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ABSTRACT

Objectives: The incidence of Streptococcus dysgalactiae subspecies equisimilis (SDSE) bacteremia is increas-
ing worldwide, yet studies linking emm types to clinical data remain limited. This study aimed to investi-
gate associations between emm types, clinical manifestations, and disease severity in patients with SDSE
bacteremia.

Methods: We prospectively studied 159 SDSE bacteremia episodes in Pirkanmaa, Finland (November 2015
to November 2019). Severe disease was defined as intensive care unit treatment and/or death within 30
days of hospital admission.

Results: While emm type stG480 has remained the most common, stG62647 has increased over tenfold to
become the second most prevalent. Emm type stC74a was associated with intensive care unit treatment
(odds ratio [OR] 5.8 [95% confidence interval (CI) 1.3-26)]), severe disease (OR 5.2 [95% CI 1.4-19]), and
predominance of male patients (OR 8.5 [95% CI 1.1-67]). Surgical interventions were linked to emm type
stG62647 (OR 2.8 [95% CI 1.1-7.3]). Potential associations between emm type and clinical manifestations
were observed: stG643 with endocarditis, stG62647 with foreign-body infections, stG2078 with abscesses,
and stG485 with unknown focus.

Conclusions: These results emphasize the importance of emm types in connection with disease severity
and clinical manifestations.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

The incidence of bacteremia caused by Streptococcus dysgalac-
tiae subspecies equisimilis (SDSE), a S-hemolytic streptococcus ex-
pressing the C- and G-Lancefield groups, is increasing in various
parts of the world [1-4]. In Finland, SDSE has been the fourth most
prevalent cause of bacteremia in the past few years [5].

The M protein, which coats the bacterial surface, is a critical vir-
ulence factor in SDSE and Streptococcus pyogenes [6]. By interact-
ing with various host molecules, it disables the complement sys-
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tem and prevents phagocytosis [7]. The M protein is encoded by
the emm gene, which serves as a basis for molecular epidemio-
logic typing. Over 100 distinct SDSE emm types have been identi-
fied so far [8,9]. The distribution of SDSE emm types varies across
geographical regions, with certain emm types predominating in Eu-
rope [1,8,10-12]. Several investigators have reported an increase in
the prevalence of SDSE emm type stG62647 over the past decade
[8,12,13].

Studies concerning links between emm types and clinical data
in SDSE bacteremia are limited and somewhat inconsistent [1,6,8].
In S. pyogenes infections, associations have been identified between
emm types and disease manifestations [14-17]. Similar associa-
tions between SDSE emm types and clinical manifestations have
not been reported [7,12,18]. Studies from Finland and Norway re-
ported higher case fatality rates in SDSE bacteremia caused by rare
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emm types compared with the five most common types [10,19],
whereas a Japanese study showed that the most common emm
type (stG6792) was linked to poor outcomes [20]. In studies in-
volving severe clinical manifestations, such as necrotizing soft tis-
sue infections and infective endocarditis (IE), the most frequently
identified SDSE emm types have been stG62647, stC74a, stG2078,
and stG643 [21,22].

We present a prospective 4-year study from Finland, where we
analyzed the changes in epidemiology of SDSE bacteremia emm
types combined with clinical data. This study aimed to investigate
the associations between SDSE emm types, clinical manifestations,
and disease severity.

Material and methods

This 4-year prospective study was conducted in the Pirkanmaa
Health District (HD), Tampere, Finland, from November 2015 to
November 2019. All adult patients treated at either Tampere Uni-
versity Hospital, a tertiary care hospital with a catchment popu-
lation of approximately 535,000 residents, or Hatanpdd City Hos-
pital in Tampere, who had at least one positive blood culture for
SDSE, were included in the study. Five bacteremia episodes were
excluded during the study period: three due to Streptococcus canis
infection and two because the patients declined to participate.

Throughout the study period, an infectious disease specialist
(S.R.) was contacted by a clinical microbiologist (J.A. or T.S.) in con-
nection with all SDSE-positive blood cultures. Simultaneously, the
infectious disease specialist (S.R.) monitored SDSE-positive blood
cultures recorded in Finland’s national register for hospital infec-
tions and antimicrobial drug use, which includes all positive blood
cultures in the country. The specialist contacted patients with SDSE
bacteremia to obtain informed consent for their participation in
the study. If a patient was unable to provide informed consent due
to a declining condition, consent was obtained from the patient’s
immediate family members. Clinical data were gathered through
patient interviews and reviews of medical records during and after
hospitalization.

Blood samples gathered in the emergency department at Tam-
pere University Hospital were studied and cultivated at Fimlab Lab-
oratories, Tampere. From November 2015 to October 2017, blood
samples were collected into BacT/Alert FA Plus aerobic and FN
Plus anaerobic blood culture bottles and incubated in an au-
tomated BacT/Alert 3D microbial detection system (bioMérieux).
From November 2017 onward, blood samples were collected in BD
BACTEC Plus Aerobic/F and Lytic/10 Anaerobic/F culture vials and
incubated in a BD BACTEC FX blood culture system (Becton Dickin-
son).

SDSE was primarily identified based on typical large colony-
forming growth and B-hemolysis on blood agar plates. Bac-
teria were primarily identified by using latex bead agglutina-
tion to determine Lancefield grouping (PathoDxtra Strep Group-
ing Kit; Thermo Fisher Scientific), and the data were confirmed
by using API 20 Strep (bioMérieux) or matrix-assisted laser des-
orption/ionization time-of-flight (MALDI-TOF) mass spectrometry
(VITEK MS instrument; bioMérieux) until February 2017. From
March 2017, the primary method for identification has been
MALDI-TOF mass spectrometry. MALDI-TOF analysis provided re-
sults for Streptococcus dysgalactiae subsp. dysgalactiae/equisimilis,
which was interpreted as S. dysgalactiae subsp. equisimilis associ-
ated with human disease.

In 2024, the isolates underwent emm sequencing in collabora-
tion with the Finnish Institute for Health and Welfare. Emm typing
was conducted according to the guidelines of the Centers for Dis-
ease Control and Prevention [23]. The emm types were compared
with those in an earlier study from the same geographic area in
1995-2004 [10].

International Journal of Infectious Diseases 164 (2026) 108313

Severe disease was defined as requiring intensive care unit
(ICU) treatment and/or death within 30 days of hospital admission.
Streptococcal toxic shock syndrome was defined as identification of
SDSE in the blood, septic shock, and multiorgan failure.

Differences between specific emm type compared with all other
episodes together were tested using Pearson x> or Fisher’s exact
test if the assumptions of the Pearson test were not valid. For dif-
ferences that became statistically significant in previous analyses,
Mantel-Haenszel odds ratios (ORs) with 95% confidence intervals
(ClIs) were calculated. The Mann-Whitney U test was used to as-
sess the differences in median age. Two-sided P <0.05 were con-
sidered statistically significant. A Bonferroni correction was applied
to the interpretation of the results due to multiple comparisons
across subtypes. After Bonferroni correction for nine comparisons,
the adjusted significance level was P <0.0056. IBM SPSS Statistics
for Windows, Version 29 (Armonk, NY: IBM Corp) was used for sta-
tistical analysis.

Results

A total of 159 SDSE bacteremia episodes in 157 patients were
identified from November 2015 to November 2019. The median
age of the patients was 71 years (interquartile range 61-85 years)
and 59% were male. A total of 17 (11%) patients had severe dis-
ease, and the mortality rate was 5.7%. A total of 15 different emm
types were identified (Figure 1). The eight most common emm
types were stG480 (29 isolates, 18%); stG62647 (21 isolates, 13%);
stG485 and stG6 (19 isolates each, 12%); stC74a (12 isolates, 7.5%);
and stG643, stG652, and stG2078 (10 isolates each, 6.3%), collec-
tively accounting for 82% of all emm types. Two (1.3%) isolates re-
mained non-typeable. The two most common emm types, stG480
and stG62647, showed an increase over the first 3 study years, fol-
lowed by a slight decrease in the last year (Figure 2). The emm
type stG6 appeared to occur slightly more frequently every other
year, whereas other emm types showed annual fluctuations with-
out a clear temporal trend.

Emm type stC74a was statistically significantly associated with
an increased need of ICU treatment (OR 5.8 [95% CI 1.3-26],
P = 0.039), and severe disease was more common (OR 5.2 [95%
Cl 14-19], P = 0.026) than other emm types (Table 1). Surgical
intervention was required more frequently in cases of emm type
stG62647 (OR 2.8 [95% CI 1.1-7.3], P = 0.030, Pearson x? test) than
other emm types. The nine surgical procedures among the patients
with emm type stG62647 were the following: one thigh amputa-
tion, one lower leg amputation, two fasciotomies with revision, one
prosthesis revision surgery, two abscess drainages, one endoscopic
retrograde cholangiography with stenting, and one tooth extrac-
tion.

Compared with a previous study conducted in the same ge-
ographic area in 1995-2004 [10], emm type stG480 remained
the most common, whereas emm type stG62647 increased more
than 10-fold (0.7% vs 13%) to become the second most common
emm type in SDSE bacteremia (Figure 1). Furthermore, emm types
stG485 and stG6 remained among the four most common emm
types. The four most prevalent emm types together accounted
for over half (55%) of all episodes in the present study. Of the
other emm types, stC74a doubled (from 3.6% to 7.5%), whereas
the proportion of stG643 decreased. Three novel types (stG6792,
stG4222, and stG5420) were identified, whereas five emm types
reported in the earlier study (stG11, stG507-1, stG840, stC9431,
and stC839) were not detected. Notably, a larger proportion of
samples were successfully emm-sequenced in this study compared
with the earlier study in the same area.

Emm types accounting for more than 5% of bacteremia episodes
(the eight most common emm types) were analyzed individually,
and less common and non-typeable emm types were grouped to-



Table 1
Clinical characteristics of 159 episodes of Streptococcus dysgalactiae subsp. equisimilis bacteremia from November 2015 to November 2019 in Pirkanmaa Health District, Finland. Differences between specific emm type compared
with all other episodes were tested using the Mann-Whitney U-test, Pearson x?2 test (marked as *), or Fisher’s exact test. The numbers are bolded if P <0.05.

Characteristics Emm types
stG480 stG62647 stG485 stG6 stC74a stG643 stG652 stG2078 Rare emm
n=29 n=21 n=19 n=19 n=12 n=10 n=10 n=10 types?®
n=29
Female, n (%) 12 (41) 7 (33) 7 (37) 12 (63) 1 (8.3) 5 (50) 3 (30) 3 (30) 15 (52)
Male, n (%) 17 (59) 14 (67) 12 (63) 7 (37) 11 (92) 5 (50) 7 (70) 7 (70) 14 (48)
Age, Median (years) 72 70 68 71 65 73 79 71 75
(Interquartile range, (54-77) (60-76) (61-83) (61-84) (59-71) (61-86) (70-83) (66-80) (61-82)
years)
Severe disease”, n (%) 4 (14) 1 (4.8) 3 (16) 3 (16) 4 (33) 1 (10) 1 (10) 0 0
Admission to ICU¢ 3 (10) 1 (4.8) 3 (16) 1 (5.3) 3 (25) 0 0 0 0
30-day mortality 1 (34) 1 (4.8) 0 3 (16) 2 (17) 1 (10) 1 (10) 0 0
Septic shock?, n (%) 4 (14) 3 (14) 3 (16) 2 (11) 2 (17) 1 (10) 1 2 (20) 2 (6.9)
Needed mechanical 0 1 (4.8) 1 5.3) 0 1 (8.3) 0 0 0 0
ventilation®, n (%)
Level of consciousness’
n (%)
Desoriented 3 (10) 4 (19) 2 (11) 3 (16) 3 (25) 3 (30) 3 (30) 1 (10) 8 (28)
Unconscious 2 (6.9) 1 (4.8) 3 (16) 1 (5.3) 0 0 0 0 0
Multiorgan failure, n 4 (14) 1 (4.8) 2 (11) 1 (5.3) 2 17) 1 (10) 1 (10) 0 0
(%)
DICE, n (%) 2 (6.9) 1 (4.8) 1 (5.3) 0 1 (8.3) 0 1 (10) 0 0
STSS", n (%) 1 (3.4) 1 (4.8) 0 1 (5.3) 1 (8.3) 1 (10) 1 (10) 0 0
Thromboembolic' 3 (10) 0 3 (16) 1 (5.3) 1 (8.3) 2 (20) 1 (10) 0 3 (10)
complication, n (%)
Underwent surgical 6 (21) 9 (43)* 5 (26) 3 (17) 5 (42) 2 (20) 3 (30) 2 (20) 3 (10)

intervention, n (%)

DIC, disseminated intravascular coagulation; ICU, intensive care unit; STSS, streptococcal toxic shock syndrome.

emm types stG6979 (n=7), stG10 (n=6), stG6792 (n=>5), stG245 (n=4), stG166b (n=3), stG4222 (n=1), stG5420 (n=1), and non-typeable isolates (n=2)
intensive care unit treatment or death

intensive care unit

use of vasopressor and lactate level > 2 mmol/L

needed mechanical ventilation within 30 days of positive blood culture

f observed at least once during the first two days after hospitalization

¢ disseminated intravascular coagulation; thrombocytes lower than 100 x 109/

h streptococcal toxic shock syndrome

i venous or arterial event
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Figure 1. The proportions of Streptococcus dysgalactiae subsp. equisimilis emm types identified in the present study (2015-2019) and in a previous study (1995-2004) con-

ducted in the same region of Pirkanmaa Health District, Finland.
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Figure 2. Distribution of the eight most prevalent and other emm types among Streptococcus dysgalactiae subsp. equisimilis bacteremia isolates by study year, from November

2015 to November 2019, in Pirkanmaa Health District, Finland.

gether as rare types. There appeared to be a predominance of
females within emm type stG6 (63%; OR 2.8 [95% CI 1.0-7.6],
P = 0.047) compared with males, whereas over 90% of patients
within stC74a were male (OR 8.5 [95% CI 1.1-67], P = 0.028) com-
pared with females (Table 1). The median age of patients was low-
est among those with emm type stC74a (65 years) and highest in
those with emm type stG652 (79 years), although this difference
was not statistically significant.

Several potential associations between emm type and clinical
manifestation were detected (Table 2). The prevalence of IE was
3.1%, with 40% (two of five) occurring in cases of emm type stG643
(OR 12 [95% CI 1.8-83], P = 0.032). Abscesses were more commonly
observed in emm type stG2078 (OR 4.9 [95% CI 1.1-21], P = 0.055)
and foreign-body infections in emm type stG62647 (OR 14 [95% CI
1.2-167], P = 0.046) than other emm types. The highest number
of infections with undefined focus was found in emm type stG485
cases (OR 3.8 [95% CI 1.2-12], P = 0.035). Cellulitis was more fre-
quently observed in connection with the rare emm types (86% vs
65%) than common ones (OR 3.3 [95 % CI 1.1-10], P = 0.028).

Severe disease was observed only among patients with the
eight common emm types (17 patients [13%]), compared with none
within rare types (OR 1.2 [95% CI 1.1-1.2], P = 0.044). The mortal-
ity rate among those with common emm types was 6.9%, compared
with 0% for those with rare types, although the difference was not
statistically significant.

Discussion

We found that emm type stG62647 has rapidly emerged and
is now the second most prevalent type among SDSE bacteremia
cases in Pirkanmaa HD, Finland. A similar dominance has been
reported in multiple European countries, including Norway [13],
Sweden [21], Switzerland [12], and Spain [7], and in Canada [24].
A national study in Germany revealed a linear increase in invasive
SDSE cases caused by emm type stG62647 over the past decade [8].
This phenomenon has been partly attributed to the lack of herd
immunity in the population [1]. However, the rapid rise within just



Table 2

Clinical manifestations of Streptococcus dysgalactiae subsp. equisimilis bacteremia episodes (N = 159), from November 2015 to November 2019, Pirkanmaa Health District, Finland. One episode may involve one or more clinical
manifestations. Differences between specific emm type compared with all other episodes were tested using Pearson x> (marked as *) or Fisher’s exact test. The numbers are bolded if P <0.05.

Infection type Emm types
stG480 stG62647 stG485 stG6 stC74a stG643 stG652 stG2078 Rare emm
n =29 n =21 n=19 n=19 n=12 n=10 n=10 n=10 types*®
n=29
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Skin infections, all 22 (76) 16 (76) 10 (53) 14 (74) 10 (83) 5 (50) 9 (90) 6 (60) 25 (86)
Cellulitis 21 (72) 13 (62) 10 (53) 12 (63) 10 (83) 5 (50) 8 (80) 6 (60) 25 (86)
Purulent skin 7 (24) 6 (29) 3 (16) 4 (21) 1 (8.3) 1 (10) 3 (30) 1 (10) 5 17)
infection
Fasciitis 1 (3.4) 2 (9.5) 0 0 0 0 1 (10) 0 0
Pneumonia 6 (21) 2 (9.5) 1 (5.3) 5 (26) 3 (25) 0 2 20) 2 (20) 3 (10)
Empyema 0 0 0 0 0 0 0 1 (10) 0
Abscess 3 (10) 4 (19) 0 2 (11) 1 (8.3) 0 0 3 30 2 (6.9)
Arthritis, all 4 (14) 2 9.5) 3 (16 1 (5.3) 0 1 (10) 1 10) 0 0
Prosthetic joint 1 (3.4) 1 .8) 2 (11 1 5.3) 0 0 1 10) 0 0
infection
Osteomyelitis, all 3 (10) 1 (4.8) 1 (5.3) 1 (5.3) 0 0 0 1 (10) 2 (6.9)
Spondylitis 2 (6.9) 1 (4.8) 1 (5.3) 1 (5.3) 0 0 0 1 (10) 2 (6.9)
Bursitis 1 (3.4) 0 0 0 0 1 (10) 0 0 0
Endocarditis 1 (3.4) 1 (4.8) 0 0 0 2 (20) 0 0 1 (3.4)
Puerperal infections 1 (3.4) 0 0 1 (5.3) 0 0 0 1 (10) 1 (34)
Foreign body infection 1 (3.4) 2 (9.5) 0 0 0 0 0 0 0
Deep abdominal 0 1 (4.8) 1 (5.3) 0 0 0 0 0 0
infections
Endophthalmitis 0 1 (4.8) 0 0 0 1 (10) 0 0 0
Aortitis 0 0 0 0 1 (8.3) 0 0 0 0
Focus unknown 2 (6.9) 1 (4.8) 5 (26) 2 (11) 0 2 (20) 1 (10) 2 (20) 2 (6.9)

2 emm types stG6979 (n=7), stG10 (n=6), stG6792 (n=>5), stG245 (n=4), stG166b (n=3), stG4222 (n=1), stG5420 (n=1), and non-typeable isolates (n=2)
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a few years suggests that increased virulence due to mutation is a
more likely cause, as documented in a Norwegian study [1,8,13].

In this prospective study, extensive clinical data were combined
with emm typing results. The emm type stC74a was associated with
ICU admission and severe disease, and it more often affected male
patients than other emm types. In previous studies, emm types
stG62647 and stC74a have been prevalent in invasive samples and
ranked among the three most common causative agents in IE and
necrotizing soft tissue infection cases, although no significant sta-
tistical association has been found [7,21,22,24-26].

The emm type stG62647 was not associated with severe dis-
ease in the present study, but patients with this emm type re-
quired surgical procedures more frequently than those with other
emm types, suggesting that the bacteremia is prone to complica-
tions. Previous reports from Norway and Austria have connected
emm type stG62647 with severe clinical manifestations and a ful-
minant course of infection [13,25]. Eraso et al. [27] reported sig-
nificant variation in virulence in cases with the same emm type.
For instance, in multilocus sequence typing of SDSE stG62647 iso-
lates, clonal complex 20 exhibited higher near-mortality rates in
mice than clonal complex 17 [27]. This variation in bacterial vir-
ulence within the same emm type may explain the differences in
disease severity observed across different geographical areas [28].

The five most common emm types in our study (stG480,
stG62647, stG485, stG6, and stC74a) are consistent with incidence
reports from Norway, Sweden, and Denmark [1,11,29]. Although
emm types stG485 and stG6 have maintained their prevalence, the
frequency of emm type stG643 has decreased in Finland and Nor-
way over the last two decades [1,10].

Our findings align with those in previous research, show-
ing a higher incidence of SDSE bacteremia among male patients
[19,30,31]. There are limited data on gender distribution of differ-
ent emm types in SDSE infections. This study showed that 92% of
SDSE bacteremia cases linked to emm type stC74a occurred in male
patients, which contrasts with a German study in which invasive
stC74a infections were more frequently observed in females [3].
Conversely, bacteremia associated with emm type stG6 was more
frequently observed in female patients in both studies [8]. In S.
pyogenes infections, the emm28 strain is known to carry a horizon-
tally transferred gene from S. agalactiae. The proteins produced by
this gene enhance bacterial adhesion to the vaginal mucosal sur-
face causing invasive infection in female patients [3]. Further stud-
ies are needed to determine whether similar features exist among
SDSE emm types.

We identified several possible associations between emm types
and infection focuses. Emm type stG2078 was associated with ab-
scesses, stG643 with IE, stG62647 with foreign-body infections,
and stG485 with episodes of unknown focus. Oppegaard et al.
found osteoarticular infection to be the most common clinical
manifestation of emm type stG62647, occurring in 42% of cases
[13]. To the best of our knowledge, no specific SDSE emm type
has previously been linked to a particular clinical manifestation
[7,12,18,22,29].

In the present study, common emm types were associated with
severe SDSE bacteremia. This contrasts with the results of ear-
lier studies from Finland and Norway, which revealed higher mor-
tality linked to rarer emm types [10,19]. A possible explanation
is that changes in prevalent emm types, for example, the emer-
gence of emm type stG62647, has altered the overall pathogenic-
ity and clinical outcomes of SDSE bacteremia [10]. In Japan, where
the emm type distribution differs from that in Europe, the most
common emm type, stG6792, has been associated with poor out-
comes [20]. In invasive S. pyogenes infections, the most common
emm types have been associated with the highest mortality rates
[14,19]. These findings highlight the complexity of the associations
between emm types and mortality.

International Journal of Infectious Diseases 164 (2026) 108313

There are several strengths in this study. This is a prospec-
tive study, and the data collection was carried out reliably and
comprehensively. The study contained an extensive and detailed
clinical patient data connected to emm types within a good-sized
study population. Furthermore, comparing current emm type dis-
tribution with data from the Pirkanmaa HD, Finland, collected two
decades ago, enhances the reliability of epidemiological trend anal-
ysis. Some limitations should be noted. This was not a population-
based study, and because the study population was drawn from
one tertiary care and one secondary care hospital, severe SDSE
disease may be over-represented. In addition, the numbers of
episodes were relatively small, which may have contributed to the
results being influenced by chance. This may also be why the
Bonferroni-corrected results did not reach the corrected P-value.
Because SDSE is highly recombinogenic, emm typing has limited
discriminatory power, whereas multilocus sequence typing and
genome-wide analyses could more accurately characterize strain
relationships. Further research involving whole genome sequencing
of SDSE strains would be of interest.

Conclusion

Emm type stG62647 has emerged as the second most common
emm type in Pirkanmaa HD, Finland. Emm type stC74a was associ-
ated with the most severe disease and primarily affected men. Sev-
eral potential associations between emm type and infection focus
were identified. These results emphasize the importance of emm
in connection with disease severity and clinical manifestations.
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