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Conclusions: Scores that have been developed in bacteraemia cohorts and have
been used for the prediction of short-term mortality were found to be better at pre-
dicting mortality in our analysis.

Introduction

Bacteraemia, either community- or hospital-acquired, is a leading cause of mortality in hospital admitted
patients, with mortality rates ranging 13%-17% [1,2]. However, the mortality risk is heterogeneous
according to patients’ features, severity of infection, aetiology and source. Predicting mortality in
patients with bacteraemia according to specific variables can be useful to improve patient classification
for better management. They are also useful for stratification of patients in clinical researchto control
baseline risks when comparing therapeutic interventions.

Several scores are widely used to predict mortality in patients with bacteraemia. However, changes in
population epidemiology (e.g. changes in aetiologies or predominance of specific patient groups) or in
some aspects of clinical management (e.g. better and earlier diagnosis, earlier or more effective treat-
ments) may affect the predictive ability of any score, which should therefore be retested in different
periods of time and populations. While performance of predictive scores may seem adequate in the der-
ivation dataset, external validation in external cohorts in which they are intended to be used is needed
to understand their generalisability.

The objective of this research was to validate some of the most frequently used scores, including the
Charlson, SOFA, Pitt, INCREMENT-ESBL and Bloodstream Infection Mortality Risk score (BSIMRS) in their
predictive capacity for 30-day mortality in patients with bacteraemia using the PROBAC cohort.

Materials and methods
Design, participants and variables

This analysis was performed using the data from the PROBAC project, a prospective, multicentre, observa-
tional cohort study which included consecutive episodes of bacteraemia in patients older than 14 years diag-
nosed between October 2016 and March 2017 in 26 Spanish hospitals. The methodology of this study was
previously detailed [3,4]. In summary, bacteraemia episodes were included if the patients were admitted to
the hospital and associated with signs and symptoms of infection; potential contaminants such as coagulase-
negative staphylococciwere included only if isolated from more than one blood drawn. New episodes in the
same patient were only included if occurring after 3 months of the previous one. Patients were followed for
30days. Day 0 was defined as the day of blood culture collection. The main endpoint was 30-day all-cause
mortality.Inappropriate empirical therapy was referred to the first 24 h after blood cultures were obtained and
according to in vitro sensitivity.For each patient we collected this data corresponding to the worst value that
occurred during the first 24 h. Consequently, the scores were applied during the very first 24 h.

Data were collected by trained investigators at each site and included demographics, underlying con-
ditions, McCabe classification, Charlson comorbidity index, Pitt score, SOFA score, source of infection,
microbiological data and antimicrobial treatment.

The PROBAC project was approved by the Ethics Committee of the Hospital Universitario Virgen
Macarena (reference code: FIS-AMO-2016-01) and those of the participating centres. Due to the observa-
tional nature of the study, informed consent was not required. The project was registered on
ClinicalTrials.gov (NCT03148769).

Mortality prediction scores

The scores studied for their validation in this analysis included the Charlson comorbidity score [5]
(including also the age-adjusted [6] and updated Charlson [7] variants), the Pitt score [8], the Sequential
Organ Failure Assessment (SOFA) score [9], the INCREMENT-ESBL score [10] and the Bloodstream
Infection Mortality Risk (BSIMRS) score [11]; in addition, the score previously developed with this cohort
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(the PROBAC score [3]), was also used as a reference. The features of the scores and the conditions for
their application to the PROBAC cohort are specified in Table 1. The variables included in each score are
shown in Supplementary Tables S1-S6.

Statistical analysis

Continuous variables were expressed as median and interquartile range, and categorical variables as
absolute number and percentages. The different scores were applied to either all patients in the
PROBAC cohort or specific subpopulations, as specified in Table 2, according to the populations in which
the scores were originally developed. For each of the scores, the discrimination ability for observed 30-
day mortality was assessed by calculating the area under the receiver operating characteristic curve
(AUROCQ); calibration plots were developed and visually examined. Analyses were performed with IBM
Statistics for Windows, version 25.0 (IBM Corp, Armonk, NY, USA).

Results

Overall, the complete PROBAC cohort included 6313 patients; the full set of patients was used to test
the Charlson, Pitt and SOFA scores. Median age was 71 years, 3623 (58.5%) were male, and the most fre-
quent comorbidities were cancer (1648, 26.1%) and diabetes mellitus (1518, 24%). Escherichia coli (2702,
42.8%), Staphylococcus aureus (557, 8.8%) and Klebsiella pneumoniae (545, 7.2%) were the most frequent
aetiologies. The predominant identified sources of infection were the urinary tract (2039, 32.3%), the bil-
jary tract (850, 13.5%) and vascular catheter-related (769, 12.2%); 30-day mortality was 14.8% (933
patients). Table 3 describes the demographic, clinical and microbiological characteristics of patients.

The median Charlson comorbidity index scale was 2 (IQR, 0-3; range 0-15). The AUROC for observed
30-day mortality was 0.60 (95% Cl: 0.58-0.62) (Supplementary Figure S2). Mortality was 10% among
patients with a score of 0 point, 10%-20% for scores between 1 and 4 points, and >20% for scores >5.

Table 1. Features of the mortality-predictive scores evaluated.

Score (year of derivation)

Variables included

Population in derivation cohort

Outcome

Charlson comorbidity index
(1984) (4)

Age-adjusted Charlson
comorbidity index (1982-
1985) (5)

Updated Charlson comorbidity
index (2004) (6)

Pitt (1982-1986) (7)

SOFA (1995) (8)

PROBAC (2016-2017) (2)

INCREMENT-ESBL (2004—
2013) (9)

Bloodstream infection mortality
risk score (2001-2006) (10)

Miocardial infarction, heart failure,
peripheral vascular disease,
cerebrovascular disease, dementia,
chronic pulmonary disease, connective
tissue disease, peptic ulcer, liver
disease, diabetes mellitus, hemiplegia,
chronic kidney disease, haematologic
cancer, solid cancer, AIDS/HIV

As above plus age

Heart failure, dementia, chronic
pulmonary disease, connective tissue
disease, liver disease, diabetes mellitus,
hemiplegia, chronic kidney disease,
solid cancer, AIDS/HIV

Temperature, hypotension, mechanical
ventilation, heart failure, mental status

Respiratory parameters, Glasgow scale,
blood pressure and amines need, and
bilirubin, creatinine level, and platelets
count

Age, McCabe classification, cancer, liver
disease, aetiology, source,
polymicrobial, recent use of
antimicrobials, mental status, blood
pressure, respiratory parameter

Age, Klebsiellaspp, source other than UCI,
McCabe classification, Pitt, sepsis,
inappropriate early treatment

Cancer, liver disease, source other than
urinary or catheter, Pitt

Patients admitted to the
hospital

Patients admitted to the
hospital

Patients admitted to the
hospital

Patients with Pseudomonas
aeruginosa bacteremias
Septic patients included in the
European /North American
Study of Severity Systems.

Patients with bacteraemia; dead
in first 48 hours excluded

Patients with bacteraemia due
to ESBL-producing
Enterobacterales

Patients with bacteraemia due
to gram negative bacteria
receiving active empirical
therapy

1-year mortality

1-year mortality

1-year mortality

10-day mortality
Degree of organ

dysfunction

30-day mortality

30-day mortality

28-day mortality
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Table 2. Summary of median (interquartile range) values and areas under the operating receiving curves for observed
data of the different scores applied to different subpopulations of the PROBAC cohort.

Population studied in Median value (IQR), Median value (IQR), dead
Score PROBAC cohort survivors patients AUROC (95% ClI)
Charlson index All patients 2 (0-3) 2 (1-4) 0.60 (0.58-0.62)
Age-adjusted Charlson All patients 4 (2-6) 6 (4-8) 0.62 (0.60-0.64)
index
Updated Charlson index All patients 2 (0-4) 3 (1-6) 0.60 (0.58-0.62)
SOFA score All patients 2 (1-5) 5 (3-8) 0.69 (0.66-0.71)
Pitt score All patients 1(0-2) 3 (1-6) 0.71 (0.69-0.82)
PROBAC score All patients 3 (2-6) 8 (6-11) 0.80 (0.79-0.81)
INCREMENT-ESBL score Bacteraemia due to Gram 7 (5-10) 11 (9-14) 0.81 (0.79-0.82)
negative organism
BSI-MRS score Bacteraemia due to Gram 4 (0-6) 7 (4-9) 0.72 (0.70-0.75)

negative organism and
active empirical
therapy

IQR: interquartile range.

When applying the age-adjusted Charlson scale, the median score was 4 (IQR, 3-6, range 0-19); the
AUROC for observed mortality was 0.62 (95% Cl: 0.60-0.64) (Supplementary Figure S3). We observed
10% mortality for 0 points, 10%-13% for 1 to 4 points and 17% for >5 points. The median value of the
updated Charlson scale was 2 (IQR, 0-3; range 0-14) and the AUROC for observed mortality was 0.60
(95% Cl: 0.58-0.62) (Supplementary Figure S4). We observed a 12% mortality for 0 points, 12%-25% for
1-3 points, and 25% for >4 points.

The median SOFA score was 2 (IQR, 0-4; range, 0 and 22), meaning that 50% of patients had criteria
for sepsis. The AUROC for observed mortality was 0.69 (95% Cl: 0.66-0.71) (Supplementary Figure S5). A
score of 0 points was associated with 9% mortality, patients with 1-4 points had 9%-32% mortality, and
it was 32% for scores >4. The median value for the Pitt score was 1 (IQR, 0-2; range, 0-10). The AUROC
for observed mortality was 0.71 (95% Cl: 0.69-0.82) (Supplementary Figure S6). We observed 7% mortal-
ity for a score of 0 points, 21.1% for 1-2 and 35.3% for >3.

As a reference, data for the PROBAC score are provided; here, this score was not applied to exactly
the same population was it was derived, as in the derivation cohort we excluded patients who died in
the first 48 h, who are included here to provide a comparative estimation to the previous scores. The
median value of the score was 4 points (IQR, 3-7; range 0-18). The AUROC for observed mortality was
0.80 (95% Cl: 0.79-0.81) (Supplementary Figure S1). Patients with 0 points had a 2% mortality, those
with 1 point had 2-20% mortality and those with >2 had 20% mortality.

The following scores were applied only to specific subsets of patients, more similary to the population
in which they were derived. Despite the INCREMENT-ESBL scale was derived from a cohort of patients
with ESBL-producing Enterobacteriaceae, we applied it to 4698 patients with bacteraemia due to gram-
negative bacteria; their features are shown in Table 3. Mortality at day 30 in this group was 13.4%. The
median score was 7 points (IQR, 6-10; range, 0-19). The AUROC for 30-day mortality was 0.81 (95% Cl:
0.79-0.82) (supplementary Figure S7). We observed no mortality in patients with 0 points, 0%-18% mor-
tality for 1-4 points and 18% mortality for >5. The BSIMRS score was applied to 3291 patients with
gram negative bacteraemia who had received adequate empirical antibiotic treatment (the same type of
patients as it was derived from); their features are shown in Table 3. 30-day mortality was 11.1%. The
median score obtained was 4 points (IQR, 2-7; range 0-16). The AUROC for 30-day mortality was 0.72
(95% Cl: 0.70-0.75) (Supplementary Figure S8). We observed that a score of less than 3 points predicts a
mortality of less than 16%; between 3 and 4 points, between 16% and 22% and a score of 5 or above
predicts more than 22%.

Figure 1 shows the calibration plots for all the scores studies, and Table 2 summarises the scores
obtained and AUROC.

Discussion

In this study, we evaluated the prediction ability for 30-day mortality of different prognostic scores in a
large cohort of patients with bacteraemia; their predictive value for all-cause 30-day mortality was
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Table 3. Patients’ characteristics in the different subpopulations in which the scores were applied.

All patients Gram negatives Gram negatives and active empirical therapy
Variable N=6313 N=14698 N=3291
Median age in years (IQR) 71 (60-81) 72 (61-81) 72 (61-81)
Male sex 3623 (58.5) 2616 (55.7) 1790 (54.4)
Charlson index median (IQR) 2 (0-3) 2 (0-3) 2 (0-3)
Charlson index age adjusted >3 3946 (62.5) 2951 (62.8) 2100 (63.8)
Ultimately or rapidly fatal underlying disease 1901 (30.1) 1425 (30.3) 997 (30.3)
Chronic underlying conditions
Diabetes mellitus 1518 (24) 1130 (24.1) 843 (25.6)
Cancer 1648 (26.1) 1251 (26.6) 92 (28.1)
Hematology neoplasia 432 (6.8) 303 (6.4) 219(6.7)
Liver cirrhosis 548 (8.7) 387 (8.2) 364 (8)
Myocardial infarction 494 (7.8) 348 (7.4) 246 (7.5)
Heart failure 755 (12) 535 (11.4) 374 (1.4)
Chronic pulmonary disease 785 (12.4) 553 (11.8) 398 (12.1)
Dementia 558 (8.8) 439 (9.3) 310 (9.4)
Cerebrovascular disease 666 (10.5) 493 (10.5) 346 (10.5)
Hemiplegia/paraplegia 226 (3.6) 154 (3.3) 104 (3.2)
Chronic kidney disease 855 (13.5) 602 (12.8) 431 (13.1)
Connective tissue disease 192 (3) 135 (2.9) 103 (3.1)
Peptic ulcer 167 (2.6) 118 (2.5) 87 (2.6)
AIDS 49 (0.8) 32 (0.7) 23 (0.7)
Vascular disease 563 (8.9) 384 (8.2) 273 (8.3)
Immunosuppressive treatment 663 (10.5) 491 (10.5) 360 (10.9)
Neutropenia (<500 cells/uL) 222 (3.5) 169 (3.6) 133 (4)
Source of infection
Intra-abdominal, non-biliary 539 (8.5) 1937 (41.2) 322 (9.8)
Biliary tract 850 (13.5) 467 (9.9) 615 (18.7)
Catheter-related 769 (12.2) 322 (6.9) 176 (5.3)
Skin and soft tissue 258 (4.1) 112 (2.4) 72 (2.2)
Osteoarticular 73 (1.2) 60 (1.3) 8(0.2)
Endocarditis 113 (1.8) 21 (0.4) 21 (0.6)
Unknown 810 (12.8) 44 (0.9) 343 (10.4)
Respiratory tract 548 (8.7) 798 (17) 165 (5)
Central nervous system 44 (0.7) 556 (11.8) 8(0.2)
Urinary tract 2039 (32.3) 252 (5.3) 1511 (45.9)
Other 87 (1.4) 11 (0.2) 45 (1.4)
Aetiology polymicrobial 477 (7.6) 399 (8.5) 284 (8.6)
Aetiology
S. aureus 557 (8.8) - -
Staphylococcus coagulase negative 352 (5.6) - -
S. pneumoniae 277 (4.4) - -
Enteroccocus spp 345 (5.5)
Other gram positives 39(0.6)
E.coli 2702 (42.8) 2701 (57.5) 2092 (63.6)
Klebsiella spp 554 (8.8) 554 (11.8) 409 (12.4)
Other Enterobacteria 362 (5.7) 362 (7.7) 223 (6.8)
P. aeruginosa 195 (3.1) 195 (4.1) 102 (3)
Other gram negatives 556 (8.8) 556(11.8) 259 (7.9)
Anaerobes 330(5.2) 330(7) 206 (6.3)
Fungi 44 (0.7) - -
Acquisition site
Community 2525 (40) 2021 (43) 1580 (48)
Healthcare-associated infection 1653 (26.2) 1247 (26.5) 905 (27.5)
Nosocomial 2049 (32.5) 1372 (29.2) 803 (24.4)
Sepsis severe /septic shock 1708 (27.1) 1267 (27) 965 (29.3)
Pitt index median (IQR) 1(0-2) 2 (1-3) 1(0-2)
SOFA index median (IQR) 2 (0-4) 3 (0-6) 2 (0-4)
Appropriate empirical therapy 4220 (66.8) 3656 (77.8) -
30-day mortality 933 (14.8) 632 (13.45) 406 (12.3)

significant in all cases, but heterogeneous. Overall, predictive scores specifically developed for early mor-
tality in patients with bacteraemia showed higher predictive ability, as expected.

In patients with bacteraemia, Charlson index and its variants are frequently used. Ternavasio-de la
Vega et al. found that the updated Charlson score had a better predictive power for mortality than the
classical Charlson in patients with S. aureus bacteraemia [12]. Schuttevaer et al. found an AUROC of the
Charlson score of 0.56 (95% Cl: 0.50-0.62) for 30-day mortality and 0.69 (95% Cl: 0.66-0.73) for 1-year
mortality in patients with bacteraemia attended at the emergency department [13]. These scores only
consider chronic conditions, were not derived specifically for patients with bacteraemia but for all
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Figure 1. Calibration plots of the different scores for 30-day mortality applied to all patients from the PROBAC cohort
(a—f), or to specific subsets of patients: applied to patients with gram negatives bacteraemia (G) and applied to patients
with gram negatives bacteraemia and who received active empirical therapy (H).

admitted patients and were studied for 1-year mortality [5-7]. Therefore, we did not expect them to be
highly predictive for early mortality in patients with bacteraemia. In this study, Charlson index showed a
significant, albeit low predictive ability, confirming the relevance of chronic conditions and age as rele-
vant baseline variables to consider in this patient population. In fact, these variables are frequently
included in multivariable models predicting mortality in patients with bacteraemia [14-16].

The SOFA score was developed to assess the severity of organ dysfunction in critically ill patients,
and is predictive for mortality in these patients [9]. A SOFA score >2 is indicative of sepsis, defined as a
dysregulated response to infection [17]. The SOFA scale has been externally validated on numerous
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Figure 1. Continued.

occasions to predict the risk of mortality in patients with sepsis and in most recent years, its ability to
predict mortality in these patients was compared with that of machine learning-based algorithms
[18,19]. Early positive change in SOFA score was associated with 52-week survival in a pilot study includ-
ing 100 patients with bacteraemia [20]; however, to the best of knowledge, the predictive ability of a
baseline SOFA measurement for mortality has not been systematically evaluated in cohorts of patients
with bacteraemia.

The Pitt bacteraemia score was developed empirically and applied initially to patients with
Pseudomonas aeruginosa and Enterobacter bacteraemia [8,21], and was later validated for different organ-
isms causing bacteraemia [22]. In the PROBAC cohort, it showed a similar predictive ability to SOFA.
Henderson et al. evaluated the predictive ability for 14-day mortality of the Pitt score in the CRACKLE
cohort, which included 475 patients with carbapenem-resistant Enterobacteriaceae infections including
bacteremic and non bacteremic patients [23]. A Pitt score value >4 was associated with a mortality RR
of 21.9 (95% Cl 7.0-68.8) in non-bacteremic patients and of 6.0 (95% Cl 2.5-14.4) in bacteremic patients.
The Pitt scale was also validated in patients with candidemia, showing an AUROC of 0.74 (95% Cl 0.68-
0.80) [24]. Finally, Jorgensen et al. found an AUROC of 0.68 (95% Cl 0.57-0.80) for mortality in patients
with infections caused by carbapenemase-producing Enterobacteriaceae infections treated with
ceftazidime-avibactam (only 8.3% were bacteraemic) [25]. Of note, the Pitt score is included as a variable
in the INCREMENT-ESBL and BSIMRS scores; however, the PROBAC score did not include it although
included 3 parameters which are considered both in SOFA and Pitt scales (respiratory function, hypoten-
sion and mental state). Overall, Charlson, SOFA and Pitt scores were less predictive for 30-day mortality
than a score developed and internally validated in this cohort (although derived excluding patients who
died in the first 48 h); however, the PROBAC score would need to be validated in external cohorts.

Regarding specific populations of patients with gram negative bacteraemia, the INCREMENT-ESBL
score showed a high predictive ability despite having been developed specifically for ESBL-producing
Enterobacterales. The BSIMRS score, which was previously externally validated in patients with gram
negative bacteria receiving active empirical treatment, was also validated in our cohort [26]. However, it
was somehow less predictive than the INCREMENT-ESBL score.

It is interesting to note that, in general, the more recently developed scores are more predictive. This
is consistent with the fact that, they have been developed in more recent cohorts and with more similar
medical conditions to those with we are dealing today.

In general, the utility of the different scores is mostly determined by the complexity of each one of
them: it is a fact that scores that include so many variables are not so easily applied at the bedside. This
type of scores have value in research to recognise patients with similar characteristics included in differ-
ent studies. On the other hand, the value of the score at the bedside, lies in the physician’s recognition
of the variables that are part of the score, which are in his head and help him to recognise high-risk
patients.

Some limitations of our study that should be considered, include the fact that our cohort was devel-
oped in Spain and the results might not be applicable to other areas with different epidemiology or
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management of bacteraemia. The PROBAC score was developed in this cohort and therefore its compari-
son with other scores has to be taken with caution.We do not consider this to be an external validation
of PROBAC score at all. We decided to include it in order to make a comparison with the others scores.
Finally, we did not study late mortality. Some strengths include the use of a multicentre, prospectively
collected cohort with a high sample size.

In conclusion, all scores evaluated showed some prediction ability for 30-day mortality. However,
scores specifically developed for patients with bacteraemia outperformed those which were derived
from non bacteremic patients.
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