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Abstract

Background
Viridans group streptococci can cause invasive disease. However, predictors of complicated infection in
adult viridans group streptococcal bacteremia, including the role of oral sources, remain unclear.

Methods
This single-center retrospective cohort study was conducted at Saga University Hospital, Japan, among
adults (≥ 18 years) with viridans group streptococci isolated from blood cultures between September
2014 and June 2025. Patients with polymicrobial bacteremia, cardiopulmonary arrest on arrival,
contamination, or interhospital transfer were excluded. Complicated bacteremia was defined as infective
endocarditis or metastatic pyogenic infection with isolation of viridans group streptococci from a sterile
site other than blood. Multivariable logistic regression was used to identify independent risk factors.

Results
Among 164 patients, 54 (33%) developed complicated infection, most commonly infective endocarditis
(41%), intra-abdominal abscess/peritonitis (22%), and deep neck infection (15%). Median age was
similar between complicated and uncomplicated cases (68 vs. 70 years, p = 0.81). White blood cell
counts (p < 0.0001) and C-reactive protein levels (p = 0.0005) were higher in complicated cases. In-
hospital mortality rate was 0% in complicated cases and 5% in uncomplicated cases (p = 0.18). In
multivariable analysis, independent predictors for complicated infection were community acquisition
(adjusted odds ratio [aOR], 4.89; 95% confidence interval [CI], 2.31–10.8), odontogenic source (aOR, 3.07;
95%CI, 1.44–6.70), and Streptococcus anginosus group bacteremia (aOR, 2.87; 95%CI, 1.33–6.47).

Conclusions
One-third of adults with viridans group streptococcal bacteremia developed complicated infection.
Community acquisition, odontogenic origin, and S. anginosus group etiology may help prioritize early
imaging, dental evaluation, and timely source control.

Background
Viridans group streptococci are part of the normal flora of the oropharyngeal, urogenital, and
gastrointestinal microbiota and are often referred to as oral streptococci[1]. Although generally
considered commensal organisms, they comprise a heterogeneous group capable of causing invasive
infections, including abscesses, bacteremia with neutropenic fever, and infective endocarditis[2, 3, 4, 5,
6]. In clinical practice, viridans group streptococci are recognized as important causative pathogens and
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are included among the major criteria in the modified Duke criteria for the diagnosis of infective
endocarditis[7]. In a Danish nationwide study, 7.3% of Streptococcus spp. bloodstream infections were
accompanied by infective endocarditis [8].

In Staphylococcus aureus bacteremia, risk factors for invasive or complicated infection are well
established, including persistent bacteremia, community acquisition, and presence of cardiac
implantable devices[9], whereas comparatively little is known about predictors of complicated infection
in viridans group streptococcal bacteremia. Previous studies have suggested species- and subspecies-
level differences in clinical manifestations among viridans group streptococci. For example, the
Streptococcus mutans group and S. sanguinis group are frequently detected in patients with infective
endocarditis[10], whereas the S. mitis group is commonly observed in patients with febrile neutropenia[2,
3]. However, findings have varied across studies, and underlying clinical implications remain poorly
understood. In addition, limited evidence is available regarding the causal link between oral health status
as a potential portal of entry and development of severe invasive infections caused by viridans group
streptococci.

In the era of rapid and accurate microbial identification enabled by matrix-assisted laser desorption
ionization–time of flight mass spectrometry (MALDI-TOF MS), we aimed to identify clinical and
microbiological factors associated with complicated invasive infections in viridans group streptococcal
bacteremia requiring antimicrobial therapy or invasive source control.

Methods

Study design and setting
This retrospective cohort study was conducted at Saga University Hospital (SUH) in Saga, Japan, a
tertiary care teaching hospital with 602 inpatient beds. The annual number of blood culture specimens
processed at SUH ranged from 11,643 to 13,970, recently. At SUH, infectious disease (ID) physicians
routinely provide consultations for all patients with positive blood cultures, offering standardized
assessment of infection source, antimicrobial management, and coordination of timely surgical or
interventional source control when indicated. The clinical data used in this study were obtained from a
laboratory database and by reviewing medical charts at SUH. This study was conducted according to the
recommendations of the STROBE statement for observational studies.

Study population
Potentially eligible participants were patients aged ≥ 18 years who had viridans group streptococci
isolated from at least one blood culture specimen obtained either in the outpatient setting or during
hospitalization between September 2014 and June 2025. Exclusions included bacteremic episodes in
which organisms other than viridans group streptococci were isolated in the same episode, patients who
presented with cardiopulmonary arrest on arrival, cases deemed to be contamination by ID physicians,
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and patients who were transferred to another hospital before diagnostic evaluation or outcome
ascertainment. Multiple positive culture sets from a single admission were counted as one episode, and
repeat positive cultures during the same admission period were considered part of the index episode.

Bacterial identification and taxonomy
Blood culture bottles were incubated in a BACTEC FX system (Becton, Dickinson, and Co. Japan, Tokyo,
Japan) for up to 7 days. Bacterial isolates recovered from blood cultures were identified by matrix-
assisted laser desorption/ionizationtime-of-flight mass spectrometry (MALDI–TOF MS) using a MALDI
Biotyper (Bruker Daltonics, Kanagawa, Japan). Viridans group streptococci were categorized into
Streptococcus mitis, S. sanguinis, S. anginosus, S. salivarius, and S. mutans groups based on previous
reports[11, 12].

Measurements and definitions
Extracted data included patient characteristics including age, sex, body mass index, comorbidities
required to calculate the Charlson Comorbidity index[13], clinical presentation including acquisition
setting, vital signs, presence of febrile neutropenia, adjudicated source of infection classified as
odontogenic or non-odontogenic with other infectious foci described, intensive care unit admission, and
in-hospital death. Laboratory values were collected at presentation, including leukocyte count and C-
reactive protein levels measured closest to the time of the index positive blood culture. Findings related
to infectious foci were reviewed, including ultrasonography, transthoracic and transesophageal
echocardiography, computed tomography, magnetic resonance imaging, and operative or interventional
radiology reports, when available.

Viridans group streptococcal bacteremia was defined as at least one positive blood culture for viridans
group streptococci in the context of a compatible clinical syndrome for which clinicians provided
antimicrobial therapy. Community-acquired infection was defined as a strain identified at the outpatient
clinic or within 48 hours of admission. Febrile neutropenia was defined, in accordance with the Japanese
Society of Medical Oncology clinical practice guidelines, as fever of at least 38.0°C once or at least
37.5°C sustained with an absolute neutrophil count less than 500 cells/µL or an anticipated decline to
this level within 48 hours; this temperature threshold is lower than that of the Infectious Diseases
Society of America definition (single oral temperature ≥ 38.3°C or ≥ 38.0°C sustained for ≥ 1 hour). An
odontogenic source required a primary oral or dental focus determined by the attending physicians
and/or ID physicians, with dental consultation when obtained. This included clinical evidence of dental
infection such as dental abscess, periodontal infection, or periapical disease, with or without supportive
imaging and no alternative source judged more likely. Complicated viridans group streptococcal
bacteremia was defined as pyogenic infection in which viridans group streptococcal species was
isolated from a sterile site (except for blood), such as deep-seated tissue; abscess; and cerebrospinal,
intraocular, pleural, pericardial, or joint fluids, and infective endocarditis. Although echocardiography was
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not performed in all patients, clearance of bacteremia was confirmed on follow-up blood cultures, and
episodes without persistent bacteremia were classified as uncomplicated bacteremia.

Statistical analysis
Patients and microbiological characteristics were compared between complicated bacteremia and
uncomplicated bacteremia using chi-square (χ2) or Fisher’s exact tests for nominal variables and Mann–
Whitney U tests for continuous variables. To identify factors independently associated with complicated
bacteremia, a multivariable logistic regression model was constructed with covariates selected for
clinical plausibility and relevance. The model was adjusted for age ≥ 65 years and sex to account for
potential bias in the analysis of complicated bacteremia. It was also adjusted for community acquisition,
odontogenic infection, and S. anginosus group, as these have been reported as risk factors for
complicated bacteremia and severe infections in previous reports[14, 15, 16]. A two-tailed p value < 0.05
was considered statistically significant, and the odds ratio (OR) and 95% confidence interval (95% CI)
were calculated. All analyses were performed using JMP, version 18 (SAS Institute Japan Ltd., Tokyo,
Japan).

Results

Baseline characteristics of patients and microorganisms
Of 249 potentially eligible patients hospitalized between September 2014 and June 2025, 85 were
excluded, leaving 164 for analysis (Fig. 1). Among them, 54 patients (33%) met criteria for complicated
bacteremia, while 110 patients (67%) were classified as having uncomplicated bacteremia. Patients with
complicated bacteremia had a median age of 68 years (interquartile range [IQR], 57–78), compared with
70 years (IQR, 60–76) in uncomplicated cases (p = 0.81, Table 1). Charlson comorbidity index was lower
in complicated cases than in uncomplicated cases (median 0.5 [IQR 0–2] vs. 2 [IQR 1–3], p < 0.0001).
Hematological malignancy (0% vs. 28%, p < 0.0001) and febrile neutropenia (0% vs. 31%, p < 0.0001)
were less frequently observed in complicated cases. Diabetes mellitus was noted in 15% of complicated
cases and 27% of uncomplicated cases (p = 0.076). Inflammatory biomarkers were higher in
complicated cases: total leukocytes (median 10.7×103/µL vs. 6.7×103/µL, p < 0.0001) and C-reactive
protein (98 mg/L vs. 43 mg/L, p = 0.0005). Community acquisition (59% vs. 25%, p < 0.0001) and
odontogenic infection (54% vs. 29%, p = 0.0022) were significantly associated with complicated
bacteremia. In-hospital mortality rate was 0% in complicated cases and 5% in uncomplicated cases (p = 
0.18). Among the 54 patients with complicated bacteremia, the most frequent infectious foci were
infective endocarditis (41%), followed by abdominal abscess or peritonitis (22%) and deep neck space
infection (15%, Table 2). In the overall cohort (n = 164), the most common causative microorganism was
S. anginosus group (n = 73, 45%), followed by S. mitis group (n = 55, 34%) and S. sanguinis group (n = 23,
14%). Species distribution differed between complicated and uncomplicated bacteremia (Table 1). S.
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anginosus group was more frequently isolated in complicated bacteremia (56% vs. 39%, p = 0.046),
whereas S. mitis group was less frequent in complicated bacteremia (22% vs. 39%, p = 0.032).
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Table 1
Patient and microbiological characteristics of complicated bacteremia and uncomplicated bacteremia

caused by viridans streptococci (n = 164)
Age (years), median (IQR) Complicated

bacteremia (n = 54)
Uncomplicated bacteremia
(n = 110)

p value

68 (57–78) 70 (60–76) 0.81

Male gender, n (%) 40 (74) 68 (62) 0.12

Body mass index (kg/m2),
median (IQR)

22 (19–24) 21 (19–23) 0.75

Charlson comorbidity index,
median (IQR)

0.5 (0–2) 2 (1–3) < 
0.0001

Comorbidity, n (%)      

Chronic hepatitis 7 (13) 23 (14) 0.22

Chronic kidney disease 6 (11) 16 (15) 0.54

Solid tumor 10 (19) 32 (29) 0.15

Hematological malignancy 0 (0) 31 (28) < 
0.0001

Diabetes mellitus 8 (15) 30 (27) 0.076

HIV infection 0 (0) 0 (0)  

quick SOFA score, median
(range)

0 (0–2) 0 (0–3) 0.21

Total leukocytes (×103/µL),
median (IQR)

10.7 (9.0–15.4) 6.7 (0.7–10.6) < 
0.0001

C-reactive protein (mg/L),
median (IQR)

98 (50–169) 43 (14–128) 0.0005

Isolate group, n (%)      

S. mutans 0 (0) 1 (1) 0.48

S. salivarius 4 (7) 15 (14) 0.31

S. anginosus 30 (56) 43 (39) 0.046

S. sanguinis 9 (17) 14 (13) 0.49

S. mitis 12 (22) 43 (39) 0.032

HIV, human immunodeficiency virus; IQR, interquartile range; qSOFA, quick Sequential Organ Failure
Assessment
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Age (years), median (IQR) Complicated
bacteremia (n = 54)

Uncomplicated bacteremia
(n = 110)

p value

68 (57–78) 70 (60–76) 0.81

Community acquired
infections, n (%)

32 (59) 27 (25) < 
0.0001

Odontogenic infection, n (%) 29 (54) 32 (29) 0.0022

Febrile neutropenia condition,
n (%)

0 (0) 34 (31) < 
0.0001

Intensive care unit admission,
n (%)

6 (11) 18 (16) 0.37

In-hospital mortality, n (%) 0 (0) 6 (5) 0.18

HIV, human immunodeficiency virus; IQR, interquartile range; qSOFA, quick Sequential Organ Failure
Assessment

Table 2
Site of infections in patients with
complicated bacteremia (n = 54)

Site of infection n (%)

Infective endocarditis 22 (41)

Abdominal abscess/peritonitis 12 (22)

Deep neck space infection 8 (15)

Bone and joint infection 5 (9)

Empyema/lung abscess 4 (7)

Vascular graft infection 1 (2)

Meningitis 1 (2)

Perianal abscess 1 (2)

Risk factors for complicated bacteremia
Unadjusted logistic regression analysis showed that S. anginosus group bacteremia, community
acquired infection, and odontogenic infection, were significantly associated complicated bacteremia
(Table 3). After adjustment for age, sex, S. anginosus group infection, community acquisition, and
odontogenic source (see Methods), multivariable logistic regression identified three independent risk
factors for complicated bacteremia: community acquired infection (adjusted odds ratio [aOR,] 4.89;
95%CI, 2.31–10.8; p < 0.0001]; odontogenic source (aOR, 3.07; 95%CI, 1.44–6.70; p = 0.0035); and S.
anginosus group bacteremia (aOR, 2.87; 95%CI, 1.33–6.47; p = 0.0068).
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Table 3
Logistic regression analysis of variables in the prediction of complicated bacteremia

Variables OR (95% CI) Adjusted OR (95%CI) p value

Aged ≥ 65 years 0.93 (0.48–1.83) 0.73 (0.33–1.61) 0.44

Male gender 1.76 (0.87–3.71) 1.01 (0.44–2.33) 0.98

Diabetes mellitus 0.46 (0.19–1.05)    

S. anginosus group bacteremia 1.95 (1.01–3.79) 2.87 (1.33–6.47) 0.0068

Community acquired infections 4.47 (2.25–9.09) 4.89 (2.31–10.8) < 0.0001

Odontogenic infection 2.83 (1.45–5.60) 3.07 (1.44–6.70) 0.0035

OR, odds ratio; CI, confidence interval

Discussion
In this cohort of adults with viridans group streptococcal bacteremia, approximately one-third of patients
developed complicated infection. Community acquisition, odontogenic source, and S. anginosus group
bacteremia were each independently associated with complicated infection. Notably, the presence of
these features in patients with viridans group streptococcal bacteremia may serve as practical clinical
cues to prompt evaluation for infective endocarditis and invasive infection.

The present study yielded three key findings. First, S. anginosus group bacteremia may be a potential risk
factor for complicated infection among patients with viridans group streptococcal bacteremia. Although
viridans group streptococci are generally regarded as organisms with relatively low virulence, 33% of
patients in our cohort developed complicated infection, most commonly infective endocarditis and intra-
abdominal infections. This prevalence is consistent with a previous report in which infective endocarditis
was observed in 24.6% of patients with viridans group streptococcal bacteremia[4]. Among viridans
group streptococci, S. anginosus group—particularly S. intermedius and S. constellatus—has been
reported to have a tendency toward abscess formation.[5, 6]. Beyond these observations, our study
provides more robust evidence by showing, through multivariable analysis, that bacteremia caused by S.
anginosus group was independently associated with complicated infection. In contrast, several studies
have shown that S. mutans group and S. sanguinis group are more prevalent than S. anginosus group in
patients with infective endocarditis[10]. This discrepancy may reflect differences in outcome definitions,
as our study included pyogenic infections and other metastatic infections in addition to infective
endocarditis. Metastatic pyogenic infections, as well as infective endocarditis, are clinically important
because they require surgical drainage and prolonged antimicrobial therapy. Given the well-recognized
propensity of S. anginosus group for abscess formation[5, 6], our findings may offer practical insights for
clinical decision-making.
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Second, odontogenic source was independently associated with complicated infection, emphasizing the
potential role of early dental assessment and preventive interventions. Poor oral hygiene can generally
lead to invasive infections, including infective endocarditis, brain abscess, lung abscess, osteomyelitis,
and prosthetic joint infection[16]. Previous studies shown that approximately 8% of infective
endocarditis cases were associated with periodontal or dental diseases in the absence of a dental
procedure[17]. Therefore, accumulating evidence suggests that bacteremia from odontogenic infections
correlates with the severity of oral inflammation, underscoring the importance of good oral health in the
prevention of infective endocarditis[18]. However, among patients with viridans group streptococcal
bacteremia, several studies have failed to show a significant association between odontogenic
infections and infective endocarditis or pyogenic infections[19]. In addition, odontogenic infection is not
included in the HANDOC score for predicting infective endocarditis in patients with non-β-hemolytic
streptococcal bacteremia[14]. Taken together, our findings highlight the need for further studies to clarify
the potential causal relationship between odontogenic infections and metastatic pyogenic infections in
patients with viridans group streptococcal bacteremia.

Third, community-acquired infection was associated with an increased risk of complicated infection. In
Staphylococcus aureus bacteremia, community acquisition has consistently been linked to a higher risk
of complicated bacteremia[9, 20], possibly reflecting prolonged bacteremia prior to treatment initiation
and a greater propensity for metastatic infection. Similarly, community acquisition has been reported as
a risk factor for infective endocarditis in viridans group streptococcal bacteremia, consistent with our
findings[14]. Conversely, in hospital-acquired cases, early detection and prompt initiation of treatment
may help prevent the development of complicated infections. In our cohort, hematological malignancy
and febrile neutropenia were more frequently observed in patients with uncomplicated bacteremia, most
of whom had hospital acquisition, which may partly explain our findings. Interestingly, consistent with
our findings, a previous study showed that the presence of malignancy, particularly hematological
malignancy, is independently associated with a reduced risk of infective endocarditis in patients with
viridans group streptococcal bacteremia[4]. Thus, our observations may provide additional insight into
the clinical impact of community acquisition and underlying hematological malignancy in this
population.

The present study has several limitations. First, because this was a single-center study conducted at a
tertiary care hospital, referral bias and limited generalizability should be considered. However, it is
noteworthy that the exclusion of polymicrobial infections enabled a clearer evaluation of species- and
subspecies-level diversity. Second, transthoracic echocardiography was not systematically performed in
all patients, which may have led to misclassification of complicated and uncomplicated bacteremia.
Nevertheless, all cases were co-managed by ID physicians who conducted systematic assessments,
supporting the overall reliability of the clinical classification in this study. Third, identification of
odontogenic sources relied on clinical assessment and may have been subject to misclassification and
detection bias. However, standardized evaluations by ID physicians and appropriate referrals to oral
surgery services likely improved the accuracy of odontogenic source identification. Finally, the modest
sample size restricted the number of covariates included in the multivariable analysis to preserve model
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stability, leaving the possibility of residual confounding. In particular, hematological malignancy was
absent in the complicated bacteremia group, limiting inference regarding its association with
complicated infection and highlighting the need for validation in larger cohorts.

Conclusion
In this study, complicated infection occurred frequently among adult patients with viridans group
streptococcal bacteremia. Community acquisition, odontogenic infection, and S. anginosus group
bacteremia emerged as independent predictors of complicated disease, providing practical clinical cues
for early diagnostic evaluation and management. Recognition of these factors may facilitate timely
identification of infective endocarditis and pyogenic infection and support more targeted clinical
decision-making. Furthermore, these findings underscore the potential importance of proactive
multidisciplinary management and preventive oral care strategies in reducing the risk of severe infection.
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Figures

Figure 1

Flow diagram of patient selection
Flow diagram showing the selection of adults with viridans group streptococcal bacteremia, including
exclusions and the final analytic cohort.
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