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164 Chapter 9

ABSTRACT
Background
Sepsis remains one of the most important causes of morbidity and mortality worldwide. 
In approximately 30-50% of cases of suspected sepsis no pathogen is isolated, 
disabling the clinician to treat the patient with targeted antimicrobial therapy. Studies 
investigating the differences in the patient outcomes between culture-positive and 
culture-negative sepsis patients have only been conducted in subgroups of sepsis 
patients and results are ambiguous. 

Methods
This is a sub-analysis of the PHANTASi (Prehospital Antibiotics Against Sepsis trial), 
a randomized controlled trial that focused on the effect of prehospital antibiotics in 
sepsis patients. We evaluated the outcome of cultures from different sources and 
determined what the clinical implications of having a positive culture compared to 
negative cultures were for patient outcomes. Furthermore, we looked at the effect of 
antibiotics on culture outcomes. 

Results
1133 patients (42.6%) with culture-positive sepsis were identified, compared to 1526 
(56.4%) patients with culture-negative sepsis.
28-day mortality (RR: 1.43 [95% CI: 1.11-1.83]) and 90-day mortality (RR: 1.41 [95% 
CI: 1.15-1.71]) were significantly higher in culture-positive patients compared to 
culture-negative patients.
Culture-positive sepsis was also associated with ≥ 3 organ systems affected during 
the sepsis episode (RR 4.27 [95% CI: 2.78-6.60]). Patients who received antibiotics 
at home more often had negative blood cultures (85.9% vs. 78%) than those who 
did not (p < 0.001). 

Conclusions
Our results show that culture-positive sepsis is associated with a higher mortality 
rate and culture-positive patients more often have multiple organ systems affected 
during the sepsis episode.

Trial registration
The PHANTASi trial is registered at ClinicalTrials.gov, number NCT01988428. Date 
of registration: November 20, 2013

Keywords
Sepsis
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Mortality
(Multi) organ failure
Organ dysfunction
Antimicrobial therapy
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BACKGROUND
Sepsis remains one of the most important causes of morbidity and mortality worldwide(1). 
Every year, over 30 million persons develop sepsis of which more than 5 million die(2). 
Although mortality rates have been decreasing, the incidence of sepsis continues to 
increase(2). This is due to several factors, among which: an ageing population, antibiotic 
resistance, improved recognition of sepsis and use of immunotherapy(2, 3). 
One of the cornerstones of the diagnosis and treatment of sepsis is the collection of 
(blood) cultures. This is of importance since detection of the organism that caused 
sepsis provides possibilities for targeted antimicrobial therapy(1). However, culture-
negative sepsis is common and for example, Kumar et al. (2009) found 29% cases 
of culture-negative septic shock in their cohort(4). Bernard et al. (2001) found a 
negative blood culture in approximately 68% of cases with severe sepsis(5). 
Previous studies have focused on the association between (blood) cultures and 
patient outcomes(6-10).  However, these studies did not produce consistent results 
and were only conducted in subpopulations, such as those with septic shock who 
were admitted to the intensive care unit (ICU) (7). No prior studies on this subject 
have been conducted in septic patients who were transported by EMS. It is known 
that these septic patients who were transported by EMS are more seriously ill than 
those transported otherwise. Thus sepsis patients that were transported by EMS 
personnel are a representative sample of the general sepsis population(11). As these 
patients often require urgent care, it is quintessential to determine the relationship 
between (blood) culture outcomes and mortality in this group of patients in order to 
optimize their treatment.  
Several theories have been described in literature to formulate an explanation for the 
low yield of micro-organisms in sepsis patients, such as prior antibiotic treatment, 
insufficient sampling, transport problems, and insufficient techniques. Finally, it is 
speculated that not all patients actually have sepsis but an alternative diagnosis (6-
8). Although previous studies have suggested that prior oral antibiotics administration 
might lead to decreased (blood) culture yield, limited research has been conducted 
to assess this association (6-8).In an effort to concur the above sketched clinical 
dilemma’s the primary aims of this study were to investigate the association between 
culture result (positive or negative) and 28-day mortality, 90-day mortality and the 
number of organ systems affected in sepsis patients. Another primary aim was to 
determine what the effect is of prior administration of antibiotics on culture outcome. 
The secondary aims of this study were to describe the association between the 
administration of pre-hospital antibiotics (2 grams Ceftriaxone in the ambulance) 
and mortality in culture-positive sepsis patients as well as  describing the different 
specimen sources identified in the various types of cultures. 

MATERIALS AND METHODS

Design and setting
A  sub-analysis was performed using the Prehospital Antibiotics Against Sepsis 
(PHANTASi) trial database (12, 13). In brief, the PHANTASi trial was a randomized 
controlled trial that compared the effects of training emergency medical service 
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(EMS) personnel in recognizing and initiating treatment in the prehospital setting 
together with early administration of antibiotics for patients suspected of (severe) 
sepsis and septic shock when compared to usual care (fluid resuscitation and 
supplementary oxygen). 
Patients included in the database met the following criteria: at least 18 years old, 
a diagnosed or suspected infection, a temperature higher than 38°C or lower than 
36°C and at least one other systemic inflammatory response syndrome (SIRS) 
criterion (heart frequency  >90/ minute or respiratory rate >20 per minute , or both). 
An elevated or decreased leukocyte count was not included in the criteria due to 
the lack of pre-hospital leukocyte tests. Thus, patients were included in the study 
using the SEPSIS-2 criteria, as study inclusion started in 2014 before formulation 
of the SEPSIS-3 criteria in 2016(14). Retrospective chart analysis of all charts by a 
panel of experts (consisting out of two acute physicians and one infectious disease 
specialist) was performed in order to exclude patients with an alternative diagnosis 
rather than sepsis (12).

Methodology and definitions
The database consists of data from 2659 patients that were admitted to 34 different 
hospitals in the Netherlands from 2014 until 2016.  
Culture is defined as any culture (e.g. blood, urine, sputum, wound) taken from the 
patient. A list of the different types of cultures analyzed can be found in Table 1 in the 
Appendix. Pre-hospital blood culture is referred to as a blood culture drawn in the 
ambulance prior to start of antibiotics in the intervention group of the PHANTASi trial. 
In-hospital blood culture is defined as a blood culture drawn during hospital stay. 
Bacteremia is defined as a positive pre-hospital and/or in-hospital blood culture. 
Culture-negative sepsis is defined as sepsis without any pathogen isolated from 
any culture. Micro-organisms in blood, cerebrospinal fluid and sputum cultures 
that were very likely due to contamination were excluded from the analysis (15-
17). A list of these micro-organisms can be found in Table 2 in the Appendix. To 
determine the amount of organ systems involved during the sepsis episode, patients 
were assessed in terms of cardiovascular, respiratory, hematological, renal, hepatic, 
central nervous system (CNS), gastro-intestinal and metabolic dysfunction(18). A 
detailed description of the criteria can be found in Table 3 in the Appendix. 

Statistical analyses:
Data-analysis was performed using R version 3.4.2. Patient characteristics are 
presented as frequencies and percentages for categorical variables and as means 
and standard deviations or median and interquartile ranges for continuous variables. 
To make comparisons between groups, Pearson Chi-Square tests and Wilcoxon 
Rank-Sum tests were performed.
To answer the primary objective, logistic regression was performed to estimate the 
association between culture result (positive or negative) and respectively 28-day 
mortality, 90-day mortality and the number of organ systems affected during the 
sepsis episode. To correct for a possible effect of confounders on the association 
between culture result and outcomes, additional analyzes were performed using a 
multivariate logistic regression model that included age, group allocation, hospital 

RishiDef2.indd   166 24-7-2019   21:04:30



Ch
ap

te
r 

9

An overview of positive cultures and clinical outcomes in septic patients                              167

location, source of infection, antibiotics at home and the total amount of blood 
cultures drawn. An interaction term was used to check for effect-modification of 
the intervention (administration of 2 grams Ceftriaxone in the ambulance) on the 
association between culture result and mortality. The number of organs affected 
in the sepsis episode was analyzed as a dichotomous variable (<3 and ≥3 organ 
systems involved). To improve the robustness of our results sensitivity analysis was 
performed excluding positive rectum cultures, in order to rule out the possibility of 
patients having a culture-positive sepsis status due to rectal colonization.
Likewise, logistic regression was performed to estimate the association between 
the intervention and mortality in culture-positive sepsis patients. The possible 
confounders ceftriaxone resistance and antibiotics at home were included in a 
multivariate logistic regression model. Sensitivity analysis was performed excluding 
urine cultures, to rule out possible asymptomatic bacteriuria. 
A subgroup analysis was performed exclusively including patients that met the clinical 
SEPSIS-3 criteria (a quick Sequential Organ Failure Assesment (qSOFA) score of ≥2 
in the ambulance or emergency department (ED)), assuming that baseline qSOFA 
score was 0 in all patients. 

RESULTS

Patient characteristics
A total of 2659 patients were included in the analysis. 1133 (42.6%) patients with 
culture-positive sepsis were identified, compared to 1526 (56.4%) patients with 
culture-negative sepsis. Of those, 539 (20.3%) patients had a positive blood culture 
and 2120 (79.7%) had a negative blood culture. Only 213 patients (13.8% of the 
intervention group) with a positive pre-hospital blood culture were identified. The 
proportion of positive pre-hospital blood cultures and the percentage of culture-
positive sepsis patients differed across the different hospital locations (p<0.001), 
see table 17 in the Appendix. 
Patients with culture-positive sepsis had a median age of 76 years compared to 75 
years for the culture-negative group (p=0.029). Culture-positive sepsis patients had 
a higher qSOFA in both the ambulance (p <0.001) and ED (p = 0.006). Next to that, 
they had a higher sepsis severity (p <0.001), a longer length of stay (LOS) (p<0.001) 
and a higher C-Reactive Protein (CRP) level (p < 0.001) than those with culture-
negative sepsis (Table 1). 
Suspected sources of infection differed between the culture-negative and culture-
positive group (p <0.001). For example, urinary tract infection was more common in 
the culture-positive group (37.3% vs. 12.6%), whereas respiratory tract infection was 
more often seen in culture-negative sepsis patients (73.4% vs. 41.9%). The median 
amount of blood cultures drawn was 2 in both groups, although interquartile ranges 
differed (p<0.001). See table 1 for further details. Patient characteristics for culture-
negative and culture-positive patients stratified by group allocation can be found in 
Table 4 in the supplementary caption. 
In  the subgroup of patients with culture-positive sepsis, patients in the intervention 
group had a higher qSOFA score in the ambulance (p = 0.004) and also a higher 
sepsis severity (p = 0.051) compared to the control group (Table 5 in the Appendix). 
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Table 1. Characteristics of culture-negative and culture-positive sepsis patients

Culture-
negative 
sepsis

Culture-
positive 
sepsis

p

n (%) 1526 (57.3) 1133 (42.6%)
group allocation(%) control group   612 (40.1)   520 (45.9)  0.003

intervention group   914 (59.9)   613 (54.1) 
sex (%) female   663 (43.4)   467 (41.2)  0.267

male   863 (56.6)   666 (58.8) 
age (median [IQR]) 75 [65, 83] 76 [67, 83]  0.029
Charlson comorbidity 
index (median [IQR])

 1 [1, 3]  1 [0, 3]  0.754

antibiotics at home (%) no  1183 (77.5)   903 (79.7)  0.193
yes   343 (22.5)   230 (20.3) 

qSOFA* in the ambulance 
(%)

<2  1189 (83.2)   803 (75.7) <0.001

≥2   240 (16.8)   258 (24.3) 
qSOFA* in the ED* (%) <2   760 (85.5)   538 (80.1)  0.006

≥ 2   129 (14.5)   134 (19.9) 

sepsis severity (%) Sepsis   648 (43.4)   353 (31.3) <0.001
severe sepsis   817 (54.8)   700 (62.1) 
septic shock    27 ( 1.8)    74 ( 6.6) 

Hospital LOS* (median 
[IQR])

 5 [3, 8]  7 [4, 11] <0.001

CRP* (median [IQR])
             

68 [29, 149] 93 [34, 189] <0.001

source of infection (%) CNS*     7 ( 0.5)     4 ( 0.4) <0.001
intra-abdominal    82 ( 5.9)    95 ( 8.9) 
line     1 ( 0.1)     3 ( 0.3) 
pulmonal  1019 (73.4)   448 (41.9) 
skin/tissue    66 ( 4.8)    78 ( 7.3) 
urinary tract   175 (12.6)   398 (37.3) 
other    38 ( 2.7)    42 ( 3.9) 

total number of blood 
cultures (median [IQR])

 2 [1, 2]  2 [2, 4] <0.001

*Used abbreviations: qSOFA = quick Sequential Organ Failure Assessment score, ED = 
emergency department, LOS = length of stay, CRP = C-reactive protein , CNS= central nerve 
system
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Mortality
Culture-positive patients had a higher 28-day mortality (9.6% vs. 6.7%) and 90-day 
mortality (14% vs. 9.9%) than culture-negative patients (figure 1). Patients with a 
positive blood culture had a higher 28-day mortality (10.4% vs. 7.3%) and 90-day 
mortality (15.1% vs. 10.8%) than those who did not have a positive blood culture. 

Figure 1. Mortality in culture-positive and culture-negative sepsis

Culture-positive sepsis was associated with a higher 28-day (RR: 1.43 [95% CI: 
1.11-1.83]) and 90-day mortality (RR: 1.41 [95% CI: 1.15-1.71]). Bacteremia 
(positive pre-hospital and/or in-hospital blood culture) was associated with a higher 
28-day mortality (RR:  1.42 [95% CI: 1.06-1.87]) and a higher 90-day mortality (RR: 
1.39 [95% CI: 1.09-1.73]). Similar results were found in the group of patients with a 
positive pre-hospital blood culture, with an RR of 1.82 [95% CI: 1.24-2.55] for 28-
day mortality with an RR of 1.60 [95% CI: 1.16 – 2,12] for 90-day mortality. Results 
were consistent after correction for possible confounders in a multivariate regression 
model (see Table 3). A significant association between a positive in-hospital blood 
culture and mortality was exclusively found in the multivariate analysis with an RR of 
1.56 [95% CI: 1.05-2.25] for 28-day mortality and an RR of 1.45 [95% CI: 1.05-1.95] 
for 90-day mortality. Sensitivity analyses after exclusion of positive rectum cultures 
showed similar relative risks (see Table 13 in the Appendix).
Subgroup analysis of patients fulfilling clinical SEPSIS-3 criteria showed a significant 
association between bacteremia and 90 day mortality, with a RR of 1.54 [95% CI: 
1.01-1.83] in the unadjusted analysis and a RR of 1.51 [95% CI: 1.03-2.08] in the 
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adjusted analysis. No significant association was found for between a positive blood 
culture and 28-day mortality, neither were significant associations found for patients 
with culture-positive sepsis. Further details can be found in Table 21 in the Appendix. 
55.2% of patients not fulfilling clinical SEPSIS-3 criteria, that is a qSOFA score <2, 
had dysfunction of at least 1 organ system (see Table 22 in the Appendix). 

Table 2. Mortality for patients with a positive (blood) culture
Culture-negative sepsis Culture-positive sepsis 

            
p (total 
CNS* vs 
CPS*)

control 
group

intervention 
group

total control 
group

intervention 
group

total

n 612 914 1526 520 613 1133
28-day 
mortality

 46 ( 7.5)  56 (6.1)  102 
(6.7) 

 46 ( 8.9)  63 (10.3)  109 ( 
9.6) 

 0.007

90-day 
mortality

 63 
(10.3) 

 88 (9.6)  151 
(9.9) 

 70 
(13.5) 

 89 (14.5)  159 
(14) 

 0.001

Non-bacteremic Bacteremic p (total 
NB* vs 
B*)

control 
group

intervention 
group

total control 
group

intervention 
group

total

n 909 1211 2120 223 316 539
28-day 
mortality

 74 ( 8.1)  81 ( 6.7)  155 
( 7.3) 

18 ( 8.1)  38 (12)  56 
(10.4) 

 0.022

90-day 
mortality

104 
(11.4) 

125 (10.3)  229 
(10.8) 

29 (13.1)  52 (16.5)  81 
(15.1) 

 0.008

*Used abbreviations: CNS = culture-negative sepsis, CPS = culture-positive sepsis, NB = 
non-bacteremic, B = bacteremic
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Table 3. The association between a positive (blood) culture and mortality

P RR 95% CI 
Positive pre-hospital blood culture

Unadjusted analysis
28-day mortality 0.002 1.82 1.24-2.55
90-day mortality 0.004 1.60 1.16-2.12

Adjusted analysis ∞
28-day mortality <0.001 2.10 1.36-3.09
90-day mortality 0.004 1.71 1.19-2.37
Positive in-hospital blood culture

Unadjusted analysis
28-day mortality 0.115 1.31 0.92-1.68
90-day mortality 0.059 1.30 0.98-1.68

Adjusted analysis ∞
28-day mortality 0.025 1.56 1.05-2.25
90-day mortality 0.022 1.45 1.05-1.95
Bacteremia (positive pre-hospital and/or in-hospital blood culture)

Unadjusted analysis
28-day mortality 0.018 1.42 1.06-1.87
90-day mortality 0.006 1.39 1.09-1.73

Adjusted analysis ∞
28-day mortality 0.002 1.71 1.22-2.34
90-day mortality 0.002 1.55 1.18-1.99
Culture-positive sepsis (with or without bacteremia)

Unadjusted analysis 
28-day mortality 0.006 1.43 1.11-1.83
90-day mortality 0.001 1.41 1.15-1.71

Adjusted analysis ∞
28-day mortality 0.004 1.54 1.15-2.03
90-day mortality <0.001 1.53 1.21-1.91

∞ Adjusted for age, group allocation, antibiotics at home, hospital location, source of infection 
and total amount of blood cultures drawn
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Table 4. Organ dysfunction in culture-negative and culture-positive patients

Culture-negative sepsis Culture-positive sepsis
Control 
group

Intervention 
group

Total Control 
group

Intervention 
group

Total p (Total 
CNS* 
vs. 
CPS*)

n 612 914 1526 520 613 1133
Number of 
organ systems 
affected 
(median [IQR])

1 [0, 1] 1 [0, 1] 1 [0, 1] 1 [0, 2] 1 [0, 2] 1 [0, 2] <0.001

Cardiovascular 
dysfunction (n 
(%))

51 
( 8.5) 

 84 ( 9.3)  135 
( 9) 

78 
(15.2) 

128 (21.2)  206
(18.9) 

<0.001

Respiratory 
dysfunction (n 
(%))

215 
(35.7) 

307 (33.9) 522 
(34.6) 

163 
(31.6) 

 230 (38) 393 
(35) 

 0.849

Hematological 
dysfunction (n 
(%))

9 ( 1.5)  12 ( 1.3) 21
( 1.4) 

6
 ( 1.2) 

13 ( 2.2) 19 
( 1.7) 

 0.644

Renal 
dysfunction (n 
(%))

29 
( 4.8) 

 41 ( 4.5) 70 
( 4.7) 

50 
( 9.7) 

 77 (12.7) 127 
(11.3) 

<0.001

Hepatic 
dysfunction (n 
(%))

13 
( 2.2) 

11 ( 1.2) 24
 ( 1.6) 

28
 ( 5.4) 

 29 ( 4.8) 57 
( 5.1) 

<0.001

CNS* 
dysfunction (n 
(%))

110 
(18.3) 

177 (19.6) 287 
(19.1) 

 128 
(24.8) 

 161 (26.7) 289 
(25.8) 

<0.001

Gastro-
intestinal 
dysfunction (n 
(%))

2 ( 0.3) 5 ( 0.6)  7 
( 0.5) 

2 
( 0.4) 

3 ( 0.5) 5 
( 0.4) 

1.000

Metabolic 
dysfunction (n 
(%))

98 
(16.3) 

137 (15.1)  235 
(15.6) 

 151 
(29.2) 

166 (27.3) 317 
(28.2) 

<0.001

*Used abbreviation: CNS = central nervous system or culture-negative sepsis, CPS = culture-
positive sepsis

Organ failure
The median number of organs systems affected was one in both the culture-negative 
and culture-positive group (p<0.001). Culture-positive patients were more likely to 
have cardiovascular (p<0.001), renal (p<0.001), hepatic (p<0.001), CNS (p<0.001) 
and metabolic (p<0.001) dysfunction. 
Both culture-positive sepsis and bacteremia were positively associated with ≥ 3 
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organ systems affected during the sepsis episode (RR: 4.27 [95% CI: 2.78-6.60] and 
RR: 2.68 [95% CI: 1.78-3.94]) (figure 2). After correction for possible confounders, 
an RR of 4.05 [95% CI: 2.47-6.63] for culture-positive sepsis and an RR of 2.10 [95% 
CI: 1.28-3.36] for bacteremia was found.

Figure 2. Organ dysfunction in culture-positive and culture-negative sepsis

Antibiotics at home
85.9% of patients in the group with antibiotics at home had a negative blood culture 
versus 78% in the group without (p<0.001). No significant association was found 
between prior administration of antibiotics at home with pre-hospital blood-culture 
result and the result of any culture (see Table 9 in the Appendix). 

Pre-hospital antibiotics in culture-positive sepsis
No association was observed between the administration of pre-hospital antibiotics 
and 28-day (RR 1.16 [95% CI: 0.81 – 1.64]) and 90-day mortality (RR: 1.08 [95% CI: 
0.80-1.42]) in the subgroup of patients with culture-positive sepsis. Neither was this 
association seen in the corrected analysis (see Table 10 in the Appendix). Sensitivity 
analysis after exclusion of positive urine cultures showed similar relative risks (see 
Table 14 in the Appendix). 

Specimen sources and reported Ceftriaxone resistance 
The three most common bacteria isolated from blood cultures were E. coli, S. 
pneumoniae and S. aureus. An overview of the 10 most common pathogens identified 
in blood, sputum, urine and wound/ skin/ soft tissue cultures and related mortality 
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rates can be found in the Appendix (Table 15-20). In our cohort, a rate of 12.9% 
of ceftriaxone resistance was seen in culture-positive patients. Higher mortality 
rates were seen in patients that were ceftriaxone resistant both in the intervention 
and control group, see table 11 in the Appendix. The pathogens that were most 
commonly found resistant to ceftriaxone were E. faecalis, P. aeruginosa and E. coli.

DISCUSSION

Patients who had a culture-positive sepsis, had a significantly higher mortality rate 
than those who had a culture-negative sepsis. We found culture-negative sepsis 
in 56.4% and this incidence in our cohort was higher than seen in earlier studies, 
that describe incidences of 30.6- 47.1% (6-8). Several factors might have led to this 
difference in the outcome. We excluded cultures that were most likely positive due 
to contamination. Apart from this, we included all sepsis patients, and not only those 
with severe sepsis or sepsis shock. This in turn might have led to our patients having 
a lower bacterial burden and thereby making it more difficult to detect a pathogen 
with a conventional culture. Another possible explanation is that the administration 
of pre-hospital antibiotics in the intervention group contributed to the higher rate 
of culture-negative sepsis. Culture-negative sepsis was seen more often in the 
intervention group compared to the control group (59.2% vs 53.9%). 
When comparing culture-positive patients with culture-negative ones, we saw several 
notable differences between these groups. Culture-positive patients had higher 
qSOFA scores, a higher severity of illness, a longer hospital LOS and a higher level 
of the CRP. These clinical parameters suggest that culture-positive patients might 
have been sicker than culture-negative patients. Furthermore, higher mortality rates 
were found in culture-positive patients compared to culture-negative patients and the 
culture-positive patients more often had dysfunction of ≥ 3 organ systems. All these 
findings suggest a higher burden of disease in the culture-positive group. Although 
we cannot completely rule out the possibility of patients having a positive culture 
status due to colonization of specimens in non-sterile culture sites, our findings were 
confirmed by a sensitivity analysis after exclusion of positive rectum cultures. 
Several earlier studies were conducted on the association between culture-positive 
status in sepsis patients and mortality. Like in our cohort, Kethireddy et al. (2018) 
found less impressive clinical parameters in culture-negative septic shock patients 
compared to culture-positive counterparts (7). However, survival was similar in 
culture-negative patients and culture-positive patients. Interestingly, a delayed 
administration of antibiotics led to a similar increase in mortality in both groups, 
supporting the hypothesis that culture-negative sepsis patients do not have an 
alternative non-infectious diagnosis. Gupta et al. (2016) also looked at the association 
between culture status and mortality and found a higher mortality rate in culture-
negative severe sepsis patients. A possible explanation given is the lack of guidance 
for specific antibiotic treatment in culture-negative patients. However, as selection 
of culture-positive patients was based on codes in patient records, undercoding 
of specific pathogens might have led to incorrect classification of patients into the 
culture-negative group (6). Like in our study, Phua et al. (2013) found higher severity 
of illness, a longer LOS and more organ dysfunction in culture-positive severe sepsis 
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compared to culture-negative severe sepsis. However, no independent association 
between a positive culture and mortality was found in a multivariate model. As the 
authors describe this model included all covariates available at baseline, inclusion 
of covariates that are be part of the causal pathway of sepsis might have led to 
overadjustment (8, 19). Therefore we choose not to include sepsis severity in the 
multivariate model, although previous work has shown that the probability of finding 
bacteremia is dependent on the clinical context(20)
Although we think it’s unlikely that patients in our cohort suffered from alternative 
non-infectious diagnoses because of strict inclusion criteria and retrospective chart 
analysis by an expert panel, study inclusion was carried out before formulation of the 
SEPSIS-3 criteria. Therefore we included patients that do not fulfill clinical SEPSIS-3 
criteria and do not meet the current definition of sepsis. 
 A possible explanation for the low mortality rates seen our cohort, next to the fact 
that other studies have been conducted in cohorts of patients with a higher severity of 
disease only (severe sepsis or septic shock), is that all EMS personnel participating 
in the PHANTASi trial was trained to recognize sepsis in a timely manner. Apart from 
this, awareness of sepsis was improved during the study period through the use of 
several media.  This led to better recognition and improved treatment.
In  the subgroup of patients that met SEPSIS-3 criteria we only found a significant 
association between a positive blood culture and 90-day mortality. We can however 
not see these specific findings in the light of other literature, as no research has been 
performed in the field of culture-positivity in the whole population of sepsis patients 
after formulation of SEPSIS-3 criteria. In our cohort, we found that 55.2% of patients 
that did not meet clinical SEPSIS-3 criteria (qSOFA < 2) had organ dysfunction of 
one or more organ systems. Meta-analysis has shown a low sensitivity the qSOFA 
score in screening for mortality outside of the ICU(21). In a recent article, the same 
authors pray for utilization of SIRS criteria outside of the ICU(22). Therefore we do 
not exclude the possibility of review of the use of qSOFA score as a clinical criterion 
for sepsis, as fast recognition of sepsis is found to reduce mortality (23). 

Insufficient techniques may have contributed to the high amount culture-negative 
cases of sepsis seen in general. Bloos et al. found a positive PCR (polymerase chain 
reaction) in approximately 20% of culture-negative sepsis patients. (24). Earlier 
studies have showed that multiplex real-time PCR leads to a faster diagnosis and to 
a reduction of the amount of days of inadequate antibiotic treatment. (25-27)
Quick adequate antimicrobial therapy is of great importance as long-term treatment 
with broad-spectrum antibiotics leads to resistant micro-organisms and is associated 
with superinfections with C. difficile and fungi. (28)

We found that culture-negative sepsis was most common in respiratory tract infection 
and that urinary tract infection was most common in culture-positive sepsis. These 
finding were similar to those by Phua et a.l (2013)(8). A possible explanation could 
be that sepsis due to pneumonia is more often caused by viruses and/or fungi, which 
is not routinely tested for in most hospitals. There was a variability in culture positivity 
across the different hospital sites. This is probably due to the differences in pre-
analytical (the time from collection to incubation) between hospital locations. Some 
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hospitals are located in rural areas and others in urban areas, where driving time 
to the closest hospital is usually shorter. Earlier research has shown that longer 
pre-analytical time leads to lower blood culture positivity(29). Moreover, guidelines 
for antibiotic treatment differ between different hospital location, which might also 
influence culture results.
Of note, in culture-positive sepsis patients, higher mortality rates were observed in 
the intervention group compared to the control group. A possible explanation for this 
could be that EMS personnel deliberately assigned the intervention group protocol 
to sicker patients.  
An association between prior administration of antibiotics at home and a negative 
pre-hospital culture was not seen. However, as the amount of patients with a positive 
pre-hospital blood culture was low (13,8% of patients in the invention group), we 
cannot exclude the possibility that due to obtainment of a culture early in the disease 
process a lower disease burden at that time may have influenced the results. 
Our study contains several strengths. Firstly, to the best of our knowledge this is 
the first study which investigates culture outcomes in all sepsis patients, instead of 
a subset of patients (6-8). In addition, we excluded cultures that were likely false-
positive due to contamination which was not done in two of the previously mentioned 
studies (6, 7).
Furthermore, we used data of a large multi-center trial, that consisted of patients 
from both urban and rural areas which allow our results to be extrapolated easier to 
other countries. 
Our study also holds limitations. First, we did not have data on the levels of the pro-
calcitonin. This would have yielded extra information, as this biomarkers is found 
superior to the CRP for the diagnosis of sepsis in most studies(30). 

Secondly, choosing a cut-off of 3 in analyzing the amount of organ dysfunction 
might be considered somewhat arbitrary. However, earlier research has shown that 
involvement of ≥3 organ systems is associated with an in-hospital mortality rate of 
more than 50%(31).

CONCLUSION

Our results show that culture-positive sepsis is associated with a higher mortality 
rate and that culture-positive sepsis patients more often have  ≥3 organ systems 
affected during the sepsis episode. Future studies should focus on the etiological 
mechanisms that lead to the differences in culture outcomes in sepsis patients in 
order to further reduce mortality rates of sepsis. 

List of abbreviations 
CNS = central nervous system or culture-negative sepsis
CPS = culture-positive sepsis
CRP = C-reactive protein 
ED = emergency department 
EMS = emergency medical service 
ESBL = Extended Spectrum Beta Lactamase 
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ICU = intensive care unit
LOS = length of stay 
PCR = polymerase chain reaction
PHANTASi trial = Prehospital Antibiotics Against Sepsis trial 
qSOFA = quick Sequential Organ Failure Assessment score
SIRS criteria = systemic inflammatory response syndrome criteria: Temperature 
>38°C or <36°C; Heart rate >90 beats per minute; Respiratory rate >20 breaths per 
minute or PaCO2 <32 mmHg; and White blood cell count >12,000/cu mm, <4,000/cu 
mm, or >10% immature (band) forms (according to sepsis 3 criteria) 
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APPENDIX

Table 1. Types of cultures/ other microbiological diagnostics obtained from the included 
patients that were included in the analysis
Pre-hospital blood culture (in the ambulance)
In-hospital blood culture 
Urine culture
Sputum culture 
Wound/ skin/ soft tissue culture 
Pleural fluid culture 
Ascites culture 
Culture of fluid obtained by bronchoalveolar lavage (BAL)
Culture of synovial fluid obtained by joint puncture 
Culture of intra-corporal material
Feces culture 
Cerebrospinal fluid culture 
Pharynx culture (incl. swab for Influenza) 
Rectum culture 
Perineum culture 

Table 2. List of pathogens that are likely due to contamination 
Blood and central nervous system cultures Sputum cultures
Micrococcus species
Bacillus species other than B. anthracis
Coagulase-negative staphylococci 
Corynebacterium species
Propionibacterium acnes

Candida albicans

Table 3. List of the used criteria for organ dysfunction 
Cardiovascular dysfunction Decrease of SBP > 40 mmHg and/or SBP <90 or MAP 

≤ 65 (despite adequate fluid resuscitation)
Respiratory dysfunction Arterial hypoxemia (arterial oxygen tension [PaO2]/

fraction of inspired oxygen [FiO2] <300)
Hematological dysfunction Coagulation abnormalities (international normalized 

ratio [INR] >1.5 and/or activated partialthromboplastin 
time [aPTT] >60 seconds) and/or Thrombocytopenia 
(platelet count <100,000 microL/L)

Renal dysfunction Acute oliguria (urine output <0.5 mL/kg/hr for at least 
two hours despite adequate fluid resuscitation) and/or 
Creatinine increase >0.5 mg/dL or 44.2 micromol/L

Hepatic dysfunction Hyperbilirubinemia (plasma total bilirubin >4 mg/dL or 
70 micromol/L)

CNS (central nervous system) 
dysfuntion

Altered mental status

Gastro-intestinal dysfunction Ileus (absent bowel sounds)
Metabolic dysfunction Hyperlactatemia (>2 mmol/L)
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Table 4. Characteristics of culture-negative and culture-positive sepsis patients stratified by 
group allocation 

Culture-negative sepsis Culture-positive sepsis
                                    Control 

group
Intervention 
group

Control 
group

Intervention 
group p

n                                   612 914 520 613
sex (%)                             

female  263 (43)  400 (43.8) 
222 
(42.7)   245 (40)  0.518

                                   
male  349 (57)  514 (56.2) 

  298 
(57.3)   368 (60) 

age (median 
[IQR])

                 75 [64, 
82] 75.5 [65, 83]

76 [66, 
83] 77 [67, 83]  0.128

Charlson 
comorbidity 
index 
(median 
[IQR])

            

1 [1, 2]  1 [1, 3]  1 [1, 3]  1 [0, 3]  0.253
Antibiotics at 
home (%)

                    
no

 463 
(75.7)  720 (78.8) 416 (80)   487 (79.4)  0.263

                                   
yes

  149 
(24.3)   194 (21.2) 104 (20)   126 (20.6) 

qSOFA in the 
ambulance 
(%)

                    
<2 486 

(85.3)   703 (81.8) 
382 
(79.9)   421 (72.2) <0.001

                                   
≥ 2  84 (14.7)   156 (18.2) 96 (20.1)   162 (27.8) 

qSOFA in the 
ED (%)

                     
<2

295 
(81.9)   465 (87.9) 

245 
(81.4)   293 (79)  0.003

                                   
≥ 2  65 (18.1)   64 (12.1)  56 (18.6)    78 (21) 

sepsis 
severity  (%)

              
sepsis

250 
(42.1)   398 (44.3) 

174 
(33.5)   179 (29.4) <0.001

                                   
severe 
sepsis

333 
(56.1)   484 (53.9) 

320 
(61.7)   380 (62.5) 

                                   
septic 
shock  11 ( 1.9) 16 ( 1.8) 25 ( 4.8)    49 ( 8.1) 

hospital LOS 
(median 
[IQR])

 

 5 [3, 8]  5 [3, 8]  6 [4, 11]  7 [4, 12] <0.001
CRP (median 
[IQR])

             70 [25, 
160.25] 67 [32, 141]

89 [32, 
190] 95 [37, 189] <0.001
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Table 4. Continued
Culture-negative sepsis Culture-positive sepsis

                                    Control 
group

Intervention 
group

Control 
group

Intervention 
group p

source of 
infection (%)

                
CNS*     1 ( 0.2)     6 ( 0.7)     1 ( 0.2)     3 ( 0.5) <0.001

                             
intra-
abdominal    29 ( 5.3)    53 ( 6.3)    35 ( 7.1)    60 (10.5) 

                                   
line     0 ( 0)     1 ( 0.1)     2 ( 0.4)     1 ( 0.2) 

                                   
pulmonal   415 (76)   604 (71.7)  214 (43.1)   234 (40.9) 

                                   
skin/tissue    22 ( 4)    44 ( 5.2)   34 ( 6.9)    44 ( 7.7) 

                                   
urinary tract    65 (11.9)   110 (13.1)  191 (38.5)   207 (36.2) 

                                   
other    14 ( 2.6)    24 ( 2.9)    19 ( 3.8)    23 ( 4) 

total number of 
blood cultures 
(median [IQR])

              

 2 [2, 2]  2 [1, 2]  2 [2, 3]  2 [2, 4] <0.001

*Used abbreviations: qSOFA = quick Sequential Organ Failure Assessment score, ED = emergency 
department, LOS = length of stay, CRP = C-reactive protein, CNS = central nervous system

Table 5. Characteristics of the control group and the intervention group in the subgroup of 
patients with culture-positive sepsis

control 
group

intervention group p

n 520 613
sex (%) female  222 (42.7)  245 (40)  0.385

male  298 (57.3)  368 (60) 
age (median [IQR]) 76 [66, 83] 77 [67, 83]  0.508
Charlson Comorbidity Index 
(median [IQR])

 1 [1, 3]  1 [0, 3]  0.105

Antibiotics at home 
(%)

no  416 (80)  487 (79.4)  0.875

yes  104 (20)  126 (20.6) 
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Table 5. Continued
control 
group

intervention group p

qSOFA in the 
ambulance(%)

<2  382 (79.9)  421 (72.2)  0.005

≥ 2  96 (20.1)  162 (27.8) 
qSOFA in the ED 
(%)

<2  245 (81.4)  293 (79)  0.494

≥ 2  56 (18.6)  78 (21) 
Ceftriaxone 
resistance (%)

no  455 (87.5)  532 (86.8)  0.788

yes  65 (12.5)  81 (13.2) 
Sepsis severity 
(%)

sepsis  174 (33.5)  179 (29.4)  0.050

severe 
sepsis

 320 (61.7)  380 (62.5) 

septic shock  25 ( 4.8)  49 ( 8.1) 
hospital LOS 
(median [IQR])

 6 [4, 11]  7 [4, 12]  0.060

CRP (median 
[IQR])

89 [32, 190] 95 [37, 189]  0.435

Source of infection 
(%)

CNS*  1 ( 0.2)  3 ( 0.5)  0.454

intra-
abdominal

 35 ( 7.1)  60 (10.5) 

line  2 ( 0.4)  1 ( 0.2) 
pulmonal  214 (43.1)  234 (40.9) 
skin/tissue  34 ( 6.9)  44 ( 7.7) 
urinary tract  191 (38.5)  207 (36.2) 
other  19 ( 3.8)  23 ( 4) 

Total amount of blood cultures 
drawn (median [IQR])

 2 [2, 3]  2 [2, 4]  0.659

*Used abbreviations: CNS = central nervous system
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Table 6. Characteristics of patients without prior administration of antibiotics at home and 
those with prior administration of antibiotics at home 

No prior 
administration 
antibiotics at 
home

Prior 
administration 
of antibiotics at 
home

p

n 2086 573
Sex (%) female 872 (41.8) 258 (45) 

 0.182male 1214 (58.2) 315 (55) 
Age (median [IQR]) 75 [65, 83] 76 [67, 83]  0.409
Charlson Comorbity 
Index (median 
[IQR])  1 [1, 3]  2 [1, 3]  0.080
qSOFA* in the 
ambulance (%) ≥2   380 (19.4)   118 (22.1) 

 0.192<2  1576 (80.6)   416 (77.9) 
qSOFA* in the ED* 
(%) ≥2   201 (16.2)    62 (19.2) 

 0.237<2  1037 (83.8)   261 (80.8) 
Ceftriaxone 
resistance(%) no  1971 (94.5)   538 (93.9) 

 0.656yes   115 ( 5.5)    35 ( 6.1) 

No prior 
administration 

antibiotics at home

Prior 
administration 
of antibiotics at 

home p
Sepsis severity (%) sepsis   796 (38.8)   205 (36.3) 

 0.302
  severe sepsis  1175 (57.2)   342 (60.5) 
  septic shock    83 ( 4)    18 ( 3.2) 
Hospital LOS* 
(median [IQR])  6 [4, 9]  6 [4, 10]  0.002
CRP* (median 
[IQR]) 77 [30.75, 166.5] 78 [35.5, 172]  0.352
Number of organ 
systems affected 
(median[IQR])

1[0, 2] 1 [0, 2]

0.783
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Table 7. Organ dysfunction in non-bacteremic and bacteremic patients
Non-bacteremic Bacteremic

Control 
group

Intervention 
group Total Control 

group
Intervention 

group Total
p (Total 
NB* vs. 

B*)
n 909 1211 2120 223 316 539

Number of organ 
systems affected 
(median [IQR])

1 [0, 1] 1 [0, 1] 1 [0, 
1]

1 [0, 2] 1 [0, 2] 1 [0, 2] <0.001

Cardiovascular 
dysfunction (n (%))

  84 
( 9.4) 

 139 (11.6)  223 
(10.6) 

  45 
(20.5) 

  73 (23.5)  118 
(22.2) 

<0.001

Respiratory 
dysfunction (n (%))

 321 
(35.7) 

 442 (36.8)  763 
(36.4) 

  57 
(25.8) 

  95 (30.4)  152 
(28.5) 

 0.001

Hematological 
dysfunction (n (%))

  11 
( 1.2) 

  18 ( 1.5)   29 
( 1.4) 

   4 ( 
1.8) 

   7 ( 2.3)   11 
( 2.1) 

 0.344

Renal dysfunction 
(n (%))

  52 
( 5.8) 

  73 ( 6.1)  125 
( 6) 

  27 
(12.2) 

  45 (14.4)   72 
(13.5) 

<0.001

Hepatic 
dysfunction (n (%))

  24
( 2.7) 

  15 ( 1.3)   39 
( 1.9) 

  17 
( 7.7) 

  25 ( 8)   42 
( 7.9) 

<0.001

CNS* dysfunction 
(n (%))

 177 
(19.7) 

 258 (21.6)  435 
(20.8) 

  61 
(27.6) 

  80 (25.7)  141 
(26.5) 

 0.005

Gastro-intestinal 
dysfunction (n (%))

 4 ( 0.4)    6 ( 0.5)   10 
( 0.5) 

   0 ( 0)    2 ( 0.6)    2 
( 0.4) 

1.000

Metabolic 
dysfunction (n (%))

 162 
(18) 

 194 (16.2)  356 
(17) 

  87 
(39.2) 

 109 (34.7)  196 
(36.6) 

<0.001

*Used abbreviations: CNS = central nervous system, NB = non-bacteremic, B = bacteremic
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Table 8. The association between a positive (blood) culture and organ dysfunction (≥3 
organ systems affected)

p RR 95% CI

Positive pre-hospital blood culture

Unadjusted 
analysis

0.002 2.35 1.32-3.84

Adjusted 
analysis ∞

0.063 1.86 0.94-3.42

Positive in-hospital blood culture

Unadjusted 
analysis

<0.001 2.84 1.83-4.24

Adjusted 
analysis ∞

0.001 2.47 1.45-4.04

Bacteremia (positive pre-hospital and/or in-hospital blood culture)

Unadjusted 
analysis

<0.001 2.68 1.78-3.94

Adjusted 
analysis ∞

0.003 2.10 1.28-3.36

Culture-positive sepsis (with or without bacteraemia)

Unadjusted 
analysis

<0.001 4.27 2.78-6.60

Adjusted 
analysis ∞

<0.001 4.05 2.47-6.63

∞ Adjusted for age, group allocation, antibiotics at home, hospital location, source of 
infection and total amount of blood cultures drawn

Table 9. Culture-positivity for patients without and with prior administration of 
antibiotics at home 

No antibiotics at 
home

Antibiotics 
at home

p

n 2086 573
Pre-hospital blood culture result 
(%)

negative 1910 (91.6) 536 (93.5)  0.144

positive  176 ( 8.4)  37 ( 6.5) 
In-hospital blood culture result (%) negative 1770 (84.9) 518 (90.4)  0.001

positive  316 (15.1)  55 ( 9.6) 
Blood culture result (pre-hospital 
and/or in-hospital) (%)

negative 1628 (78) 492 (85.9) <0.001

positive  458 (22)  81 (14.1) 
Any culture result (%) negative 1183 (56.7) 343 (59.9)  0.193

positive  903 (43.3) 230 (40.1) 
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Table 10. The association between the administration of pre-hospital antibiotics in the 
ambulance and mortality in the subgroup of patients with culture-positive sepsis 

p RR 95% CI 

28-day mortality
Unadjusted 
analysis

0.422 1.16 0.81-1.64

Adjusted analysis 
∞

0.435 1.15 0.80-1.64

90-day mortality
Unadjusted 
analysis

0.619 1.08 0.80-1.42

Adjusted analysis  
∞

0.647 1.07 0.80-1.42

∞ Adjusted for ceftriaxone resistance and antibiotics at home

Table 11. 28-day and 90-day mortality for the control group and the intervention, stratified 
by ceftriaxone resistance

Control group Intervention group p 
(comparison 
of all 4 
groups)

Ceftriaxone resistant Ceftriaxone resistant
No Yes No Yes

n 1067 65 1442 85
28-day mortality 
(n, %)

  83 ( 7.8)  9 (13.8)  107 ( 7.4) 12 (14.1)  0.044

              p = 0.133                 p = 0.042
90-day mortality 
(n, %)

 119 (11.2) 14 (21.5)  155 (10.7) 22 (25.9) <0.001

              p = 0.020                 p < 0.001
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Table 12. Culture positivity stratified by hospital location
Hospital name n Culture-

positive 
sepsis (%)

Positive 
blood 
culture (%)

Positive 
in-hospital 
blood culture 
(%)

Positive 
pre-hospital 
blood culture 
(%)

Albert Schweitzer 586 261 (44.5) 126 (21.5)  86 (14.7)  54 ( 9.2) 
Amsterdam UMC, 
location AMC 84 42 (50) 18 (21.4) 10 (11.9) 10 (11.9) 
Amphia 111  54 (48.6)  21 (18.9)  12 (10.8)  12 (10.8) 
Amstelland 42 20 (47.6)  9 (21.4)  6 (14.3)  3 ( 7.1) 
Beatrix 51 25 (49) 13 (25.5)  7 (13.7)  7 (13.7) 
Bovenij 77 28 (36.4) 18 (23.4) 15 (19.5)  4 ( 5.2) 
Bravis, location 
Bergen op Zoom 21 10 (47.6)  7 (33.3)  4 (19)  4 (19) 
Bravis, location 
Roosendaal 98 42 (42.9) 17 (17.3) 11 (11.2)  8 ( 8.2) 
Canisius 34 11 (32.4)  7 (20.6)  3 ( 8.8)  4 (11.8) 
Catharina 82 30 (36.6) 17 (20.7) 12 (14.6)  7 ( 8.5) 
Diakonessenhuis 10  7 (70)  2 (20)  2 (20)  0 ( 0) 
Elkerliek 76 26 (34.2) 12 (15.8)  7 ( 9.2)  6 ( 7.9) 
Gelderse vallei 114  36 (31.6)  20 (17.5)  10 ( 8.8)  11 ( 9.6) 
Haven 10  2 (20)  2 (20)  2 (20)  0 ( 0) 
Ikazia 70 38 (54.3) 21 (30) 21 (30)  0 ( 0) 
Maasstad 102  44 (43.1)  17 (16.7)  15 (14.7)   3 ( 2.9) 
Maastricht UMC 113  36 (31.9)  16 (14.2)   9 ( 8)   8 ( 7.1) 
Maxima 89 36 (40.4) 19 (21.3) 10 (11.2) 11 (12.4) 
Meander MC 51 25 (49)  7 (13.7)  6 (11.8)  1 ( 2) 
OLVG, location 
east 113  34 (30.1)  19 (16.8)  19 (16.8)   0 ( 0) 
OLVG, location 
west 85 34 (40) 10 (11.8) 10 (11.8)  0 ( 0) 
Rijnstate 153  83 (54.2)  31 (20.3)  26 (17)  13 ( 8.5) 
Rivierenland 12  5 (41.7)  4 (33.3)  1 ( 8.3)  3 (25) 
Rode Kruis 43 21 (48.8) 10 (23.3)  7 (16.3)  3 ( 7) 
Franciscus 
Gasthuis 51 22 (43.1) 11 (21.6)  8 (15.7)  4 ( 7.8) 
Spaarne Gasthuis 
Haarlem 63 30 (47.6) 12 (19)  6 ( 9.5)  7 (11.1) 
Spaarne Gasthuis 
Hoofddorp 22 11 (50)  4 (18.2)  3 (13.6)  1 ( 4.5) 
St. Anna 40 15 (37.5)  6 (15)  2 ( 5)  4 (10) 
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Table 12. Culture positivity stratified by hospital location
Hospital name n Culture-

positive 
sepsis (%)

Positive 
blood 
culture (%)

Positive 
in-hospital 
blood culture 
(%)

Positive 
pre-hospital 
blood culture 
(%)

St. Antonius 25 15 (60)  6 (24)  4 (16)  3 (12) 
UMC Utrecht 10  3 (30)  1 (10)  1 (10)  0 ( 0) 
Vlietland 47 14 (29.8) 13 (27.7)  9 (19.1)  6 (12.8) 
Amsterdam UMC, 
location VUMC 91 45 (49.5) 26 (28.6) 12 (13.2) 14 (15.4) 
Zaans MC 50 15 (30) 11 (22)  9 (18)  2 ( 4) 
Zuydergeleen 33 13 (39.4)  6 (18.2)  6 (18.2)  0 ( 0) 
p-value  0.001  0.677  0.247  0.001

Table 13. Sensitivity analysis for the association between culture-positive sepsis and 
mortality (positive rectum cultures excluded)

Unadjusted analysis 
p RR 95% CI

28-day mortality 0.006 1.43 1.12-1.97
90-day mortality <0.001 1.41 1.15-1.71

Adjusted analysis ∞
28-day mortality 0.005 1.52 1.14-2.01
90-day mortality <0.001 1.52 1.21-1.90
∞ Adjusted for age, group allocation, antibiotics at home, hospital location, source of 
infection and total amount of blood cultures drawn

Table 14. Sensitivity analysis for the association between administration of pre-hospital 
antibiotics in the ambulance and mortality in the subgroup of patients with culture-positive 
sepsis (positive urine cultures excluded)

p RR 95% CI 

28-day mortality
Unadjusted analysis 0.415 1.18 0.79-1.73
Adjusted analysis ∞ 0.584 1.10 0.79-1.51

90-day mortality
Unadjusted analysis 0.489 1.15 0.77-1.70
Adjusted analysis  ∞ 0.737 1.06 0.75-1.47

∞ Adjusted for ceftriaxone resistance and antibiotics at home
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Table 15. 28-day and 90-day mortality for patients with the 10 most common pathogens in 
pre-hospital blood culture

28-day mortality 90-day mortality 
pathogen n n (%) n (%)
E. coli 73 8 (11) 9 (12)
S. pneumoniae 28 4 (14) 5 (18)
S. aureus 22 3 (14) 7 (32)
Klebsiella
(not otherwise specified)

13 2 (15) 2 (15)

K.  pneumoniae 11 6 (55) 6 (55)
Streptococcus
(not otherwise specified)

11 2 (18) 2 (18)

E. faecalis 7 2 (29) 3 (43)
P. mirabilis 5 1 (20) 2 (40)
P. aeruginosa 5 3 (60) 3 (60)
E. cloacae 4 1 (25) 1 (25)

Table 16. 28-day and 90-day mortality for patients with the 10 most common pathogens in 
the in-hospital blood culture

28-day mortality 90-day mortality 
pathogen n n (%) n (%)
E. coli 145 10 (7) 17 (12)
S. pneumoniae 43 2 (5) 2 (5)
S. aureus 40 6 (15) 9 (22)
Streptococcus (not otherwise 
specified)

18 3 (17) 3 (17)

P. mirabilis 17 3 (18) 3 (18)
E. faecalis 15 5 (33) 7 (47)
K. pneumoniae 13 3 (23) 3 (23)
P. aeruginosa 12 1 (8) 2 (17)
Klebsiella (not otherwise 
specified)

9 2 (22) 2 (22)

C. difficile 5 1 (20) 1 (20)
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Table 17. 28-day and 90-day mortality for patients with the 10 most common pathogens in 
the pre-hospital and/or in-hospital blood culture

28-day mortality 90-day mortality 
pathogen n n (%) n (%)
E. coli 213 17 (8) 25 (12)
S. pneumoniae 65 5 (8) 6 (9)
S. aureus 49 7 (14) 13 (27)
Streptococcus (not otherwise 
specified)

27 4 (15) 4 (15)

K. pneumoniae 24 9 (38) 9 (38)
Klebsiella (not otherwise 
specified)

21 3 (14) 3 (14)

P. mirabilis 20 3 (15) 4 (20)
E. faecalis 17 5 (29) 8 (47)
P. aeruginosa 16 3 (19) 4 (25)
S. dysgalactiae 7 0 (0) 0 (0)

Table 18. 28-day and 90-day mortality for patients with the 10 most common pathogens in 
the urine culture

28-day mortality 90-day mortality 
pathogen n n (%) n (%)
E. coli 251 14 (6) 25 (10)
E. faecalis 83 7 (8) 16 (19)
P. aeruginosa 51 1 (2) 8 (16)
Klebsiella (not otherwise 
specified)

38 3 (8) 7 (18)

P. mirabilis 31 3 (10) 6 (19)
Enterococcus (not otherwise 
specified)

17 2 (12) 4 (24)

C. albicans 16 3 (19) 3 (19)
K. pneumoniae 16 3 (19) 3 (19)
S. aureus 14 3 (21) 5 (36)
E. faecium 12 1 (8) 3 (25)
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Table 19. 28-day and 90-day mortality for patients with the 10 most common pathogens in 
the  sputum culture

28-day mortality 90-day mortality 
pathogen n n (%) n (%)
S. pneumoniae 27 0 (0) 1 (4)
S. aureus 26 5 (19) 7 (27)
E. coli 19 4 (21) 7 (37)
P. aeruginosa 19 3 (16) 3 (16)
Aspergillus 9 2 (22) 2 (22)
Moraxella catarrhalis 7 0 (0) 0 (0)
Klebsiella (not otherwise 
specified)

6 1 (17) 2 (33)

S. maltophilia 6 0 (0) 1 (17)
Staphylococcus (not 
otherwise specified)

5 2 (40) 2 (40)

C. tropicalis 4 0 (0) 0 (0)

Table 20. 28-day and 90-day mortality for patients with the 10 most common pathogens in 
the wound/ skin/ soft tissue culture

28-day mortality 90-day mortality 
pathogen n n (%) n (%)
S. aureus 34 4 (12) 7 (21)
E. coli 20 1 (5) 4 (20)
Streptococcus (not otherwise 
specified)

17 2 (12) 3 (18)

P. aeruginosa 14 1 (7) 2 (14)
E. faecalis 14 1 (7) 2 (14)
C. albicans 10 2 (20) 4 (40)
P. mirabilis 9 0 (0) 0 (0)
Staphylococcus (not 
otherwise specified)

8 0 (0) 0 (0)

Enterococcus (not otherwise 
specified)

6 2 (33) 2 (33)

Klebsiella (not otherwise 
specified)

6 1 (17) 1 (17)
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Table 21. The association between a positive (blood) culture and mortality in the subgroup 
of patients fulfilling sepsis-3 criteria (qSOFA in the ambulance and/or ED ≥ 2)

p RR 95% CI

Bacteremia (positive pre-hospital and/or in-hospital blood culture)

Unadjusted analysis

28-day 
mortality

0.258 1.27 0.83-1.85

90-day 
mortality

0.043 1.54 1.01-1.83

Adjusted analysis ∞

28-day 
mortality

0.137 1.44 0.88-2.21

90-day 
mortality

0.033 1.51 1.03-2.08

Culture-positive sepsis (with or without bacteremia)

Unadjusted analysis

28-day 
mortality

0.249 1.24 0.85-1.78

90-day 
mortality

0.136 1.25 0.93-1.65

Adjusted analysis ∞

28-day 
mortality

0.340 1.24 0.79-1.88

90-day 
mortality

0.231 1.25 0.86-1.74

∞ Adjusted for age, group allocation, antibiotics at home, hospital location, source of infection and total 
amount of blood cultures drawn

Table 22. Organ dysfunction stratified by qSOFA score
qSOFA* in ambulance 
and ED* <2

qSOFA* in ambulance 
and/or ED* ≥2

p

n 1050 632
Number of organs 
with dysfunction (%)

0  470 (44.8)  85 (13.4) <0.001

1  387 (36.9) 200 (31.6) 
2  135 (12.9) 200 (31.6) 
3   47 ( 4.5)  82 (13) 
4    7 ( 0.7)  46 ( 7.3) 
5    4 ( 0.4)  14 ( 2.2) 
6    0 ( 0)   5 ( 0.8) 

Used abbreviations: qSOFA = quick Sequential Organ Failure Assessment score, ED = emergency 
department
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Table 23. Overview of positive in-hospital blood cultures (contamination excluded)
In-hospital blood culture result Number of patients with culture result
E. coli 144
S. pneumoniae 42
S. aureus 40
Streptococcus, not otherwise specified 18
P. mirabilis 17
E. faecalis 15
K. pneumoniae 13
P. aeruginosa 12
Klebsiella, not otherwise specified 9
E. faecium 5
B. fragilis 4
Enterococcus, not otherwise specified 4
Hemolytic streptococcus group G 4
S. dysgalactiae 4
C. albicans 3
S. agalactiae 3
S. oralis 3
Acinetobacter, not otherwise specified 2
Bacteroides thetaiotaomicron 2
C. koseri 2
E. cloacae 2
E. lenta 2
F. nucleatum 2
Hemolytic streptococcus group B 2
Hemolytic streptococcus group C 2
K. oxytoca 2
S. bovis 2
S. pyogenes 2
S. salivarius 2
Actinomyces, not otherwise specified 1
Aerococcus, not otherwise specified 1
A. faeciporci 1
A. urinae 1
B. diminuta 1
B. ovatus 1
C. jejuni 1
Cytomegaly virus 1
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Table 23. Continued
In-hospital blood culture result Number of patients with culture result
E. aerogenes 1
E. avium 1
Epstein Barr virus 1
E. catenaformis 1
Hepatitis A virus 1
Hemolytic streptococcus, not otherwise 
specified

1

Moraxella catarrhalis 1
Morganella morganii 1
Mycobacterium, not other wise specified 1
P. aenibacillus 1
Peptostreptococcus, not otherwise specified 1
P. multocida 1
P. vulgaris 1
R. mucilaginosa 1
R. ornithinolytica 1
S. anginosus 1
S. gordonii 1
S. intermedius 1
S. marcescens 1
S. mitis 1
S. parasanguins 1
S. pasteurii 1

Table 24. Overview of positive pre-hospital blood cultures (contamination excluded)
Pre-hospital blood culture result Number of patients with culture result
E. coli 73
S. pneumoniae 28
S. aureus 21
Klebsiella, not otherwise specified 13
K. pneumoniae 11
Streptococcus, not otherwise specified 10
E. faecalis 7
P. mirabilis 5
P. aeruginosa 5
E. cloacae 4

RishiDef2.indd   195 24-7-2019   21:04:32



196 Chapter 9

Table 24. Overview of positive pre-hospital blood cultures (contamination excluded)
Pre-hospital blood culture result Number of patients with culture result
S. oralis 4
Streptococcus group A 3
S. dysgalactiae 3
S. pyogenes 3
V. parvula 3
A. urinae 2
Hemolytic streptococcus, not otherwise 
specifed

2

Hemolytic strepococcus group B 2
P. micra 2
S. bovis 2
S. intermedius 2
S. salivarius 2
A. baumannii complex 1
Acinetobacter, not otherwise specified 1
Actinomyces, not otherwise specified 1
A. schaallii 1
B. casei 1
B. fragilis 1
D. hominis 1
E. aerogenes 1
E. avium 1
E. lenta 1
Hemolytic streptococcus group C 1
Moraxella catarrhalis 1
N. meningitidis 1
P. aenibacillus 1
Peptococcus 1
P. hominis 1
Proteus, not otherwise specified 1
S. agalactiae 1
Salmonella 1
S. milleri 1
s. parasanguins 1
S. sanguinis 1

RishiDef2.indd   196 24-7-2019   21:04:32



Ch
ap

te
r 

9

An overview of positive cultures and clinical outcomes in septic patients                              197

Table 25. Overview of positive urine cultures
Urine culture result Number of patients with culture result
E. coli 251
E. faecalis 83
P. aeruginosa 50
Klebsiella, not otherwise specified 38
P. mirabilis 31
Enterococcus, not otherwise specified 17
C. albicans 16
K. pneumoniae 16
S. aureus 14
E. faecium 12
Citrobacter, not otherwise specified 11
S. pneumoniae 11
staphylococccus, not otherwise specified 11
A. urinae 9
E. cloacae 7
S. epidermidis 7
C. glabrata 6
Enterobacter, not otherwise specified 6
Morganella morgannii 6
Streptococcus, not otherwise specified 5
coliform rod-shaped bacterium 4
Proteus, not otherwise specified 4
C. koseri 3
S. haemolyticus 3
K. oxytoca 2
R. ornithinolytica 2
S. maltophilia 2
S. marcescens 2
Legionella fast-test 2
Acinetobacter, not otherwise specified 1
A. sanguinicola 1
A. schaallii 1
Bifidobacterium, not otherwise specified 1
C. dubliniensis 1
C. jeikeium 1
C. parapsilosis 1
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Table 25. Overview of positive urine cultures
Urine culture result Number of patients with culture result
C. sakazakii 1
C. striatum 1
C. tropicalis 1
E. aerogenes 1
Gram-postive bacterium 1
Hemoloytic streptoccus, not otherwise 
specified

1

Leptospira 1
S. dysgalactiae 1
S. liquefaciens 1
S. pneumoniae fast-test 1
S. pyogenes 1
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Table 26: Overview of positive sputum cultures (contamination excluded)
Sputum culture result Number of patients with culture result
S. pneumoniae 27
S. aureus 26
E. coli 19
P. aeruginosa 19
Aspergillus 9
Moraxella catarrhalis 7
Klebsiella, not otherwise specified 6
S. maltophilia 6
Staphylococcus, not otherwise specified 5
C. tropicalis 4
E. cloacae 3
Enterobacter, not otherwise specified 3
P. mirabilis 3
achromobacter, not otherwise specified 2
Acinetobacter, not otherwise specified 2
C. glabrata 2
S. dysgalactiae 2
S. marcescens 2
Streptococcus, not otherwise specified 2
C. dubliniensis 1
C. freundii 1
Chryseobacterium 1
Citrobacter, not otherwise specified 1
C. koseri 1
coliform rod-shaped bacterium 1
E. faecalis 1
E. faecium 1
Enterococcus, not otherwise specified 1
Gram-negative bacterium 1
Gram-positive bacterium 1
K. pneumoniae 1
Morganella morgannii 1
M. pneumoniae 1
Mycobacterium, not otherwise specified 1
P. alcaligenes 1
P. jiroveci 1
Raoultella, not otherwise specified 1
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Table 27. Overview of positive wound/ skin/ soft tissue cultures (contamination excluded)
Wound/ skin/ soft tissue culture result Number of patients with culture 

result
S. aureus 34
E. coli 21
Streptococcus, not otherwise specified 18
P. aeruginosa 16
E. faecalis 15
Candida albicans 10
P. mirabilis 9
Staphylococcus, not otherwise specified 8
Enterococcus, not otherwise specified 7
Klebsiella, not otherwise specified 6
S. pyogenes 5
Hemolytic streptococcus, not otherwise specified 4
S. epidermidis 4
Actinomyces, not otherwise specified 3
B. fragilis 3
S. dysgalactiae 3
Herpes simplex  virus type 1 3
Bacteriodes thetaiotaomicron 2
C. striatum 2
E. cloacae 2
E. faecium 2
Peptostreptococcus, not otherwise specified 2
S. oralis 2
Hemolytic streptococcus group C 2
B. vulgatus 1
C. freundii 1
E. aerogenes 1
Enterobacter, not otherwise specified 1
K. pneumoniae 1
Propionibacterium, not otherwise specified 1
S. intermedius 1
S. pneumoniae 1
Citrobacter, not otherwise specified 1
C. krusei 1
E. catenaformis 1
Hemolytic streptococcus group B 1
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Table 27. Continued
Wound/ skin/ soft tissue culture result Number of patients with culture 

result
P. micra 1
Respiratory syncytial virus 1
S. haemolyticus 1

Table 28. Overview of positive ceroberospinal fluid cultures (contamination excluded)
Cerobrospinal fluid culture result Number of patients with culture 

result
E. faecalis 1
S. gordonii 1
S. milleri 1
S. pneumoniae 1
S. sanguinis 1
Streptococcus, not otherwise specified 1

Table 29. Overview of positive pleural fluid cultures 
Pleural fluid culture result Number of patients with result
S. pneumoniae 3
C. albicans 1
S. intermedius 1
Streptococcus, not otherwise specified 1

Table 30. Overview of positive broncho-alveolar lavage (BAL) cultures 
BAL culture result Number of patients with result
Aspgergillus 3
C. albicans 3
E. coli 1
Klebsiella, not otherwise specified 1
P. jiroveci 1
P. aeruginosa 1
S. pneumoniae 1
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Table 31: Overview of positive ascites cultures 
Ascites culture result Number of patients with result
E. coli 2
Citrobacter, not otherwise specified 1
E. cloacae 1
E. faecalis 1
E. faecium 1
Enterobacter, not otherwise specified 1
P. aeruginosa 1
S. haemolyticus 1
S. pneumoniae 1

Table 32. Overview of joint puncture cultures 
Joint puncture culture result Number of patients with result
streptococcus, not otherwise specified 2
M. luteus 1
S. agalactiae 1
S. aureus 1
S. dysgalactiae 1
S. pneumoniae 1

Table 33. Overview of positive intra-corporal material cultures 
Intra-corporal material culture result Number of patients with result
E. coli 3
E. faecalis 2
S. epidermidis 2
B. vulgatus 1
Enterococcus, not otherwise specified 1
Klebsiella, not otherwise specified 1
P. micra 1
Staphylococcus, not otherwise specified 1
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Table 34. Overview of positive feces cultures
Feces culture result Number of patients with result
C. difficile 12
Noro virus 8
C. jejuni 7
E. coli 4
Salmonella 4
P. aeruginosa 2
Y. enterocolitica 1

Table 35. Overview of positive pharynx cultures (including influenza swab)
Influenza A 30
C. albicans 22
Influenza B 17
Rhino virus 7
S. aureus 6
E. coli 5
P. aeruginosa 5
Gram-positive bacterium, not otherwise specified 3
C. glabrata 3
Respiratory syncytial virus 2
C. psittaci 2
E. faecium 2
Human metapneumo virus 2
M. pneumoniae 2
Paenibacillus, not otherwise specified 1
S. hominis 1
S. lugdunensis 1
Aspergillus 1
C. sputigena 1
Epstein Barr virus 1
E. faecalis 1
Enterobacter, not otherwise specified 1
Herpes simplex virus type 1 1
Morganella morgannii 1
S. marcescens 1
S. pyogenes 1
streptococcus, not otherwise specified 1
virus, not otherwise specified 1

RishiDef2.indd   203 24-7-2019   21:04:33



204 Chapter 9

Table 36. Overview of positive rectum cultures
Rectum culture result Number of patients with result
E. coli 16
C. albicans 8
Enterobacter, not otherwise specified 3
Klebsiella, not otherwise specified 3
P. aeruginosa 3
C. glabrata 2
E. faecalis 2
Enterococcus, not otherwise specified 2
Citrobacter, not otherwise specified 1
E. faecium 1
S. marcescens 1
Staphylococcus, not otherwise specified 1

Table 37: Overview of positive perineum cultures
Perineum culture result Number of patients with result
E. coli 2
C. albicans 1
C. tropicalis 1
P. aeruginosa 1
S. aureus 1
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