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Background. Mortality related to bloodstream infections (BSIs) is high. The epidemiology of BSIs is changing due to the
increase in multidrug resistance, and it is unclear whether the presence of multidrug-resistant (MDR) organisms, per se, is an in-
dependent risk factor for mortality. Our objectives were, first, to describe the epidemiology and outcome of BSIs and, second, to
determine the risk factors associated with mortality among patients with BSI.

Methods. This research used a single-center retrospective observational study design. Patients were identified through mi-
crobiological reports. Data on medical history, clinical condition, bacteria, antimicrobial therapy, and mortality were collected. The
primary outcome was crude mortality at 30 days. The relationships between mortality and demographic, clinical, and microbiolog-
ical variables were analyzed by multivariate analysis.

Results. A total of 1049 inpatients were included. MDR bacteria were isolated in 27.83% of patients, where 2.14% corres-
ponded to an extremely drug-resistant (XDR) isolate. The crude mortality rates at days 7, 30, and 90 were 12.11%, 25.17%, and
36.13%, respectively. Pitt score >2, lung and abdomen as site of infection, and XDR Pseudomonas aeruginosa were independent risk
factors for 7-, 30-, and 90-day mortality. Charlson score >4, carbapenem-resistant Klebsiella pneumoniae, and XDR Acinetobacter
baumannii were independent risk factors for 30- and 90-day mortality. Infection by XDR gram-negative bacteria, Charlson score >4,

and immunosuppression were independent risk factors for mortality in patients who were stable at the time of BSL

Conclusions.

BSI is an event with an extreme impact on mortality. Patients with severe clinical condition are at higher risk of

death. The presence of XDR gram-negative bacteria in blood is strongly and independently associated with patient death.
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Bloodstream infections (BSIs) are a major cause of morbidity
and mortality worldwide, constituting a growing public health
concern [1-3].

Mortality associated with BSI ranges from 14% for
community-onset BSI to 30% for patients with severe
comorbidities, such as cirrhosis, onco-hematologic diseases, or
solid-organ transplants [4-7].

BSIs in patients admitted to the intensive care unit (ICU)
have particularly high mortality rates, ranging between 40%
and 60% [8].
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According to the latest data collected by the European Centre
for Disease Control (ECDC), Italy is among the European
countries with a high frequency of multidrug-resistant (MDR)
invasive organisms [9]. This high and stable level of antimicro-
bial resistance is of particular concern due to limited antibiotic
treatment options. Although there is a wide consensus that crit-
ically ill patients are at higher risk of dying from BSI [8, 10],
it remains unclear whether the resistance pattern, per se, may
contribute to increased mortality, and results in the literature
are contradictory. Some studies have reported that mortality
related to MDR organisms is higher than that related to nonre-
sistant organisms [5, 11]. Conversely, other studies suggest that
antibiotic resistance in BSI does not adversely affect the out-
come for patients, representing only a small fraction of deaths
(12, 13].

The purpose of this study was to describe the current epide-
miology and outcomes of BSIs in a large cohort of patients with
positive blood cultures in a tertiary care university teaching
hospital. Our secondary objective was to determine which in-
dependent variables were associated with mortality among
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patients with BSI and whether multidrug-resistant bacteria
constituted a risk for mortality.

METHODS

An observational monocentric cohort study was conducted at
the 700-bed University Hospital Modena, Northern Italy. All
consecutive patients aged 18 years and older with at least 1 epi-
sode of BSI during hospitalization between November 1, 2015,
and June 30, 2017, were retrospectively included, such that the
target of minimally 1000 patients was reached. The occurrence
of BSIs was determined through microbiological laboratory
reports.

BSI episodes occurring in the same patients were only con-
sidered when caused by different species [14]. Data were col-
lected by reviewing all patient files for each BSI. This included
patient history, comorbidities (Charlson comorbidity index)
[15], and the use of antibiotics. For each BSI episode, the fol-
lowing data were collected: clinical conditions at the time of
BSI, grade of clinical severity (Pitt bacteremia score) [16], device
presence (central venous catheter or urinary catheter), state of
immunosuppression (transplant, AIDS, chronic treatment with
steroids), and source of BSI. Information about empirical anti-
biotic therapy and subsequent therapy changes was collected.

Definitions

BSI was defined as a positive blood culture (or cultures), with
an isolate of the same species grown in at least 1 blood culture
bottle, obtained from a patient with a compatible clinical syn-
drome (ie, a patient who had evidence of 1 or more of the fol-
lowing signs and symptoms, with no other recognized cause:
fever [>38°C], hypothermia [<36°C core], chills, hypotension,
oliguria, and/or elevated lactate levels).

A positive blood culture for an organism that was previously
isolated within 30 days was considered a unique BSI episode
[17].

Coagulase-negative staphylococci (CoNS), Corynebacterium
spp., and Propionibacterium spp. were regarded as contamin-
ants unless isolated from 2 or more separate blood culture
sets. Definitions and criteria were formulated according to the
ECDC hospital-acquired infections guidelines [18].

Hospital-acquired BSI was defined as a positive blood culture
obtained on day >3 after hospital admission [18]. All other BSIs
were defined as being community-onset BSIs.

Polymicrobial BSI was defined as isolation of >1 bacterial spe-
cies from the same blood culture.

Source of BSI was determined by 2 ID physicians (A.S. and
E.F) independently reviewing the patient files. The criteria used
for determining the source of BSI were identification of the
same isolate from another infection site or strong clinical evi-
dence that the bloodstream infection was secondary to another
infection site.

Appropriateness of Therapy

Empirical antibiotic therapy was considered appropriate if the
identified microorganisms were susceptible, in vitro, to at least
1 of the antibiotics used and if the doses were in agreement with
the recommendations by national evidence-based guidelines
on antibiotic therapy. Appropriateness was categorized as “ap-
propriate at 48 hours” if targeted therapy against the isolated
bacteria was started within the first 2 days after BSI and “in-
appropriate” if the patients did not receive any correct therapy
within the whole BSI episode.

Patients who died within 2 days were included, by defini-
tion, in the group of patients who did not receive appropriate
therapy. Targeted therapy could only be started after the culture
results became known. Hence, in these patients, it was only pos-
sible to assess empirical therapy.

Outcome was assessed at the patient level. Mortality was as-
sessed at 30, 60, or 90 days using information from hospital re-
cords that were linked with a municipal records database. Our
hospital information system allows us access to patient personal
data (living or deceased status, date of death). For this reason,
we have no patients lost to follow-up in mortality analyses.

Microbiology

Blood cultures were processed using the BACTEC system
(Becton Dickinson). Microorganism identification was per-
formed using Matrix Assisted Laser Desorption lonization
Time-of-Flight mass spectrometry (bioMérieux’s VITEK MS),
and susceptibility was determined by VITEK 2 (VITEK MS,
bioMérieux, Marcy I'Etoile, France). Susceptibility data for
all bacterial isolates were available. Extended-spectrum beta-
lactamase (ESBL) detection for Klebsiella spp., Proteus spp.,
and E. coli was performed using BD BBL Sensi-Disc ESBL
Confirmatory Test discs. For Enterobacter spp., resistance to
third-generation cephalosporins was detected with Kirby-
Bauer disk diffusion or broth dilution.

Minimum inhibistory concentrations were interpreted ac-
cording to current EUCAST clinical breakpoints [19]. Presence
of carbapenem resistance was identified by the use of a rapid
molecular diagnostic test (Xpert Carba-R), with a qualitative
PCR test for the detection and differentiation of KPC, NDM,
VIM, OXA-48, and IMP in <24 hours. The on-call infectious
disease specialist was alerted of the positivity of this rapid test
by the laboratory (Monday to Saturday, 8 AM-8 pMm).

A pathogen was classified as multidrug-resistant (MDR), ex-
tensively drug-resistant (XDR), or pandrug-resistant (PDR),
according to the definitions of the ECDC and the US Centers
for Disease Control and Prevention (CDC) [20]. ESKAPE
categories (Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter species) were used for the comparison between
community-onset and hospital-acquired BSI and mortality ana-
lyses [21]. In 1 of the subanalyses, we additionally identified a
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difficult-to-treat (DTR resistance for gram-negative BSI) cate-
gory [17]. Information regarding combined nonsusceptibility
to carbapenems, extended-spectrum cephalosporins, and

fluoroquinolones was required to determine DTR status.

Statistical Analysis

Continuous variables were described using mean (SD) or me-
dian (interquartile range), according to normal or non-normal
distribution, respectively. Categorical variables were summar-
ized as absolute counts and relative frequencies. First, a compar-
ison between community-onset and hospital-acquired infection
was made using the Student ¢ test, Mann-Whitney U test, chi-
square test, or Fisher exact test, as appropriate. Statistical signif-
icance was set at an alpha error <.05. Bonferroni correction was
applied to all comparisons in the descriptive analysis (Table 1).

Second, survival analysis was performed using crude mor-
tality rates at 7, 30, and 90 days.

Patient survival curves were prepared by the Kaplan-Meier
method, and univariate survival distributions were compared
using the log-rank test. In patients with a polymicrobial BSI, we
selected the isolate with resistance against the largest number of
antibiotics according to class.

To assess the relationship between mortality and a set of inde-
pendent variables, univariate and multivariate survival analyses
were used (Cox proportional hazards model); further, adjusted
hazard ratios (HRs) and 95% CIs were calculated. Variables
were selected based on a literature review. For the multivariate
analysis, proxy variables were removed. We performed a pro-
portional hazards assumption test based on Schoenfeld resid-
uals, both for univariate and multivariate analyses. The global
test resulted in nonsignificant P values.

All statistical analyses were performed using STATA 13.1
software for Mac (StataCorp Ltd, College Station, TX, USA).
Each patient with BSI was considered only once, using data
from the last BSI episode before each outcome.

RESULTS

During the study period of 21 months, 1526 BSI episodes
were identified in 1049 patients. Of these, 419 (39.94%) BSIs
were hospital-acquired. A total of 589 (56.14%) patients were
male. The mean (SD) age was 69 (+16) years. Table 1 de-
scribes the patient characteristics, clinical features, and micro-
biology of BSIs by epidemiological type (community-onset or
hospital-acquired). Patients with hospital-acquired BSIs had an
indwelling catheter significantly more often and higher clinical
severity at onset.

Microbiology

A total of 1598 bacteria were isolated from blood, of which 850
(53.19%) were gram-negative and 748 (46.80%) were gram-pos-
itive. Figure 1 shows the bacterial epidemiology of BSIs ac-
cording to onset (ie, community or hospital).

The most common gram-negative isolates in community-
onset BSI were Escherichia coli (33.78%), K. pneumoniae
(6.62%), and P. aeruginosa (5.14%), while S. aureus was the
most common gram-positive isolate in community-onset BSI
(11.59%), followed by Streptococcus spp. (10.36%) and CoNS
(8.04%). In hospital-acquired BSI, the most common gram-neg-
ative isolates were E. coli (16.62%), K. pneumoniae (7.79%), and
P aeruginosa (5.13%). The gram-positive isolates in hospital-
acquired BSI were mostly commonly CoNS (21.77%), followed
by S. aureus (15.43%) and Streptococcus spp. (4.46%).

A total of 733 out of 1049 (69.88%) patients had a BSI caused
by bacteria, with resistance in <3 antimicrobial categories (NO
R); 292 (27.84%) patients had 1 bacterial isolate classified as
MDR, 22 (2.09%) as XDR, and 2 patients (0.19%) as PDR.
Among the gram-positive isolates, there were no bacteria clas-
sified as XDR or PDR. Overall, MDR and XDR bacterial isolates
were more frequent in hospital-acquired than community-onset
BSIs. XDR A. baumannii were also more prevalent in hospital-
acquired than in community-onset BSIs.

S. aureus was resistant to methicillin (MRSA) in 21.45%, and
E. faecium was resistant to vancomycin (VRE) in 11.63% of iso-
lates. K. pneumoniae resistance to fluoroquinolones was 37.28%,
and K. pneumoniae resistance to third-generation cephalo-
sporins was 40.81%. K. pneumoniae resistance to carbapenems
and colistin was 14.82% and 5.38%, respectively. E. coli resistance
to third-generation cephalosporins was 22.94%. P. aeruginosa
showed resistance to piperacillin-tazobactam in 30.01%, to quin-
olones in 39.75%, and to carbapenems in 24.14%. A. baumannii
had combined resistance to fluoroquinolones, carbapenems,
and aminoglycosides in 72.03% of isolates. Twenty-two point
zero nine percent of Enterobacter spp. were resistant to third-
generation cephalosporins.

A total of 79.94% of patients received appropriate antibiotic
therapy within 48 hours; for 6.48% of patients, therapy was ap-
propriate after 48 hours, while 13.52% of patients did not receive
appropriate therapy during the entire BSI episode. The mean
duration of appropriate therapy in patients with gram-nega-
tive bacteria (SD) was 10.8 (9.5) days, while for patients with
gram-positive bacteria, the mean duration (SD) was 12.9 (12.3)
days.

Mortality Analyses

Crude mortality rates at days 7, 30, and 90 after first BSI epi-
sode were 12.11%, 25.17%, and 36.13%, respectively. Mortality
was higher in patients with hospital-acquired BSI, with a rate
of 39% at 90 days compared with 30% for community-onset
BSIs (P <.01). Figure 2A shows the survival curves for all
patients, classified according to resistance of blood isolates
against a number of antibiotic categories. Mortality increased
significantly for patients with isolates resistant to >4 categories
of antibiotics (log-rank P <.001). Survival curves of patients
categorized according to gram-negative or -positive isolates
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Table 1. Patient Demographic, Clinical, and Microbiological Characteristics of BSI (n = 1526), According to Onset of BSI

All Patients Community-Onset Hospital-Acquired P
Variables 460 630 419
Male sex 589 (56.14) 332 (52.73) 257 (61.35) .006
Age, mean (SD), y 69.2 (16) 70.2 (16) 675 (16) .002
Long-term care facilities 38 (3.62) 27 (4.24) 11 (2.68) 159
Immunosuppression 229 (21.83) 128 (20.35) 101 (24.14) .328
Central venous catheter 292 (27.84) 90 (14.23) 202 (48.26) <.001
Urinary catheter 247 (23.565) 82 (13.07) 165 (39.35) <.001
Charlson comorbidity index, mean (SD) 6.09 (3.16) 6.0 (3.23) 6.2 (3.01) .39
Pitt bacteremia score, mean (SD) 1.64 (1.81) 1.3 (1.62) 3.5 (1.94) <.001
Previous BSI episodes, mean (SD) 0.3 (0.75) 0.3 (0.83) 0.3 (0.74) A7
Ward With Bonferroni-adj. significance level considered for P value <.007 <.001
Internal med 348 (33.12) 240 (38.14) 108 (25.71) <.001
Hematology 43 (4.13) 11 (1.75) 32 (7.64) <.001
Dialysis ward 25 (2.38) 25 (3.94) 0(0) <.001
Oncology 152 (14.49) 107 (16.94) 45 (10.72) <.001
Other med 285 (27.12) 163 (25.83) 122 (29.12) .34
Surgery 115 (10.92) 43 (6.81) 72 (17.14) <.001
ICU 81 (7.73) 41 (6.56) 40 (9.52) .07
Source of infection With Bonferroni-adj. significance level considered for P value <.004 <.001
Urinary catheter 81 (7.72) 45 (7.14) 36 (8.59) 41
Urinary tract 190 (18.11) 164 (26.01) 26 (6.21) <.001
Abdomen 118 (11.25) 65 (10.33) 53 (12.65) 27
Biliary tract 59 (5.62) 39 (6.18) 20 (4.74) .34
Pulmonary 179 (17.06) 123 (19.52) 56 (13.36) .009
Skin and soft tissue 36 (3.43) 17 (2.75) 19 (4.53) 12
Central venous catheter 163 (15.54) 46 (7.35) 117 (27.92) <.001
Other (including unknown source) 142 (13.53) 82 (13.01) 60 (14.32) .93
Microbiology With Bonferroni-adj. significance level considered for P value <.006 <.001
CoNS 135 (12.82) 51 (8.13) 84 (20.05) <.001
Enterococci 96 (9.15) 41 (6.54) 55 (13.18) <.001
Staphylococcus aureus 127 (12.11) 73 (11.59) 54 (12.89) .59
Streptococci 96 (9.15) 78 (12.31) 18 (4.34) <.001
Other gram-pos 15 (1.43) 10 (1.59) 5(1.19) .45
Enterobacterales 469 (44.78) 313 (49.66) 156 (37.22) <.001
Pseudomonas spp. 53 (5.05) 32 (5.08) 21 (5.01) .23
Other nonfermenting gram-neg 26 (2.47) 15 (2.38) 11 (2.62) .76
Other gram-neg 32 (3.05) 21 (3.36) 11 (2.63) .51
Polymicrobial 101 (9.63) 49 (772) 52 (12.44) .03
Resistance With Bonferroni-adj. significance level considered for P value <.012 <.001
NO R 733 (69.88) 485 (76.98) 248 (59.19) .048
MDR 292 (27.84) 139 (22.06) 153 (35.52) <.0018
XDR 22 (2.09) 4 (1.86) 18 (8.87) <.0018
PDR 2(0.19) 2(0.53) 0(0) .52
Ill-gen ceph-res Enterobacterales (other than Enterobacter) 117 (11.15) 64 (10.15) 53 (12.64) .67
ESKAPE categories With Bonferroni-adj. significance level considered for P value <.007 <.001
VRE 4(0.38) 1(0.16) 3(0.72) 15
MRSA 33 (3.15) 23 (3.59) 10 (2.38) .25
CRKP 12 (1.14) 5(0.71) 7 (1.62) 19
Acinetobacter XDR 11 (1.05) 1(0.47) 10 (4.67) <.001
Pseudomonas XDR 4 (0.38) 1(0.16) 3(0.72) .31
I1l-gen ceph-res Enterobacter spp. 11 (1.05) 6 (0.95) 5(1.19) .35

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

Abbreviations: CRKR carbapenem-resistant Klebsiella pneumoniae; CoNS, coagulase-negative Staphylococcus; ICU, intensive care unit; Ill-gen ceph-res, third-generation cephalosporin-
resistant; MDR, multidrug-resistant; MDR, multidrug-resistant; Med, medicine; MRSA, methicillin-resistant Staphylococcus aureus; Other, includes unknown origin; Neg, negative; NO R,
resistant to <3 antibiotic categories; PDR, pandrug-resistant; Pos, positive; VRE, vancomycin-resistant Enterococcus faecium; XDR, extensively drug-resistant.
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Figure 1. Bacterial epidemiology of bloodstream infections (n = 1598 isolates). Abbreviations: BSI, bloodstream infection, CoNS, coagulase-negative staphylococci.

show that differences were significant only for patients with ~ analysis, we considered number of resistances a proxy of
gram-negative isolates (Figure 2B). The univariate analysis ESKAPE categories, being in the ICU a proxy for Pitt score, and

is shown in the Supplementary Data. For the multivariate ~ microbiological species a proxy for specific ESKAPE categories.
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Figure 2. A, Patient survival curves according to antibiotic resistance category of isolates (all patients n = 1049). B, Survival curves of patients with gram-negative (n = 580) or
gram-positive (n = 469) BSI isolates, according to antibiotic resistance category. Abbreviations: BSI, bloodstream infection; Central cath, central venous catheter; MDR, multidrug-
resistant; No MDR, R <3 categories; PDR, pandrug-resistant; Res >6 categories, XDR and PDR categories for gram-negative bacteria; XDR, extensively drug-resistant.
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Table 2. Multivariate Analysis for Mortality (n = 1049)

7d 30d 90d
Variables HR P 95% ClI HR P 95% ClI HR P 95% ClI
Age 1.01 19 0.99-1.02 1.00 29 0.99-1.01 1.00 15 0.99-1.01
Hospital-acquired BSI 0.94 .75 0.61-1.43 1.02 .84 0.77-1.36 1M .36 0.88-1.41
Previous BSI 0.95 73 0.75-1.22 1.04 .53 0.90-1.19 1.02 .64 0.91-1.16
Central venous catheter 1.50 .10 0.92-2.46 1.49 .02 1.06-2.10 1.39 .02 1.03-1.87
Urinary catheter 1.14 .58 0.59-1.69 1.23 .23 0.87-1.74 1.38 .02 1.03-1.85
Charlson comorbidity index
Charlson ClI <4 1 (ref.)
Charlson Cl 4 1.22 .70 0.32-4.98 2.23 15 0.74-6.60 2.36 .06 0.95-5.86
Charlson Cl 5-7 1.88 .28 0.568-6.0 3.96 .006 1.48-10.58 4.46 <.001 1.95-10.27
Charlson Cl >8 2.23 18 0.68-7.29 5.69 .001 2.10-15.39 6.52 <.001 2.81-15.9
Pitt score
Pitt score <2 1 (ref)
Pitt score 2-5 4.80 <.001 2.90-8.00 2.95 <.001 2.20-3.95 2.44 <.001 1.94-3.06
Pitt score >6 11.30 <.001 5.35-23.8 6.49 <.001 3.76-11.2 4.53 <.001 2.75-747
Source of infection
Urinary catheter 1 (ref.)
Urinary tract 1.4 .59 0.40-4.89 0.75 41 0.38-1.49 1.04 .87 0.60-1.80
Abdomen 5.07 .004 1.65-15.5 2.52 .002 1.42-4.47 2.74 <.001 1.70-1.43
Biliary tract 0.63 .68 0.06-5.7 0.47 19 0.15-1.47 0.59 24 0.25-1.41
Pulmonary 4.95 .005 1.62-15.08 2.23 .006 1.26-3.97 2.66 <.001 1.64-4.29
Skin and soft tissue 2.82 13 0.72-11.0 1.65 22 0.73-3.73 2.13 .034 1.05-4.30
Central venous catheter 1.87 .33 0.53-6.30 0.91 .80 0.47-1.78 1.30 .33 0.75-2.25
ESKAPE categories
No ESKAPE bacteria 1 (ref.)
VRE (n = 4) 1.14 .87 0.21-6.04 1.27 74 0.28-5.63 1.20 .79 0.28-5.04
MRSA (n = 33) 0.62 A3 0.19-2.02 0.61 .20 0.29-1.29 0.83 .52 0.48-1.45
CRKP (n =12) 1.66 .28 0.65-4.24 2.08 .04 1.01-4.30 2.51 .005 1.31-4.78
Acinetobacter XDR (n = 11) 1.62 .28 0.66-3.99 2.08 .05 0.97-4.45 2.33 .025 1.11-4.88
Pseudomonas XDR (n = 4) 6.72 .016 1.43-31.6 3.53 .04 1.06-11.7 3.09 .06 0.94-10.0
Ill-gen ceph-res Enterobacter spp. (n = 11) 1.03 9 0.50-2.10 0.79 .33 0.50-1.26 1.06 72 0.74-1.51
Appropriate treatment within 2 d 1 (ref)
Appropriate after 2 d 0.18 .025 0.04-0.80 1.01 94 0.60-1.70 1.06 .76 0.70-1.60
Inappropriate treatment 3.24 <.001 1.98-5.16 2.39 <.001 1.62-3.53 2.1 <.001 1.50-2.90

Abbreviations: BSI, bloodstream infection; cat, categories; Cl, comorbidity index; CRKR, carbapenem-resistant Klebsiella pneumoniae; Enter, Enterobacter; ll-gen ceph-res, third-generation
cephalosporin-resistant; MDR, multidrug-resistant; MRSA, methicillin-resistant Staphylococcus aureus; R, resistance; VRE, vancomycin-resistant Enterococcus faecium; XDR, extensively

drug-resistant.

Table 2 shows the risk factors for mortality at 7, 30, and 90 days
in the multivariate analysis. The strongest independent risk
factor for mortality at 7 days was a Pitt score >6, with a hazard
ratio (HR) of 11.30. Respiratory tract and abdomen as infection
source were independent risk factors for mortality, with HRs of
4.95 and 5.07, respectively. Infection with Pseudomonas XDR
had an HR of 6.72. Patients who did not receive any appropriate
therapy for BSI had an HR of 3.24.

Regarding 30- and 90-day mortality, all significant risk factors at
day 7 were confirmed to be independently associated with death.
Moreover, at day 30 and day 90, patients with a Charlson score >4
had significantly higher HRs. Furthermore, carbapenem-resistant
K. pneumoniae and Acinetobacter XDR were also independent risk
factors. Third-generation cephalosporin-resistant Enterobacterales
spp. were not significantly associated with mortality.

To identify the risk factors for mortality, according to gram
staining of causative organisms, we conducted a subanalysis.
The populations of 580 patients with gram-negative BSI and
469 patients with gram-positive BSI were compared. Regarding
gram-negative infection, the risk factors for mortality were
similar to those for the total population (Figure 3). Neither the
number of MDR categories nor bacterial species were signifi-
cantly associated with mortality (Supplementary Figure 1). In
the subanalysis, we included a DTR (difficult-to-treat resistance
[17]) category for gram-negative BSIs in order to further iden-
tify the gram-negative BSIs at highest risk for mortality. DTR
was confirmed to be an independent risk factor for 7-, 30-, and
90-day mortality (Supplementary Table 2).

Supplementary Figure 2 shows the 7-, 30-, and 90-day
mortality rates according to ESKAPE categories [21] and the
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Figure 3. Multivariate analysis for mortality in patients with gram-negative BSI (n = 580). Abbreviations: BSI, bloodstream infection; HR, hazard ratio; PDR, pandrug-

resistant; Res >6 categories, XDR and PDR categories for gram-negative bacteria; XDR, extensively drug-resistant.

ECDC definition for MDR and XDR bacteria [20], and it shows
gram-negative BSIs according to DTR category [17].

A further subanalysis was conducted on patients not in
critical condition. For this, only patients with a Pitt score
<2 were selected and categorized according to gram-neg-
ative or -positive isolates. In this analysis, the outcome
was 30- and 90-day mortality due to the low numbers of
who had died by day 7. Table 3A describes 295
with Pitt score <2 and gram-negative BSI. The
identified infection with XDR bacteria, Charlson
score >4, and immunosuppression to be independent risk
factors for mortality in patients who were stable at the time
of BSI. Table 3B describes 236 patients with gram-positive

BSI and Pitt score <2. The only significant risk factor for

patients
patients
analysis

mortality was Charlson score >4. Excluding polymicrobial
BSIs in the mortality analyses showed similar results (data

DISCUSSION

The main finding of this cohort study in a major teaching hos-
pital was that BSIs caused by MDR bacteria did not signifi-
cantly increase mortality. On the other hand, BSI caused by
XDR gram-negative bacteria was a strong predictor of death.
Many patients died in the first week of hospital stay, and more
than one-fifth in the first months after BSI. Crude mortality was
superior in patients with hospital-acquired BSI compared with
community-onset BSIL.

In the subanalysis considering all of the noncritical patients,
we demonstrated that BSIs caused by an XDR gram-negative
microorganism were associated with an increased risk of death
compared with BSIs due to bacteria with susceptibility to at
least 3 antibiotic categories. Poor general condition of the pa-
tient (Charlson comorbidity index >4), however, remained an
important factor for determining mortality due to infection

not shown). caused by both gram-negatives and -positives.

Table 3. Multivariate Analyses for Mortality in Patients With Pitt Score <2 According to Gram-Negative and Gram-Positive BSI

A, Patients With Gram-Negative Isolates (n = 295) 30d 90d

Variables HR P 95% Cl HR P 95% ClI
Age 0.98 14 0.95-1.00 0.99 .58 0.97-1.01
Immunosuppression 1.69 14 0.82-3.47 1.98 .016 1.13-3.45
Charlson Cl >4 vs <4 773 .001 2.32-25.7 7.30 <.001 2.79-19.0
MDR vs no MDR 119 .63 0.56-2.51 1.54 R 0.89-1.86
XDR vs no MDR 725 .002 2.07-25.3 725 .001 2.13-24.6
B, Patients with gram-positive isolates (n = 236) 30d 90d

Variables HR 2 95% ClI HR P 95% Cl
Age 1.01 .23 0.98-1.05 1.01 .15 0.99-1.03
Immunosuppression 0.57 .27 0.21-1.56 0.96 .90 1.52-1.77
Charlson Cl >4 vs <4 4.19 .03 1.12-15.6 4.30 .001 1.79-10.3
MDR vs no MDR 1.38 A1 0.63-3.03 117 .58 0.66-2.05

Abbreviations: BSI, bloodstream infection; Cl, comorbidity index; MDR, multidrug-resistant; XDR, extensively drug-resistant.
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We confirmed that BSIs are events with a severe impact on
mortality [14, 22]. An elevated Pitt bacteremia score for severity
represented the strongest significant risk factor for mortality.
There is a wide concordance in the literature on the association
of Pitt score with clinical severity [23, 24]. Although the mor-
tality rates vary in different studies, they all demonstrate that
BSIs represent health-threatening events. Interestingly, only
XDR status was shown to increase (by 4.8 times) the risk for
7-day mortality, and this trend was similar for outcomes at 30
and 90 days.

The observation that MDR did not increase the risk of mor-
tality for all examined periods could provide a possible explana-
tion for the conflicting results of previous studies: Barrasa-Villar
et al. compared 324 patients with infection by MDR with 676
controls with infection by susceptible organisms and concluded
that infections caused by MDR increased mortality compared
with those caused by susceptible strains [25]. On the other
hand, Blot et al. compared critically ill patients with nosoco-
mial bacteremia caused by antibiotic-susceptible and -resistant
gram-negative bacteria and found that resistance was not asso-
ciated with higher mortality [13]. In a Finnish cohort, Kontula
et al. stated that MDR bacteria could not be interpreted as a risk
for severe outcome in patients [26]. However, the proportion of
BSIs caused by MDR microbes in these 2 North European coun-
tries could be considered too low to give a full picture of the im-
pact of MDR. A larger study in patients admitted to European
ICUs evaluated clinical outcomes of nosocomial infections and
concluded that common patterns of antibiotic resistance only
made a small contribution to the overall effect of these infec-
tions [27].

Another possible explanation for the discordance between
these studies and ours could be that the other studies did not
differentiate MDR bacteria from XDR bacteria. In particular,
we demonstrated that XDR Pseudomonas remained independ-
ently associated with mortality for all study end points, with a
risk of death 6 times higher for short-term mortality (7 days)
and 3 times higher at 30 days. Our data are in line with 2 pre-
vious studies that concluded that mortality was associated with
P, aeruginosa bacteremia [25, 28].

In our cohort, patients with XDR A. baumannii and
carbapenem-resistant K. pneumoniae BSI had only a 2-fold
risk of death compared with nonresistant bacteria of the same
species (not included in the ESKAPE resistance definition).
However, this impact was seen only at 30 days after BSI and
not earlier. This could be explained by the lower virulence of
Acinetobacter and Klebsiella spp. compared with Pseudomonas
spp-[29]. In our subanalysis involving DTR gram-negative BSIs,
this particular category of resistant bacteria presented as a risk
factor for mortality. This result was in line with the American
multicentric retrospective cohort analysis, which evaluated
outcomes of patients with DTR in gram-negative bacteremia.
In this major article, involving 173 US hospitals and 45 011

episodes, DTR was associated with decreased survival [17]. This
study strengthens our hypothesis that resistance against mul-
tiple categories of antibiotics could have an impact on mortality
per se.

E. coli was the single most common BSI isolate, with major
prevalence of E. coli in community-onset BSI. Not surprisingly,
gram-positive bacteria were more prevalent in nosocomial bac-
teremia, with CoNS as the major isolate, followed by S. aureus,
as shown in previous studies [22, 30]. Interestingly, in our pop-
ulation, the prevalence of P. aeruginosa was similar in hospital-
acquired and community-onset BSIs; this finding differs from
those of studies conducted in the United States and Europe [22,
31].

Evaluating patients with BSIs caused by ESKAPE bacteria, we
found that almost all XDR A. baumannii BSIs, three-quarters
of XDR P, aeruginosa, and more than half of CR K. pneumoniae
were acquired in the hospital. Comparing our BSI epidemi-
ology data with the national data of invasive isolates in the
last ECDC report [32], the rates of E. coli resistance to third-
generation cephalosporins and K. pneumoniae resistance to
fluoroquinolones, third-generation cephalosporins, and, above
all, to carbapenems were lower than the national averages.
Additionally, the decrease in resistance rates in our hospital can
be explained by intensive antimicrobial stewardship and the
infection control programs that have been in place since 2013
[33]. Finally, S. aureus and E. faecium also showed lower levels
of resistance to methicillin and vancomycin when compared
with the rest of Italy.

This is the first contemporary study examining mortality
data on consecutive patients admitted to the hospital with
community-onset and hospital-acquired BSIs. One strength of
this study is its size. The cohort of >1000 patients with 21 months
of observation is the largest conducted in Italy [34-37], pro-
viding not only a very relevant picture of Italian epidemiology,
but also accurately showing the greater mortality burden of BSI
linked to antimicrobial resistance.

The lack of uniform definitions has been a main limitation of
previous published studies focusing on BSI outcomes in both
hospital and community settings [25, 38-40]. In the present
cohort, antimicrobial resistance was defined using the ECDC
classification [20], dividing causative organisms into MDR and
XDR, as well as ESKAPE pathogen resistance [21]. These defin-
itions allowed us to perform an outcome evaluation after a pre-
cise stratification of different bacteria and patterns of resistance.
Another important strength of our study is that we adjusted
mortality rates for treatment factors, differentiating appro-
priate and inappropriate therapy and evaluating the number of
days before starting appropriate therapy. In our patients with
ESKAPE isolates, no significant differences were found. This
could be explained by the use of the rapid molecular diagnostic
test for carbapenem resistance and an efficient alert system,
which reduced the time to starting appropriate therapy.
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Finally, in this study, all baseline conditions of the patients were
collected, allowing us to identify the severity of illness (Pitt bacte-
remia score) at BSI onset as the major independent factor related
to mortality for all end points. We also demonstrated that under-
lying comorbidity conditions (as represented by Charlson score)
of patients with BSI was a factor related to death. Patients with
an increased number of comorbidities had a higher risk of poor
outcome (especially death) after the first month following BSI. In
addition, mortality data after discharge were accessible in the hos-
pital system for all patients. The subanalysis on noncritical patients
allowed us to identify risk factors for mortality that were not con-
nected to severe conditions at BSI onset.

This study has some limitations: First, the quality of recorded
data might have been affected by the retrospective design, al-
though we examined mortality data for a significant number
of consecutive patients. Second, we differentiated BSI as com-
munity- or hospital-acquired without identifying a category of
“health care-associated” BSI (eg, patients living in long-term
care facilities, patients with recent access to the hospital, pa-
tients in dialysis or followed in oncology day hospitals); how-
ever, these patients comprised only a small proportion of the
total population. Third, we collected data from a single hospital,
providing internal, but not external, validity. In addition, in the
study period, there could have been suboptimal therapies for
XDR-GNB, not including the novel agents against gram-nega-
tive bacteria that have recently become available. In our study,
we found an association between mortality and XDR-GNB, in-
dependent of therapy, but further studies are needed to under-
stand the potential role of novel agents against gram-negative
bacteria. Finally, as the MDR BSIs had broad heterogeneity re-
garding causative agents and the combination of antimicrobial
classes defining MDR, it remains uncertain as to whether the
registered lack of association between MDR and mortality truly
applies to all of the different BSI subgroups, due to different
agents and/or different MDR profiles, in terms of the classes de-
fining MDR. For this reason, the clinical implications of these
findings may remain uncertain and be difficult to extrapolate to
clinical practice.

CONCLUSIONS

Our study described 1526 BSIs in >1000 consecutive patients
accessing a tertiary Italian hospital. The data confirmed that
BSI is an event with an extreme impact on mortality. Patients
with a severe clinical condition at BSI onset were those at higher
risk of death. BSIs caused by MDR bacteria were not independ-
ently associated with increased mortality, but those caused by
XDR bacteria had a strong association with death, independent
of clinical severity. More specifically, XDR P. aeruginosa, XDR
A. baumannii, and CR K. pneumoniae resistant to carbapenems
were independently associated with crude mortality.
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