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a b s t r a c t 

Background: A variety of microorganisms can cause infective endocarditis (IE), with Staphylococci and 

Streptococci accounting for the majority of cases. Streptococci are a common cause of community-acquired 

IE but few studies have focused on this subgroup of endocarditis. 

Methods: A retrospective multicentre study was conducted between 2012 and 2017 in 12 hospital cen- 

tres in France. Data were extracted from the local diagnosis-related group database and matched with 

microbiological results. After identification, the records were retrospectively analysed. 

Results: A total of 414 patients with streptococcal endocarditis were included. The patients were pre- 

dominantly male (72.8%) and the median age was 73.2 years (interquartile range [IQR] 61.3-80.9). The 

majority of patients (70.6%) had native valve endocarditis. Embolic complications were seen in 38.8% of 

patients. Viridans group Streptococci (VGS) and bovis-equinus group Streptococci (BGS) accounted for 52.4% 

and 34.5% of isolated strains, respectively. Minimum inhibitory concentrations (MICs) of amoxicillin were 

< 0.125, 0.125-2 and > 2 mg/L for 59.6%, 27% and 1% of isolates, respectively. In-hospital mortality for 

patients with Streptococci -related IE was 17.8%. In multivariate analysis, the only factor associated with 

in-hospital mortality was MIC for amoxicillin between 0.25 and 2 mg/L ( P = 0.04; OR = 2.23 [95% con- 

fidence interval (CI) 1.03-4.88]) whereas performance of cardiac surgery for IE was a protective factor 

( P = 0.001, OR = 0.23 [95% CI 0.1-0.56]). 

Conclusions: IE remains a serious and deadly disease despite recent advances in diagnosis and treatment. 

Adaptation of antibiotic doses to MICs for amoxicillin and surgery may improve patient outcome. 

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
∗ Corresponding author: Dr Benoît Pilmis, Groupe Hospitalier Paris-Saint Joseph, 

185 rue Raymond Losserand, 75014 Paris, France, Equipe mobile de microbiologie 

clinique, Tel: + 033 (1) 44 12 78 20; Fax: + 033 (1)44 12 36 84. 

E-mail address: bpilmis@hpsj.fr (B. Pilmis). 
1 GMC Study Group is listed at the end of the Article. 
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. Introduction 

Infective endocarditis (IE) is associated with high rates of mor-

idity and mortality [1,2] . Despite advances in diagnosis, medical

herapy and surgical treatment, in-hospital mortality rate for

atients with IE is up to 20%, with a one-year mortality ranging

rom 25% to 40% [3] . Streptococci are the causative organisms in

0-40% of cases of IE [4] and remain the most common pathogens
rved. 

https://doi.org/10.1016/j.ijantimicag.2019.03.002
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Table 1 

Demographic and clinical characteristics of 414 patients with 

Streptococci -related infective endocarditis. 

Characteristic N (%) 

Demographic characteristic 

Males 302 (72.8) 

Median age (y) [range] 73.2 [61.3 – 80.9] 

Clinical characteristic 

Modified Duke Classification 

Definite 322 (78) 

Possible 92 (22) 

Valve type 

Native 293 (70.6) 

Prosthetic 107 (25.7) 

Device-related IE 14 (3.4) 

Valve involved ∗

Aortic 240 (60) 

Mitral 167 (40.3) 

Tricuspid 17 (4.1) 

Pulmonary 2 (0.5) 

ICED 16 (3.9) 

Amoxicillin MIC results 

≤0.125 mg/L 247 (59.6) 

0.25-2 mg/L 112 (27) 

> 2 mg/L 3 (1) 

NA 52 (12.6) 

Presumed source of infection 

Non-oral gastrointestinal tract 92 (22.3) 

Oral 126 (30.4) 

Other 28 (6.7) 

Unknown 168 (40.6) 

Treatment 

Antibiotic therapy 414 (100) 

Surgical treatment 155 (37.4) 

In-hospital mortality 74 (17.8) 

∗ Some patients presented infective endocarditis with multiple valvu- 

lar involvementsICED: intra-cardiac electronic device, MIC: minimum 

inhibitory concentration, NA: Not available 
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i  
mong patients in low-income countries, where predisposing

eart disease as rheumatic carditis is widespread. Streptococci

re normal inhabitants of the oral cavity and the gastrointestinal

ract. In France, the rate of IE caused by Streptococcus bovis is

otably higher than in many other countries [2] . This retrospective

ulticentre study focuses on a large cohort of patients with

treptococci-related IE with particular emphasis on microbial

etiologies, antibiotic susceptibility testing results and clinical

utcomes. 

. Materials and Methods 

.1. Study design 

This observational retrospective study included all consecutive

ases of IE related to Streptococcus spp. from 12 French hospitals

etween 2012 and 2017. 

.2. Patient selection 

All patients aged at least 18 years with IE that matched Duke

riteria [5] were included in the analysis. Data were extracted from

he local diagnosis-related group database and matched with mi-

robiological results. Prosthetic valve endocarditis was considered

arly-onset if it occurred within the first year after valve implanta-

ion and late-onset if it occurred thereafter. The specific variables

ncluded and analysed in the study were date of IE diagnosis, pa-

ient age and sex, co-morbidities, clinical presentation, type of IE

native or prosthetic), causative bacteria, type of complication (em-

olism, renal insufficiency, valve replacement), date of the start of

ntimicrobial treatment, date of surgery (if performed), and clinical

utcome. 

.3. Microbiological diagnosis 

Blood cultures (BC) were collected systematically from each

atient with suspected IE. Gram staining and standard culture

onditions were performed for all positive BC according to local

uidelines. Positive BC were plated on blood agar plates (under

erobic and anaerobic conditions) and on Polyvitex chocolate agar

lates (under 5% CO 2 ) at 35 °C. 

Identification of streptococci isolates at the species level

as performed using matrix-assisted laser desorption/ionisation

ime-of-flight mass spectrometry (MALDI-TOF/MS). The dissection

ithin the bovis-equinus group Streptococci was performed accord-

ng to the analysis of the French National Reference Center for

treptococci (NRC) [6] . 

Antimicrobial susceptibility testing could be performed using

he disk diffusion method according to the CA-SFM/EUCAST guide-

ines. MICs of amoxicillin were determined by Etest (bioMérieux)

trips in accordance with the manufacturer’s recommendations. 

.4. Definitions 

The start of antimicrobial therapy was established as the first

ay of appropriate antibiotic therapy according to antimicrobial re-

ults. 

The indication of cardiac surgery was determined according to

ccepted guidelines [5] and the final decision was made in agree-

ent with cardiologists and cardiac surgeons. The time to surgery

as the interval between the diagnosis of IE and the date of

urgery. 
.5. Statistical analysis 

The relationship between unfavourable outcome, defined as in-

ospital mortality, and potential predictors was investigated using

ultivariable logistic analysis. 

Results were expressed as the median (range) for continuous

ariables and N (%) for categorical variables. Variables showing as-

ociations at a significance level of α= 0 ·20 in a univariable anal-

sis were selected for inclusion in the multivariable model and a

tepwise selection was done. Statistical analysis was done with R

oftware (version 3.2.2). All tests were two-tailed and P- values less

han 0.05 (calculated by χ. test, Student’s t test, or Mann-Whitney

est) were considered significant. 

[ http://www.R-project.org ]). 

. Results 

.1. Patient characteristics 

A total of 414 patients were included in the study, 322 (78%)

f whom had definite IE according to the modified Duke crite-

ia ( Table 1 ). The patients were predominantly male (72.8%). The

edian age of patients in the cohort was 73.2 years (interquar-

ile range [IQR] 61.3-80.9). Native valves were affected in 70.6% of

ases. The aortic valve was the most commonly involved native

alve (60%) and also the most commonly affected in the prosthetic

alve group (75%). 

.2. Microbiological findings 

The causative microorganisms isolated from BC are described

n Table 2 . Streptococci isolates were identified in all cases and

http://www.R-project.org
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Table 2 

Streptococci species isolated in S treptococci -related-infectious endo- 

carditis. 

Streptococci species Number of strains (%) 

Viridans group streptococci (VGS) 217 (52.4) 

S. mitis/oralis group 87 (21) 

S. sanguinis 37 (8.9) 

S. gordonii 29 (7) 

S. salivarius 15 (3.6) 

S. mutans 13 (3.1) 

S. anginosus 9 (2.1) 

S. pneumoniae 7 (1.7) 

S. constellatus 6 (1.4) 

S. parasanguinis 4 (1) 

S. milleri 3 (0.7) 

S. canis 2 (0.5) 

Abiotrophia defectiva 2 (0.5) 

S. vestibularis 1 (0.3) 

S. sobrinus 1 (0.3) 

S. intermedius 1 (0.3) 

Streptococcus bovis-equinus group (SBG) 144 (34.5) 

S. gallolyticus 121 (29.2) 

S. bovis 11 (2.7) 

S. equinus 5 (1.2) 

S. lutetiensis 3 (0.7) 

S. infantarius 3 (0.7) 

Beta-hemolytic streptococci: 

S. agalactiae 29 (7) 

S. dysgalactiae 18 (4.3) 

S. pyogenes 6 (1.4) 
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viridans group Streptococci (VGS) were the most commonly identi-

fied (52.4%). Among them, Streptococcus mitis/oralis group was the

most frequently identified species (21%). Within the bovis-equinus

group Streptococci (BGS) (34.5%), Streptococcus gallolyticus was the

most common species (29.2%). 
Table 3 

Risk factors for in-hospital mortality. 

Alive N (%) Deceased N (%) Univ

Total 340 (100) 74 (100) 

Demographic data 

Males 249 (73.2) 53 (71.6) 0.77

Median age (y) [range] 72.2 [60.7 – 80.9] 74.9 [67 – 80.4] 0.82

Type of endocarditis 

NVE 246 (72.4) 47 (63.5) 0.15

PVE 84 (24.7) 23 (31.1) 0.3 

Device-related endocarditis 10 (2.9) 4 (5.4) 0.28

Comorbidities 

Diabetes 62 (18.2) 21 (28.4) 0.05

Renal insufficiency 85 (25) 26 (35.1) 0.08

Valve involved 

Aortic 185 (54.4) 37 (50) 0.52

Mitral 125 (36.7) 28 (37.8) 0.89

Tricuspid 13 (3.8) 3 (4) 1 

Pulmonary 1 (0.3) 0 (0) 1 

ICED 12 (3.5) 3 (4) 1 

Unknown 4 (1.2) 3 (4) 0.11

Complications 

Embolism 55 (16.2) 32 (43.2) < 0.0

MIC Amoxicillin 

≤0.125 mg/L 172 (50.6) 26 (35.1) 0.04

0.25 – 2 mg/L 119 (35) 42 (56.7) < 0.0

Presumed source of infection 

Oral 112 (32.9) 15 (20.2) 0.03

Non-oral gastrointestinal tract 74 (21.8) 18 (24.3) 0.64

Other 23 (6.8) 4 (5.4) 0.72

Unknown 131 (38.5) 37 (50) 0.08

Treatment 

Combined antibiotic therapy 240 (70.5) 42 (56.7) 0.02

Indication for surgery 161 (47.3) 35 (47.3) 1 

Surgery performed 135 (39.7) 20 (27) 0.04

CI: confidence interval, ICED: intra-cardiac electronic device, ICU: intensive care unit, MIC

PVE: prosthetic valve endocarditis 
Furthermore, the source of infection was identified in 62% of

ases. 

.3. Treatment and outcome 

Antibiotic therapy was reported for 407 (98.3%) patients, with

11 (26.8%) patients prescribed monotherapy. Combined antibiotic

herapy was administered for 294 (71.2%) patients, with an asso-

iation to gentamicin for 282 (68.1%) patients. However, the du-

ation of dual therapy was not available. The most commonly

rescribed antibiotic therapies were amoxicillin, third-generation

ephalosporins (Cefotaxim, ceftriaxone), vancomycin and cefa-

olin in 348 (84%), 50 (12.1%), 8 (1.9%) and 1 (0.2%) cases,

espectively. 

Surgery was indicated according to current guidelines [7] in 196

47%) patients and performed in 155 (37%) of these patients. Mor-

ality due to streptococcal IE during hospitalisation was 18%. Com-

aring the characteristics of the 74 (18%) patients who died with

he 340 (82%) who survived ( Table 3 ), the median age was simi-

ar (74.9 vs. 72.2 years) but there were differences in MIC results.

treptococci with MICs of amoxicillin of 0.125–2 mg/L were signifi-

antly more frequent in the deceased group of patients ( P = 0.04).

urthermore, patients with indication for surgery but who did not

ndergo surgery showed higher in-hospital mortality (20.3% vs.

.6%) ( P = 0.001). 

Characteristics of patients according to penicillin susceptibility

f Streptococci isolated in IE are presented as supplemental data

Supplemental Table 1). 

Valve status, systemic embolisation, delays for negative BC,

ource of infection, treatment duration and combined antibiotic

herapy were not associated with in-hospital mortality. 
ariate analysis P -value Multivariate analysis P -value OR (95%CI) 
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 0.001 0.23 [0.1 – 0.56] 

: minimal inhibitory concentration, NVE: native valve endocarditis, OR: odds ratio, 
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. Discussion 

Gram-positive cocci, mainly Streptococci and Staphylococci , re-

ain the major cause of IE. This study showed the long-standing

redominance of VGS has progressively faded in Streptococci -

elated IE, whereas the number of cases caused by BGS has in-

reased, accounting for 34.8% (144/414) of all cases of Streptococci -

elated IE. 

These study results show that in France, VGS is the prime cause

f Streptococci -related IE with a higher incidence than for BGS ac-

ording to the results of the ICE-PCS cohort [7] . This situation is

imilar in the majority of US and European hospitals. 

Data on the correlation between mortality in Streptococci -

elated IE and increased MICs to beta-lactams are limited and most

f them reported penicillin sensitivity. Thus, among patients with

acteraemia, patients with Streptococci -related IE with high MICs

or penicillin have been shown to have worse outcome compared

ith patients infected with penicillin-susceptible strains [8,9] . In

nother French study, higher MICs of penicillin G were not associ-

ted with higher mortality or increased need for surgery [10] . For

solates with MICs of penicillin ≥ 0.125 mg/L, there is a debate

egarding the benefit of combined antibiotic therapy with beta-

actams and aminoglycoside. Knoll et al . reported a retrospective

tudy of 29 patients with VGS-related IE due to either penicillin-

usceptible or -resistant strains. Twenty strains were resistant to

enicillin G with MICs of 1.0-4.0 mg/L and nine strains presented

ecreased susceptibility to penicillin G (MIC 0.5 mg/L). Ten patients

ad prosthetic valve endocarditis, nine of whom were treated with

 combination of beta-lactam and aminoglycoside, and all patients

urvived. These data do not prove that combination therapy with

n aminoglycoside has greater efficacy but they indicate that such

 combination is likely to be curative [11] . These studies anal-

se susceptibility to penicillin G even though amoxicillin is the

ost commonly prescribed drug in Europe for Streptococci -related

E. Our study is the first to show a significant relationship be-

ween mortality from Streptococci -related IE and increased MICs to

moxicillin. 

Penicillin-resistant strains of VGS are prevalent in countries

ith high incidence of penicillin-resistant Streptococcus pneumo-

iae , as reported in Taiwan [12] . Conversely, there were no differ-

nces in patient characteristics, local complications, systemic em-

olisation, surgery and in-hospital mortality between endocardi-

is caused by penicillin-susceptible S. pneumoniae and endocarditis

aused by penicillin-resistant S. pneumoniae [13] . 

Penicillin resistance is most often described in several species of

ral Streptococci but previous reports showed heterogeneity in an-

ibiotic susceptibilities among Streptococci species. Previous studies

ave shown a decreased susceptibility to penicillin in Streptococci ,

ith high levels of beta-lactam resistance particularly in oral-borne

treptococci [14] . This could be partly explained by Penicillin Bind-

ng Protein (PBP) genes mosaic structure as a result of interspecies

orizontal gene transfer events, particularly between commensal

GS and S. pneumoniae [15,16] . The most commonly prescribed an-

ibiotics in general practice favour this increased resistance [17] . 

. Conclusion 

In our multicentre study, VGS constitute the first cause

f Streptococci -related IE. High-level penicillin resistance in

treptococci- related IE has been increasingly described, particularly

or VGS. However, the results of this study showed that amoxi-

illin resistance was associated with higher mortality. Therapeutic

trategies are based on consensus conferences but only a few clin-

cal trials have focused on Streptococci aetiologies. Further studies

re needed to define the best treatment strategies for IE in the

ontext of these emerging resistant strains. 
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