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ABSTRACT
Objectives The aim of this study was to identify 
prehospital and early hospital risk factors associated with 
30- day mortality in patients with blood culture- confirmed 
community- acquired bloodstream infection (CA- BSI) in 
Sweden.
Methods A retrospective case–control study of 1624 
patients with CA- BSI (2015–2016), 195 non- survivors 
satisfying the inclusion criteria were matched 1:1 with 
195 survivors for age, gender and microorganism. All 
forms of contact with a healthcare provider for symptoms 
of infection within 7 days prior CA- BSI episode were 
registered. Logistic regression was used to analyse risk 
factors for 30- day all- cause mortality.
Results Of the 390 patients, 61% (115 non- survivors 
and 121 survivors) sought prehospital contact. The 
median time from first prehospital contact till hospital 
admission was 13 hours (6–52) for non- survivors 
and 7 hours (3–24) for survivors (p<0.01). Several 
risk factors for 30- day all- cause mortality were 
identified: prehospital delay OR=1.26 (95% CI: 1.07 
to 1.47), p<0.01; severity of illness (Sequential Organ 
Failure Assessment score) OR=1.60 (95% CI: 1.40 to 
1.83), p<0.01; comorbidity score (updated Charlson 
Index) OR=1.13 (95% CI: 1.05 to 1.22), p<0.01 and 
inadequate empirical antimicrobial therapy OR=3.92 
(95% CI: 1.64 to 9.33), p<0.01. In a multivariable 
model, prehospital delay  >24 hours from first contact 
remained an important risk factor for 30- day all- cause 
mortality due to CA- BSI OR=6.17 (95% CI: 2.19 to 
17.38), p<0.01.
Conclusion Prehospital delay and inappropriate 
empirical antibiotic therapy were found to be important 
risk factors for 30- day all- cause mortality associated 
with CA- BSI. Increased awareness and earlier detection 
of BSI in prehospital and early hospital care is critical for 
rapid initiation of adequate management and antibiotic 
treatment.

BACKGROUND
Bloodstream infection (BSI) is a major 
cause of morbidity and mortality world-
wide, with sepsis and septic shock as 
important complications.1–5 In Europe, the 

number of BSIs and number of deaths due 
to BSI each year have been estimated to 
be 1.2 million and 157 000, respectively.6 
Most studies in Nordic countries report 
an increase in the incidence of BSI7–10 and 
an increase in associated mortality,7 9 but a 
low level of antibiotic resistance.11

The increasing incidence of community- 
onset BSI has become a major problem. This 
may be due to an increase in healthcare- 
associated BSI related to complex medical 
care of aged patients with comorbidity in 
the community setting.7 12 BSI and the risk 
of transition to sepsis and septic shock with 
life- threatening organ dysfunction requires 
early identification for prompt initiation 
of life- saving measures and improvement 
in outcome.13–17 There are many studies 
focusing on improving early detection of 
patients at risk for developing sepsis in 
the emergency department (ED).18–22 Few 
studies have addressed prehospital care 
of sepsis prior to evaluation at the ED 
or by the paramedic,23 24 and not one, to 
our knowledge, on the impact of delay in 
prehospital care on 30- day mortality in a 
well- defined case–control study on patients 
with community- acquired BSI (CA- BSI). 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Non- surviving patients were matched 1:1 with sur-
vivors for age, gender and microorganism to evalu-
ate risk factors for 30- day mortality.

 ⇒ Data on limitation of level of care were collected and 
evaluated as a potential confounding factor.

 ⇒ Only empirical antibiotic treatments were analysed, 
early changes in therapy were not considered.

 ⇒ Data regarding patient delay, that is, time from onset 
of symptoms to contact with prehospital or hospital 
care, were unavailable.
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The aim of this study was to identify prehospital 
and early hospital risk factors associated with 30- day 
mortality in patients with culture- confirmed CA- BSI.

METHODS
Study design and setting
This was a case–control study on risk factors for 30- day 
mortality in patients with CA- BSI. From a database of 
culture- confirmed CA- BSI in the Swedish county of 
Östergötland, samples of cases (non- survivors) and 
matched controls (survivors) over a 2- year period (from 
1 January 2015 until 31 December 2016) were selected. 
The county of Östergötland, with a population of 445 
000 in December 2015 and 452 000 in December 2016, 
had four hospitals, one tertiary care university hospital, 
two general hospitals, one district hospital, 44 primary 
healthcare centres (PHCCs) and four out- of- office 
hours centres.

In most West European countries, prehospital health-
care is available at several levels. In this study, prehos-
pital care is defined as healthcare contact prior to 
transport by ambulance or entering the ED. In Sweden, 
first contact with the healthcare service is usually by a 
phone call to the PHCC or to the national healthcare 
guide (NHG). In urgent situations, the emergency 
medical service (i.e, paramedic ambulance service) is 
contacted directly. PHCCs usually provide a call- back 
system where a nurse rings during office hours and 
assesses the need for clinical assessment. The NHG 
offers immediate medical advice over the phone 24 
hours a day. It is manned by specially trained nurses 
using a decision- support algorithm, they assess the need 
for further care and provide advice and/or recommend 
other healthcare services.

Data collection
From the microbiology laboratory database, the 
following dataset was collected: blood culture results, 
number of aerobic and anaerobic blood culture vials 
taken, sites of puncture, species identification and 
susceptibility patterns. The dataset was entered into 
a second database where it was linked to the patient- 
administration system providing the following data on 
all patients with a BSI episode: gender, age, comor-
bidity, admitting department, date of admission, date of 
discharge and mortality.

A total of 2356 BSI episodes were identified, of 
which 1624 were CA- BSIs. To determine the impact of 
prehospital and early hospital care on 30- day all- cause 
mortality 2015–2016, we matched a group of non- 
survivors (cases) with survivors (controls) that satis-
fied the following inclusion criteria: adult (≥18 years), 
culture- confirmed CA- BSI with a significant pathogen, 
registered in the County of Östergötland, treated in a 
hospital in the County of Östergötland, non- survivor 
(dead within 30 days from positive blood culture) and 
survivor alive at (30 days).

In all, 195 non- survivors met the inclusion criteria and 
were matched with 195 survivors for age (±10 years), 
gender and microorganisms (figure 1).

For non- survivors and survivors, data on all infection- 
related contacts with a healthcare provider (telephone 
contact or physical contact) ≤7 days prior to a posi-
tive blood culture were collected by reviewing medical 
records. For each contact, the following were docu-
mented in the case report form: profession of health-
care provider, suspected diagnosis, vital signs, primary 
focus of infection and initial advice given. In the event 
of ambulance transport, information on time to reach 
the patient, time to reach ED, vital signs, intravenous 
fluid administration and oxygen administration were 
extracted from the mission report.

The following data on management in the ED were 
collected: limitation of level of care, medical personnel 
involved, vital signs, laboratory data, consultation with 
a specialist if any (infectious diseases, internal medi-
cine, anaesthesia and so on), time on the ED, times to 
fluid administration and antibiotic treatment, other 
sepsis treatment such as corticosteroids and highest 
serum lactate within 24 hours after admission. The 
highest priority given by the triage system Rapid Emer-
gency Triage and Treatment System (RETTS) was 
documented.25 26 Sequential Organ Failure Assessment 
(SOFA) score27 and National Early Warning Score 
(NEWS) 228 were also calculated.

An expert group consisting of physicians specialised 
in infectious diseases judged the correctness of the 
antibiotic treatment based on local recommendations 
for empirical treatment of the suspected focus at that 
time, and the pathogen finally cultured. Doses of anti-
biotics, corrected for renal function, were also judged. 
Comorbidity scores according to the modified Charlson 
Comorbidity Index, based on diagnoses obtained from 
patient medical records up to 24 months prior to the 
BSI, were later entered into the database.

Episodes of BSIs
n=2356

CA-BSIs
n=1624

Non-survivors
n=205

Survivors
n=1419

Non-survivors
n=195

Survivors
n=195

Non-significant 
pathogen

n=10

Matched for:
• Gender
• Age
• Microorganism

Figure 1 A total of 2356 BSI episodes were identified, 
of which 1624 were CA- BSIs, 195 non- survivors met the 
inclusion criteria and were matched with 195 survivors 
for age (±10 years), gender and microorganisms. CA- BSI, 
community- acquired bloodstream infection.
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Definitions
Blood culture
One set of blood cultures comprised one aerobic and one 
anaerobic blood culture bottle. It was recommended that 
at least two sets of blood cultures be taken simultaneously.

Positive blood culture
The isolations of microorganism(s) (one or more bacte-
rial or fungal isolates) from a set of blood cultures. Only 
bacterial or yeast isolates from initial blood cultures were 
considered; repeat isolates were excluded.

Non-significant pathogens
Microorganisms typically belonging to the skin 
microbiome

(Coagulase- Negative Staphylococci (CoNS), Micrococcus 
spp, Bacillus spp, Corynebacterium spp and Propionibacte-
rium spp) were considered probable contaminants and 
excluded.29 An exception was CoNS isolated from blood 
cultures taken from at least two different puncture sites 
on the same occasion, and with an identical resistance 
pattern.

Community-acquired bloodstream infection
A positive blood culture obtained within 48 hours after 
hospital admission. Cultures from readmission within 
30 days were excluded. Furthermore, patients who had 
received intravenous treatment or advanced nursing care 
at home such as parenteral nutrition, haemodialysis or 
intravenous chemotherapy, within the previous 30 days 
were excluded.

Immunosupression
Patients were deemed immunocompromised if prescribed 
immunosuppressive medication or had a code number 
(D80–D89) for an immunosuppressive disease according 
to the International Classification of Diseases, 10th 
edition (ICD- 10) when admitted to the hospital.

Comorbidity
Comorbidity score was based on the updated Charlson 
Comorbidity Index30–32 using ICD- 10 diagnosis codes 
documented in the patient’s medical record up to 24 
months prior to date of admission (online supplemental 
table 1).

Sepsis
The Sepsis- 3 definition33 was used, that is, an increase by 
two points or more in the SOFA score due to infection.

Limitation of level of care
In some cases, the decision was made to limit the level 
of care. Such a decision influences treatment provided 
and thus mortality. This is an obvious confounding factor. 
Limitation of level of care set in the ED or within the first 
24 hours of admission was registered as: (a) withholding 
of intensive care; (b) withholding of cardiopulmonary 
resuscitation (CPR) and (c) withdrawal of all active treat-
ment, that is, end- of- life care (EoLC).

Appropriate empirical antibiotic therapy
Defined by local recommendations, suspected source of 
infection, severity of illness, dosage and correction for 
renal function.34 35

Microbiologically appropriate empirical antibiotic therapy
Defined according to cultured pathogen and its suscepti-
bility patterns.34–36

Microbiological methods
All microorganisms isolated were analysed at the species 
level. Microorganism identification and susceptibility 
testing were performed at the Clinical Microbiology 
Department, University Hospital, Linköping using matrix- 
assisted laser desorption ionisation time- of- flight mass 
spectrometry. Antibiotic susceptibility classification used 
during study period was: susceptible (S), intermediate (I) 
and resistant (R), according to the European Committee 
on Antimicrobial Susceptibility Testing guidelines.36

Statistical analysis
Data are presented as mean and SD or median and quar-
tiles (Q1–Q3). We compared normally distributed quan-
titative variables using the Student’s t- test and categorical 
variables using the χ2 test or Fisher exact test as appro-
priate. Mann- Whitney U test and Kruskal- Wallis test were 
used otherwise. A two- tailed p value <0.05 was consid-
ered statistically significant. Correlations were analysed 
according to Pearson. Missing data were treated by pair-
wise deletion, and there was no imputation. Univariate 
and multivariable analyses were performed with logistic 
regression including the descriptive parameters that 
correlated to 30- day mortality. Two patients among the 
non- survivors had EoLC taken prior to admission to the 
hospital. This was considered to have had a major effect 
on early treatment and time to admission to hospital for 
these patients and they and their matched survivors were 
excluded from the analyses regarding time to admis-
sion and the multiple regression model. The statistics 
programme SPSS V.25 was used for the analyses.

RESULTS
Demographic and clinical characteristics
A total of 2356 BSI episodes were identified during the 
study period, of which 1624 (69%) were CA- BSIs. The all- 
cause 30- day mortality rate of CA- BSI was 12.6% (n=205). 
Of these, 95% (n=195) met the inclusion criteria and 
were included in the study as non- survivors (case- group) 
and were matched with 195 survivors (control group) 
for gender, age and microorganism. Almost 40% of the 
non- survivors died within 3 days after admission, and 80% 
within 7 days. Underlying comorbidity scores according 
to the updated Charlson Comorbidity Index were higher 
among non- survivors than survivors (3.2 vs 2.3, p=<0.01). 
Non- survivors were more often diagnosed with cancer 
(34% vs 23%, p=0.01) and metastatic carcinoma (14% vs 
7%, p=0.02) compared with survivors. Limitation of level 
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of care before admission was significantly more common 
among non- survivors (14% vs 2%, p=<0.01), (table 1 and 
online supplemental table 2).

Microbiology
There were 407 isolates from 390 cases. Staphylococcus 
aureus was the most frequently isolated primary pathogen 

Table 1 Demographics and prehospital data

Non- survivors, n=195 Survivors, n=195 P value

Demographics (%)

  Male 106 (54) 106 (54) >0.99

  Mean age (SD) 78 years (±13) 76 years (±12) 0.20

  Surgery within 30 days 29 (15) 27 (14) 0.77

  Immunosuppression 60 (31) 45 (23) 0.09

Charlson (update weight) (SD) 3.2 (2.99) 2.3 (2.36) 0.01

Patients with any limitation of level of care before 
admission (%)

28 (14) 4 (2) <0.01

  EoLC 2 (1) 0 0.50

  No ICU 17 (9) 2 (1) <0.01

  No CPR 27 (14) 4 (2) <0.01

First prehospital contact site (%)

  Phone to NHG 14 (7) 60 (31) <0.01

  Phone to a PHCC 79 (41) 33 (17) <0.01

  Patient visit to a PHCC 22 (11) 28 (14) 0.36

  No prehospital contact 80 (41) 74 (38) 0.53

Multiple prehospital contacts (≥2) (%) 64 (33) 41 (21) 0.01

Reason for first prehospital contact (number) (%) n115 n121

  Fever 44 (38) 43 (36) 0.67

  Chills 13 (11) 13 (11) 0.89

  ‘Found on the floor’ 4 (3) 0 0.04

  Gastrointestinal symptoms 16 (14) 23 (19) 0.29

  Cough 3 (3) 13 (11) 0.01

  Dyspnoea/breathing difficulties 23 (20) 15 (12) 0.11

  Urinary tract symptoms 14 (12) 22 (18) 0.20

  Rapid deterioration in general condition 47 (41) 29 (24) <0.01

  Fatigue 3 (3) 15 (12) <0.01

Time from first prehospital contact to admission, 
hours, median (Q1–Q3)

13 (5.9–51.6) n113 7.2 (3.3–24) n119 <0.01

  Phone to NHG 4 (1.0–8.7) n13 3.6 (1.3–7.3) n58 0.64

  Phone to a PHCC 24 (6.8–72) n78 12.5 (5.9–24) n33 0.06

  Visit to a PHCC 11 (6.6–77) n22 12.5 (6.4–66) n28 0.75

Time from first prehospital contact to admission, 
intervals (%)

n193 n193

  0–6 hours 29 (15) 49 (25) 0.01

  6–12 hours 26 (14) 30 (16) 0.56

  12–24 hours 12 (6) 21 (11) 0.10

  >24 hours 46 (24) 19 (10) <0.01

  No prehospital contact 80 (41) 74 (38) 0.53

Data are presented as no. (%) or mean (SD).
Pearson χ2, Fisher’s exact test or t- test, as appropriate. P values <0.05 are shown in italics. Time indications are calculated with median, 
interquartile 25th to 75th percentile range (Q1–Q3) and Mann- Whitney U. Reason for first prehospital contact: more than one reason 
possible.
CPR, cardiopulmonary resuscitation; EoLC, end- of- life care; ICU, intensive care unit; NHG, national healthcare guide; PHCC, primary 
healthcare centre.
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(27%), followed by Escherichia coli (21%), Streptococcus 
pneumoniae (8%) and Klebsiella pneumoniae (7%). Candida 
spp were observed in 2% of cases. Polymicrobial CA- BSI 
was found in nine non- survivors and eight survivors. 
Microbiological findings are summarised in online 
supplemental table 3.

Prehospital data
Of the 390 patients, 61% (115 non- survivors and 121 
survivors) had taken contact with a prehospital health-
care facility for infection- related symptoms within 7 days 
prior to admission to hospital. Forty- four per cent of these 
patients had  ≥2 prehospital contacts. Forms of prehos-
pital contact were phone contact with a PHCC (47%), 
phone contact with NHG (31%) and visit to a PHCC 
(21%). Fever was the primary reason for prehospital 
contact (37%). Rapid deterioration in general condition 
was the second most common reason (32%) and was 
more common among non- survivors than survivors (41% 
vs 24%, p<0.02) (table 1). Phone contact with a PHCC 
was the more common form of first contact among non- 
survivors (41% non- survivors vs 17% survivors, p=0.01), 
whereas phone contact with NHG was more common 
among survivors (7% non- survivors vs 31% survivors, 
p=<0.01) (table 1).

Time from first infection-related prehospital contact till hospital 
admission
In total, the median time from first prehospital contact 
till hospital admission was 8 hours (4–27). This was signifi-
cantly longer for non- survivors 13 hours (6–52) versus 
7.2 hours (3–24) for survivors, p=0.01 (table 1). For the 
study group as a whole, there were significant differences 
in time to admission depending on form of first contact, 
with shorter median time to admission after telephone 
contact with the NHG 3.8 hours (1.3–7.7) compared with 
phone contact with a PHCC 24.0 hours (6.8–48) or visit to 
a PHCC 11.3 hours (6.7–72) (p<0.01).

Hospital data
A total of 88% were admitted to hospital via the ED (85% 
non- survivors vs 91% survivors, p=0.04), other patients 
were admitted via a specialist outpatient department. 
Hospital admission after ambulance transport was more 
common among non- survivors (81% vs 70%, p=0.01) 
(table 2). The most common sign reported when admitted 
to hospital was fever (54%). The most common infection 
focus was a urinary tract infection (24%) followed by 
infection with unknown focus (23%) and respiratory tract 
infection (22%). There were no differences between non- 
survivors and survivors regarding primary focus of infec-
tion (online supplemental table 4).

On the ED, vital signs and most laboratory test results 
indicated a more serious condition in non- survivors 
compared with survivors and 159 non- survivors and 
161 survivors were triaged with a life- threatening or 
potentially life- threatening condition according to the 
RETTS score. Abnormalities in respiratory function, 

haemodynamics and neurological function were signifi-
cantly more prominent among non- survivors (online 
supplemental table 4). SOFA score on admission and at 
24 hours was higher among non- survivors 4.2 (SD: 2.3) 
versus 2.3 (SD: 1.7) (p<0.01) and 6.8 (3.6) versus 3.8 (2.7) 
(p<0.01), respectively. On admission to hospital, 75% of 
non- survivors and 52% of survivors (p<0.01) fulfilled the 
Sepsis 3 criteria, and within 24 hours the corresponding 
figures were 95% of non- survivors and 79% of survivors 
(p<0.01). In all, 11% of non- survivors received intensive 
care unit (ICU) care within 24 hours compared with 5% 
of survivors (p=0.01) (table 2).

Antibiotic treatment was initiated in 96% of non- 
survivors and 99.5% of survivors, (p=0.07). The median 
time from hospital admission to start of empirical anti-
biotic did not differ between the groups, non- survivors 
2.8 hours (1.4–5.3) and survivors 3.0 hours (1.4–6.2), 
nor in the case of sub- classification according to triage 
score (RETTS) (online supplemental table 5). Antibiotic 
administration was started within 1 hour in 18% of non- 
survivors and 16% of survivors (p=0.48). More survivors 
received appropriate empirical antibiotic therapy than 
non- survivors (87% non- survivors and 96% survivors, 
p<0.01). Microbiologically appropriate empirical anti-
biotic therapy did not differ significantly between the 
groups (82% non- survivors vs 88% survivors) (table 2). 
The empirical antibiotics used are listed in online supple-
mental table 6.

Analysis of risk factors for 30-day mortality in CA-BSI
In the univariate logistic regression, several risk factors 
associated with 30- day mortality were observed: comor-
bidity score (updated Charlson Index) OR=1.13 (95% CI 
1.05 to 1.22), p<0.01, prehospital delay OR=1.26 (95% 
CI 1.07 to 1.47), p=0.01, severity of illness (SOFA score 
on admission) OR=1.60 (95% CI 1.40 to 1.83), p<0.01 
and inappropriate empirical antibiotic therapy OR=3.92 
(95% CI 1.64 to 9.33), p<0.01 (table 3).

In the multivariable model of 30- day mortality, prehos-
pital delay  >24 hours was significantly related to mortality, 
OR=6.17 (95% CI 2.19 to 17.38), p<0.01. This was followed 
by inappropriate empirical antibiotic therapy, OR=5.50 
(95% CI 1.62 to 18.63), p=0.01, no prehospital contact, 
OR=2.56 (95% CI 1.02 to 6.41), p=0.045 and severity of 
illness (SOFA score on admission), OR=1.35 (95% CI 
1.16 to 1.57), p<0.01 (table 3).

DISCUSSION
This study revealed that prehospital delay had a major 
impact on mortality among patients with CA- BSI. Non- 
survivors were more seriously ill when admitted to 
hospital, with significantly higher SOFA scores and more 
signs of sepsis. Although initial care at the hospital and 
time to antibiotic treatment were comparable between 
non- survivors and survivors (for some variables even 
better among non- survivors) this was not enough to 
compensate for the negative effect of prehospital delay.
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Patients with CA- BSI form a heterogeneous group in 
which underlying disease, gender, age and appropriate 
management vary significantly. The severity of BSI ranges 
from asymptomatic bacteraemia to fulminant sepsis or 
septic shock. To our knowledge, this is the first study to 
focus on a well- defined population of adult patients with 
CA- BSI focusing on prehospital care prior to hospital 
admission. In previous study by Holmbom et al, gender, 
age and pathogen were risk factors for mortality in 
BSI,7 11 so these were used when matching patients to 
enable evaluation of other potential risk factors in this 
study. Compared with previous studies and reports on 
sepsis and CA- BSI, the distribution of pathogens in the 
present study was different,7 37 38 with S. aureus being the 
most common. This was probably a result of the study 
design, that is, inclusion of patients dying within 30 days 
and matched controls, since S. aureus BSI has such a high 
mortality rate.39 40

Delay in antibiotic treatment has previously been 
shown to have a clear association with increased mortality 
in progressive sepsis and septic shock.13 15 17 37 41 42 

However, delay prior to ambulance transport or coming 
to the ED, and causes of delay have hardly been inves-
tigated.24 Strategies for early identification of sepsis in 
prehospital care and measures to increase survival from 
sepsis have received much attention, and several strat-
egies and screening tools have been investigated with 
varied results.18 21 43 Among the patients in the present 
study who took prehospital contact with the healthcare 
service, form of first prehospital contact affected prehos-
pital delay. Telephone contact with the NHG was associ-
ated with shorter time to hospital admission than phone 
contact or visit to the local PHCC. The reason for this 
remains unclear. Possible factors include: (1) compliance 
to the NHG computer- based decision algorithm designed 
for acute illness, as well as nurses more experienced in 
giving advice over the phone; (2) more liberal attitude of 
NHG nurses to send patients to the ED; (3) non- survivors 
have higher comorbidity scores and tend to seek initial 
contact with their PHCC. Frail patients have also greater 
difficulty in describing their symptoms, making it more 
difficult for the primary healthcare provider to evaluate 

Table 2 Hospital data—severity of diseases and antibiotic treatment

Non- survivors, n=195 Survivors, n=195 P value

Ambulance transport (%) 158 (81) n194 136 (70) n193 0.01

Admission to hospital (%)

  Emergency department 165 (85) 178 (91) 0.04

  Specialist outpatient department 30 (15) 17 (9) 0.04

Severity of disease (SD)

  Habitual SOFA 0.8 (1.1) n185 0.4 (0.8) n193 <0.01

  SOFA score on admission 4.2 (2.3) n161 2.3 (1.7) n160 <0.01

  SOFA score at 24 hours 6.8 (3.6) n187 3.8 (2.7) n195 <0.01

  Maximum lactate level mmol/l first 24 hours 4.6 (4.0) n122 2.9 (1.9) n110 <0.01

  NEWS 2 7.1 (4.0) n163 5.0 (3.4) n181 <0.01

Sepsis (%)

  Sepsis on admission 119 (75) n158 82 (52) n158 <0.01

  Sepsis at 24 hours 176 (95) n185 152 (79) n193 <0.01

ICU care within 24 hours (%) 22 (11.3) 9 (4.6) 0.01

Antibiotic treatment

  Antibiotic administration (%) 186 (96) n193 192 (99.5) n193 0.07

  Time (hours) to antibiotics from admission median, (Q1–Q3) 2.8 (1.4–5.3) n185 3.0 (1.4–6.2) n192 0.58

  First dose antibiotic within 1 hour (%) 34 (18) n185 30 (16) n192 0.48

  Appropriate empirical antibiotic therapy (%) 162 (87) n186 185 (96) n192 <0.01

  Microbiologically appropriate empirical antibiotic therapy (%) 155 (83) n186 168 (88) n192 0.25

Intravenous fluids in the ED (%) 124 (76) n163 116 (68) n171 0.09

Data are presented as no. (%) or mean (SD).
Pearson χ2, Fisher’s exact test or t- test, as appropriate. P values <0.05 are shown in italics. Time indications are calculated 
with median, interquartile 25th to 75th percentile range (Q1–Q3) and Mann- Whitney. Two non- survivors with end- of- life care 
(EoLC) on arrival at hospital, and their controls were excluded from the analysis regarding antibiotic treatment and intravenous 
fluids.
ED, emergency department; ICU, intensive care unit; NEWS 2, National Early Warning Score 2; SOFA, Sequential Organ 
Failure Assessment.
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the seriousness of their condition and (4) whereas the 
NHG gives advice directly, it is possible for the PHCC to 
delay clinical assessment until later the same or next day. 
In fact, the call- you- back system used by PHCCs may have 
caused even more delay than seen in this study since we 
did not have access to when the first phone call from the 
patient was made. Instead, we used the time the phone- 
call back to the patient was made. In conclusion, the BSI 
healthcare process and its outcome varies according to 
the form of healthcare provider the patient first contacts.

We also looked for factors facilitating earlier identifica-
tion of patients with increased risk for death. The comor-
bidity score (updated Charlson Comorbidity Index) was 
higher among non- survivors, with higher rates of cancer 
and metastatic carcinoma. These conditions are associ-
ated not only with increased mortality risk in general but 
also with BSI itself.7 11 44 In prehospital records, ‘found 
on the floor’ and ‘rapid deterioration in general condi-
tion’ were more often reported among non- survivors. 
Since both reflect a seriously ill person, the patient is 
by proxy identified as a patient at risk. Although early 
prehospital identification of patients at high risk for 
sepsis or mortality is complex,43 we confirm the findings 
of previous studies7 11 44 that taking signs and symptoms 
of infection in cancer patients seriously is crucial. Other-
wise, we found no patient- specific factors that could be of 
help in identifying patients with increased mortality risk.

Many studies on sepsis, especially prior to Sepsis 3, have 
had patients with a wide spectrum of disease severity. 
This has certainly contributed to differences in results 
regarding the impact of time to antibiotic treatment 
on outcome.13–15 17 Our study comprised patients with 
CA- BSI, not true sepsis, and thus even more likely to be 
heterogeneous. Even so, 75% of non- survivors and 52% of 
survivors had sepsis on admission to the ED. The severity 
of illness on admission to hospital was greater in non- 
survivors and there are several factors that might explain 
this. One factor could be a longer prehospital delay as 
observed in this study.

Previous studies have shown the importance of rapid 
detection and initiation of adequate antibiotic treat-
ment in sepsis and especially septic shock.13–15 17 37 Never-
theless, using the RETTS triage system,25 33 only half of 
the non- survivors were captured by the highest priority 
(red). Furthermore, priorities red plus orange together 
would still have failed to detect one third. Likewise, 
when using NEWS 2 with the proposed cut- off score of 
5,28 45 at least one third of the non- survivors would have 
remained undetected as patients at risk for sepsis in the 
initial triage. Triage is useful when escalating the care of 
patients already identified with sepsis, as shown by Rosen-
qvist et al,22 but we lack a valid, simple, highly predictive 
scoring system to detect sepsis.46 47

Table 3 Risk factors for 30- day mortality

Risk factor

Univariate analysis Multivariable analysis

OR 95% CI P value OR* 95% CI P value

Time from first prehospital contact to 
admission (intervals)

1.26 1.07 to 1.47 0.01

  0–6 hours 1† 1†

  6–12 hours 1.46 0.73 to 2.94 0.28 1.35 0.48 to 3.79 0.56

  12–24 hours 0.97 0.42 to 2.25 0.94 0.56 0.15 to 2.10 0.39

  >24 hours 4.09 2.02 to 8.28 <0.01 6.17 2.19 to 17.38 <0.01

  No prehospital contact 1.83 1.05 to 3.19 0.03 2.56 1.02 to 6.41 0.05

Updated Charlson 1.13 1.05 to 1.22 <0.01 1.02 0.91 to 1.15 0.70

Ambulance transport 1.84 1.14 to 2.97 0.01 1.59 0.68 to 3.71 0.29

Admission through ED 0.55 0.29 to 1.03 0.06 1.35 0.43 to 4.25 0.61

In SOFA score 1.60 1.40 to 1.83 <0.01 1.35 1.16 to 1.57 <0.01

Inappropriate empirical antibiotic 
therapy‡

3.92 1.64 to 9.33 <0.01 5.50 1.62 to 18.63 0.01

Rapid deterioration in general condition 1.79 1.06 to 3.02 0.03 2.27 0.98 to 5.28 0.06

Any care restrictions before or within 24 
hours after admission

9.95 5.95 to 16.64 <0.01 10.37 4.96 to 21.67 <0.01

Matching 1 0.99 to 1.00 >0.99 1 0.99 to 1.0 0.20

P values <0.05 are shown in italics.
*Multivariable binomial regression analysis.
†Reference.
‡Clinical inappropriateness defined by local recommendations, suspected source of infection, severity of illness, dosage and 
correction for renal function.
ED, emergency department; SOFA, Sequential Organ Failure Assessment.
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Surviving Sepsis Guidelines 2016 recommend that 
antibiotics be administered within 1 hour of diagnosing 
sepsis.48 This was not achieved in our material where only 
16% of non- survivors and 18% of survivors received the 
first dose of antibiotics within 1 hour. Appropriate empir-
ical antibiotic therapy according to local guidelines was 
more common among survivors (p<0.01), while micro-
biologically appropriate empirical antibiotic therapy was 
not. This could indicate that not only correct empirical 
antibiotics is important, but that also a holistic view of the 
patient, including suspected focus of infection and need 
of source control are important parts of early manage-
ment. This study showed that, prehospital delay and 
non- appropriate empirical treatment among patients 
with CA- BSI worsens the outcome and measures should 
be taken both prehospital and at the emergency unit to 
increase survival in CA- BSI.

Limitations
To our knowledge, this is the first study on a well- defined 
population of adult patients with CA- BSI, focusing on 
prehospital care prior to hospital admission, but it has 
limitations.
1. Though non- survivors and survivors were matched for 

gender, age (±10 years) and microorganism, microor-
ganism resistance patterns were not considered when 
matching non- survivors and survivors. However, since 
the prevalence of resistant bacteria in Sweden is low, 
this could only have had a minor influence on the re-
sults. Furthermore, when analysing correct antimicro-
bial therapy based on microorganisms cultured and 
their resistance patterns, there was no significant dif-
ference between the groups.

2. We only analysed the correctness of empirical antibiot-
ic treatment, while early changes in therapy were not 
considered.

3. Other causes of death such as myocardial infarction, 
respiratory failure or pulmonary embolism as prima-
ry cause of death were possible, but such conditions 
would likely be related to the underlying infection, and 
since 95% of the cases had a fulminant sepsis within 24 
hours this would be the major predisposing factor.

4. The only differences in prehospital management af-
fecting outcome in this study were the timing of events. 
Other variables require further research.

5. The only time parameters for early hospital care in 
this study were time to empirical antibiotic treatment 
and time for ambulance transport. Presumably, time 
to antibiotic treatment also implies time to early hos-
pital treatment. Furthermore, time to early hospital 
care is usually based on severity of illness (RETTS and 
NEWS 2) when admitted to hospital. Time to antibiot-
ic treatment based on RETTS did not differ between 
the groups. This study was not designed to validate the 
time to care based on triage level, RETTS or NEWS 2 
correctness.

6. Community healthcare in Sweden has several health-
care providers, that is, care provided by the community, 

private medicine and/or self- medication (by patient or 
relative). This results in unavailable data, and it is pos-
sible that some community- onset healthcare- associated 
BSIs may have occurred in the study population, even 
though hospital and healthcare- related infections were 
excluded as far as possible.

7. Data regarding patient delay, that is, time from onset 
of symptoms to contact with prehospital or hospital 
care should be included when calculating hospital and 
therapy delay. However, these were unavailable since 
patient delay was not systematically registered in the 
patient records.

CONCLUSION
In this case–control study, prehospital delay and inap-
propriate empirical antibiotic therapy were found to be 
important risk factors for 30- day all- cause mortality asso-
ciated with CA- BSI. Effective guidelines to aid recognition 
of patients likely to develop sepsis in prehospital and early 
hospital care, and an effective prehospital medical advice 
service, could help to make significant progress in the care 
of patients with BSI.

Author affiliations
1Department of Urology, and Department of Biomedical and Clinical Sciences, 
Linköping University, Linköping, Sweden
2Department of Infectious Diseases, and Department of Biomedical and Clinical 
Sciences, Linköping University, Linköping, Sweden
3Division of Cardiothoracic Anesthesia and Intensive Care, Department of Medicine 
and Health Science, Faculty of Medicine and Health Sciences, Linköping University, 
Linköping, Sweden
4Department of Emergency Medicine in Linköping, and Department of Biomedical 
and Clinical Sciences, Linköping University, Linköping, Sweden
5Department of Health, Medicine and Caring Sciences, Linköping University, 
Linkoping, Sweden
6Department of Biomedical and Clinical Sciences and Forum Östergötland, Faculty 
of Medicine and Health Sciences, Linköping University, Linköping, Sweden

Acknowledgements Thanks to consultant anaesthetist Peter Cox for proof 
reading.

Contributors MH, HH and ÅÖB conceived and designed the study. MH, MA, DE, 
ÅÖB and MF analysed the data. MH and MA wrote the manuscript. All authors 
(MH, MA, SB, DE, PS, DW, AM, MF, ÅÖB and HH) contributed to the discussion and 
reviewed the manuscript. All authors (MH, MA, SB, DE, PS, DW, AM, MF, ÅÖB and 
HH) commented and approved the final version of the paper. All authors (MH, MA, 
SB, DE, PS, DW, AM, MF, ÅÖB and HH) contributed to manuscript. MH, MA, ÅÖB and 
HH is guarantor for the study.

Funding This work was supported by Östergötland Count Council (Award/grant 
number: N/A).

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval The Regional Ethics Review Board in Linköping, Sweden, 
approved the study (Ref. no: 2010/160- 31).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplemental information. All relevant data are within the 
manuscript and its Supplementary files.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052582 on 18 N

ovem
ber 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


9Holmbom M, et al. BMJ Open 2021;11:e052582. doi:10.1136/bmjopen-2021-052582

Open access

responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iD
Martin Holmbom http://orcid.org/0000-0002-3706-2294

REFERENCES
 1 Damiani E, Donati A, Serafini G, et al. Effect of performance 

improvement programs on compliance with sepsis bundles and 
mortality: a systematic review and meta- analysis of observational 
studies. PLoS One 2015;10:e0125827.

 2 Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign: 
international guidelines for management of severe sepsis and septic 
shock: 2012. Crit Care Med 2013;41:580–637.

 3 Gupta RG, Hartigan SM, Kashiouris MG, et al. Early goal- directed 
resuscitation of patients with septic shock: current evidence and 
future directions. Crit Care 2015;19:286.

 4 Rivers E, Nguyen B, Havstad S, et al. Early goal- directed therapy 
in the treatment of severe sepsis and septic shock. N Engl J Med 
2001;345:1368–77.

 5 Wisplinghoff H, Bischoff T, Tallent SM, et al. Nosocomial 
bloodstream infections in US hospitals: analysis of 24,179 cases 
from a prospective nationwide surveillance study. Clin Infect Dis 
2004;39:309–17.

 6 Goto M, Al- Hasan MN. Overall burden of bloodstream infection and 
nosocomial bloodstream infection in North America and Europe. Clin 
Microbiol Infect 2013;19:501–9.

 7 Holmbom M, Giske CG, Fredrikson M, et al. 14- Year Survey in a 
Swedish County Reveals a Pronounced Increase in Bloodstream 
Infections (BSI). Comorbidity - An Independent Risk Factor for Both 
BSI and Mortality. PLoS One 2016;11:e0166527.

 8 Mehl A, Åsvold BO, Lydersen S, et al. Burden of bloodstream 
infection in an area of Mid- Norway 2002- 2013: a prospective 
population- based observational study. BMC Infect Dis 2017;17:205.

 9 Skogberg K, Lyytikäinen O, Ollgren J, et al. Population- Based 
burden of bloodstream infections in Finland. Clin Microbiol Infect 
2012;18:E170–6.

 10 Søgaard M, Nørgaard M, Dethlefsen C, et al. Temporal changes in 
the incidence and 30- day mortality associated with bacteremia in 
hospitalized patients from 1992 through 2006: a population- based 
cohort study. Clin Infect Dis 2011;52:61–9.

 11 Holmbom M, Möller V, Nilsson LE, et al. Low incidence of antibiotic- 
resistant bacteria in south- east Sweden: an epidemiologic study on 
9268 cases of bloodstream infection. PLoS One 2020;15:e0230501.

 12 Laupland KB, Church DL. Population- Based epidemiology and 
microbiology of community- onset bloodstream infections. Clin 
Microbiol Rev 2014;27:647–64.

 13 Ferrer R, Martin- Loeches I, Phillips G, et al. Empiric antibiotic 
treatment reduces mortality in severe sepsis and septic shock 
from the first hour: results from a guideline- based performance 
improvement program. Crit Care Med 2014;42:1749–55.

 14 Kumar A, Ellis P, Arabi Y, et al. Initiation of inappropriate antimicrobial 
therapy results in a fivefold reduction of survival in human septic 
shock. Chest 2009;136:1237–48.

 15 Liu VX, Fielding- Singh V, Greene JD, et al. The timing of early 
antibiotics and hospital mortality in sepsis. Am J Respir Crit Care 
Med 2017;196:856–63.

 16 Vucelić V, Klobučar I, Đuras- Cuculić B, et al. Sepsis and septic 
shock - an observational study of the incidence, management, and 
mortality predictors in a medical intensive care unit. Croat Med J 
2020;61:429–39.

 17 Kumar A, Roberts D, Wood KE, et al. Duration of hypotension before 
initiation of effective antimicrobial therapy is the critical determinant 
of survival in human septic shock. Crit Care Med 2006;34:1589–96.

 18 Lane DJ, Wunsch H, Saskin R, et al. Screening strategies to 
identify sepsis in the prehospital setting: a validation study. CMAJ 
2020;192:E230–9.

 19 Park J, Hwang SY, Shin TG, et al. Emergency medical service 
personnel need to improve knowledge and attitude regarding 
prehospital sepsis care. Clin Exp Emerg Med 2017;4:48–55.

 20 Sjösten O, Nilsson J, Herlitz J, et al. The prehospital assessment 
of patients with a final Hospital diagnosis of sepsis: results of an 
observational study. Australas Emerg Care 2019;22:187–92.

 21 Smyth MA, Brace- McDonnell SJ, Perkins GD. Identification of adults 
with sepsis in the prehospital environment: a systematic review. BMJ 
Open 2016;6:e011218.

 22 Rosenqvist M, Bengtsson- Toni M, Tham J, et al. Improved outcomes 
after regional implementation of sepsis alert: a novel triage model. 
Crit Care Med 2020;48:484–90.

 23 Latten GHP, Claassen L, Jonk M, et al. Characteristics of the 
prehospital phase of adult emergency department patients with an 
infection: a prospective pilot study. PLoS One 2019;14:e0212181.

 24 Seymour CW, Kahn JM, Martin- Gill C, et al. Delays from first medical 
contact to antibiotic administration for sepsis. Crit Care Med 
2017;45:759–65.

 25 Widgren BR, Jourak M. Medical emergency triage and treatment 
system (METTS): a new protocol in primary triage and secondary 
priority decision in emergency medicine. J Emerg Med 
2011;40:623–8.

 26 Widgren BR, Jourak M, Martinius A. [New accurate triage method. 
METTS- A yields basis for priority level decisions]. Lakartidningen 
2008;105:201–4.

 27 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.

 28 Royal College of Physicians. National early warning score (news) 2: 
standardising the assessment of acute- illness severity in the NHS. 
updated report of a working Party. London: RCP, 2017.

 29 Ammerlaan HSM, Harbarth S, Buiting AGM, et al. Secular 
trends in nosocomial bloodstream infections: antibiotic- resistant 
bacteria increase the total burden of infection. Clin Infect Dis 
2013;56:798–805.

 30 Quan H, Li B, Couris CM, et al. Updating and validating the 
Charlson comorbidity index and score for risk adjustment in hospital 
discharge Abstracts using data from 6 countries. Am J Epidemiol 
2011;173:676–82.

 31 Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for 
defining comorbidities in ICD- 9- CM and ICD- 10 administrative data. 
Med Care 2005;43:1130–9.

 32 Sundararajan V, Henderson T, Perry C, et al. New ICD- 10 version of 
the Charlson comorbidity index predicted in- hospital mortality. J Clin 
Epidemiol 2004;57:1288–94.

 33 Singer M, Deutschman CS, Seymour CW, et al. The third 
International consensus definitions for sepsis and septic shock 
(Sepsis- 3). JAMA 2016;315:801.

 34 Empirical antibiotic treatment in severe infections. Available: 
https://www.sls.se/globalassets/raf/ovriga-dokument/rodakortet- 
uppdaterat-150528.pdf [Accessed 26 Aug 2021].

 35 Swedish Strama antibiotic stewardship programme. Available: 
https://www.folkhalsomyndigheten.se/the-public-health-agency- 
of-sweden/communicable-disease-control/antibiotics-and- 
antimicrobial-resistance/swedish-work-on-containment-of-antibiotic- 
resistance/ [Accessed 10 Mar 2021].

 36 The European Committee on Antimicrobial Susceptibility Testing. 
Breakpoint tables for interpretation of MICs and zone diameters. 
version 9.0, 2019. Available: http://www.eucast.org

 37 Andersson M, Östholm- Balkhed Åse, Fredrikson M, et al. Delay of 
appropriate antibiotic treatment is associated with high mortality in 
patients with community- onset sepsis in a Swedish setting. Eur J 
Clin Microbiol Infect Dis 2019;38:1223–34.

 38 Henriksen DP, Laursen CB, Jensen TG, et al. Incidence rate of 
community- acquired sepsis among hospitalized acute medical 
patients- a population- based survey. Crit Care Med 2015;43:13–21.

 39 Jacobsson G, Gustafsson E, Andersson R. Outcome for invasive 
Staphylococcus aureus infections. Eur J Clin Microbiol Infect Dis 
2008;27:839–48.

 40 Melzer M, Welch C. Thirty- day mortality in UK patients 
with community- onset and hospital- acquired meticillin- 
susceptible Staphylococcus aureus bacteraemia. J Hosp Infect 
2013;84:143–50.

 41 Whiles BB, Deis AS, Simpson SQ. Increased time to initial 
antimicrobial administration is associated with progression to septic 
shock in severe sepsis patients. Crit Care Med 2017;45:623–9.

 42 Seymour CW, Gesten F, Prescott HC, et al. Time to treatment and 
mortality during mandated emergency care for sepsis. N Engl J Med 
2017;376:2235–44.

 43 Lane D, Ichelson RI, Drennan IR, et al. Prehospital management and 
identification of sepsis by emergency medical services: a systematic 
review. Emerg Med J 2016;33:408–13.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052582 on 18 N

ovem
ber 2021. D

ow
nloaded from

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-3706-2294
http://dx.doi.org/10.1371/journal.pone.0125827
http://dx.doi.org/10.1097/CCM.0b013e31827e83af
http://dx.doi.org/10.1186/s13054-015-1011-9
http://dx.doi.org/10.1056/NEJMoa010307
http://dx.doi.org/10.1086/421946
http://dx.doi.org/10.1111/1469-0691.12195
http://dx.doi.org/10.1111/1469-0691.12195
http://dx.doi.org/10.1371/journal.pone.0166527
http://dx.doi.org/10.1186/s12879-017-2291-2
http://dx.doi.org/10.1111/j.1469-0691.2012.03845.x
http://dx.doi.org/10.1093/cid/ciq069
http://dx.doi.org/10.1371/journal.pone.0230501
http://dx.doi.org/10.1128/CMR.00002-14
http://dx.doi.org/10.1128/CMR.00002-14
http://dx.doi.org/10.1097/CCM.0000000000000330
http://dx.doi.org/10.1378/chest.09-0087
http://dx.doi.org/10.1164/rccm.201609-1848OC
http://dx.doi.org/10.1164/rccm.201609-1848OC
http://dx.doi.org/10.3325/cmj.2020.61.429
http://dx.doi.org/10.1097/01.CCM.0000217961.75225.E9
http://dx.doi.org/10.1503/cmaj.190966
http://dx.doi.org/10.15441/ceem.16.159
http://dx.doi.org/10.1016/j.auec.2019.02.002
http://dx.doi.org/10.1136/bmjopen-2016-011218
http://dx.doi.org/10.1136/bmjopen-2016-011218
http://dx.doi.org/10.1097/CCM.0000000000004179
http://dx.doi.org/10.1371/journal.pone.0212181
http://dx.doi.org/10.1097/CCM.0000000000002264
http://dx.doi.org/10.1016/j.jemermed.2008.04.003
http://www.ncbi.nlm.nih.gov/pubmed/18306820
http://dx.doi.org/10.1007/BF01709751
http://dx.doi.org/10.1093/cid/cis1006
http://dx.doi.org/10.1093/aje/kwq433
http://dx.doi.org/10.1097/01.mlr.0000182534.19832.83
http://dx.doi.org/10.1016/j.jclinepi.2004.03.012
http://dx.doi.org/10.1016/j.jclinepi.2004.03.012
http://dx.doi.org/10.1001/jama.2016.0287
https://www.sls.se/globalassets/raf/ovriga-dokument/rodakortet-uppdaterat-150528.pdf
https://www.sls.se/globalassets/raf/ovriga-dokument/rodakortet-uppdaterat-150528.pdf
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-control/antibiotics-and-antimicrobial-resistance/swedish-work-on-containment-of-antibiotic-resistance/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-control/antibiotics-and-antimicrobial-resistance/swedish-work-on-containment-of-antibiotic-resistance/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-control/antibiotics-and-antimicrobial-resistance/swedish-work-on-containment-of-antibiotic-resistance/
https://www.folkhalsomyndigheten.se/the-public-health-agency-of-sweden/communicable-disease-control/antibiotics-and-antimicrobial-resistance/swedish-work-on-containment-of-antibiotic-resistance/
http://www.eucast.org
http://dx.doi.org/10.1007/s10096-019-03529-8
http://dx.doi.org/10.1007/s10096-019-03529-8
http://dx.doi.org/10.1097/CCM.0000000000000611
http://dx.doi.org/10.1007/s10096-008-0515-5
http://dx.doi.org/10.1016/j.jhin.2012.12.013
http://dx.doi.org/10.1097/CCM.0000000000002262
http://dx.doi.org/10.1056/NEJMoa1703058
http://dx.doi.org/10.1136/emermed-2015-205261
http://bmjopen.bmj.com/


10 Holmbom M, et al. BMJ Open 2021;11:e052582. doi:10.1136/bmjopen-2021-052582

Open access 

 44 Velasco E, Byington R, Martins CSA, et al. Bloodstream infection 
surveillance in a cancer centre: a prospective look at clinical 
microbiology aspects. Clin Microbiol Infect 2004;10:542–9.

 45 Corfield AR, Lees F, Zealley I, et al. Utility of a single early warning 
score in patients with sepsis in the emergency department. Emerg 
Med J 2014;31:482–7.

 46 Churpek MM, Snyder A, Han X, et al. Quick sepsis- related organ 
failure assessment, systemic inflammatory response syndrome, and 
early warning scores for detecting clinical deterioration in infected 

patients outside the intensive care unit. Am J Respir Crit Care Med 
2017;195:906–11.

 47 Gerry S, Bonnici T, Birks J, et al. Early warning scores for detecting 
deterioration in adult hospital patients: systematic review and critical 
appraisal of methodology. BMJ 2020;369:m1501.

 48 Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign: 
international guidelines for management of sepsis and septic shock: 
2016. Intensive Care Med 2017;43:304–77.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052582 on 18 N

ovem
ber 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1111/j.1469-0691.2004.00874.x
http://dx.doi.org/10.1136/emermed-2012-202186
http://dx.doi.org/10.1136/emermed-2012-202186
http://dx.doi.org/10.1164/rccm.201604-0854OC
http://dx.doi.org/10.1136/bmj.m1501
http://dx.doi.org/10.1007/s00134-017-4683-6
http://bmjopen.bmj.com/

	Prehospital delay is an important risk factor for mortality in community-acquired bloodstream infection (CA-BSI): a matched case–control study
	Abstract
	Background
	Methods
	Study design and setting
	Data collection
	Definitions
	Blood culture
	Positive blood culture
	Non-significant pathogens
	Community-acquired bloodstream infection
	Immunosupression
	Comorbidity
	Sepsis
	Limitation of level of care
	Appropriate empirical antibiotic therapy
	Microbiologically appropriate empirical antibiotic therapy

	Microbiological methods
	Statistical analysis

	Results
	Demographic and clinical characteristics
	Microbiology
	Prehospital data
	Time from first infection-related prehospital contact till hospital admission

	Hospital data
	Analysis of risk factors for 30-day mortality in CA-BSI

	Discussion
	Limitations

	Conclusion
	References


