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Background.  Streptococcus pyogenes bacteremia is a severe condition with high mortality. Time to blood culture positivity 
(TTP) is known to predict the outcome in bacteremia with other pathogens. This study aimed to determine the association between 
TTP and outcome in S pyogenes bacteremia.

Methods.  This retrospective observational cohort study comprised adults with S pyogenes bacteremia, identified through the 
laboratory database between 2015 and 2018, in the Region of Skåne, Sweden. Correlations between TTP and outcomes were investi-
gated. Primary outcome was death within 30 days, and secondary outcomes were presence of sepsis or disease deterioration within 
the first 48 hours.

Results.  A total of 347 episodes of S pyogenes bacteremia were identified, of which 61 were excluded, resulting in 286 included 
episodes. Median TTP was 10.4 (interquartile range, 8.4–11.4) hours. Thirty-day mortality was 10%. Median TTP was shorter in 
patients who died within 30 days compared to survivors (8.6 vs 10.4 hours; P < .001). In a multivariable logistic regression, shorter 
TTP was associated with 30-day mortality when adjusting for age, Charlson Comorbidity Index, and focus of infection (odds ratio, 
3.7 [95% confidence interval, 1.2–11.3]; P = .02). There was no statistically significant difference in TTP between patients with sepsis 
within 48 hours and those who did not have sepsis. Additionally, there was no statistically significant difference in TTP between pa-
tients with disease deterioration compared to those who did not deteriorate.

Conclusions.  Knowledge on TTP might be a tool to determine the prognosis of a given patient with S pyogenes bacteremia.
Keywords.  outcome; Streptococcus pyogenes; time to positivity.

Streptococcus pyogenes can cause mild infections such as tonsil-
litis, but also severe skin and soft tissue infections, necrotizing 
fasciitis, and septic shock. Underlying conditions such as dia-
betes mellitus, peripheral vascular disease, >60 years of age, and 
skin lesions have been associated to S pyogenes bacteremia [1]. 
However, in most cases with S pyogenes bacteremia, no focus 
of infection is established. Focus of infection to the lungs, high 
age, and leukopenia have been associated with fatal outcome 
[2], as has necrotizing fasciitis [3].

Time to positivity (TTP) in blood cultures indicates the time 
from the beginning of culture incubation to the detection of 
bacterial growth by the automated system. Shorter TTP may 

reflect a higher bacterial concentration in blood, which in turn 
may be associated with severe infection. TTP has been associ-
ated with higher risk for intravascular infections [4–6] and has 
been claimed as a predictive factor for poor outcome in infec-
tions caused by major pathogens such as Staphylococcus aureus 
and Streptococcus pneumoniae [4, 7, 8].

Streptococcus pyogenes expresses several potentially important 
virulence factors, such as the M protein. The cell surface M pro-
tein is encoded by the emm gene and there are >100 different S 
pyogenes emm types. The distribution of emm types varies with 
different geographical settings and time intervals [9]. Correlation 
with disease severity and certain emm types are not fully estab-
lished, and both common and rare emm types have been linked 
to site of acquisition and higher risk of mortality [10, 11].

The objective of this study was to investigate the possible as-
sociation between TTP and outcome, determined as mortality, 
sepsis, or disease deterioration, in patients with S pyogenes 
bacteremia.

MATERIALS AND METHODS

This is a retrospective cohort study comprising all cases 
of S pyogenes bacteremia occurring from 2015 to 2018 in 
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the Region of Skåne, Sweden, that were identified by the 
Department of Clinical Microbiology, Region Skåne, Lund, 
Sweden. The Region of Skåne has 1.4 million inhabitants 
and a single bacteriology laboratory. The region has 5 hos-
pitals that are equipped with blood culture incubators where 
blood culture bottles are introduced around the clock. In 
addition, there are 5 smaller hospitals that transport blood 
culture bottles to a hospital with an incubator before incu-
bation starts. The BACTEC FX blood culture system (Becton 
Dickinson, Franklin Lakes, New Jersey) is used throughout 
the region. Species determination of the isolates was per-
formed using Microflex matrix-assisted laser desorption/ion-
ization (MALDI)–time of flight mass spectrometry (Bruker, 
Bremen, Germany) with the direct transfer protocol and the 
software FlexControl and MALDI Biotyper (MBT) Compass 
4.1 with reference database MBT Compass Library DB-7854 
(Bruker). Emm typing based on the emm gene was performed 
according to the Centers for Disease Control and Prevention 
( https://www.cdc.gov/streplab/).

The inclusion criterion was an episode with a clinical situ-
ation where a positive blood culture bottle with S pyogenes 
was obtained. When multiple separate blood culture bottles 
were obtained from the same patient, the shortest TTP was 
applied for further statistical analysis. Exclusion criteria were 
<18 years of age, lack of access to medical records, or blood cul-
tures obtained from hospitals lacking blood culture incubators. 
Moreover, if recurrent episodes of bacteremia occurred, only 
the last episode was included. The rationale for this was that 
recurrence refuted death as a consequence of the first episode. 
Episodes with only polymicrobial growth in blood culture bot-
tles were also excluded, since the contribution of each species 
to TTP could not be determined. Medical records of included 
patients with S pyogenes bacteremia were reviewed according to 
a prespecified protocol.

Mode of acquisition was recognized as community ac-
quired, healthcare associated, or nosocomial (>48 hours of 
hospitalization after the start of blood culture). Healthcare-
related infection was defined as a positive blood culture in 
the initial 48 hours of hospitalization, if the patient had been 
in contact with healthcare within 30 days prior to the epi-
sode, as an outpatient, or if the patient had been discharged 
from the hospital within 90 days prior to the episode [12]. 
Demographic factors such as age, gender, and antibiotic treat-
ment were collected. Comorbidities were graded according to 
Charlson Comorbidity Index (CCI) [13].

Primary outcome was defined as 30-day mortality. Secondary 
outcomes were defined as presence of sepsis or of disease deteri-
oration that comprised development from nonsepsis to sepsis/
septic shock or sepsis to septic shock. Focus of infection was 
defined as fulfillment of at least 2 of the following criteria: (1) 
signs or symptoms of an infection, (2) isolation of S pyogenes 

at the site of the infection, and (3) imaging compatible with 
focal infection. Erysipelas was an exception where typical clin-
ical findings were regarded sufficient to verify the focus. Data 
on onset of symptoms, length of stay, length of antibiotic treat-
ment, intravenous immunoglobulin therapy, and surgery were 
collected.

The definition of sepsis and septic shock was according to 
the Third International Consensus Definitions for Sepsis and 
Septic Shock (Sepsis-3) [14] and evaluated using the modi-
fied Sequential Organ Failure Assessment (SOFA) score [15]. 
Respiratory function was assured using the Severinghaus equa-
tion in patients with oxygen treatment [16]. The most deviating 
clinical vital parameters, irrespective of interventions, for every 
patient were collected at 2 different time intervals after admis-
sion or, for nosocomial infections, after blood culturing. The 2 
time intervals were used to study possible disease deterioration 
within the first 48 hours after blood culturing. The early time 
interval (0–6 hours) was meant to correspond to an early phase 
where blood culture results were not known, and the later in-
terval (6–48 hours) served as a comparator.

Statistical Analysis

For continuous variables, values are given as median with inter-
quartile range (IQR). Simple logistic regression was applied for 
univariate analysis. Differences in quantitative variables were 
performed using Mann-Whitney U test. Multivariate analysis 
with logistic regression was undertaken. Correlations between 
ordinal variables were investigated utilizing Spearman rank 
correlation coefficient. A P value < 0.05 was regarded as statis-
tically significant. Analyses were performed using R Statistical 
Software, version 3 (R Foundation for Statistical Computing; 
https://www.r-project.org/) and GraphPad Prism, version 9 
software (GraphPad Software).

RESULTS

Description of the Study Cohort

A total of 347 episodes of S pyogenes bacteremia were reported 
in 2015–2018. Thirty-six episodes were excluded, due to age <18 
years (n = 14), inaccessible medical records (n = 11), recurrent 
infection (n = 8), and polymicrobial growth in the same blood 
culture as S pyogenes (n = 3) (Figure 1). Additionally, episodes 
from hospitals lacking blood culture incubators (n = 25) were 
excluded as the time before the start of incubation was deemed 
likely to affect the TTP. The final cohort thus comprised 286 
episodes of S pyogenes bacteremia.

Median age was 71 (IQR, 57–82) years, and 144 patients were 
male (50%). Most of the patients had sepsis within 48 hours of 
hospital stay (68%). Table 1 summarizes clinical characteris-
tics of the episodes. The most common emm types were emm 
1 (n = 104), emm 89 (n = 40), emm 28 (n = 30), and emm 3 
(n = 21) (Table 2).

https://www.cdc.gov/streplab/
https://www.r-project.org/
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Outcomes
Primary Outcome
 Twenty-eight patients (10%) died within 30 days of admis-
sion to the hospital. Median TTP was significantly shorter in 
patients who died within 30 days compared to surviving pa-
tients (8.6 [5.3–10.6, IQR] hours vs 10.4 [8.6–11.5, IQR] hours; 
P = .0002; Figure 2). Thirty-day mortality was set as outcome 
and TTP was classified into 3 categories, as were age and CCI, 
in order to obtain groups of similar sizes. Univariate analysis 
identified short TTP (<9 hours), high age (>78 years), CCI, and 
focus of infection to the lungs as significantly associated with 
30-day mortality. Short TTP was still correlated to 30-day mor-
tality after adjustments for age, CCI, and focus of infection in 
a multivariate logistic regression analysis (odds ratio, 3.7 [95% 
confidence interval, 1.2–11.3]; P = .02) (Table 2). There were 14 
patients with very low TTP (1.8–4.9 hours), and in this group 
the 30-day mortality was 43%.

Secondary Outcome.
Table 3 summarizes the secondary outcomes. There was no sta-
tistically significant difference in TTP between patients with 
sepsis compared to patients who never developed this condition 
(P = .06). Additionally, when comparing TTP between patients 
who deteriorated to sepsis or septic shock within 48 hours from 
admission and those who did not, there was no statistically sig-
nificant difference (P = .8).

SOFA scores at 0–6 hours and 6–48 hours after admission 
were plotted against TTP. There was a negative correlation 
between TTP and SOFA scores at both time intervals, sug-
gesting that short TTP correlated with increased SOFA score 
(Spearman coefficient –0.1), but this was not significant (P = .07 
and P = .06, respectively; Supplementary Figure 1). No associ-
ations with the primary or secondary outcomes and emm types 
were observed (Supplementary Table 1).

DISCUSSION

This is to date the largest study on TTP and correlation to out-
come in patients with S pyogenes bacteremia. We show that 
short TTP correlates with 30-day mortality in patients with S 

Total episodes of  reported Streptococcus pyogenes bacteremia 2015–2018

<18 years of  age

Inaccessible medical records

Recurrent infection

Polymicrobial growth

Lack of  blood cabinets

Total episodes of  included S pyogenes bacteremia 2015–2018  

n = 347

n = 14

n = 11

n = 8

n = 3

n = 25

n = 286

Figure 1. Flowchart of included and excluded cases of Streptococcus pyogenes 
bacteremia. Polymicrobial episodes had growth of either Staphylococcus aureus 
(n = 2) or Bacillus species (n = 1) in the same blood culture bottle as S pyogenes.

Table 1. Clinical Characteristics of Episodes of Streptococcus pyogenes 
Bacteremia (n = 286)

Characteristic No. (%) 

Age, y, median (IQR) 71 (57–82)

Sex, male 144 (50)

CCI, median (IQR)a 1 (0–2)

Site of acquisition

  Community acquired 148 (52)

  Healthcare related 131 (46)

  Nosocomial 7 (2)

Focus of infection

  Skin and soft tissueb 152 (53)

  Skeletal and joint 8 (3)

  Upper respiratory tract 12 (4)

  Lower respiratory tract 33 (12)

  Endometritis 12 (4)

  Unknown 56 (20)

  Otherc 4 (1)

   >1 focus 9 (3)

Onset of symptoms to hospitalization, d, median (IQR) 2 (1–3)

Antibiotic treatmentd

  Length of treatment (intravenous), d, median (IQR) 7 (5–11)

  Length of treatment (oral), d, median (IQR) 7 (3–10)

  Length of treatment (total), d, median (IQR)d 14 (11–19)

Intravenous immunoglobulin therapy 23 (8)

Surgery 64 (22)

Length of stay, d, median (IQR) d 10 (6–17)

TTP, h, median (IQR) 10.4 (8.4–11.4)

Outcome

  Mortality, 30 d 28 (10)

   Days to death, median (IQR) 4 (2–13)

  Sepsis (0–48 h) 195 (68)

   Septic shock (0–48 h) 59 (21)

  Disease deterioration (0–6 to 6–48 h) 60 (21)

Data are presented as No. (%) unless otherwise indicated. 

Abbreviations: CCI, Charlson Comorbidity Index; IQR, interquartile range; TTP, time to 
positivity.
aCCI was calculated, of which age did not give any point. 
bTwenty-five cases were necrotizing fasciitis. 
cOther focus of infection encompassed urinary tract infection, gastrointestinal infection, 
and pericarditis. 
dBoth survivors and nonsurvivors were included in length of stay and treatment. Data were 
missing in patients on length of antibiotic treatment and length of stay (n = 3).

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac163#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac163#supplementary-data
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pyogenes bacteremia. Similar findings have been observed with 
TTP and other Gram-positive bacteria, suggesting that TTP 
may be an important prognostic factor in patients with bac-
teremia. However, in a recent study published by Hamilton et 
al, TTP correlated with mortality rate only for Candida and 
β-hemolytic streptococci and not for other major pathogens 
[17]. In that study, β-hemolytic streptococci were divided into 
groups based on the Lancefield group antigen, which does not 
always correlate with the species. In future studies it would be 
interesting to investigate TTP and outcome in cases of bacte-
remia with other β-hemolytic streptococci such as Streptococcus 
dysgalactiae and Streptococcus agalactiae.

Information on TTP, in addition to positive findings of 
β-hemolytic streptococci from blood cultures, may be an im-
portant tool when it comes to prediction of prognosis. Our 
study confirms this, even when adjustments have been made to 
age, comorbidities, and focus of infection. However, the cohort 

was too small to make any other adjustments for other factors. 
Furthermore, we did not detect any significant correlation of 
TTP and disease deterioration. For disease deterioration, we 
only measured parameters according to Sepsis-3 criteria at 2 
different time intervals (0–6 hours and 6–48 hours within hos-
pital stay). Patients who developed a more severe disease after 
this time interval may therefore have been missed.

Emm types have been thought to be important prognostic 
factors in S pyogenes bacteremia; however, we did not detect 
such correlations to either mortality, sepsis, or disease deteri-
oration. Focus of infection to the lower respiratory tract has 
previously been associated with fatal outcomes in patients with 
S pyogenes bacteremia. In our study there were 33 patients 
(12%) with focus to the lungs, of whom 7 died within 30 days 
of admission. In the univariate analysis, focus of infection to 
the lungs was associated with 30-day mortality, and there was a 
borderline significant trend in the multivariable analysis. This is 

Table 2. Thirty-Day Mortality and Correlations to Clinical Characteristics

Characteristic 
30-Day Mortality, No.

(n = 28) 
Survivor, No.

(n = 258) OR (95% CI) P Value Adjusted OR (95% CI) P Value 

TTP, h

  11.0–29.1 5 96 Ref Ref

  9.0–10.9 6 86 1.3 (.4–4.5) .6 1.4 (.4–5.0) .6

  1.8–8.9 17 76 4.3 (1.5–12.2) .006 3.7 (1.2–11.3) .02

Gender

  Female 14 128 Ref …

  Male 14 130 1.0 (.5–2.1) 1.0 …

Age, y

  18–64 4 93 Ref Ref

  65–78 5 90 1.3 (.3–5.0) .7 0.7 (.2–3.2) .7

  79–98 19 75 5.9 (1.9–18.0) .002 3.1 (.8–11.2) .1

CCI

  0 5 137 Ref Ref

  1–2 17 85 5.5 (1.9–15.4) .001 3.1 (.9–10.2) .06

  ≥3 6 36 4.6 (1.3–15.8) .02 2.7 (.7–11.1) .2

Focus of infection

  Skin and soft tissue 12 140 Ref Ref

  Skeletal and joint 1 7 1.7 (.2–15.0) .6 2.5 (.3–25.1) .4

  Upper respiratory tract 1 11 1.1 (.1–8.9) 1.0 1.9 (.2–18.8) .6

  Lower respiratory tract 7 26 3.1 (1.1–8.7) .03 3.1 (1.1–9.5) .05

  Endometritis 0 12 2.8 (0–∞) 1.0 4.0 (0–∞) 1.0

  Other 1 3 3.9 (.4–40.3) .3 2.4 (.2–31.8) .5

  Unknown 6 50 1.4 (.5–3.9) .5 1.4 (.5–4.3) .6

   >1 focus 0 9 2.8 (0–∞) 1.0 8.5 (0–∞) 1.0

emm type

  1 9 95 Ref …

  89 3 37 0.9 (.2–3.3) .8 …

  28 2 28 0.8 (.2–3.7) .7 …

  3 2 19 1.1 (.2–5.6) .3 …

  4 3 16 2.0 (.5–8.1) .3 …

  12 1 12 0.9 (.1–7.6) .9 …

  Other 8 51 1.7 (.6–4.6) .3 …

Univariate test of significance was performed with simple logistic regression. Multivariable testing was performed using a binary multivariable logistic regression with 30-day mortality as 
outcome, with the following variables: TTP, age, CCI, and focus of infection.

Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; OR, odds ratio; TTP, time to positivity.
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in line with previous observation that lung focus may be associ-
ated with worse prognosis in S pyogenes bacteremia [18].

Invasive infections with S pyogenes have a substantial mor-
tality ranging from 8% to 23% within 30 days of infection [17, 
19]. In our cohort, the mortality was only 10%, although most 
of the patients developed sepsis during hospital stay. We do not 
know the reason for this, but a contributing factor may be, in 
our setting, that blood cultures are commonly taken also for rel-
atively benign conditions such as erysipelas. This could possibly 
result in a higher number of patients diagnosed with bacteremia 
despite having a nonfatal infection.

This study has several limitations, mainly due to its retro-
spective design. Information on time between blood collection 
and start of incubation of blood culture bottle in culture incu-
bator was not available, and the volume of blood cultured was 
unknown. Delay of loading a bottle can be a major confounder 
since it can reduce TTP as S pyogenes starts to divide at room 
temperature. We tried to minimize this problem by excluding 
cases with S pyogenes bacteremia from hospitals lacking blood 
culture incubators. TTP was much shorter in the excluded blood 
cultures obtained from hospitals lacking blood culture incuba-
tors (Supplementary Figure 2). Still, we cannot adjust for exact 
time points when the cultures were taken and the bottles were 
put into the incubators. The results from this study were from 

a single-region cohort study with a single laboratory, making 
extrapolations difficult. For example, Hamilton et al [17] found 
a median TTP of 17.1 hours in bacteremia with β-hemolytic 
streptococci compared to the 10.4 hours in our study. The reason 
for this difference is unknown but could be due to different 
blood culture systems, different TTP of different groups or spe-
cies of β-hemolytic streptococci, or logistics. We did not detect 
any cases of infective endocarditis (IE) due to S pyogenes in our 
cohort, whereas a recent publication by Chamat-Hedemand et al 
reported a prevalence of 1.9% of IE in cases of S pyogenes bac-
teremia [20]. However, as a large proportion of patients did not 
undergo echocardiography, we cannot exclude that some cases 
of IE may have been missed. One major strength, though, is the 
fact that the study is based on a large population-based cohort.

In summary, TTP is an independent prognostic factor for 
mortality in patients with S pyogenes bacteremia. Knowledge 
on TTP might provide the clinician with an additional tool 
to determine the prognosis of a given patient with S pyogenes 
bacteremia.
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Figure 2. Comparison of time to positivity (TTP) between patients who died 
within 30 days and survivors. Median TTP was statistically significantly lower in 
patients who died within 30 days compared to survivors (8.6 [5.3–10.6, IQR] hours 
and 10.4 [8.6–11.5, IQR] hours, respectively; P = .0002, Mann-Whitney U test).

Table 3. Secondary Outcomes

Outcome TTP, h, Median (IQR) P Value 

Sepsisa .06

  Yes (n = 195) 10.1 (8.0–11.4)

  No (n = 91) 10.6 (9.6–11.3)

Disease deteriorationb (0–6 to 6–48 h) .8

  Yes (n = 60) 10.5 (8.2–11.5)

  No (n = 226) 10.3 (8.6–11.4)

Abbreviations: IQR, interquartile range; TTP, time to positivity.
aSepsis was defined as sepsis or septic shock any time within 48 hours from admission.
bDisease deterioration between the 2 time intervals included transition from no sepsis to 
sepsis and from sepsis to septic shock.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac163#supplementary-data


6 • OFID • Bläckberg et al

Potential conflicts of interest. All authors: No reported conflicts of in-
terest. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. Conflicts that the editors consider relevant to 
the content of the manuscript have been disclosed.

REFERENCES
 1. Vallalta Morales M, Soriano Navarro CJ, Salavert Lletí M, et al. Group A strep-

tococcal bacteremia: outcome and prognostic factors. Rev Esp Quimioter 2006; 
19:367–75.

 2. Strömberg A, Romanus V, Burman LG. Outbreak of group A streptococcal 
bacteremia in Sweden: an epidemiologic and clinical study. J Infect Dis 1991; 
164:595–8.

 3. Lamagni TL, Neal S, Keshishian C, et al. Predictors of death after severe 
Streptococcus pyogenes infection. Emerg Infect Dis 2009; 15:1304–7.

 4. Kim J, Gregson DB, Ross T, Laupland KB. Time to blood culture positivity in 
Staphylococcus aureus bacteremia: association with 30-day mortality. J Infect 
2010; 61:197–204.

 5. Kahn F, Resman F, Bergmark S, et al. Time to blood culture positivity in 
Staphylococcus aureus bacteraemia to determine risk of infective endocarditis. 
Clin Microbiol Infect 2021; 27:1345.e7–12.

 6. Siméon S, Le Moing V, Tubiana S, et al. Time to blood culture positivity: an in-
dependent predictor of infective endocarditis and mortality in patients with 
Staphylococcus aureus bacteraemia. Clin Microbiol Infect 2019; 25:481–8.

 7. Cillóniz C, Ceccato A, de la Calle C, et al. Time to blood culture positivity as a pre-
dictor of clinical outcomes and severity in adults with bacteremic pneumococcal 
pneumonia. PLoS One 2017; 12:e0182436.

 8. Marra AR, Edmond MB, Forbes BA, Wenzel RP, Bearman GM. Time to blood 
culture positivity as a predictor of clinical outcome of Staphylococcus aureus 
bloodstream infection. J Clin Microbiol 2006; 44:1342–6.

 9. Jasir A, Schalén C. Strep-EURO: progress in analysis and research into severe 
streptococcal disease in Europe, 2003-2004. Euro Surveill 2005; 10:E050203.3.

 10. González-Abad MJ, Alonso Sanz M. Invasive Streptococcus pyogenes infections 
(2011-2018): EMM-type and clinical presentation [in Spanish]. An Pediatr (Barc) 
2020; 92:351–8.

 11. Nelson GE, Pondo T, Toews KA, et al. Epidemiology of invasive group A strep-
tococcal infections in the United States, 2005–2012. Clin Infect Dis 2016; 
63:478–86.

 12. Friedman ND, Kaye KS, Stout JE, et al. Health care–associated bloodstream infec-
tions in adults: a reason to change the accepted definition of community-acquired 
infections. Ann Intern Med 2002; 137:791–7.

 13. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation. J 
Chronic Dis 1987; 40:373–83.

 14. Singer M, Deutschman CS, Seymour CW, et al. The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016; 315:801–10.

 15. Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ Failure 
Assessment) score to describe organ dysfunction/failure. On behalf of the 
working group on sepsis-related problems of the European Society of Intensive 
Care Medicine. Intensive Care Med 1996; 22:707–10.

 16. Severinghaus JW. Simple, accurate equations for human blood O2 dissociation 
computations. J Appl Physiol Respir Environ Exerc Physiol 1979; 46:599–602.

 17. Hamilton F, Evans R, Ghazal P, MacGowan A. Time to positivity in bloodstream 
infection is not a prognostic marker for mortality: analysis of a prospective 
multicentre randomized control trial. Clin Microbiol Infect 2021; 28:136.e7–13.

 18. Tamayo E, Montes M, Vicente D, Pérez-Trallero E. Streptococcus pyogenes pneu-
monia in adults: clinical presentation and molecular characterization of isolates 
2006-2015. PLoS One 2016; 11:e0152640.

 19. Walker MJ, Barnett TC, McArthur JD, et al. Disease manifestations and path-
ogenic mechanisms of group A Streptococcus. Clin Microbiol Rev 2014; 
27:264–301.

 20. Chamat-Hedemand S, Bruun NE, Østergaard L, et al. Proposal for the use of ech-
ocardiography in bloodstream infections due to different streptococcal species. 
BMC Infect Dis 2021; 21:689.


