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Introduction

Infective endocarditis (IE) is an uncommon infection affecting 33.8 cases/million
inhabitants/year in France (95%CI, 30.8-36.9) [1]. Despite marked improvement in IE
management, mortality can be as high as 20% [1]. IE due to Streptococcus spp. has declined
and Staphylococcus aureus has become the first cause of this disease [1,2]. Streptococcus
pneumoniae is currently responsible for less than 2% of IE cases [1]. However, only few
studies on pneumococcal IE have been published over the last decade [3—5]. The other studies
were published more than 10 years ago, and reported data from the 1990s [6-9].
Pneumococcal vaccination has significantly improved the prevention of invasive
pneumococcal disease (IPD) over the last 15 years [10]. The European Commission granted
marketing authorization valid throughout the European Union for 13-valent pneumococcal
conjugate vaccine (PCV13) in 2009. In France, pneumococcal conjugate vaccines were
initially recommended only in children. Albeit less effective, the 23-valent polysaccharide
vaccine (PPV23) was the recommended vaccine in France for adults at risk of IPD from 1981
to 2017. Due to vaccination, IPD in adults decreased by 31% between 2009 and 2013
according to the French observatory network of pneumococcus [11]. Pneumonia is still the
main clinical feature of IPD, accounting for 90% of cases, followed by meningitis (5%), and
other infections (5%) such as endocarditis, septic arthritis, pleurisy and isolated bacteremia
[12,13]. IPD has a high mortality rate: 20% in bacteremia and 30% in meningitis [14]. [PD
has been linked with age, and with other factors such as COPD, alcoholism, smoking, heart
failure, malignancies, and AIDS [14,15].

The aim of this study was to evaluate the prognosis of pneumococcal IE, and to determine

clinical features and management of this infrequent IE.



Patients and Methods

Study design. This retrospective observational study was conducted at four French university
hospitals (Rennes, Nantes, Tours, Poitiers) from 1st January 2000 through 31st December

2015.

Ethics. The study was conducted in accordance with the Declaration of Helsinki. The
National Data Protection Authority (Commission Nationale Informatique et Libertés), which
is responsible for protection of individual data in France, approved the panel and its

procedures.

Participants. All adult patients >18 years old hospitalized for definite pneumococcal IE
according to the modified Duke criteria were included [16]. Patients who developed IE due to
S. pneumoniae were identified using ICD10: CA (I133.0) from the hospital computerized
database.

The following data were retrospectively collected from medical records: sex, date of birth,
date of first symptoms/diagnosis/surgery, risk factors for IPD and for IE, history of heart
disease (heart valve localization, septic embolisms, echocardiographic and microbiological
data, medical and surgical treatment), pneumococcus vaccination status, and outcome at 90
days and 2 years after diagnosis. In order to collect vaccination status and outcome at two

years after diagnosis, general practitioners in charge of patients were contacted by telephone.

Definitions. IE risk factors included valvular prosthesis or intracardiac device, intravenous
drug use, previous IE, congenital heart disease, valvular disease, aortic bicuspidy,
hypertrophic obstructive cardiopathy and at-risk invasive procedure. An at-risk procedure was

defined according to the 2015 European Society of Cardiology (ESC) guidelines [16].



Pneumococcal risk factors were defined as functional or anatomic asplenia, chronic
pulmonary disease, repeated Ear-Nose-Throat (ENT) infections, chronic cardiopathy, alcohol
abuse or chronic liver disease, AIDS, malignant blood disease, renal failure, transplantation,
or age > 65 years.

Vascular lesions were defined as major arterial embolism, septic pulmonary infarct, infectious
(mycotic) aneurysm, intracranial hemorrhage, conjunctival hemorrhage, or Janeway’s lesion
[16]. Immunological phenomena were defined according to the modified Dukes criteria as

glomerulonephritis, Osler’s nodes, Roth’s spots, or rheumatoid factor [16].

Statistical analysis. Overall survival was measured from diagnosis to death from any cause,
and IE survival was measured from diagnosis to IE-related death. Causes of death were
independently reviewed by two investigators and classified as IE-related, or non IE-related.
Overall survival was estimated using the Kaplan-Meier method. Censoring occurred for
patients lost to follow-up. Quantitative variables were described as mean + standard deviation
(SD) in the case of normal distribution or median and interquartile range [IQR 25-75] in the
other cases. Comparisons were performed with Student T test if variances were equal or else
with a non-parametric test (Mann Whitney). Qualitative variables were described as
percentages, compared with Chi square test. Univariate analysis was performed for each of
the selected criteria. Multivariate analysis was planned but not performed due to low number
of events. Collinearity between variables was sought. A significance threshold for all analyses
was defined at 0.05. All analyses were performed using SAS version 9.4 (SAS Institute Inc,

Cary, North Carolina).

Results

Demographic characteristics



Among 3,886 definite IE hospitalized during the 15-year period of the study, 50 patients with
pneumococcal IE were enrolled. The estimated frequency of pneumococcal 1IE was 1.3%.
Most of the patients included were males (n=38; 76%) with a mean age of 60 + 14 years at
diagnosis. Demographic and clinical characteristics are shown in Table 1. IPD predisposing
conditions were present in 39 patients (78%), including alcohol abuse (34%), chronic
pulmonary disease (24%), and age >65 (36%). More than half of patients (n=27; 54%) had at
least two predisposing factors for IPD. Pneumococcal vaccination with 23-valent
pneumococcal polysaccharide vaccine was performed before IE diagnosis in only two patients
(6 and 3 years before IE, respectively). Of note, 76% of the patients had no risk factor for IE.
The major IE risk factor was a previous valvular disease (n=10, 22%). Nine patients (18%)
had an intravascular device, either pacemaker (n=4) or vascular prosthesis (n=5). No patient
had obstructive cardiopathy, aortic bicuspidy, AIDS or benefited from a previously at-risk

procedure.

Clinical characteristics

The most prevalent clinical manifestation was fever (89%). At least one vascular lesion was
found in 10 patients (22%). Concomitant foci of infection due to S. pneumoniae were present
in 46 patients (92%): pneumonia (48%), meningitis (41%), and arthritis (20%), being the most
common localizations (Table 1). Complete Austrian syndrome, which associated
pneumococcal pneumonia, meningitis and endocarditis, was present in eight patients (16%).
None of these patients were older than 65 compare to 18 (43%) patients in the group without
Austrian syndrome. The group with Austrian syndrome had more alcohol abuse (n=6/8; 75%)
than the one without Austrian syndrome (n=11/42; 26%; p=0.009). All patients had TTE
showing vegetations (88%), valve regurgitation (79%) or abscesses (30%). Transesophageal

echocardiogram was performed in 35 patients (70%), heart CT in 4 patients (8%), and no



patient had cardiac positron emission tomography (PET)/CT. None of the patients with
vascular prosthesis had dehiscence of the prosthesis. The aortic valve was more commonly

damaged (n=34, 68%) than the mitral or tricuspid ones.

Treatment

The antimicrobial strategy was in accordance with the 2015 ESC Guidelines for antibiotic
regimen in 74% and duration in 36% of the cases (Table 2). Only 28% (n=14) received
medical treatment fully in accordance with the 2015 ESC Guidelines. All patients received
third-generation cephalosporins, amoxicillin or vancomycin. Seven patients (14%) received a
single antibiotic strategy, whereas gentamicin was combined with beta-lactams or
glycopeptides in 39 patients (78%). The combination with gentamicin was used for a shorter
duration (8.5 days + 8.4) than the recommended two weeks. Patients who received combined
therapy with beta-lactams but without gentamicin received vancomycin (n=1), rifampicin
(n=2), or levofloxacin (n=1). Overall antimicrobial treatment duration was two weeks longer
than the recommended four weeks. For the five prosthetic valve endocarditis cases, the
recommended six-week treatment was administered just once because of early mortality, and
only this patient had surgery combined with medical treatment. Cardiac surgery was
performed in 28 patients (56%), in most cases (n=25; 89%) through valve replacement (Table
2). A total of 22 patients (44%) did not undergo surgery since they were not suitable for
surgery (n=5), or died early (n=3), or had no surgical indication (n=14). There was no
significant difference in term of antibiotherapy between non-surgical patients who died and
survived. Delay from IE diagnosis to cardiac surgery was 6.5 [2.0-10.5] days. In univariate
analysis, patients who underwent surgery had fewer IPD risk factors (p=0.007) and chronic
pulmonary disease (3 vs 9; p=0.035), and they were significantly younger (5613 vs 65+14

years; p=0.010) than the medically treated patients (Supplemental Table 1).



Outcome

Ten patients were lost to follow-up before 90 days. The 90-day survival rate was 83% (n=33)
(Figure 1A). Among the seven deaths, six were due to IE complications (3 multi-visceral
shock, 2 heart failure, 1 stroke) and one to pancreatic neoplasia. Among the five patients with
pneumococcal prosthetic valve endocarditis, three died (1 multi-visceral shock, 1 heart
failure, 1 stroke) within 60 days after diagnosis (22.0 days, [21.0-40.5]).

At 2 years, the survival rate was 67% (n=28) (Figure 1B). There were no more patients lost to
follow-up. Four of the five additional deaths reported between 90 days and 2 years were due
to neoplasia. The reason for the fifth death was unknown. At 2 years, the leading cause of
death remained IE complications (50%, n=6/12) even though these deaths occurred within the
90 days after diagnosis. The second mortality cause at 2 years was neoplasia (42%, n=5/12).
The risk factors for mortality at 2 years identified in the univariate analysis were age >65 (11
vs 4; p=0.011) and absence of vascular phenomena (1 vs 7; p=0.048). By contrast, a surgical
procedure was significantly associated with increased survival at 2 years (15 vs 6; p=0.012).
Kaplan Meier survival analysis did not show any significant difference between patients with
and without meningitis. Regarding patients with Austrian syndrome, there were no more fatal
issues (p=0.240) or relapses (p=0.204) compare to patients without Austrian syndrome.
Among the 50 patients, two had a relapse of pneumococcal IE. Although they were treated
surgically, relapses occurred 48 hours and 6 months after the end of therapy, respectively. In
each case, the damaged valve was different from the initial infected valve. The patient who
relapsed at 6 months was vaccinated after IE diagnosis. A total of 13 patients were vaccinated

with PPV23 after IE diagnosis.



Discussion

To the best of our knowledge, our study is the largest homogeneous cohort of pneumococcal
IE since 2000. It underscored that S. pneumoniae IE affects middle-aged male patients,
without previous pneumococcal vaccination (96%), 54% having at least two risk factors for
IPD and 76% no risk factors for IE. Of note, almost 60% of the patients had had cardiac
surgery in the week after IE diagnosis. The mortality rates at 90 days and 2 years after
diagnosis were 17% and 33%, respectively, although only 50% of deaths were directly related
to IE.

Poor prognosis in our series is in accordance with another study showing that patients died
mainly of causes directly related to IE such as heart failure (30%), stroke (17%), uncontrolled
infection (14%), and immediate post-surgical complication (10%) [17]. In addition, mortality
due to S. pneumoniae IE occurred early, in median 160 days [22-796] after diagnosis. Age >
65 years was associated with pneumococcal IE mortality, and surgery with survival in our
study and in another French study [7]. In our study, the subgroup of prosthetic valve
pneumococcal IE had a mortality rate of 60% with only 20% of surgical procedures.

There is poor evidence regarding the usefulness of surgery in guidelines, although it has been
suggested that surgery could play a protective role in pneumococcal IE [7]. In a study
including 449 patients with left-sided IE of whom 240 (53%) had had valve surgery, the 5-
year survival rate remained low with non-surgical treatment compared to early surgery (48%
vs 69.6%; p<0.001) [18]. In our study, mortality was significantly reduced in patients who
underwent surgery. However, they were younger and had fewer comorbidities. Since the
aortic valve is often damaged during pneumococcal IE, defining size, anatomy and
calcification of the aortic valve, can be of help in surgical planning [16].

Antibiotic therapy has dramatically decreased IE mortality from 100% to 20-40% in

comparison to the preantibiotic era [19]. Clear recommendations regarding antibiotherapy



have been given by the ESC [16]. In our study, the type of antibiotics chosen was in
accordance with ESC Guidelines for 74% of patients even though most patients were treated
before 2015 ESC Guidelines publication [16]. Nevertheless, there are no differences between
the 2009 and the 2015 ESC Guidelines for pneumococcus IE antimicrobial therapy. The
appropriateness of combination therapy with gentamicin was difficult to estimate due to
absence of susceptibility testing in patients’ medical records. When used, gentamicin
treatment was shorter than recommended.

In our cohort, only two patients were vaccinated with PPV23 before the occurrence of
pneumococcal IE. In a Spanish study, vaccination data were available for only 12%
(n=13/111) of the studied patients, of whom four had been vaccinated [3]. In another French
study on a cohort of 30 patients in the 1990s, no patients received PPV23 before developing
pneumococcal IE [7]. Since PPV23 uptake was recommended throughout our study period by
the French health authorities, 39 patients (78%) with predisposing IPD conditions should have
received it. The two main reasons to explain low pneumococcal vaccine uptake are: (i)
general practitioners could be less aware of vaccine recommendations that often change (20),
(i1) a favorable opinion about vaccination in general is associated with higher vaccine uptake;
the rate of vaccine hesitancy in France is one of the highest among European countries (21).
However, PPV23 efficacy is 45-80% depending on study design (22). A randomized double-
blind study including 84496 adults aged > 65 years brought evidence that PCV13 could be
more effective in this population preventing 75% of IPD (23). Robust data attesting to the
possible positive impact of PCV13 alone or PCV13 followed two months later by PPV23 are
still missing.

Our study had some limitations. Some data are missing due to the retrospective nature of the
study. For instance, transesophageal echocardiogram was performed in only 70% of the

patients. Thus, some local complications could have been missed. Our study was also not



designed to compare pneumococcal IE to IE due to other bacteria. In addition, there is almost
always survival bias in such a study: patients who live longer are more likely to receive
treatment than patients who die early (24,25). We could not perform the multivariate analysis
planned in the protocol due to the small number of events. Although multicentric, our study
may have underestimated the actual frequency of pneumococcal IE in France. Nonetheless,
the calculated frequency of 1.3% seems to be in accordance with other studies: 0.86% in a
Spanish cohort [3], 1% and 1.6% in two French cohorts (1,26). The missing MIC and
antibiotic susceptibility testing, which were difficult to collect retrospectively, are important
limitations in characterization of the medical strategy and comparison to 2015 ESC

guidelines.

Conclusion

Although pneumococcal IE remains rare, its prognosis is poor within 90 days following
diagnosis. Surgery seems to be of benefit for some patients. However, optimal timing of the
procedure has yet to be determined. Robust data are still missing regarding the role of PCV13

combined to PPV23 vaccination in reducing pneumococcal IE incidence.
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Table 1. Demographic and clinical characteristics of 50 patients with definite

pneumococcal endocarditis

Characteristics* N=50
Baseline
Age at diagnosis (years), mean + SD 60 + 14
Male gender 38 (76)
IPD predisposing conditions
Asplenia 2
> 65 years 18 (36)
Chronic pulmonary disease 12 (24)
Repeted ENT infections 3
Cardiopathy 12 (24)
Alcoholism 17 (34)
Malignant blood disease 6
Renal failure 3
Kidney transplantation 1
IPD risk factors
none 11 (22)
1 12 (24)
>2 27 (54)
No vaccine uptake before IE 48 (96)
IE predisposing conditions
Valvular prosthesis 5
Previous IE 1
Congenital cardiopathy 2
Valvular disease 10 (22)
Intravenous drug use 1
Pacemaker 4
IE risk factors
none 38 (76)
1 6
>2 6
Clinical and biological manifestations
Fever 40 (89)
Vascular phenomena** 10 (22)
Immunological phenomena*** 0
Pneumonia 24 (48)
Meningitis 20 (41)
Arthritis 10 (20)
Ocular infection 4
Other infectious localizations® 14 (28)
Blood cultures positive for S. pneumoniae 42 (84)
Positive histopathological examination and/or culture of infected valve 8
Affected valve
Native 45 (90)

12



Prosthesis 5

Mitral 17 (34)
Aortic 34 (68)
Tricuspid 8
Transthoracic echocardiographic findings

TTE positive for IE 50 (100)
Vegetations 44 (88)
Abscess 14 (30)
Valve regurgitation 38 (79)
Dehiscence of prosthesis 0

ENT: ear-nose-throat; IE: infective endocarditis; IPD: invasive pneumococcal disease; SD:
standard deviation; TTE: transthoracic electrocardiography

* data are expressed in absolute number (%), otherwise indicated

** defined by the modified Dukes criteria as major arterial emboly, septic pulmonary infarct,
infectious (mycotic) aneurysm, intracranial haemorrhage, conjunctival haemorrhage or
Janeway’s lesion.

***defined by the modified Dukes criteria as glomerulonephritis, Osler’s nodes, Roth’s spots
or theumatoid factor.

$

sinusitis, muscular or gluteal abscess, acute otitis media, arteritis, stroke, infected aortic

aneurysma, pericarditis.
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Table 2. Treatment and outcome of 50 patients with definite pneumococcal endocarditis

N=50

Time from 1*' symptoms onset to antibiotherapy, days (mean + SD) 6.3+6.9
Number of antibiotics, n (%)

Monotherapy 7

Bitherapy 28 (56)

> 3 antibiotics 15 (30)
Antibiotic choice, n (%)

3 generation cephalosporin or amoxicillin

L . 50 (100)

or penicillin G or vancomycin

Gentamicin 39 (78)
Antibiotic duration (mean + SD)

Total antibiotherapy duration, weeks 55+£23

Beta-lactam or vancomycin duration, days 37 +14.7

Gentamicin duration, days 85+84
Treatment in accordance with 2015 ESC Guidelines, n (%)

Antibiotic choice 37 (74)

Beta-lactam or vancomycin duration 18 (36)

Gentamicin duration 2
Surgical procedure, n (%) 28 (56)

Valvuloplasty 8

Biological valve replacement 15 (30)

Mechanical valve replacement 10 (20)
Time from symptoms onset to surgery, days (median [ IQR 25-75]) 13.5[7.8-17.3]
Time from diagnosis onset to surgery, days (median [ IQR 25-75]) 6.5 [2.0-10.5]
Pneumococcal vaccination after IE, n (%) 13 (26)
Death, n (%) 20 (40)

Delay from diagnosis to death, days (med [IQR 25-75])
Relapse, n

160 [22-796]
2

SD: standard deviation; IQR: interquartile range
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Figure legend

Figure 1. Kaplan Meier curves of survival probability after diagnosis for 50 patients
with pneumococcal endocarditis.
Panel A: Survival probability at 90 days after diagnosis

Panel B: Survival probability at 2 years after diagnosis
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