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Abstract

Background: Invasive Streptococcus dysgalactiae subspecies equisimilis (SDSE) infections

have been reported increasingly. The clinical characteristics and outcomes of patients with

SDSE bacteremia have not been adequately evaluated. We reviewed the incidence, clinical

characteristics, and outcomes of SDSE bacteremia cases.

Methods: We retrospectively enrolled consecutive adult patients with SDSE or S. agalactiae

(Group B streptococci, GBS) bacteremia who had been admitted to the Asan Medical Center,

a tertiary care hospital in the Republic of Korea, from August 2012 to December 2016. We

compared the incidence, seasonality, clinical characteristics, and outcomes of patients with

SDSE bacteremia with patients with GBS bacteremia.

Results: The incidence of SDSE and GBS bacteremia in admitted patients was 1.28/100,000

and 4.22/100,000 person-days, respectively. A total of 52 SDSE and 151 GBS bacteremia

adult cases were finally included for analysis. Most of SDSE bacteremia series were

community-onset (SDSE 94.2% vs GBS 83.4%, p = 0.052). Lancefield group G was the

most common type among SDSE isolates (43/47, 91.5%). Patients with SDSE bacteremia



were older (median 68.0 vs 61.0 years old, p = 0.03) and SDSE bacteremia occurred more

common in men than the GBS group (61.5% vs 41.7%, p = 0.01). In both groups, solid

tumor (40.4% vs 42.4%, p = 0.80) was the most common underlying disease, and more than

half of patients had immunocompromised conditions (51.9% vs 54.3%, p = 0.77). Chronic

kidney disease without dialysis was more common in the SDSE group (19.2% vs 5.3%, p <

0.01). The most common clinical syndromes of SDSE bacteremia was cellulitis, which was

significantly more common than the GBS group (59.6% vs 29.1%, p < 0.01). SDSE

bacteremia cases occurred more frequently in the warm season (June-September) than GBS

bacteremia ones (65.4% vs 37.1%, p < 0.01). In-hospital mortality (3.8% vs 10.6%, p =0.17)

and bacteremia-related mortality (3.8% vs 7.9%, p = 0.53) of SDSE bacteremia series were

not significantly different from the GBS group.

Conclusions: SDSE bacteremia was commonly associated with cellulitis, especially in older

and immunocompromised patients during the warm season. However, SDSE bacteremia-

related mortality was low even in immunocompromised patients.
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Introduction

Streptococcus dysgalactiae subspecies equisimilis (SDSE) is classified as one of the

large colony-forming pyogenic beta-hemolytic streptococci.” According to prior studies of

phylogenetic analysis, SDSE is closely related to S. agalactiae (Group B streptococci,

GBS) and S. pyogenes (Group A streptococci, GAS).>® SDSE was known to be normal

flora of the skin, upper respiratory, gastrointestinal tract, and female genital tract. In

contrast to GBS and GAS, it has not been regarded as a significant pathogen in human.

Recently, SDSE has been gaining attention as a possible pathogen of invasive infection in

human.®” SDSE can cause serious or fatal infection, such as necrotizing fasciitis or toxic

shock syndrome, as with other pyogenic streptococci.® ®

To date, some investigators have addressed the characteristics of invasive SDSE

infection.® *' Those studies have limitations in that incomplete species identification of

isolates,'® '? the inclusion of non-bacteremic cases along with bacteremic cases,* > '” or

absence of a control group.'? Furthermore, prior investigators did not evaluate the

incidence and clinical characteristics of patients with hospital-acquired or



immunocompromised conditions. Therefore, we aimed to investigate the incidence,

clinical characteristics and outcomes of SDSE bacteremia series in a tertiary care hospital,

with a comparison to GBS bacteremia, which is well-characterized and the main pathogen

of pyogenic beta-hemolytic streptococci.



Methods

Study design, population, and setting

This study is a retrospective cohort study in the Asan Medical Center, a 2700-bed tertiary

care teaching hospital in Seoul, South Korea. We reviewed the electronic medical records of

all consecutive adult patients (more than 15 years old) with SDSE and GBS bacteremia from

Agust 2012 to December 2016. Using a computerized database of clinical microbiology unit,

patients whose blood cultures had yielded SDSE or GBS were identified. Then, we collected

data regarding patients’ demographic characteristics, underlying diseases or conditions,

portal of entry, antimicrobial susceptibility, clinical manifestations at the time of bacteremia,

and outcome. SDSE has been identified since August 2012 in our hospital (See below, Blood

culture, species identification, and antimicrobial susceptibility testing section).

Definitions

The date of onset of bacteremia was defined as the date on which the blood sample was

obtained for the first positive culture result. Bacteremia was considered to be a hospital-



acquired infection if the sample in the positive blood culture was obtained > 48 hours after

admission and if there was no evidence of infection at the time of admission; otherwise,

bacteremia was considered to be a community-onset infection. Community-onset infection

cases were subcategorized as community-acquired or healthcare-associated infection.

Healthcare-associated bacteremia was defined as cases in patients receiving home and/or

ambulatory intravenous therapy, chemotherapy, hemodialysis, wound care, specialized

nursing care, or who had hospitalized in other hospitals for > 2 days within the last 90

days and those residing in a nursing home or long-term care facility.'” The

immunocompromised condition was defined as patients who underwent solid organ

transplantation, bone marrow transplantation, or cytotoxic chemotherapy within 6 months

or took immunosuppressants, including corticosteroids within 1 month.'> Warm seasons

were from June to September, of which monthly mean temperature was above 20 C when

compared the seasonality of SDSE and GBS bacteremia. Monthly mean temperature was

collected based on data of the Korea Meteorological Administration. Clinical syndromes

were assessed based on clinicians’ diagnoses. Primary bacteremia was defined as



bacteremia that did not have the obvious infectious sources. Septic shock as the initial

clinical manifestation was defined as described in the most recent international consensus

(Sepsis-3).'® Clinical outcomes were evaluated based on length of hospital stay, intensive

care unit (ICU) admission duration, and mortality. Death was considered to have been

related to bacteremia if the patient died =14 days after the onset of bacteremia and if other

cause of death than bacteremia was not identified.

Blood culture, species identification of streptococci, and antimicrobial susceptibility

testing

All blood cultures were processed by the hospital microbiology laboratory using a standard

blood culturing system (BACTEC 9240 or BACTEC FX; Becton Dickinson, NJ, USA).

Species identification and antimicrobial susceptibilities were determined using the Vitek

(bioMérieux-Vitek, France) or MicroScan (Beckman Coulter, Inc., CA, USA), based on the

standard criteria of the Clinical and Laboratory Standards Institute (CLSI).'” Intermediate

susceptibility to each antimicrobial agent was considered to indicate resistance. Then, SDSE



was classified by Lancefield grouping serological analysis.

Statistical analysis

Categorical variables were compared using the * or Fisher’s exact test, as appropriate, and

continuous variables using Student z-test and the Mann-Whitney U test, as appropriate.

Continuous data were expressed as the median and interquartile range. All tests of

significance were two-tailed and a P value of less than 0.05 was considered to indicate

statistical significance. All analyses were performed using IBM SPSS Statistics for

Windows, version 21.0 (IBM Corp., Armonk, NY, USA).



Results

The incidence of SDSE and GBS bacteremia

During the study period, a total of 23,457 blood culture sets revealed bacterial growth.

Streptococcal species contributed to 6.0% (n = 1,402) of all these cultures. Of 1,402 blood

isolates which yielded streptococci, SDSE and GBS contributed to 3.8% (n = 52) and

12.4% (n = 171), respectively. The incidence rate of SDSE and GBS bacteremia in

admitted patients was 1.28/100,000 and 4.22/100,000 person-days. All of 52 SDSE

bacteremias occurred in adults, whereas 20 GBS bacteremia occurred in pediatric patients.

Finally, 52 SDSE bacteremia and 151 GBS bacteremia adult cases were included and

compared.

Demographics, underlying disease or condition, and setting of bacteremia

Epidemiological characteristics of the study population are shown in Table 1. Patients with

SDSE bacteremia were older (median 68.0 vs 61.0 years, p = 0.03) and SDSE bacteremia

occurred more common in men (61.5% vs 41.7%, p = 0.01) than the GBS group. All of the



SDSE patients were older than 40 years. Most of the patients had underlying comorbid

illnesses. In both groups, the most common underlying disease was a solid tumor (40.4% vs

42.4%, p = 0.80), followed by diabetes mellitus (26.9% vs 22.5%, p = 0.52) and liver

cirrhosis (23.1% vs 20.5%, p = 0.70). Chronic kidney disease without dialysis was more

common in the SDSE group than the GBS group (19.2% vs 5.3%, p < 0.01). More than half

of patients had immunocompromised conditions (51.9% vs 54.3%, p = 0.77). Fifteen and 30

patients of both groups had underlying lymphedema (28.8% vs 19.9%, p = 0.18). When I

analyzed patients with cellulitis in both groups, 12 of 31 patients (38.7%) in the SDSE group

had underlying lymphedema. This was not significantly different from the GBS group

(22/44, 50%, p = 0.33). Community-onset infection tended to be more common in the SDSE

group than the GBS group (94.2% vs 83.4%, p = 0.052). Most of SDSE bacteremia occurred

in a community setting (94.2%; community-acquired 63.5%, and healthcare-associated

30.8%). Hospital-acquired infection tended to be less common in the SDSE group than the

GBS group (5.8% vs 16.6%, p = 0.052).



Table 1. Demographics, underlying disease or condition, and setting of patients with

SDSE and GBS bacteremia

Clinical characteristics SDSE (n=52) GBS (n=151) p value
Age, years, median (IQR) 68.0 (58.0-74.8) 61.0 (53.0-72.0) 0.03
15-39 0 11 (7.3)
40-64 23 (44.2) 78 (51.7)
>65 29 (55.8) 62 (41.1)
Male sex 32 (61.5) 63 (41.7) 0.01
Underlying diseases
Any underlying disease 49 (94.2) 138 (91.4) 0.51
Solid tumor 21 (40.4) 64 (42.4) 0.80
Diabetes mellitus 14 (26.9) 340 (22.5) 0.52
Liver cirrhosis 12 (23.1) 31 (20.5) 0.70
Chronic kidney disease without dialysis | 10 (19.2) 8(5.3) <0.01
Cardiovascular disease 9(17.3) 14 (9.3) 0.12
Solid organ transplantation 5(9.6) 6 (4.0) 0.12
End-stage renal disease 2 (3.8) 3(2.0) 0.11
Trauma 3(5.8) 2 (1.3) 0.11
Heavy alcoholics 1(1.9) 7 (4.6) 0.68
Hematologic malignancy 1(1.9) 8(5.3) 0.45
Bone marrow transplantation 0 2 (1.3) 1.0

Underlying conditions

Immunocompromised condition® 27 (51.9) 82 (54.3) 0.77
Lymphedema 15 (28.8) 30 (19.9) 0.18
Cytotoxic chemotherapy within 1 month | 6 (11.5) 27 (17.9) 0.29
Central venous catheter 6 (11.5) 16 (10.6) 0.85
Impaired skin barrier 5(9.6) 11 (7.3) 0.56
Immunosuppressant within 1 month 5(9.6) 12 (7.9) 0.77
Leukopenia (ANC < 500/mm?) 2 (3.8) 12 (7.9) 0.53
Recent surgery within 1 month 1(1.9) 5(3.3) 1.0
Others 3(5.8) 7 (4.6) 0.72
Setting of infection 0.052
Community-onset 49 (94.2) 126 (83.4)
Community-acquired 33 (63.5) 96 (63.6)
Healthcare-associated 16 (30.8) 30 (19.9)
Hospital-acquired 3(5.8) 25 (16.6)

SDSE, Streptococcus dysgalactiae subspecies equisimilis; GBS, group B streptococci

(Streptococcus agalactiae); IQR, interquartile range; ANC, absolute neutrophil count



"patients who underwent solid organ transplantation, bone marrow transplantation, or
cytotoxic chemotherapy within 6 months or took immunosuppressants, including

corticosteroids within 1 month
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Seasonality of SDSE and GBS bacteremia

Figure 1 shows the monthly distribution of SDSE and GBS cases from January 2013 to

December 2016. GBS bacteremia occurred sporadically throughout the year, whereas

SDSE bacteremia occurred predominantly during the warm season (June to September)

(65.4% vs 37.1%, p < 0.01).

11



Figure 1. Seasonality of SDSE and GBS bacteremia
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SDSE, Streptococcus dysgalactiae subspecies equisimilis; GBS, Group B streptococci
(Streptococcus agalactiae)

P value was calculated by comparing seasonal distribution between the SDSE and GBS

group. (p <0.01)
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Clinical manifestations of SDSE and GBS bacteremia

Clinical manifestations at the time of bacteremia are shown in Table 2. Septic shock as the

initial manifestation occurred 19.2% and 17.9% of SDSE and GBS bacteremia series,

respectively (p = 0.83). The most common clinical syndrome of SDSE bacteremia was

cellulitis (59.6%) and primary bacteremia (17.3%). In the GBS bacteremia group, the most

common clinical syndrome was also cellulitis (29.1%) and primary bacteremia (26.5%). The

proportion of cellulitis was significantly higher in the SDSE group (p < 0.01). There was one

case of toxic shock syndrome in each group.

13



Table 2. Clinical manifestation of SDSE and GBS bacteremia

SDSE (n=52) GBS (n=151) p value
Initial manifestations
Septic shock 10 (19.2) 27 (17.9) 0.83
Altered mental status 7 (13.5) 25 (16.6) 0.60
Acute respiratory failure 5(9.6) 13 (8.6) 0.78
Laboratory findings
WBC (x10%/uL) 10.2 (6.6-14.1) 9.8 (5.8-15.5) 0.90
Platelet (x10%/uL) 163.5 (89.5-248.3) 158.0 (88.0-228.0) 1.0
CRP (mg/dL) 2.7 (0.6-12.1) 6.4 (1.0-15.8) 0.13
Procalcitonin (ng/mL) 0.6 (0.1-10.2) 0.7 (0.2-7.5) 0.98
Clinical syndrome
Cellulitis 31 (59.6) 44 (29.1) <0.01
Primary bacteremia 9(17.3) 40 (26.5) 0.18
Pneumonia 2 (3.8) 9 (6.0) 0.73
Osteomyelitis 3(5.8) 13 (8.6) 0.77
Septic arthritis 2 (3.8) 5(3.3) 1.0
Abscess (except for skin) 2 (3.8) 9 (6.0) 0.73
Intraabdominal infection 2 (3.8) 18 (11.9) 0.09
Necrotizing fasciitis 1(1.9) 0(0) 0.26
Urinary tract infection 1(1.9) 11(7.3) 0.30
Infective endocarditis 0 9 (6.0) 0.12
Meningitis 0 3(2.0) 0.57
Surgical site infection 0 2 (1.3) 1.0
Toxic shock syndrome 1(1.9) 1 (0.7) 0.45
Others 2(3.8) 6 (4.0 1.0

SDSE, Streptococcus dysgalactiae subspecies equisimilis; GBS, Group B streptococci

(Streptococcus agalactiae); WBC, white blood cell; CRP, C-reative protein

14



Microbiology and antimicrobial susceptibility of SDSE and GBS isolates

Lancefield classification data was available for 47 SDSE isolates. The most common

antigen type was group G (43/47, 91.5%), followed by group A (2/47, 4.2%), group C (1/47,

2.1%), and group F (1/47, 2.1%).

Results of antimicrobial susceptibility testing of SDSE and GBS isolates are shown in

Table 3. I found that none of SDSE isolates was resistant to penicillin, cephalosporin, and

carbapenem. On the other hand, the resistance rates to macrolides, clindamycin, and

tetracyclines were 36.1-42.3%, 34.6%, and 55.8-61.1%, respectively. Fluoroquinolone

resistance was identified only in GBS isolates (SDSE vs GBS, 0% vs 26.5%, p < 0.001).

15



Table 3. Antibiotics resistance of SDSE and GBS bacteremia

Antibiotics resistance SDSE (n=52) GBS (n=151) p value
Beta-lactams

Penicillin 0 0/149 -
Ampicillin 0 0/136 -
Ceftriaxone 0 0/150 -
Cefotaxime 0 0/135 -
Cefepime 0/51 0/136 -
Meropenem 0/37 1/87 (1.1) 1.0
Macrolides

Azithromycin 22 (42.3) 38/137 (27.7) 0.06
Clarithromycin 13/36 (36.1) 20/83 (24.1) 0.18
Erythromycin 22 (42.3) 44 (29.1) 0.08
Fluoroquinolones

Levofloxacin 0 40 (26.5) <0.01
Tetracyclines

Tetracycline 29 (55.8) 56/137 (40.9) 0.07
Minocycline 22/36 (61.1) 36/78 (46.2) 0.14
Others

Vancomycin 0 0 -
Clindamycin 18 (34.6) 44 (29.1) 0.46
Daptomycin 0/35 0/82 -
Linezolid 0/36 0/81 -
Chloramphenicol 0 0/137 -

SDSE, Streptococcus dysgalactiae subspecies equisimilis; GBS, Group B streptococci

(Streptococcus agalactiae)
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Outcomes of SDSE and GBS bacteremia

Outcomes of SDSE and GBS bacteremia are shown in Table 4. There was no significant

difference in clinical outcomes, such as length of hospital stay, or the incidence of ICU care

between both groups. Bacteremia-related mortality of the SDSE group was not significantly

different from the GBS group (3.8% vs 7.9%, p = 0.53). Of two patients with toxic shock

syndrome, one patient with SDSE bacteremia died due to toxic shock syndrome. In-hospital

mortality was also not significantly different from the GBS group (3.8% vs 10.6%, p = 0.17).

17



Table 4. Outcome of SDSE and GBS bacteremia

SDSE (n=52) GBS (n=151) p value

Length of hospital stay, median (IQR) 11.0 (6.0-16.0) 15.0 (6.0-25.0) 0.08
ICU care 8 (15.4) 22 (14.6) 0.89
ICU admission duration, median (IQR) | 5.0 (4.0-9.0) 5.0 (3.0-10.0) 0.76
30 days mortality 4(7.7) 12 (7.9) 1.0

90 days mortality 4(7.7) 20 (13.2) 0.33
In-hospital mortality 2 (3.8) 16 (10.6) 0.17
Bacteremia-related mortality 2 (3.8) 12 (7.9) 0.53

SDSE, Streptococcus dysgalactiae subspecies equisimilis; GBS, Group B streptococci

(Streptococcus agalactiae); ICU, intensive care unit
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Discussion

I have determined the clinical characteristics and outcomes of SDSE bacteremia cases by

comparing with GBS bacteremia, which is one of the predominant pathogens of pyogenic

beta-hemolytic streptococci, in a single tertiary care hospital. Most of SDSE bacteremia

cases were a community-onset infection. The most common clinical syndrome of SDSE

bacteremia was cellulitis, especially in the warm season (June to September). Cellulitis

occurred more frequently in the SDSE group than the GBS group (56.9% vs 29.1%).

Although the study population included a significant number of patients with underlying

diseases or immunocompromised conditions, in-hospital mortality (3.8%) and bacteremia-

related mortality (3.8%) of SDSE bacteremia series were low.

Of pyogenic beta-hemolytic streptococci, main pathogens of invasive infections were

known to be GBS and GAS. Although SDSE had not been regarded as a significant

pathogen in human, cases of severe invasive SDSE infection have been reported recently

in several studies.* ” In our hospital, SDSE bacteremia occurred more commonly than

GAS bacteremia during the study period (52 vs 36 cases). The incidence rate of SDSE

19



bacteremia (1.28/100,000 person-days) was 1.4 times higher than that of GAS bacteremia

(0.89/100,000 person-days) and about a third of GBS bacteremia (4.22/100,000 person-

days). I used GBS bacteremia group as a control, not GAS, because it was difficult to

draw statistically significant results when compared to GAS due to a small number of

GAS bacteremia patients. GBS is the leading cause of invasive pyogenic beta-hemolytic

streptococci infection,'® and clinical characteristics and outcomes of GBS bacteremia are

well-documented .!°2"

The SDSE group of this study population had a solid tumor, diabetes mellitus, and liver

cirrhosis commonly. Most of the patients had underlying comorbid illnesses, of which

solid tumor and diabetes mellitus were most common. Interestingly, chronic kidney

disease without dialysis was significantly more common in the SDSE group than the GBS

group. Patients with renal impairment have a high incidence of bloodstream infection,

especially if the patients undergo hemodialysis.”” Vascular access, such as arteriovenous

fistula, or central catheter for dialysis, could be a risk factor of bloodstream infection by

gram-positive microorganisms.” ¥ However, it is difficult to explain increased risk of

20



SDSE bacteremia in patients with chronic kidney disease who are not undergoing dialysis.

It could be a bias associated with the small number of SDSE bacteremia cases or the

characteristics of admitted patients in our tertiary care hospital. Further studies are needed

to identify whether chronic kidney disease without dialysis could be a risk factor of

bacteremia by SDSE.

In our results, SDSE bacteremia occurred predominantly during the warm season (June

to September). This finding could be explained by the predominance of cellulitis as a

clinical manifestation of SDSE bacteremia. In a recent report of population-based

investigation in the United States, average monthly temperature was closely related with

cellulitis.”> Since cellulitis was the main clinical syndrome of the SDSE group, SDSE

bacteremia seemed to occur more frequently in the warm season when compared to GBS

bacteremia cases.

I found that all of SDSE isolates were susceptible to beta-lactam agents including

penicillin. However, the resistance rates to macrolides, lincosamide, and tetracyclines

were substantial. The resistance rates to macrolides (36.1-42.3%), clindamycin

21



(lincosamide) (34.6%), and tetracyclines (55.8-61.1%) were slightly higher than previous

reports (macrolides 9.4-34.8%, lincosamide 3.1-17.4%, and tetracyclines 30.4%).%% 2"

Although the resistance to penicillin, a treatment of choice for SDSE, has not been

reported in this study, the resistance rates to other antimicrobial agents seem to be

increasing. In this study, the resistance rate of fluoroquinolone to GBS was substantial

(26.5%), whereas all of SDSE isolates were susceptible to fluoroquinolone. The resistance

rate to fluoroquinolones was reported as less than 1% in North America and Europe,*® but

as high as 12% in Portugal.”” Since there was no resistance to fluoroquinolones in this

study, fluoroquinolones could be considered as a treatment for SDSE bacteremia.

Even though immunocompromised conditions were common in our SDSE patients, the

mortality rate of our patients (3.8%) was lower than expected. Some of the SDSE

bacteremia studies showed considerable mortalities (12.0-15.0%).% ' 1 speculate as

follows: first, the relatively high proportion of cellulitis patients in our study was

responsible for this finding. Cellulitis can be easily detected and treated early with lower

mortalities. More serious manifestations, such as pneumonia or toxic shock syndrome,

22



were rare in this study population. Second, the virulence potentials of SDSE strains may

be different depending on the region. It warrants further clinical and micrological

investigations.

There are several limitations to this study. First, because this study was performed

retrospectively in a single tertiary care hospital, there could be a patients’ selection bias. It

limits generalization. Second, although I included 52 SDSE bacteremia cases over 5 years,

the sample size was still relatively small. Third, since there were only 2 patients died of

SDSE bacteremia, I could not evaluate the risk factors associated with bacteremia-related

mortality. Finally, I did not analyze pathogenic virulence factors and genes associated with

resistance to antimicrobial agents of isolated bacteria.
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Conclusion

SDSE bacteremia was commonly associated with cellulitis, especially in elderly patients

with comorbid illnesses, during the warm season. However, SDSE bacteremia-related

mortality was low. Further studies are needed to reveal risk factors and virulence factors

associated with invasive SDSE infections.
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