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ABSTRACT This study aimed to identify which streptococcal species are closely associated
with infective endocarditis (IE) and to evaluate risk factors for mortality in patients with
streptococcal IE. We performed a retrospective cohort study of all patients with strepto-
coccal bloodstream infection (BSI) from January 2010 to June 2020 in a tertiary hospital in
South Korea. We compared clinical and microbiological characteristics of streptococcal BSIs
according to the diagnosis of IE. We performed multivariate analysis to evaluate the risk of
IE according to streptococcal species and risk factors for mortality in streptococcal IE.
A total of 2,737 patients were identified during the study period, and 174 (6.4%) were
diagnosed with IE. The highest IE prevalence was in patients with Streptococcus mutans
BSI (33% [9/27]) followed by S. sanguinis (31% [20/64]), S. gordonii (23% [5/22]), S. gallolyticus
(16% [12/77]), and S. oralis (12% [14/115]). In multivariate analysis, previous IE, high-grade
BSI, native valve disease, prosthetic valve, congenital heart disease, and community-onset
BSI were independent risk factors for IE. After adjusting for these factors, S. sanguinis
(adjusted OR [aOR], 7.75), S. mutans (aOR, 5.50), and S. gallolyticus (aOR, 2.57) were signifi-
cantly associated with higher risk of IE, whereas S. pneumoniae (aOR, 0.23) and S. constel-
latus (aOR, 0.37) were associated with lower risk of IE. Age, hospital-acquired BSI, ischemic
heart disease, and chronic kidney disease were independent risk factors for mortality
in streptococcal IE. Our study points to significant differences in the prevalence of IE in
streptococcal BSI according to species.

IMPORTANCE Our study of risk of infective endocarditis in patients with streptococcal
bloodstream infection demonstrated that Streptococcus sanguinis, S. mutans, and S. gal-
lolyticus were significantly associated with higher risk of infective endocarditis. However,
when we evaluated the performance of echocardiography in patients with streptococcal
bloodstream infection, patients with S. mutans and S. gordonii bloodstream infection had
a tendency of low performance in echocardiography. There are significant differences in
the prevalence of infective endocarditis in streptococcal bloodstream infection according
to species. Therefore, performing echocardiography in streptococcal bloodstream infection
with a high prevalence of, and significant association with, infective endocarditis is desirable.

KEYWORDS bacteremia, echocardiography, infective endocarditis, Streptococcus,
mortality

S treptococcus species is one of the most common causes of infective endocarditis
(IE) after Staphylococcus aureus (1, 2). Echocardiography has been the cornerstone of

diagnosis of IE (3), and Sunnerhagen et al. (4) have developed a tool for identifying which
patients with non-beta-hemolytic streptococcal bloodstream infections (BSIs) have a strong
likelihood of developing IE to guide clinicians when to perform echocardiography. However,
that study focused on non-beta-hemolytic streptococcal BSI and was based on the regional
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microbiology of Sweden. Deciding when to perform echocardiography to diagnose IE in
streptococcal BSI is still challenging for clinicians.

Previous studies have investigated the frequencies of different streptococcal groups
in streptococcal IE (5, 6). Although the introduction of matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF) has made rapid and detailed identi-
fication of streptococcal species possible, only one study by Chamat-Hedemand et al. (7)
has examined the prevalence of streptococcal IE according to streptococcal species.

In South Korea, Streptococcus species are the most common cause of IE followed by
Staphylococcus aureus (8), and intravenous drug use-related IE is very rare because there
are few intravenous drug users (8, 9).

Since the microbiologic etiologies of IE differ according to regions (1, 6, 7), we aimed
to identify the risk of IE in patients with streptococcal BSI according to streptococcal species
in an Asian country to assist with clinical decision-making in how far to pursue a diagnosis
of IE. Furthermore, we sought to determine risk factors for mortality in patients with strepto-
coccal IE.

RESULTS
Characteristics of patients with streptococcal BSI. A total of 2,985 patients with

streptococcal BSI were identified during the study period. Of these, 249 patients with
streptococcal bacteremia due to unidentified species were excluded from the analysis,
leaving 2,737 patients with streptococcal BSI included in the analysis. 10-year trends of
streptococcal BSI according to species are presented in Fig. S1 in the supplemental material.
The annual number of streptococcal BSI did not change significantly (P = 0.243 for trend). Of
the 2,737 patients, 1,177 (43%) underwent echocardiography within 1 month of streptococ-
cal BSI, and 174 (6.4%; 95% confidence interval [CI], 5.5 to 7.3) were diagnosed with IE. As
shown in Table S1, older patients (P = 0.008) and those with high-grade BSI (P , 0.001), a
history of IE (P, 0.001), and underlying heart disease were more likely to undergo echocar-
diography; those with community-onset BSI (P , 0.001) and polymicrobial BSI (P , 0.001)
were less likely to undergo echocardiography. In terms of streptococcal species, patients
with BSIs caused by S. mitis (P , 0.001), S. oralis (P , 0.001), S. gallolyticus (P = 0.011), and
S. sanguinis (P = 0.015) were significantly more likely than other patients to undergo echo-
cardiography, while those with BSIs with S. anginosus (P = 0.009), S. pneumoniae (P, 0.001),
and S. constellatus (P = 0.047) were significantly less likely.

Prevalence of IE in streptococcal BSI, and risk factors for streptococcal IE.
Comparisons of the clinical and microbiological characteristics of the patients with IE and
without IE are shown in Table 1. Patients with IE were more likely to have community-onset
BSI (P, 0.001), underlying heart disease (P, 0.001), high-grade BSI (P, 0.001), and history
of IE (P, 0.001). The highest IE prevalence was found in patients with Streptococcus mutans
BSI (33% [9/27]) followed by S. sanguinis (31% [20/64]), S. gordonii (23% [5/22]), S. gallolyticus
(16% [12/77]), and S. oralis (12% [14/115]) (Table 1 and Fig. 1). Mitis group streptococci were
the most frequent viridans group streptococci causing IE, followed by the anginosus group,
bovis group, and mutans group (Table 1). When beta-hemolytic streptococci were included,
pyogenic group streptococci were the third largest, following the mitis group and anginosus
group. Furthermore, when this analysis was restricted to those patients who underwent
echocardiography, the overall results remained unchanged (Table S2).

In a multivariate analysis, previous IE, high-grade BSI, native valve disease, prosthetic
valve, congenital heart disease, and community-onset BSI were independent risk factors
for IE in streptococcal BSI (Fig. 2A). After adjusting for these risk factors, S. sanguinis (adjusted
odds ratio [aOR], 7.75; 95% CI, 3.64 to 16.00; P, 0.001), S. mutans (aOR, 5.50; 95% CI, 1.83 to
15.70; P = 0.002), and S. gallolyticus (aOR, 2.57; 95% CI, 1.12 to 5.43; P = 0.019) remained
risk factors for IE, whereas S. pneumoniae (aOR, 0.23; 95% CI, 0.08 to 0.54; P = 0.002) and
S. constellatus (aOR, 0.37; 95% CI, 0.12 to 0.88; P = 0.042) were associated with lower risk of
IE (Fig. 2B).

Outcome and risk factors for mortality in streptococcal IE. One-year mortality
due to streptococcal IE was 23% (40/174). Comparisons of the clinical and microbiological
characteristics of deceased and surviving streptococcal IE patients are shown in Table 2.
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Patients who died were more likely than survivors to be older (P , 0.001), have hospital-
acquired BSI (P = 0.021), a prosthetic valve (P = 0.030), heart failure (P = 0.003), ischemic heart
disease (P = 0.011), diabetes mellitus (P = 0.006), a solid cancer (P, 0.001), and chronic kidney
disease (P = 0.001). They were less likely to have congenital heart disease (P = 0.041), undergo
valve surgery within 3 months of BSI (P, 0.001), or have a BSI with S. mitis (P = 0.032) or mitis
group bacteria (P = 0.026).

TABLE 1 Comparison of patients with streptococcal bloodstream infections according to
infective endocarditis (n = 2,737)a

Characteristic
Pt. with IE,
n = 174 (%)

Pt. without IE,
n = 2,563 (%) P value

Age (yr), median (IQR) 58 (44–69) 61 (49, 70) 0.200
Male 97 (55.7) 1,461 (57.0) 0.746
Community-onset BSI 162 (93.1) 2,063 (80.5) ,0.001

Underlying disease
Congenital heart disease 13 (7.5) 38 (1.5) ,0.001
Uncorrected 6 (3.4) 28 (1.1) 0.018
Corrected 7 (4.0) 10 (0.4) ,0.001

Native valve disease 41 (23.6) 98 (3.8) ,0.001
Prosthetic valve 39 (22.4) 30 (1.2) ,0.001
Cardiac device 4 (2.3) 14 (0.5) 0.024
Heart failure 19 (10.9) 98 (3.8) ,0.001
Ischemic heart disease 10 (5.7%) 89 (3.5) 0.119

High grade BSI 156 (89.7) 1,521 (59.3) ,0.001
Polymicrobial BSI 10 (5.7)b 595 (23.2) ,0.001
Previous history of IE 12 (6.9) 6 (0.2) ,0.001

Streptococcal group
Anginosus group 34 (19.5) 745 (29.1) 0.007
Mitis group 79 (45.4) 668 (26.1) ,0.001
Pyogenic group 30 (17.2) 555 (21.7) 0.169
Salivarius group 6 (3.4) 198 (7.7) 0.038
Bovis group 12 (6.9) 75 (2.9) 0.004
Mutans group 9 (5.2) 18 (0.7) ,0.001
Other streptococci 5 (2.9) 340 (13.3) ,0.001

Streptococcal species
S. anginosus 29 (16.7) 518 (20.2) 0.258
S. mitis 39 (22.4) 474 (18.5) 0.200
S. agalactiae 22 (12.6) 359 (14.0) 0.615
S. pneumoniae 5 (2.9) 340 (13.3) ,0.001
S. constellatus 5 (2.9) 196 (7.6) 0.019
S. dysgalactiae 5 (2.9) 140 (5.5) 0.140
S. salivarius 6 (3.4) 194 (7.6) 0.043
S. oralis 14 (8.0) 101 (3.9) 0.009
S. sanguinis 20 (11.5) 44 (1.7) ,0.001
S. parasanguinis 1 (0.6) 40 (1.6) 0.515
S. gallolyticus 12 (6.9) 65 (2.5) 0.003
S. pyogenes 3 (1.7) 57 (2.2) .0.99
S. intermedius 0 41 (1.6) 0.109
S. mutans 9 (5.2) 18 (0.7) ,0.001
S. gordonii 5 (2.9) 17 (0.7) 0.011
Other 0 15 (0.6) 0.619

Valve surgery within 3 mo of BSI 93 (53.4) 27 (1.1) ,0.001
Recurrence of BSI within 6 mo 3 (1.7) 24 (0.9) 0.244
30-day mortality 10 (5.7) 323 (12.6) 0.007
90-day mortality 15 (8.6) 520 (20.3) ,0.001
1-yr mortality 40 (23.0) 1,160 (45.3) ,0.001
aData are numbers of patients (with corresponding percentages shown in parentheses) unless otherwise
specified. BSI, bloodstream infection; IE, infective endocarditis; IQR, interquartile range; Pt., patients.

bOf the 10 patients with polymicrobial BSI, 4 had coagulase-negative Staphylococcus bacteremia, 3 Prevotella
spp, 1 Enterococcus faecalis, 1 Klebsiella pneumoniae, and 1 Acinetobacter baumannii bacteremia.
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Because of the strong correlation between heart failure and ischemic heart diseases,
we retained only ischemic heart disease in the multivariate analysis for mortality (Table 3). In
addition, diabetes mellitus was highly correlated with chronic kidney disease. Thus, age, hospi-
tal-acquired BSI, prosthetic valve, ischemic heart disease, solid cancer, chronic kidney disease,
valve surgery within 3 months of BSI, and nonmitis group were included in the Cox regression
analysis. This indicated that age (adjusted hazard ratio [aHR], 1.04; 95% CI, 1.02 to 1.06;
P = 0.001), hospital-acquired BSI (aHR, 4.45; 95% CI, 1.80 to 11.02; P = 0.001), ischemic heart
disease (aHR, 4.15; 95% CI, 1.57 to 10.93; P = 0.004), and chronic kidney disease (aHR, 2.83;
95% CI, 1.22 to 6.53; P = 0.020) were independent risk factors for mortality in patients with
streptococcal IE.

Mortality rates in patients with streptococcal IE were significantly lower than in those
with non-IE streptococcal BSI (Table 1 and Table S2). Patients with streptococcal IE were
significantly less likely to have underlying diseases including solid cancer, diabetes mellitus,
liver cirrhosis, chronic kidney disease, and hematologic malignancy than those with non-IE
streptococcal BSI (Table S2).

DISCUSSION

In the present study, infections with S. mutans had the highest prevalence of IE, followed
by S. sanguinis, S. gordonii, S. gallolyticus, and S. oralis. This means that the probability of IE is
high when these Streptococcus species are isolated in blood cultures, which is in agreement
with the results of Chamat-Hedemand et al. (7) who observed a high prevalence of IE in BSIs
with S. mutans, S. gordonii, S. sanguinis, S. gallolyticus, and S. oralis/mitis. Although they
reported that patients with S. parasanguinis BSIs also had a high prevalence of IE (10.3%),
the prevalence of S. parasanguinis in the present study was only 2.5%. In the present
study, S. mutans, S. sanguinis, and S. gallolyticus were independent risk factors for IE in

FIG 1 Prevalence of infective endocarditis in streptococcal bloodstream infections. BSI, bloodstream infections; IE, infective endocarditis; No, number. The figure
shows the prevalence of infective endocarditis in streptococcal bloodstream infections according to streptococcal species. The horizontal axis represents numbers
of bloodstream infections, and the vertical axis shows the prevalence of infective endocarditis. The size of each circle is proportional to the number of infective
endocarditis cases caused by each streptococcal species, and the numbers inside each circle represents the actual number of infective endocarditis cases for that
species. The color scale from blue to red corresponds to increasing prevalence of infective endocarditis.
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streptococcal BSI. However, when we compared patients with streptococcus BSI according to
the use of echocardiography, patients with S. mutans or S. gordonii BSI were not more likely
to undergo echocardiography than other patients. Based on these results, it seems desirable
to perform routine echocardiography in streptococcal BSI caused by species with a high
prevalence of, and significant association with, IE (e.g., S. mutans, S. sanguinis, S. gordonii, S.
gallolyticus, and S. oralis).

In the present study, mitis group streptococci were the most frequent viridans patho-
gens in streptococcal IE, followed by the anginosus group, bovis group, and mutans
group. This is partially consistent with previous studies that reported that the mitis group
was the most frequent viridans group streptococci causing IE (5, 6). However, the angino-
sus group was previously reported to be less common among IE cases (9.0%). Whereas
the mitis group was the most frequent streptococcal group causing IE in our study as
well as in other studies (6, 17–19), the relatively large contribution of members of the
anginosus group to streptococcal IE (20%) in our study is notable. Patients with strepto-
coccus in the anginosus group were less likely to undergo echocardiography. Although
the prevalence of IE among infections with streptococci in the anginosus group was low
in our study, the absolute number of anginosus group patients with IE was the second
largest due to the large proportion of the streptococcal BSI cases due to members of the
anginosus group. Furthermore, the absolute number of pyogenic group patients with IE
was the third largest. This was mainly attributed to S. agalactiae IE accounting for the
third largest IE cases following S. mitis and S. anginosus. In a recent U.S. study of 296
patients with streptococcal IE, the pyogenic group accounted for 17% of streptococcal
IE, and S. agalactiae was the most common pathogen (78%) in this pyogenic group (5).
Therefore, it would be reasonable for clinicians to consider performing echocardiography
in patients with infections caused not only by members of the mitis group, which led to
a high prevalence and proportion of streptococcal IE, but also by those of the anginosus

FIG 2 Risk of infective endocarditis in streptococcal bloodstream infections according to streptococcal species. BSI, bloodstream infections; CI, confidence
interval; IE, infective endocarditis; OR, odds ratio. *, P value ,0.05; **, P value ,0.01; ***, P value ,0.001. (A) Multivariate logistic regression analysis of the
risk of infective endocarditis in streptococcal bloodstream infections. (B) The risk of infective endocarditis for different streptococcal species adjusted for
the factors in panel A and for streptococcal species with significant univariate variables in Table 2. The results are given as adjusted odds ratio (95%
confidence interval; P value).
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and pyogenic group, especially for patients with clinical risk factors for IE, such as com-
munity-onset, high-grade BSI, and underlying valve disease.

Although community-onset streptococcal BSI was independently associated with IE in
the present study, such patients were significantly less likely to undergo echocardiography.
An association of community acquisition with IE is not part of the Duke criteria (3). However,
in a prospective cohort study, Murdoch et al. (1) reported that over 70% of cases of IE were
community-acquired infections, and Sunnerhagen et al. (4) used community acquisition as

TABLE 2 Characteristics of patients with infective endocarditis according to mortality
(n = 174)a

Characteristic
Dead within 1 yr,
n = 40 (%)

Survived,
n = 134 (%) P value

Age (yr), median (IQR) 70 (62–81) 55 (41–64) ,0.001
Male 17 (42.5) 80 (59.7) 0.055
Community-onset BSI 34 (85.0) 128 (95.5) 0.021

Underlying disease
Congenital heart disease 0 13 (9.7) 0.041
Uncorrected 0 6 (4.5) 0.339
Corrected 0 7 (5.2) 0.354

Native valve disease 13 (32.5) 28 (20.9) 0.129
Prosthetic valve 14 (35.0) 25 (18.7) 0.030
Cardiac device 2 (5.0) 2 (1.5) 0.227
Heart failure 10 (25.0) 9 (6.7) 0.003
Ischemic heart disease 6 (15.0) 4 (3.0) 0.011
Diabetes mellitus 12 (30.0) 16 (11.9) 0.006
Solid cancer 12 (30.0) 9 (6.7) ,0.001
Liver cirrhosis 6 (15.0) 9 (6.7) 0.110
Chronic kidney disease 8 (20.0) 4 (3.0) 0.001
ESRD on renal replacement therapy 2 (5.0) 2 (1.5) 0.227
Chronic obstructive disease 2 (5.0) 2 (1.5) 0.227
Hematologic malignancy 2 (5.0) 0 0.052

Polymicrobial BSI 5 (12.5) 5 (3.7) 0.051
Previous history of IE 4 (10.0) 8 (6.0) 0.475

Streptococcal group
Mitis group 12 (30.0) 67 (50.0) 0.026
Anginosus group 11 (27.5) 23 (17.2) 0.148
Pyogenic group 8 (20.0) 22 (16.4) 0.599
Bovis group 5 (12.5) 7 (5.2) 0.111
Salivarius group 2 (5.0) 4 (3.0) 0.622
Mutans group 1 (2.5) 8 (6.0) 0.686
Other streptococci 1 (2.5) 4 (3.0) .0.99

Streptococcal species
S. mitis 4 (10.0) 35 (26.1) 0.032
S. anginosus 9 (22.5) 20 (14.9) 0.259
S. agalactiae 6 (15.0) 16 (11.9) 0.609
S. sanguinis 2 (5.0) 18 (13.4) 0.169
S. oralis 4 (10.0) 10 (7.5) 0.740
S. gallolyticus 5 (12.5) 7 (5.2) 0.111
S. mutans 1 (2.5) 8 (6.0) 0.686
S. salivarius 2 (5.0) 4 (3.0) 0.622
S. constellatus 2 (5.0) 3 (2.2) 0.324
S. gordonii 2 (5.0) 3 (2.2) 0.324
S. pneumoniae 1 (2.5) 4 (3.0) .0.99
S. dysgalaciate 1 (2.5) 4 (3.0) .0.99
S. pyogenes 1 (2.5) 2 (1.5) 0.546

Valve surgery within 3 mo of BSI 11 (27.5) 82 (61.2) ,0.001
Recurrence of BSI within 6 mo 2 (5.0) 1 (0.7) 0.133
aData are numbers of patients (with corresponding percentages shown in parentheses) unless otherwise specified.
BSI, bloodstream infection; ESRD, end-stage renal disease; IE, infective endocarditis; IQR, interquartile range.
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one of the characteristics predictive of IE in non-beta-hemolytic streptococcal BSI. Our find-
ings suggest that clinicians should be prepared to employ echocardiography in patients
with community-acquired streptococcal BSI, especially when the patients have risk factors
or other clinical characteristics favoring IE.

In multivariate analysis, age, hospital-acquired BSI, ischemic heart disease, and chronic
kidney disease were independent risk factors for mortality in streptococcal IE. Although the
clinical spectrum of IE has been evaluated in previous studies (20–22), the risk factors for
mortality in streptococcal BSI have not been widely recognized. Suh et al. (23) reported that
previous steroid use and immunosuppressant use were associated with increased mortality
in viridans streptococcal IE. In a recent unpublished study, Chamat-Hedemand et al. (24)
reported that renal disease at the time of IE diagnosis was significantly associated with 1-
year mortality in streptococcal IE, which is in line with our findings. However, although they
reported that bovis group infection was associated with lower mortality, we could not iden-
tify the association between particular streptococcal species and mortality due to the limited
sample size. Recent valve surgery was associated with a higher chance of survival in univari-
ate analysis, although it did not remain in multivariate analysis in our study. Previous studies
reported the protective effect of surgery in patients with IE (1, 8, 25). However, these studies
were not restricted to streptococcal IE and included patients with IE caused by S. aureus,
enterococci, and others. Therefore, further large-scale studies investigating the role of sur-
gery in streptococcal IE are needed.

It is noteworthy that mortality rates in patients with streptococcal IE were significantly
lower than in those with non-IE streptococcal BSI. This may be because patients with strep-
tococcal IE had significantly fewer comorbidities affecting mortality than those with non-IE
streptococcal BSI.

Our study has several limitations. First, as it was a retrospective study, a diagnosis of
IE might have been missed in patients who did not undergo echocardiography, and this
might have affected the prevalence of IE according to species. However, since we reviewed
the medical charts of every patient with streptococcal BSI, the possibility of false-negative
diagnoses of IE is low. Second, we excluded patients with streptococcal BSI due to species
that were not identified, which might have affected the prevalence of IE according to spe-
cies, but since MALDI-TOF was introduced in our center in 2015, the proportion of patients
with streptococcal BSI with unidentified species has been significantly reduced, and our
results on the prevalence of IE are in line with those of a previous study (7). Furthermore,
although the prevalence of IE was similar to that in the previous one (7), the results obtained
by us reflect the etiologies of streptococcal BSI in Asia. Third, attributable mortality was not
ascertained in our study, and the roles of surgical therapy and appropriate antimicrobial
therapy have not been explored. Also, differences among Streptococcus species in antimicro-
bial susceptibility were not evaluated.

In conclusion, our findings suggest that there are significant differences in the prevalence
of IE in streptococcal BSI according to species. Routine echocardiography in streptococcal
BSI caused by S. mutans, S. sanguinis, S. gordonii, S. gallolyticus, and S. oralis could be beneficial
due to the high prevalence of IE in these infections and their association with IE. Furthermore,

TABLE 3 Risk factors for mortality in patients with streptococcal infective endocarditisa

Risk factor

Univariate analysis Multivariable analysis

HR (95% CI) P value Adjusted HR (95% CI) P value
Age 1.06 (1.04–1.08) ,0.001 1.04 (1.02–1.06) 0.001
Hospital-acquired BSI 3.16 (1.32–7.53) 0.010 4.45 (1.80–11.02) 0.001
Prosthetic valve 2.11 (1.10–4.04) 0.024
Ischemic heart disease 3.84 (1.61–9.18) 0.002 4.15 (1.57–10.93) 0.004
Solid cancer 3.67 (1.86–7.24) ,0.001 1.84 (0.81–4.16) 0.140
Chronic kidney disease 4.91 (2.24–10.80) ,0.001 2.83 (1.22–6.53) 0.020
Valve surgery within 3 mo of BSI 0.29 (0.14–0.58) ,0.001 0.57 (0.26–1.24) 0.160
Nonmitis group 2.10 (1.07–4.12) 0.032
aBSI, bloodstream infection; CI, confidence interval; HR, hazard ratio.
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echocardiography might be considered in patients with streptococcal BSI caused by the mitis,
anginosus and pyogenic groups who have clinical risk factors for IE.

MATERIALS ANDMETHODS
Study population and design.We retrospectively collected the data of all the patients with strepto-

coccal BSI at Asan Medical Center, a 2,700-bed tertiary referral hospital in Seoul, South Korea, from January
2010 to June 2020. In patients suspected of having BSI, it was recommended to collect at least three sets
of blood cultures from different venipuncture sites before administration of antibiotics. In patients where
IE was suspected based on the modified Duke criteria, echocardiography, primary transthoracic, was per-
formed. For patients with a history of valvular heart diseases or those exhibiting negative findings on trans-
thoracic echocardiography, transesophageal echocardiography was employed. Patients with suspected IE
were managed by a multidisciplinary team including cardiologists, cardiovascular surgeons, and infectious
diseases specialists. Antibiotics and surgical intervention were decided according to the American Heart
Association and the European Society of Cardiology guidelines (10, 11).

Only the first episode of BSI caused by streptococcal species was included in the analysis. Patients
were excluded if the causative streptococci were not identified to the species level. Clinical data were
collected from electronic medical records and included the following: demographics, echocardiographic
results within 1 month of BSI, preexisting medical conditions, microbiological data, valve surgery within
3 months of BSI, and outcomes. We compared the clinical and microbiological characteristics of patients
who underwent echocardiography within 1 month of streptococcal BSI and those who did not, followed
by the clinical and microbiological characteristics of patients according to diagnosis of IE.

Patient consent. This observational study was approved by the Institutional Review Board of Asan
Medical Center (IRB no. 2022-1244). Informed consent was waived by the ethics committee of Asan
Medical Center because no intervention was involved, and no patient-identifying information was
included. To protect personal privacy, identifying information in the electronic database was encrypted.

Study definitions and outcome. Streptococcal BSI was defined as isolation of Streptococcus from
one or more blood cultures. Community-onset BSI was classified as blood culture obtained within 48 h of
hospitalization (12). High-grade BSI was defined as positive results obtained in more than half of the blood
culture bottles, with at least two bottles giving positive results (13). Polymicrobial BSI was defined as isolation
of organisms other than Streptococcus during the streptococcal BSI. Patients with infective endocarditis (IE)
were diagnosed based on clinical data and echocardiographic results according to the modified Duke crite-
ria, and cases with Duke-possible IE who had no evidence of vegetation on echocardiography were not clas-
sified as IE (14). Native valve diseases included aortic stenosis, aortic insufficiency, mitral stenosis, and mitral
insufficiency (7). Patients suffering from both congenital heart disease and native valve disease were classi-
fied as congenital heart disease and were excluded from native valve disease. Patients with both congenital
heart disease and prosthetic valve were classified as congenital heart disease and excluded from prosthetic
valve. Patients with chronic kidney disease included those with end-stage renal disease on renal replacement
therapy. The primary outcome was 1-year crude mortality.

Microbiological data. All blood culture samples were processed by the hospital microbiology labo-
ratory using a standard blood culture system (Bactec 9240 or Bactec FX; Becton, Dickinson, NJ, USA). Species
and antimicrobial susceptibilities were determined with a Vitek (bioMérieux, France) or Microscan (Beckman
Coulter, CA, USA) in accordance with the standard criteria of the Clinical and Laboratory Standards Institute (15).
MALDI-TOF (MS, Bruker, Bremen, Germany) was implemented for species identification from 2015 in our center.
Streptococcal species were divided into five groups based on their phylogenetic relationships (16). The angino-
sus group included S. anginosus, S. constellatus, and S. intermedius; the mitis group included S. mitis, S. sanguinis,
S. oralis, S. parasanguinis, S. gordonii, and S. cristatus; the pyogenic group included S. agalactiae, S. dysgalactiae,
and S. pyogenes; the salivarius group included S. salivarius, and S. vestibularis; the bovis group included S. alacto-
lyticus, S. equinus, S. gallolyticus, and S. lutentiensis; and the mutans group included only S. mutans.

Statistical analysis. Trends in frequency of streptococcal BSI according to streptococcal species were
evaluated with the Mann-Kendall trend test. Prevalences of IE at the streptococcal species level were calculated
as number of IE cases due to each species divided by total number of BSI caused by that streptococcal species
during the study period (7). Student's t test or the Mann-Whitney U test was used to compare continuous varia-
bles, and the Pearson chi-squared test or Fisher’s exact test was used to compare the respective categorical
ones, as appropriate. We performed multivariate analysis to identify risk factors for IE in patients with strepto-
coccal BSI using logistic regression. To evaluate the risk factors for mortality in streptococcal IE, we performed a
Cox regression analysis. A two-tailed P value of,0.05 was considered statistically significant. All statistical anal-
yses were performed with R software, version 3.3.3 (R Development Core Team, Vienna, Austria).
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