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infections, urinary tract infections, and infective endocar-
ditis (IE) [2, 3].

Predicting adverse outcomes in patients with S. agalac-
tiae infections poses a considerable challenge. Those with 
underlying comorbidities, such as diabetes and immunosup-
pression appear to be at an elevated risk of complications 
associated with S. agalactiae infections. Moreover, various 
laboratory parameters and imaging techniques have shown 
promise in anticipating and diagnosing severe outcomes 
linked to S. agalactiae infections, but identifying patients 
with S. agalactiae infections who are at high risk of devel-
oping a more unfavourable outcome is difficult.

Recent studies have emphasised the significance of time 
to blood culture positivity (TTP) as a prognostic factor in 
patients with bacteraemia caused by Staphylococcus aureus, 
Klebsiella spp. and Streptococcus pneumonia, and as a gen-
eral predictor of adverse outcomes in bloodstream infections 
[4–7]. TTP, defined as the interval between blood culture 

Introduction

 Streptococcus agalactiae, a beta-haemolytic streptococ-
cus commonly colonises the gastrointestinal and urogenital 
tracts, posing a risk of vertical-transmission-related sep-
sis, meningitis and pneumonia in newborns [1]. Beyond 
these neonatal complications, S. agalactiae is implicated 
in diverse diseases, ranging from skin and soft tissue 
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Abstract
Purpose  Streptococcus agalactiae causes severe infections. Time to blood culture positivity (TTP) has been suggested as a 
marker of disease severity. This study investigated the clinical characteristics of S. agalactiae bacteraemia and the associa-
tion between TTP and outcomes.
Methods  This retrospective population-based study included adult episodes of S. agalactiae bacteraemia in southern Swe-
den, from 2016 to 2023. Medical records were reviewed. Information on TTP was obtained from the Department of Clinical 
Microbiology in Skåne. The primary outcome was 30-day mortality rate. Secondary outcomes were infective endocarditis 
(IE), development of sepsis and clinical deterioration within 48 h of blood culture collection.
Results  A total of 463 patients were included. Median age was 72 years (interquartile range (IQR 62–82). Skin and soft tis-
sue were the most common focus of infection. IE occurred in 23 patients. 30-day mortality was 9% (n = 40). TTP analysis 
included 411 patients. There was no statistically significant difference in levels of TTP between patients with 30-day mortal-
ity and survivors, 8.6 h (IQR 7.6–10.1) vs. 9.1 h (IQR 7.8–10.4), p = 0.4. Patients with IE had statistically significantly lower 
levels of TTP compared to patients without IE, 7.5 h (IQR 5.9–8.8) vs. 9.1 h (IQR 7.9–10.5), p = 0.005.
Conclusion  S. agalactiae bacteraemia occurs in elderly patients, predominantly male, with a relatively high mortality. 
Shorter TTP was associated with the presence of IE, but not with mortality or sepsis, suggesting a potential role in identify-
ing patients at risk for IE in S. agalactiae bacteraemia.
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bottle incubation and signal detection in an automated blood 
culture system, is postulated to mirror bacterial load [8].

Studies have found associations between TTP and an 
unfavourable outcome in bacteraemia with beta-haemolytic 
streptococci (BHS) in general (without determination of 
different species within the group) [9], and in more recent 
investigations involving S. pyogenes and S. dysgalactiae, 
encompassing the other groups of BHS, revealed that a 
shorter TTP was linked to a higher 30-day mortality rate 
[10, 11]. While TTP appears to be a valuable predictive tool 
in bacteraemia due to S. pyogenes and S. dysgalactiae, no 
studies have explored whether the same association holds 
for S. agalactiae bacteraemia.

 Streptococcus agalactiae bacteraemia in adults has 
gained increasing attention in recent years. Although tra-
ditionally considered a pathogen associated with specific 
groups, reports from different regions indicate a rising inci-
dence among the general adult population [12, 13]. Studies 
have described its clinical characteristics, prognostic fac-
tors, and outcomes, suggesting a notable disease burden, 
particularly among individuals with underlying comorbidi-
ties. Despite these findings, invasive S. agalactiae infections 
in adults remain relatively underexplored compared to other 
streptococcal species [14], highlighting the need for contin-
ued research into their epidemiology and clinical impact.

The present study aimed to investigate the characteris-
tics of S. agalactiae bacteraemia in adults, and the possible 
association between levels of TTP and outcomes defined 
as primary outcome (30-day mortality rate) and secondary 
outcomes defined as the development of sepsis within 48 h 
from blood culture obtainment, the presence of IE and dis-
ease deterioration within 48 h from blood culture collection.

Materials and methods

Study cohort and setting

The study is a retrospective observational population-based 
study. Adult episodes of S. agalactiae bacteraemia that 
occurred between 2016 and 2023 were identified through 
the Department of Clinical Microbiology in Lund, Sweden. 
This Microbiology Clinic is responsible for microbiology 
diagnostics for all clinics (in- and outpatient) in Region 
Skåne, with a population of approximately 1.4  million in 
2023. The five largest hospitals in the region (including 
the Skåne University Hospital in Lund and Malmö) were 
equipped with blood culture incubators where blood cul-
tures could be placed at all times and were transported to 
the Clinical Microbiology laboratory when they turned 

positive. Five smaller hospitals lacked these blood culture 
incubators. These smaller hospitals instead sent their blood 
culture bottles directly to the Clinical Microbiology labora-
tory for incubation. The inclusion criteria were growth of S. 
agalactiae in blood culture. Exclusion criteria were patients 
under the age of 18 years, inaccessible medical records, 
and episodes with polymicrobial growth of the same blood 
culture bottle as S. agalactiae. In cases of recurrent bacter-
aemia, only the most recent episode of S. agalactiae bacter-
aemia was considered, as the outcome was mortality.

Time to blood culture positivity

Information on levels of TTP was retrieved from the Depart-
ment of Clinical Microbiology. If several blood cultures 
turned positive from the same patient, the shortest TTP was 
selected and included in the analysis. TTP was defined as 
the time between placement of the bottle in the incubator 
to the detection of growth, calculated automatically by the 
blood culture incubator software, and was retrieved from 
the laboratory information system. Information about the 
time between blood culture obtainment and the blood cul-
ture bottles being placed in the blood culture incubators was 
unavailable. The time to positivity was thus not adjusted for 
time to incubation.The blood culture system used in Region 
Skåne during the study period was BACTEC FX sys-
tem (Becton Dickinson, Franklin Lakes, USA). Microflex 
MALDI-TOF MS (Bruker, Bremen, Germany) was used 
for species determination, using the MBT Compass Library 
version most updated at the time of analysis.

Reviewing of medical records

Clinical characteristics of episodes of S. agalactaie bacter-
aemia were recorded including age, gender, place of acqui-
sition (community, hospital or healthcare-related), the focus 
of infection, length of stay, Charlson comorbidity index 
(CCI) [15, 16] and antibiotic treatment. Health-care related 
infection was defined as a blood culture obtained in the ini-
tial 48 h from hospitalization if the patients had healthcare 
within 30 days prior to the episode, an outpatient or if the 
patient had been discharged from the hospital within 90 
days prior to the current episode [17]. Focus of infection 
was defined as by fulfilment of at least two out of three dif-
ferent criteria based on signs of symptoms of an infection, 
microbiological evidence of S. agalactiae at the site of the 
infection, and imaging consistent with an infection. Erysip-
elas was an exception, as this is deemed a clinical diagnosis.

1 3



European Journal of Clinical Microbiology & Infectious Diseases

Outcomes

Primary outcome for the TTP-analysis was defined as death 
within 30 days of blood culture obtainment. Secondary out-
comes were defined as the development of sepsis within 6 
and/or 48 h according to sepsis-3 criteria [18] from blood 
culture obtainment. The worst SOFA-scores for two differ-
ent time intervals, 6 and 48 h from blood culture obtainment, 
were selected in order to detect any disease deterioration. IE 
was classified according to the Duke-ISCVID criteria [19].

Statistics

For continuous variables, Mann-Whitney U was used. TTP 
was reported as median with interquartile ranges. Chi-
square test was used for categorical data. Statistical analysis 
was performed in GraphPad Prism (GraphPad Software).

Results

Inclusion and exclusion of patients with S. 
agalactiae bacteraemia

Between 2016 and 2023, a total of 170 571 individuals 
underwent at least one blood culture, of whom 38 877 had a 
positive result. During the same period, 594 adult episodes 
of S. agalactiae bacteraemia were identified. Of these 131 
episodes were excluded for the following reasons: patient 
age < 18 years, inaccessible medical records (n = 28), recur-
rent infection (n = 16), polymicrobial growth (n = 43), miss-
ing data (n = 3), relapse (n = 2), and blood cultures drawn 
after initiation of antibiotic therapy (n = 1). This resulted in 
a final cohort of 463 individuals with S. agalactiae bacter-
aemia, representing 1.2% of all individuals with a positive 
blood culture during the study period. For the analysis of 
TTP, patients from hospitals without blood culture incuba-
tors were excluded (n = 52). Figure 1 summarises the inclu-
sion and exclusion of episodes of S. agalactiae bacteraemia.

Clinical characteristics

Table 1 summarises the clinical features of the whole study 
cohort of patients with S. agalactiae bacteraemia, as well as 
a comparison of patients and blood culture data from hos-
pitals with and without blood culture incubators. Median 
age was 72 years (interquartile range (IQR 62–82), and the 
majority were male (56%). Skin and soft tissue were the 
most common focus of infection (n = 169), and 23 patients 

were diagnosed with IE. The 30-day mortality rate was 9% 
(n = 40).

Primary outcome and secondary outcomes

Table 2 summarises the analysis of outcome and associa-
tion with TTP. Median TTP was shorter in patients who 
died within 30 days from blood culturing compared to sur-
vivors, but this was not statistically significant, 8.6 h (IQR 
7.6–10.1) vs. 9.1 (IQR 7.8–10.4), p = 0.4, Mann-Whitney 
U test, Fig. 2. Median TTP was shorter in patients with IE 
compared to patients without IE, 7.5  h (IQR 5.9–8.8) vs. 
9.1 (IQR 7.9–10.5), p = 0.005, Mann-Whitney U test, Fig. 3. 
There was no statistical difference in levels of TTP and 
development of sepsis and or any disease deterioration.

Discussion

This cohort of 463 patients with S. agalactiae bacteraemia 
has a slightly higher median age than other studies [12–14]. 
The presence of multiple comorbidities and skin and soft 
tissue as a focus of infection is in line with previous stud-
ies, with the 30-day mortality of 9% somewhat lower than 
in previous studies [12, 13]. In this large population-based 
cohort, we found no significant association between TTP 
and 30-day mortality or early sepsis development in S. aga-
lactiae bacteraemia. Notably, our findings deviate from two 
other published studies that encompassed different groups 
of beta-haemolytic streptococci [10, 11], in which IE is 
uncommon. Our cohort allowed assessment of the associa-
tion between TTP and IE in S. agalactiae bacteraemia. We 
found that patients with IE had significantly shorter TTP 
values, suggesting that TTP may reflect a higher bacterial 
load and more invasive infection, and a result in line with 
what has been found for Staphylococcus aureus bacteraemia 
[4].

Beta-haemolytic streptococci grow at room tempera-
ture. This may explain the lower TTP values observed in 
blood cultures obtained from hospitals lacking blood cul-
ture incubators, where samples have to be transported to 
larger hospitals before incubation. In our dataset, TTP val-
ues were statistically significantly shorter in blood cultures 
originating from these hospitals compared with those from 
hospitals equipped with on-site incubators, Fig S.1 A major 
limitation of our study is the lack of precise data on the time 
intervals between blood culture sampling and incubation. 
This includes both transport times from hospitals without 
incubators to the central laboratory and the time from sam-
pling to incubation within the five hospitals with incubators. 
Because TTP is highly dependent on the actual incubation 
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Fig. 1  Flowchart of inclusion and 
exclusion of episodes of Strepto-
coccus agalactiae bacteraemia
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strongly influenced by pre-analytical delays, and therefore 
not comparable to those from hospitals where incubation 
begins immediately. The hospitals without incubators are 
also the smallest in the region, and lack intensive care units, 

start time, and because we could not determine this time 
point reliably for samples from hospitals without incuba-
tors, these patients had to be excluded from the analyses 
comparing TTP and clinical outcomes. Their TTP values are 

Clinical features Total Hospi-
tals with 
incubators

Hospitals 
without 
incubators

p-value 
(with vs 
without 
incubators)

Age, median, (IQR), y 72 (62–82) 72 (62–82) 75 (68–83) 0.2
Sex, male, n(%), 56 (260) 233 (57) 27 (52) 0.6
CCIa, median (IQR) 1 (0–2) 1 (0–2) 2 (0–3) 0.1
Mode of acquisition, n(%)
   Community acquired 259 (56) 235 (57) 24 (46) 0.1
   Healthcare related 178 (38) 151 (37) 27 (52) 0.05
   Nosocomial 26 (6) 25 (6) 1 (2) 0.3
Focus of infection, n(%)
   Skin and soft tissue 169 (37) 151 (37) 18 (35) 0.9
   Skeletal and joint 48 (10) 46 (11) 2 (4) 0.1
   Respiratory tract 32 (7) 25 (6) 7 (13) 0.1
   Postpartum infection 7 (2) 6 (1) 0 (0) 1.0
   Infective endocarditis 23 (5) 18 (4) 5 (10) 0.2
   Genitourinary tract 36 (8) 36 (9) 0 (0) 0.03
   Unknown 155 (33) 135 (33) 20 (38) 0.06
   Gastrointestinal 8 (2) 8 (2) 0 (0) 1.0
   Postoperative infection 6 (1) 5 (1) 1 (2) 0.5
   Otherb 9 (2) 7 (2) 0 (0) 1.0
Adequate antibiotic treatment within 12 hours n(%) 410 (89) 366 (89) 44 (85) 0.4
Antibiotic treatment
   Length of treatment (intravenous), within 12 hours 
n(%)

6 (4–10) 6 (4–10) 6 (5–10) 0.2

   Length of treatment (oral), median, (IQR), d 8 (5–10) 8 (5–10) 8 (6–10) 0.8
   Length of treatment (total), median, (IQR), d 14 (11-17) 13 (11–17) 15 (12–19) 0.04
Patterns of antibiotic resistance, n(%)
  Amoxicillin 0 (0) 0 (0) 0 (0) 1.0
   Penicillin G 0 (0) 0 (0) 0 (0) 1.0
   Erythromycin 49 (11) 45 (11) 4 (8) 0.6
   Clindamycin 50 (11) 45 (11) 5 (10) 1.0
Surgery, n(%) 45 (10) 42 (10) 3 (6) 0.5
Length of stay, median, (IQR), d 8 (5–12) 7,5 (5–12) 9 (6–13) 0.1
TTP, median, (IQR) h 8.8 

(7.5–10.2)
9.1 
(7.7–10.4)

6.6 
(3.9–8.3)

< 0.0001

ICU, n(%) 16 (3) 14 (3) 2 (4) 0.7
Symptom duration before admission, median (IQR), 
d

1 (0–2) 1 (0–2) 1 (0–2) 0.6

Outcomes
Mortality, 30 days, n(%) 40 (9) 40 (10) 0 (0) 0.01
   Time to death, median, (IQR), d 7 (3-11) 7 (3-11)
Mortality, 90 days, n(%) 53 (11) 51 (12) 2 (4) 0.1
   Time to death, median, (IQR), d 10 (4-29) 9 (4-27) 43 (42-43) 0.1
Sepsis (0-48 h), n(%) 205 (44) 184 (45) 22 (42) 0.8
   Septic shock (0-48 h), n(%) 20 (4) 18 (4) 2 (4) 1.0
Disease deterioration (0-6 to 6-48 h), n(%) 60 (13)  55 (13) 5 (10) 0.7

Table 1  Patients with S. aga-
lactiae bacteraemia and clinical 
characteristics

CCI: Charlson comorbidity index. TTP: time to positivity. ICU: intensive care unit.
aPoints for age were not included in CCI. bOther refers to tooth infection (n =1), mycotic aneurysm (n 
=1), mediastinitis (n =1), mastitis (n =2), and prosthesis infection (n =2)
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Table 2  Secondary outcomes and association with levels of TTP
Variable p value 
Sepsis (n=184) Non-sepsis (n =227) p = 0.3
Median TTP 8.8 hours (IQR 7.5-10.8) Median 9.1 hours (IQR 8.0-10.2)
90-day mortality (n = 51) Survivors (n =359) p = 0.4
Median 8.8 hours (IQR 7.6-10.1) Median 9.1 hours (IQR 7.8-10.4)
IE (n =18) Non-IE (n =393) p = 0.005 
Median 7.5 hours (IQR 5.9-8.8) Median 9.1 hours (IQR 7.9-10.5)
Disease deterioration (n = 55) No disease deterioration (n =356) p = 0.2
Median 9.0 hours (IQR 7.3-9.8) (Median 9.1 hours (IQR 7.8-10.5)
TTP: time to blood culture positivity. IQR: interquartile range. IE: infective endocarditis 

Fig. 2  Survivors vs. non-
survivors within 30 days after 
positive blood culture. Median 
TTP was shorter in patients who 
died within 30 days from blood 
culturing compared to survivors, 
but this was not statistically 
significant, 8.6 h (IQR 7.6–10.1) 
vs. 9.1 h (IQR 7.8–10.4), p = 0.4, 
Mann-Whitney U test

 

1 3



European Journal of Clinical Microbiology & Infectious Diseases

Fig. 3  Time to positivity in patients with IE compared to patients with other foci of infection. Median TTP was statistically significantly shorter in 
patients with IE compared to patients without IE, 7.5 h (IQR 5.9–8.8) vs. 9.1 h (IQR 7.9–10.5), p = 0.005, Mann-Whitney U test
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