replacement was carried out in four (20%) episodes (two during the IE episode,
and within 2 years from the initial episode in the other cases). In another patient, an infected
pacemaker was removed. Eighteen episodes (90%) ended in cure, whereas two patients
died of heart failure during the second episode (Cases 6 and 10, Table 1).
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Table 1. Characteristics of 20 recurrent episodes of endocarditis caused by either Enterococcus faecalis or Streptococcus gallolyticus subsp. gallolyticus in 10 patients.

First IE Episode Second IE Episode
Type of IE, Type of IE,
Patients Date Age/§ X microorganism, Colonos-copy * Date micro-organism, Colonoscopy Follow-up, status Comments
M/Y) comorbidities e M/Y) o
complications complica-tions
Case 1 8/2002 68/M, NVE Ao Not performed (due 3/2003 P\S/]ééo Tubular adenomas 8/2015, deceased 2007, 2009, 2010, and 2013
DM, CKD. ER to embolic stroke) Spondvliti (4, 2 of them > 1 cm) (COPD) advanced adenomas
pondylitis
67/M, PVE Ao Tubulovillous NVEM Tubular 8/2012, deceased
Case 2 6/2004 THD, COPD SGG adenoma 2/2011 EF adenomas (9) (COPD)
73/M Tubular 4/2017
Case 3 7/2008 Renal and prostate NggGA o adenomas (8), 11/2009 NV]%EFAO dTr?bnl,lllar @) 11/1?020 S. sanguis IE; 2013, 2017, and
cancer radiation proctitis adenomas aive 2020 advanced adenomas
8/2008
71/M NVE M-Ao X
Case 4 4/2004 DM, IHD, renal SGG Villous adenoma 6/2008 PVE Ao Villous adenoma 6/2010, dqceased SGG IE;
. - EF (renal carcinoma) 3/2009
carcinoma. Spondylitis S. salivarius 1E
83/M 2002
Case 5 6/2016 DM, acute myeloid PVE Ao Not performed 7/2017 NVE M, PVE Ao Not performed 10/2018, deceased EFIE
leukemia, COPD, EF (leukemia) SGG (leukemia) (leukemia) TO13 tubulovillous adenoma
CKD.
Tubular adenoma Not performed 5/2011, deceased
Case 6 1/2011 80/F PVE M-Ao with high-grade 4/2011 PVE Ao (neoplastic intestinal during IE episode
DM, PCM. SGG ) EF . X
dysplasia occlusion) (heart failure)
65/M Four SGG IE episodes in
Case7  10/2011  Liver cirrhosis, THD, PVE Ao Tschemic colitis 2/2013 PVE Not performed  6/2015, deceased (new 10017 2012, 2013, 2015);
SGG EF (heart failure) SGG IE) .
PCM. 9/2014 Gastric cancer
4/2012 Multiple polyps,
PVEM Normal (poor not biopsied;
Case 8 2/2005 v N qoUbular @ 10/2007 EF preparation in 1072020 2/2013 Tubular
’ : Spondylitis two occasions) adenomas (3); 1/2020
Tubular adenomas (7)
In situ carcinoma 2003
Case 9 8/2007 271_{%/[ Pé/(];:GM and tubulovillous 10/2011 P\S%M Tubular adenoma 08/112\920 S. mitis IE
’ adenomas (8) aive 6/2020 normal colonoscopy
79/F 1/2014
Case 10 3/2011 DM, Pg/é:év[ Normal 10/2013 P\S%M N?t Pl.er.formed deceased during IE
IHD, CKD. (volvuli in sigma) episode (heart failure)

* Number of lesions between brackets; Ao: aortic; CHD: congenital heart disease; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; DM: type II diabetes
mellitus; EF: Enterococcus faecalis; M: male; F: female; IE: infective endocarditis; IHD: ischemic heart disease; M: mitral; M-Ao: mitro-aortic; NVE: native valve endocarditis; PCM:
pacemaker; PVE: prosthetic valve endocarditis; SGG: S. gallolyticus subsp. gallolyticus.
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The median follow-up was 86 months (IQR 34-156). During follow-up, two patients
presented new episodes of IE caused by SGG, which were not subjected to molecular studies
to determine whether the same clones were causal. In one case, the SGG IE recurrence
occurred four years after the first SGG IE and was interpreted as a re-infection (case No. 4,
Table 1). The second case occurred in a patient who presented three further episodes
of IE over a three-year period, which were interpreted as relapses, since the infected
pacemaker was not removed (Case 7, Table 1). Two patients also presented recurrences
due to viridans group streptococci. During follow-up, five patients (25%) died: three due
to cancer-related causes (none with colorectal cancer) and two due to chronic obstructive
pulmonary disease complications.

Colon Studies

During the first episode of IE, a colonoscopy was performed in 8/10 patients (all
caused by SGG), in six (60%) of which CRN were found (all advanced adenomas, including
two in situ carcinomas). In the other two cases (both caused by EF), colonoscopy could not
be performed due to the patients’ poor clinical condition during the IE episode. However,
in one case, a colonoscopy had been performed three years earlier, and in the other case,
a colonoscopy was performed seven months after the episode, both of them showing
advanced adenomas (Table 1).

During the second episode of IE, colonoscopies were performed on six patients, finding
adenomas in five (four of them advanced). Multiple adenomas were found in a subsequent
colonoscopy performed on the patient in whom no lesions were demonstrated (poor
preparation in two colonoscopies) during the IE episode. In another patient on whom
colonoscopy could not be performed, an intestinal obstruction caused by a colorectal tumor
was found and not removed, given a high surgical risk (Case 6, Table 1). In all other
patients, all colonic neoplasms were removed during the colonoscopy. Two of the three
patients on whom colonoscopy was not performed during the second IE episode died of
cancer (gastric and leukemia, respectively). Colonoscopies were performed on four patients
during follow-up after the second episode of IE, detecting new adenomas (all advanced) in
three of them (Table 1). None of the patients died due to colorectal cancer during follow-up.

4. Discussion

Our study provides the basis to hypothesize that SGG and EF share not only the colon
as the main source of infection, but also common pathophysiological mechanisms related
to the disruption of the colonic wall, particularly due to CRN. This is of relevance, as both
microorganisms are major causes of IE in Western countries and, in particular, the incidence
of EF IE is increasing [4]. Moreover, both are chief causes of recurrent IE [1,14].

In most cases of EF and SGG IE, an apparent focus of infection is not detected [6].
However, the colon is not systematically explored in initial episodes of EF IE and only
seldomly in recurrent EF and SGG IE episodes [1]. The generally silent finding of intestinal
pathology leads us to suspect that it is the possible focus of bacteremia, while the role of
benign colorectal lesions in the genesis of bacteremia remains doubtful. Several studies have
described such benign colonic lesions (e.g., diverticula, hyperplastic polyps, angiodysplasia)
in a notable proportion of patients with EF and SGG IE undergoing colonoscopy [6,8,10].
Nonetheless, we found no significantly higher incidence of benign colonic lesions in patients
with SGG bacteremia/IE than in the general population in a case-control study [15].

In the present study, CRN were detected in 77% of cases in which colonoscopy was
performed during the IE episode, as well as in 89% of colonoscopies performed during
follow-up. These figures are slightly higher than in prior studies, which reported CRN in
50-75% of patients with IE due to EF or SGG undergoing a colonoscopy, which is much
higher than in the age- and sex-matched general population [5-10,15,16]. Clinical data
suggest that SGG plays a relevant role in the early stages of tumor development, even in the
absence of the adenomatous polyps that allow SGG to colonize the colon and subsequently
cause bloodstream infections. In approximately 30% of SGG IE, no CRN is found during
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colonoscopy [15]. Nonetheless, a notable proportion of patients with SGG IE and no CRN
in the initial colonoscopy do develop CRN over time [5,13]. The same applies to patients
with SGG IE that do present a CRN in the initial colonoscopy. In summary, periodic
follow-up colonoscopies are mandatory in all patients with SGG IE for the rest of their lives,
irrespective of the results of the initial colonoscopy [5,13].

In 8/10 patients in this series, the IE caused by SGG preceded the IE episode caused by
EF. In a prior study, we found that the percentage of patients with SGG IE with no further
IE episodes that presented CRN was 71.4% (55/77) [14], similar to that of patients with
SGG IE presenting recurrent IE in the present series (5/8, 62.5%). Despite the available
evidence pointing to a potentially more relevant role of SGG in subsequently diagnosed
CRN [5,17], given the complex interactions between different members of the colonic flora
in the development of cancer, it is still insufficient to sustain this hypothesis. Future studies
should analyze in detail the genomic and phenotypic features, including the oncogenic
properties, of the SGG and EF strains isolated from patients with CRN and compare them
to those isolated from patients without CRN. Likewise, detailed studies are needed on
the changes in the colonic microbiota associated with CRN, especially in its early stages,
with a view to clarifying the roles and temporal sequencing of the range of potentially
oncogenic bacterial species, including the host response and susceptibility. It should
be noted, however, that investigating potential gut bacteria associations over time is
challenging, as temporal changes of microbiota are frequent, even in normal physiological
conditions (e.g., induced by diet, antibiotics, or aging).

Our study has several limitations. It has a retrospective design lacking controls. Fur-
thermore, a potential historical bias might have affected routine practices regarding the
performance of colonoscopies, particularly in EF IE cases. In addition, the two participating
centers do not share organizational and epidemiological characteristics, potentially impact-
ing the profiles and prevalence of SGG/EF IE at each site: HCB is a large reference center
for cardiac surgery, serving a mostly urban area, whereas HULA is not a cardiac reference
center and serves a mostly rural area.

5. Conclusions

EF and SGG are major causes of recurrent IE, and they might present in association.
The high prevalence of CRN in patients with EF and SGG IE suggests damaged colonic
mucosa as a relevant predisposing factor for recurrent IE. Our findings reinforce the need
for systematically performing colonoscopy in patients with EF and SGG. Further studies
should characterize the underlying mechanisms of the apparent synergistic relationships
among EF, SGG, CRN, and IE.

Author Contributions: Conceptualization, ] M.P, J.C. and ].M.M.; methodology, E.R. and ].M.P,;
software, ]. ML.P,; validation, ] M.P,, J.C. and ].M.M.; formal analysis, ].M.P,; investigation, M.].G.-P,,
M.H.-M., B.A,,J.G.-G.,RV.G.-D.,, R R, PA.-G.,EG.-G,, AP, B.V, CE,EQ., LM, M.A,, J L. and AM,;
resources, ].C. and ].M.M.; data curation, E.R. and ].M.P,; writing—original draft preparation, E.R.,
J.M.P. and ].C.; writing—review and editing, M.].G.-P, M.H.-M.,, B.A.,].G.-G., RV.G.-D,, RR,, PA.-G,,
EG.-G. and ].M.M.; visualization, M.].G.-P., M.H.-M,, B.A,, ].G.-G., RV.G.-D., RR,, PA.-G., EG.-G,,
AP,BV,CEFE,EQ., LM, MA,JL,AM,].C.and ].M.M.; supervision, J.C. and ].M.P. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Ministerio de Sanidad y Consumo of Spain (FIS NCT00871104
and PI19/01898, Instituto de Salud Carlos III). Project PI19/01898 is funded by Instituto de Salud
Carlos III and co-funded by the European Union. Institut d'Investigacions Biomediques Pi i Sunyer
(IDIBAPS) provided to JMM a personal 80:20 research grant during 2017-21.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Hospital Clinic de Barcelona.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request.



J. Clin. Med. 2022, 11, 2181 70f8

Acknowledgments: [nvestigators from Hospital Clinic Endocarditis Study Group, Hospital Clinic-IDIBAPS,
University of Barcelona School of Medicine, Barcelona, Spain: Jose M. Mir6, Guillermo Cuervo, Marta
Hernandez-Meneses, Juan Manuel Pericas, Juan Ambrosioni, Delia Garcia-Pares, Asuncion Moreno
(Infectious Diseases Service); Cristina Garcia de la Maria, Anders Dahl, Javier Garcia-Gonzalez,
Maria-Alejandra Cafias-Pacheco (Experimental Endocarditis Laboratory); Manel Almela, Climent
Casals, Francesc Marco, Jordi Vila (Microbiology Service); Eduard Quintana, Elena Sandoval, Daniel
Pereda, Jorge Alcocer, José L. Pomar, Manuel Castella (Cardiovascular Surgery Department and
Cardiovascular Surgery Intensive Care Unit); Manel Azqueta, Maria Angeles Castel, Ana Garcia,
Marta Sitges, Marta Farrero, Barbara Vidal, Felix Pérez-Villa, José M. Tolosana, Carlos Falces, Ruth
Andrea, José Ortiz (Cardiology Department); Guillermina Fita, Irene Rovira, Cristina Ibafiez, Juan
M. Perdomo (Anesthesiology Department); Andrés Perissinotti, David Fuster (Nuclear Medicine
Service); José Ramirez, (Pathology Department); Merce Brunet (Toxicology Service); Dolors Soy
(Pharmacy Service); Pedro Castro, Adrian Téllez (Internal Medicine Intensive Care Unit), and Jaume
Llopis (Department of Genetics, Microbiology and Statistics, University of Barcelona, Barcelona,
Spain). Investigators from Hospital Lucus Augusti, Lugo, Spain: M. José Garcia Pais, Ramoén Rabuiial,
M. José Perez Alvarez, Juan Corredoira (Infectious Diseases Unit), Julia Pita, Amparo Coira, Ana
Rodriguez Macias, Fernando Garcia Garrote, M. Pilar Alonso (Microbiology Service), and Eva Marti,
David Dacal, Beatriz Alvarez (Gastroenterology Service).

Conflicts of Interest: ]. M.P. reports having received consulting fees from Boehringer Ingelheim and
Novo Nordisk. He has received speaking fees from Gilead and Intercept, as well as travel expenses
from Gilead, Rubid, Pfizer, Astellas, MSD, CUBICIN, and Novo Nordisk. He has received educational
and research support from Gilead, Pfizer, Astellas, Accelerate, Novartis, Abbvie, ViiV, and MSD.
He also received funds from the European Commission/EFPIA IMI2 853966-2, IMI2 777377, H2020
847989, and PI19/01898. J.M.M. has received consulting honoraria and/or research grants from
Angelini, Bristol-Myers Squibb, Contrafect, Genentech, Gilead Sciences, MSD, Medtronic, Novartis,
Pfizer, and ViiV. All other authors declare no conflict of interest.

References

1.

10.

11.

12.

Alagna, L.; Park, L.P,; Nicholson, B.P.; Keiger, A.J.; Strahilevitz, J.; Morris, A.; Wray, D.; Gordon, D.; Delahaye, F.; Edathodu, J.;
et al. Repeat endocarditis: Analysis of risk factors based on the International Collaboration on Endocarditis—Prospective Cohort
Study. Clin. Microbiol. Infect. 2014, 20, 566-575. [CrossRef] [PubMed]

Chu, V.H.; Sexton, D.; Cabell, C.; Reller, L.B.; Pappas, P.A.; Singh, RK.; Fowler, V.G,, Jr.; Corey, G.R.; Aksoy, O.; Woods, C.W.
Repeat infective endocarditis: Differentiating relapse from reinfection. Clin. Infect. Dis. 2005, 41, 406—409. [CrossRef] [PubMed]

Baddour, L.M. Twelve-year review of recurrent native-valve infective endocarditis: A disease of the modern antibiotic era. Rev.
Infect. Dis. 1988, 10, 1163-1170. [CrossRef] [PubMed]

Pericas, ].M.; Zboromyrska, Y.; Cervera, C.; Castafieda, X.; Almela, M.; Garcia-de-la-Maria, C.; Mestres, C.; Falces, C.; Quintana,
E.; Ninot, S.; et al. Enterococcal endocarditis revisited. Future Microbiol. 2015, 10, 1215-1240. [CrossRef] [PubMed]

Corredoira, J.; Garcia-Pais, M.].; Coira, A.; Rabufial, R.; Garcia-Garrote, F,; Pita, J.; Rodriguez-Macias, A.; Blanco, M.; Lopez-Roses,
L.; Lépez-Alvarez, ML.].; et al. Differences between endocarditis caused by Streptococcus gallolyticus and Enterococcus spp. and
their association with colorectal cancer. Eur. J. Clin. Microbiol. Infect. Dis. 2015, 34, 1657-1665. [CrossRef] [PubMed]

Ursi, M.P; Bertolino, L.; Andini, R.; D’Amico, F,; Iossa, D.; Karruli, A.; D’Avenia, E.; Manduca, S.; Bernardo, M.; Zampino, R.; et al.
Enterococcal infective endocarditis is a marker of current occult or future incident colorectal neoplasia. Eur. J. Intern. Med. 2021,
83, 68-73. [CrossRef] [PubMed]

Klein, R.S.; Catalano, M.T.; Edberg, S.C.; Casey, ].I.; Steigbigel, N.H. Streptococcus bovis septicemia and carcinoma of the colon.
Ann. Intern. Med. 1979, 91, 560-562. [CrossRef] [PubMed]

Pericas, ].M.; Ambrosioni, J.; Mufioz, P.; de Alarcén, A.; Kestler, M.; Mari-Hualde, A.; Moreno, A.; Goenaga, M.A.; Farifias, M.C.;
Rodriguez-Alvarez, R.; et al. Prevalence of colorectal neoplasms among patients with Enterococcus faecalis endocarditis in the
GAMES cohort. (2008-2017). Mayo Clin. Proc. 2021, 96, 132-146. [CrossRef] [PubMed]

Corredoira, J.; Romay, E.; Pericas, ] M.; Mir6, ].M. Associating enterococcal endocarditis and colorectal neoplasia: Is colonoscopy
mandatory? Eur. J. Intern. Med. 2021, 85, 112-113. [CrossRef] [PubMed]

Escola-Vergé, L.; Peghin, M.; Givone, E; Pérez-Rodriguez, M.T.; Suarez-Varela, M.; Meije, Y. Prevalence of colorectal disease in
Enterococcus faecalis infective endocarditis: Results of an observational multicenter study. Rev. Esp. Cardiol. 2020, 73, 711-717.
[CrossRef] [PubMed]

Boleij, A.; Tjalsma, H. The itinerary of Streptococcus gallolyticus infection in patients with colonic malignant disease. Lancet Infect.
Dis. 2013, 13, 719-724. [CrossRef]

Jans, C.; Boleij, A. The Road to Infection: Host-Microbe Interactions Defining the Pathogenicity of Streptococcus bo-
vis/Streptococcus equinus Complex Members. Front. Microbiol. 2018, 9, 603. [CrossRef] [PubMed]


http://doi.org/10.1111/1469-0691.12395
http://www.ncbi.nlm.nih.gov/pubmed/24102907
http://doi.org/10.1086/431590
http://www.ncbi.nlm.nih.gov/pubmed/16007540
http://doi.org/10.1093/clinids/10.6.1163
http://www.ncbi.nlm.nih.gov/pubmed/3060944
http://doi.org/10.2217/fmb.15.46
http://www.ncbi.nlm.nih.gov/pubmed/26118390
http://doi.org/10.1007/s10096-015-2402-1
http://www.ncbi.nlm.nih.gov/pubmed/26017665
http://doi.org/10.1016/j.ejim.2020.10.006
http://www.ncbi.nlm.nih.gov/pubmed/33046347
http://doi.org/10.7326/0003-4819-91-4-560
http://www.ncbi.nlm.nih.gov/pubmed/484953
http://doi.org/10.1016/j.mayocp.2020.06.056
http://www.ncbi.nlm.nih.gov/pubmed/33413809
http://doi.org/10.1016/j.ejim.2020.11.010
http://www.ncbi.nlm.nih.gov/pubmed/33223330
http://doi.org/10.1016/j.recesp.2019.07.016
http://www.ncbi.nlm.nih.gov/pubmed/31444092
http://doi.org/10.1016/S1473-3099(13)70107-5
http://doi.org/10.3389/fmicb.2018.00603
http://www.ncbi.nlm.nih.gov/pubmed/29692760

J. Clin. Med. 2022, 11, 2181 8of8

13.

14.

15.

16.

17.

Pericas, ].M.; Llopis, J.; Mufioz, P.; Galvez-Acebal, J.; Kestler, M.; Valerio, M.; Hernandez-Meneses, M.; Goenaga, M.A.; Cobo-
Belaustegui, M.; Montejo, M.; et al. A Contemporary Picture of Enterococcal Endocarditis. J. Am. Coll. Cardiol. 2020, 75, 482-494.
[CrossRef] [PubMed]

Corredoira-Sanchez, J.; Garcia-Garrote, F.; Rabunal, R.; Lopez-Roses, L.; Garcia-Pais, M.].; Castro, E.; Gonzalez-Soler, R.; Coira,
A.; Pita, J.; Lépez—AlvareZ, M.; et al. Association between bacteremia due to Streptococcus gallolyticus subsp. gallolyticus
(Streptococcus bovis I) and colorectal neoplasia: A case-control study. Clin. Infect. Dis. 2012, 55, 491-496. [CrossRef] [PubMed]
Pericas, ].M.; Corredoira, J.; Moreno, A.; Garcia-Pais, M.].; Falces, C.; Rabuiial, R.; Mestres, C.A.; Alonso, M.P.; Marco, E; Quintana,
E.; et al. Relationship Between Enterococcus faecalis Infective endocarditis and colorectal neoplasm: Preliminary results from a
cohort of 154 patients. Rev. Esp. Cardiol. 2017, 70, 451-458. [CrossRef] [PubMed]

Corredoira, J.; Grau, I.; Garcia-Rodriguez, J.F.; Garcia-Pais, M.].; Rabuifial, R.; Ardanuy, C.; Garcia-Garrote, F.; Coira, A.; Alonso,
M.P; Boleij, A.; et al. Colorectal neoplasm in cases of Clostridium septicum and Streptococcus gallolyticus subsp. gallolyticus
bacteraemia. Eur. |. Intern. Med. 2017, 41, 68-73. [CrossRef] [PubMed]

Winters, M.D.; Schlinke, T.L.; Joyce, W.A.; Glore, S.R.; Huycke, M.M. Prospective case-cohort study of intestinal colonization with
enterococci that produce extracellular superoxide and the risk for colorectal adenomas or cancer. Am. J. Gastroenterol. 1998, 93,
2491-2500. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jacc.2019.11.047
http://www.ncbi.nlm.nih.gov/pubmed/32029130
http://doi.org/10.1093/cid/cis434
http://www.ncbi.nlm.nih.gov/pubmed/22563018
http://doi.org/10.1016/j.recesp.2016.09.055
http://www.ncbi.nlm.nih.gov/pubmed/27916708
http://doi.org/10.1016/j.ejim.2017.02.009
http://www.ncbi.nlm.nih.gov/pubmed/28236516
http://doi.org/10.1111/j.1572-0241.1998.00710.x
http://www.ncbi.nlm.nih.gov/pubmed/9860414

	Introduction 
	Materials and Methods 
	Design 
	Patients 
	Definitions 
	Ethics 
	Variables and Analyses 

	Results 
	Discussion 
	Conclusions 
	References

