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Background.  The mortality toll of nosocomial infections drives infection control efforts. We aimed to assess the contemporary 
mortality associated with nosocomial bloodstream infections (BSIs).

Methods.  Retrospective propensity-matched cohort study conducted in 1 hospital in Israel between January 2010–December 
2020. Adults >18 years old with nosocomial BSI were matched to controls using nearest neighbor matching of the propensity score 
for nosocomial BSI. We assessed all-cause mortality at 30 days, 90 days, and survival up to 1 year starting on the BSI day or matched 
hospital-day among controls; and the functional and cognitive change between admission and discharge using the Norton score 
among patients discharged alive. Residual differences between matched groups were addressed through Cox regression for 1-year 
survival.

Results.  A total of 1361 patients with nosocomial BSI were matched to 1361 patients without BSI. Matching achieved similar 
patient groups, with small differences remaining in the Charlson score and albumin and hemoglobin levels. At 90 days, mortality 
was higher among patients with BSI (odds ratio [OR], 3.36 [95% confidence interval {CI}, 2.77–4.07]). ORs were higher when 
the BSI was caused by multidrug-resistant bacteria (OR, 5.22 [95% CI, 3.3–8.26]) and with inappropriate empirical antibiotics in 
the first 24 hours (OR, 3.85 [95% CI, 2.99–4.94]). Following full adjustment, the hazard ratio for 1-year mortality with nosoco-
mial BSI was 2.28 (95% CI, 1.98–2.62). The Norton score declined more frequently among patients with BSI (OR, 2.27 [95% CI, 
1.81–2.86]).

Conclusions.  Nosocomial BSIs incur a highly significant mortality toll, particularly when caused by multidrug-resistant bac-
teria. Among hospital survivors, BSIs are associated with functional decline.

Keywords.  attributable mortality; bacteremia; hospital-acquired infections; propensity score.

Healthcare-associated infections (HAIs) have a significant im-
pact on patients’ outcomes as well as on healthcare costs. The 
overall burden of bloodstream infections (BSIs) is difficult to 
define and is derived from studies describing the incidence 
and crude mortality following BSI to derive the attributable 
burden [1–4]. A systematic review based on surveillance sys-
tems estimated 15 000–36 000 deaths per year following nos-
ocomial BSI in the United States (US), 2900–3600 in Canada, 

and 29  000–132  000 in Europe [4]. Using the European 
Antimicrobial Resistance Surveillance Network (EARS-Net) 
data, it was estimated that during 2015, there were 671 689 cases 
of infection with resistant bacteria (131 infections per 100 000 
population), accounting for 33  110 attributable deaths (6.44 
deaths per 100 000 population) and 874 541 disability-adjusted 
life-years (DALYs; 170 per 100 000 population). BSI accounted 
for 122/170 DALYs (71.7%) [5].

The burden to the individual patient was addressed with 
different study designs to estimate the morbidity and mor-
tality burden that can be attributed to nosocomial BSIs. A 
retrospective cohort study including 5 European hospitals 
estimated hazard ratios (HRs) for hospital mortality ran-
ging from nonsignificant for third generation–susceptible 
Enterobacterales to 2.88 (95% confidence interval [CI], 2.22–
3.74) for third generation–resistant Enterobacterales com-
pared to noninfected controls, showing the impact both of 
nosocomial BSI and of resistant nosocomial BSI [6]. A retro-
spective matched cohort study including 8 US hospitals esti-
mated an adjusted odds ratio (OR) for 90-day mortality with 
nosocomial BSI of 2.08 (95% CI, 1.69–2.57) among elderly 
patients >65 years old [7]. Other studies in the intensive care 
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unit (ICU) or among elderly patients have not found a signifi-
cant association between nosocomial BSI and mortality [8, 9].

Estimating the excess mortality and morbidity toll of nosoco-
mial BSI to the individual patient is important to direct efforts 
to prevent nosocomial infections. We aimed to further examine 
the burden of all nosocomial BSIs on the individual patient, 
assessing long-term mortality and major determinants of the 
mortality burden relating to antibiotic resistance and empirical 
treatment.

METHODS

Study Design

This was a retrospective propensity-matched cohort study con-
ducted at Rambam Health Care Campus (RHCC), Haifa, Israel. 
The study was approved by the local ethics committee, with a 
waiver of informed consent, using anonymized data.

Inclusion Criteria

We included patients >18 years old with nosocomial bacteremia 
and matched controls. Patients were identified from a database 
of all hospitalized patients between January 2010 and December 
2020. Each patient was included once for the first hospital ad-
mission during the study period. We excluded patients with 
community-onset BSIs, fungal BSI, and all patients with hos-
pitalization <48 hours. Data were unavailable from the surgical 
ICU that uses a different medical record system, but data from 
other ICUs (medical, cardiac, thoracic surgery, and neurosur-
gical) were included. From the remaining cohort, we matched 
patients with nosocomial BSI to controls without BSI by the pro-
pensity score for nosocomial BSI. Nosocomial BSI was defined 
when caused by clinically significant bacteria and excluding BSI 
by common commensal bacteria, using the National Healthcare 
Safety Network definitions [10]. Nosocomial acquisition was 
defined when the first positive blood culture was taken >48 
hours after admission.

Outcomes

The outcomes examined were 30-day mortality, 90-day mor-
tality, and survival until 1 year. Follow-up started on the day 
of the first positive blood culture for patients with nosocomial 
BSI, and on the same day after admission for the matched con-
trol patient (index day). Matched pairs in whom the control pa-
tient died before the BSI hospital-day were excluded from this 
analysis (index day analysis). As sensitivity analysis, we ana-
lyzed outcomes starting from admission both for patients with 
BSI and controls, including controls who did not survive to the 
index day. As secondary outcome, we assessed the functional 
and cognitive change between admission and discharge among 
patients discharged alive. We used the Norton score [11] (total 
and its components), assessed and documented routinely in real 
time by the department nurses on admission and on the day of 
discharge.

Data Collection

The data for this study were collected retrospectively using 
MDClone, a big-data query tool for healthcare data-driven 
studies. MDClone is linked at RHCC to the electronic patient 
file (Prometheus), which is operating fully in the hospital since 
2010, and to the hospital’s demographic records and laboratory 
data. Postdischarge mortality data are updated in Prometheus 
automatically from the national Ministry of Health, recording 
all deaths. We collected a large dataset of variables reflecting 
risk factors for BSI, risk factors for acquisition of multidrug re-
sistance [12, 13] and risk factors for mortality among inpatients 
(list of variables provided in Supplement 1). The Charlson-age 
comorbidity index and its individual components were col-
lected [14]. Risk factors for BSI (eg, neutropenia, surgery, me-
chanical ventilation) were considered only if occurring after 
admission and before index day (BSI date or matched hospital-
day for controls).

Power

In the 10-year study span, we observed 1361 patients with nos-
ocomial BSI. Assuming a 30-day mortality rate of 10% for con-
trols without BSI, a correlation coefficient for mortality between 
matched cases and controls of 0.3 and 1 control per patient with 
BSI, the study was powered >80% to detect an OR for mortality 
among BSI patients relative to controls of 1.3 or higher (α = .05).

Analysis

Bivariate comparisons were conducted using a χ2 test and 
computing the Mantel-Haenzel OR with 95% CIs. Means are 
presented with standard deviation (SD) and medians with 
25th–75th percentile ranges (interquartile range [IQR]). 
Continuous variables that were normally distributed were com-
pared using a t test and skewed variables were compared using 
the Mann-Whitney U test. Survival analyses were performed 
using Kaplan-Meier curves.

In the full cohort of hospitalized patients, we compared be-
tween patients with and without nosocomial BSI and computed 
the propensity score for nosocomial BSI using binary logistic 
regression, selecting for the model nonduplicating variables 
significant on univariate analysis (P < .05). Variables used for 
the propensity score are presented in Supplementary Table 1. 
Missing data for albumin in the non-BSI group were imputed 
using multiple imputation (missing for 115/1361 patients). 
Calibration of the model was assessed using a receiver operating 
characteristic (ROC) curve. We matched patients with BSI to 
a control patient without BSI with the closest propensity score 
(nearest neighbor matching) at a 1:1 ratio, targeting a max-
imal caliper of 0.001. We assessed the quality of the matching 
by comparing the patient characteristics in the matched cohort 
and report on the final caliper achieved. Outcomes were com-
pared between patients with and without nosocomial BSI in 
the propensity score–matched cohort. We adjusted for residual 
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confounders despite the matching using Cox regression com-
puting the HRs for survival until end of follow-up.

We performed preplanned subgroup analyses for multidrug-
resistant (MDR) and non-MDR nosocomial BSIs and nosoco-
mial BSIs treated with appropriate or inappropriate antibiotic 
therapy in the first 24 hours after collection day of the first posi-
tive blood culture. MDR bacteria included methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin-resistant entero-
cocci (VRE), carbapenem-resistant Enterobacterales (CRE), 
carbapenem-resistant Acinetobacter baumannii (CRAB), 
and carbapenem-resistant Pseudomonas aeruginosa (CRPA). 
Appropriateness of antibiotic therapy was defined by the in vitro 
coverage. Statistical significance of the difference between sub-
groups was assessed using the Breslow-Day statistic. Analyses 
were performed using SPSS version 24.

RESULTS

Between January 2010 and December 2020, 248  826 patients 
were admitted to RHCC (first admission in the study period), 
of whom 181 868 had a hospital length of stay (LOS) >48 hours 
and did not have fungal BSI. Of them, 1361 patients had clini-
cally significant nosocomial BSI (Figure 1). Nosocomial BSI oc-
curred at a median of 11 days in hospital (IQR, 6–21 days). Of 
the 1361 BSIs, 341 (25.1%) were due to gram-positive bacteria, 
970 (71.3%) were due to gram-negative bacteria, and 50 (3.7%) 
were due to anaerobes (Supplementary Table 1). MDR bacteria 

were isolated in 223 (16.4%): 84/197 (42.6%) MRSA of all S au-
reus, 12/125 (9.6%) VRE of Enterococcus spp, 36/633 (5.7%) CRE 
of all Enterobacterales, 61/85 (71.8%) CRAB of all Acinetobacter 
baumannii, and 30/171 (17.5%) CRPA of all P aeruginosa BSIs. 
Inappropriate antibiotic therapy in the first 24 hours was pre-
scribed to 761/1361 (55.9%) of patients with nosocomial BSI.

Propensity Score Derivation

The variables associated with nosocomial BSI used to the derive 
the propensity score are described in Supplementary Table 2. 
Highly significant differences were observed in nearly all vari-
ables relating to patients’ demographics, baseline functional 
status, comorbidities, and variables related to the index ad-
mission, including the department type, laboratory tests, and 
devices/procedures. The final regression model to predict nos-
ocomial BSI achieved excellent calibration with an area under 
the ROC curve of 0.90 (95% CI, .89–.91; Supplementary Table 3 
and Supplementary Figure 1).

Matched Cohort

Following the 1:1 match, 1361 patients with nosocomial BSI 
were matched to 1361 patients without BSI. The median cal-
iper was 2 × 10–6 (IQR, 1.5 × 10–7 to 1.295 × 10–5). The resulting 
patient groups were similar in the predictors available for mor-
tality (Table 1). Statistically significant, but clinically minor 
differences remained in the Charlson score and albumin and 
hemoglobin levels. The mean age of the patients in our matched 
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Figure 1.  Patient flowchart. Abbreviation: BSI, bloodstream infection.
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cohort was 63.8 years (SD, 18.7), and 1025 (37.7%) were female. 
Following the exclusion of control patients not surviving to the 
matched BSI day after admission, 1188 BSI patients and 1188 
controls remained for the main analysis, from the index day.

Outcomes

Mortality data until end of follow-up were available for all pa-
tients. Survival from the index day was significantly lower with 

nosocomial BSI (log-rank P < .001; HR, 2.36 [95% CI, 2.04–
2.67]). Survival curves separated from the start of follow-up, 
widening until about day 100, and remained separated until 
end of follow-up at 1 year from the index day (Figure 2A). The 
survival curves starting from the day of admission crossed on 
day 35 to favor the control patients, violating the proportional 
hazard assumption; thus, further statistics on survival from ad-
mission were not performed (Figure 2B).

Table 1.  Characteristics of Patients With and Those Without Nosocomial Bloodstream Infection in the Propensity-Matched Cohort

Variable Nosocomial BSI (n = 1361) Control (n = 1361) P Value 

Demography

  Age, y, mean (SD; range) 63.6 (17.7; 18–101) 64.1 (19.7; 18–104) .555

  Sex (female) 509 (37.4) 516 (37.9) .782

  Country of birth (Israel) 641 (47.1) 582 (42.8) .023

  Ethnicity (Jew) 654 (48.1) 706 (51.9) .46

  Health maintenance organization (Clalit) 878 (64.5) 872 (64.1) .81

  Long-term care facility resident 376 (27.6) 377 (27.7) .966

Chronic medical conditions

  Norton total on admission, median (IQR) 13 (8–19) 12 (8–19) .297

  Charlson score (total), median (IQR) 5 (3–7), n = 1308 5 (2–7), n = 1327 .015

  Chronic kidney disease 136 (10) 156 (11.5) .215

  Dialysis 20 (1.5) 28 (2.1) .224

  Cerebrovascular accident 188 (13.8) 190 (14) .912

  Hemiplegia 40 (2.9) 42 (3.1) .823

  Dementia 38 (2.8) 38 (2.8) 1

  Chronic obstructive pulmonary disease 626 (46) 644 (47.3) .489

  Cirrhosis 21 (1.5) 25 (1.8) .552

  Malignancy 254 (18.7) 270 (19.8) .437

  Diabetes 411 (30.2) 403 (29.6) .738

  Ischemic heart disease 338 (24.8) 340 (25) .929

  Congestive heart failure 194 (14.3) 184 (13.5) .579

  Peripheral vascular disease 41 (3) 40 (2.9) .91

  HIV 3 (0.2) 5 (0.4) .479

Index admission characteristics

  Period Oct 2009–Nov 2011 339 (24.1) 341 (25.1) .82

  Period Dec 2011–May 2014 341 (25.1) 340 (25)

  Period Jun 2014–Feb 2017 332 (24.4) 349 (25.6)

  Period Mar 2017–Dec 2020 349 (25.6) 331 (24.3)

  Internal departments 686 (50.4) 693 (50.9) .891

  Surgical departments 579 (42.5) 578 (42.5)

  Hematological departments 96 (7.1) 90 (6.6)

  Nasogastric tubea 650 (47.8) 630 (46.3) .442

  Mechanical ventilationa 247 (18.1) 227 (16.7) .312

  Surgerya 619 (45.5) 591 (43.4) .28

Laboratory values on admission

  Albumin, g/dL

    ≤2.5 385 (28.3) 355 (26.1) .021

    2.5–3.499 671 (49.3) 742 (54.5)

    ≥3.5 305 (22.4) 264 (19.4)

  Creatinine, mg/dL, median (IQR) 1 (.8–1.45) 1 (.8–1.45) .791

  Hemoglobin, g/dL, mean (SD) 12.03 (2.5) 12.25 (2.4), n = 1360 .018

  WBC × 109 cells/L, median (IQR) 10.7 (7.65–15.46) 10.89 (8.08–14.99), n = 1360 .406

  Neutropeniaa <500 × 109 cells/L 70 (5.1) 61 (4.5) .42

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

Abbreviations: BSI, bloodstream infection; HIV, human immunodeficiency virus; IQR, interquartile range; SD, standard deviation; WBC, white blood cell count.
aBefore index day for patients with BSI and without BSI.
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Thirty-day mortality from the index day was 28.3% (336/1188) 
among patients with nosocomial BSI and 11.4% (135/1188) 
among controls (propensity score–matched OR, 3.08 [95% CI, 

2.47–3.83]; P < .001; Table 2). The difference was similar at 90 
days (40.3% [479/1188] vs 16.8% [199/1188], respectively; OR, 
3.35 [95% CI, 2.77–4.06]; P < .001). The Charlson score and 
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Figure 2.  Survival curves for patients with nosocomial bloodstream infection (BSI) vs propensity score–matched controls. A, Survival from the index day (day 0 = hospital-day of BSI 
and matched day of control). B, Survival from the day of admission (day 0 = hospital admission day). Abbreviations: BSI, bloodstream infection; CI, confidence interval; HR, hazard ratio.
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albumin and hemoglobin levels were associated with survival; 
adjusted to these, nosocomial BSI remained significantly asso-
ciated with death at end of follow-up (HR, 2.28 [95% CI, 1.98–
2.62]) from the index day (Table 3).

The Norton score was available for 738 matched pairs of pa-
tients discharged alive. The change from baseline was signifi-
cantly more negative among patients with nosocomial BSI, with 
a decline in the total score among 281/738 (38.1%) patients with 
BSI compared to 157/738 (21.3%) matched patients without 
BSI (P < .001; Table 2 and Supplementary Figure 2). The differ-
ence in the total Norton scale was driven mainly by a change in 
functional status, with a decline from admission to discharge 
documented in 293/738 (39.7%) of patients with BSI vs 171/728 

(23.2%) of controls (P < .001). Cognitive decline was docu-
mented more rarely and a small difference between groups was 
nonsignificant (Table 2).

Subgroup Analyses

Mortality from the index date was significantly higher among 
patients with nosocomial BSI compared to their matched con-
trols in all subgroup analyses (Table 2). The magnitude of 
the difference was larger among patients with MDR bacteria 
compared to non-MDRs and among those treated with inap-
propriate empirical antibiotics compared to those given appro-
priate empirical antibiotics, reaching statistical significance in 
the 90-day mortality subgroup analysis by MDR status (OR, 
5.22 [95% CI, 3.3–8.26] for patients with MDR bacteria vs 
3.08 [95% CI, 2.49–3.8] for patients with non-MDR bacteria, 
both compared to their matched controls; P = .04 for subgroup 
difference).

DISCUSSION

In this propensity-matched cohort study, we estimated the 
burden of nosocomial bacteremia outside the ICU as reflected 
by patient’s mortality and functional status. Mortality rates by 
30 and 90 days, were higher for patients with nosocomial BSI 
than for controls. Mortality was higher whether patients were 
treated with early empirical appropriate antibiotics or not. This 

Table 2.  Outcomes for Patients With and Those Without Nosocomial Bloodstream Infection in the Propensity Score–Matched Cohort

Outcome With BSI Without BSI OR (95% CI) P Value 

All patients

  30-day mortality from index day 336/1188 (28.3%) 135/1188 (11.4%) 3.076 (2.471–3.830) <.001

  90-day mortality from index day 479/1188 (40.3%) 199/1188 (16.8%) 3.358 (2.773–4.066) <.001

  30-day mortality from admission 233/1361 (17.1%) 254/1361 (18.7%) 0.900 (.740–1.095) .294

  90-day mortality from admission 522/1361 (38.4%) 353/1361 (25.9%) 1.777 (1.509–2.092) <.001

  Norton: functional declinea 293/738 (39.7%) 171/738 (23.2%) 2.183 (1.742–2.736) <.001

  Norton: cognitive declinea 36/738 (4.9%) 24/738 (3.3%) 1.526 (.901–2.584) .073

  Norton: total score declinea 281/738 (38.1%) 157/738 (21.3%) 2.275 (1.807–2.865) <.001

  Norton: total score, change from baseline, median (IQR) 0 (–1 to 3), n = 738 0 (0–3), n = 738 … <.001

MDR subgroupb

  30-day mortality from index day 78/190 (41.1%) 28/190 (14.7%) 4.029 (2.458–6.606) <.001

  90-day mortality from index day 106/190 (55.8%) 37/190 (19.5%) 5.218 (3.297–8.260) <.001

Non-MDR subgroupb

  30-day mortality from index day 258/998 (25.9%) 107/998 (10.7%) 2.903 (2.271–3.711)a <.001

  90-day mortality from index day 373/998 (37.4%) 162/998 (16.2%) 3.080 (2.493–3.805)a <.001

Inappropriate empirical antibiotics subgroupc

  30-day mortality from index day 215/668 (32.2%) 80/668 (12%) 3.488 (2.625–4.636) <.001

  90-day mortality from index day 302/668 (45.2%) 118/668 (17.7%) 3.846 (2.994–4.941) <.001

Appropriate empirical antibiotics subgroupc

  30-day mortality from index day 121/520 (23.3%) 55/520 (10.6%) 2.564 (1.815–3.623)b <.001

  90-day mortality from index day 177/520 (34.0%) 81/520 (15.6%) 2.797 (2.075–3.769)b <.001

Abbreviations: BSI, bloodstream infection; CI, confidence interval; IQR, interquartile range; MDR, multidrug resistant; OR, odds ratio.
aDecline of the Norton score component or total score by at least 1 point, comparing admission and discharge scores, among patients discharged alive.
bDifference between MDR and non-MDR subgroups: P = .244 for 30-day mortality and P = .041 for 90-day mortality.

cDifference between appropriate and inappropriate empirical subgroups: P = .177 for 30-day mortality and P = .109 for 90-day mortality.

Table 3.  Survival Analysis in Propensity Score–Matched Cohorts Until 1 
Year of Follow-up

Variable HR (95% CI) for Death P Value 

Analysis from index day (n = 2306a)

Nosocomial BSI 2.277 (1.983–2.615) <.001

Charlson score (per point increment) 1.183 (1.161–1.205) <.001

Albumin (g/dL)

  ≤2.5 2.198 (1.790–2.698) <.001

  3.499–2.5 1.497 (1.233–1.816) <.001

  ≥3.5 Reference

Hemoglobin (per 1 g/dL increment) 0.969 (.942–.996) .024

Abbreviations: CI, confidence interval; HR, hazard ratio.
aPatients with missing Charlson score and hemoglobin were excluded from the analysis.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofab552#supplementary-data
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difference was more pronounced for patients with MDR BSI. 
The propensity-adjusted ORs for 90-day mortality translate to 
an absolute increase of 236 (95% CI, 191–283) deaths per 1000 
patients following an episode of nosocomial BSI and 363 (95% 
CI, 249–472) deaths per 1000 patients following nosocomial 
BSI with MDR bacteria. Developing nosocomial BSI was also 
associated with poorer functional status at discharge, an often-
overlooked important outcome for the individual patient.

Several studies have estimated the impact of nosocomial BSI 
on mortality. Some of these studies performed a population 
analysis evaluating the effects of nosocomial BSI on patients’ 
outcome [1, 2, 15]. These have the advantage of examining large 
databases but lack patient-specific data, such as the clinical and 
laboratory variables representing sepsis presentation. Studies 
similar to ours, attempting to define the mortality burden to 
the individual patient due to nosocomial BSIs, used variable 
methods [3, 6–9, 16, 17]. Most matched infected to noninfected 
patients and varied by the population assessed, the matching 
variables, and the follow-up duration. A critical factor to con-
sider in these analyses is the immortal time of patients BSI, until 
the BSI occurs. Most studies matched by LOS, requiring that 
controls’ LOS will be at least as long as the time until BSI of the 
matched case. We found it difficult to match by exposure time in 
addition to other important predictors of mortality, since many 
BSIs were acquired late during hospitalization (up to 183 days). 
Empirical studies assessing the need to match by exposure time 
have not shown a significant impact of this factor on the mor-
tality burden attributed to nosocomial BSIs [18, 19], unlike an 
effect on LOS and costs increment estimates [19]. However, we 
excluded case-control pairs in which the control died before the 
BSI hospital-day of the matched case and started patients’ fol-
low-up on the BSI or matched hospital-day for cases and con-
trols, respectively. On sensitivity analysis, we also started the 
follow-up from admission for both groups, as the most conserv-
ative estimate of BSI burden due to the immortal time bias. The 
Kaplan-Meier curve starting from the day of admission shows 
the immortal time of the nosocomial BSI patients; the survival 
curves crossed on day 35 to favor the control patients (Figure 
2B). Our results fall within the range of estimates from previous 
studies. Studies including a large percentage of patients with 
coagulase-negative staphylococcal bacteremia tended to find 
lower and nonsignificant associations between nosocomial BSI 
and mortality [8, 9]. Studies in ICUs and those assessing MDR 
bacteria tended to find higher associations between BSI and 
mortality, as in our study [3, 16].

Not many studies incorporated the factor of the appropri-
ateness of empirical antibiotic treatment for the bacteremia, 
when examining the impact on mortality. Inappropriate empir-
ical antibiotic treatment has been associated with mortality in 
most studies examining risk factors for death among patients 
with bacteremia [20], and is thus a possible factor affecting the 
burden of BSI. In a matched case-control study conducted in 

12 ICUs in France, the ORs for death in patients with nosoco-
mial BSI compared to controls were 2.69 (95% CI, 1.79–4.05) 
for patients receiving appropriate antibiotics in the first day 
compared to 4.11 (95% CI, 2.20–7.66) for patients receiving in-
appropriate empirical antibiotic treatment [16]. In our study, 
the mortality burden was higher in patient-pairs where the BSI 
was not treated empirically appropriately (OR, 3.85 [95% CI, 
2.99–4.94]) compared to patients-pairs where it was (2.8 [95% 
CI, 2.07–3.77]), although without statistical significance. These 
results stress the importance of early appropriate antibiotics, 
but show the burden of BSI independent of the appropriateness 
of empirical antibiotics. Different studies have examined out-
comes other than mortality, including LOS and costs. We are 
not aware of previous studies assessing functional and cogni-
tive outcomes, highly relevant for surviving patients. We found 
functional decline from admission to discharge among patients 
with nosocomial BSI, significantly more common than the 
change observed among cases.

The association between nosocomial BSI and higher mor-
tality rates highlights the need to prevent such infections. It is es-
timated that some of these infections can be prevented through 
infection prevention and control programs such as the ones 
published by the Centers for Disease Control and Prevention, 
the European Centre for Disease Prevention and Control, and 
the World Health Organization [21–23]. A systematic review of 
interventional studies to reduce HAI, estimated between 10% 
and 70% reduction effect, depending on the type of infection, 
with central line–associated bloodstream infections (CLABSIs) 
being the most preventable [24]. Additionally, in the US, perfor-
mance standards in HAI prevention, linked to payment through 
the Affordable Care Act, have had some success in decreasing 
the incidence of CLABSIs, while only marginally influencing 
other infections such as surgical site infections and catheter-
associated urinary tract infections [25, 26].

Our study has several limitations. Because this was a retro-
spective study, we did not have access to data that were not rou-
tinely collected. Accordingly, we did not have reliable data on 
the source of the BSI, since this was not collected as a discrete 
variable until recently. We did not use consensus definitions for 
multidrug resistance [27], but defined as MDR bacteria that 
lead to change in patients’ management in our center (use of 
non-β-lactam antibiotics, contact isolation requirements, pos-
sible delay in appropriate antibiotics). Despite the development 
of a propensity score predicting nosocomial BSI with excellent 
calibration, few differences remained between cases and con-
trols in major confounders. We, therefore, performed further 
adjustment on the propensity score–matched cohort, finding 
associations similar to those of the crude propensity score–
matched analysis. We had postdischarge mortality data but 
did not follow the functional and cognitive outcomes after dis-
charge. The strengths of this study are the relatively large cohort, 
matching on multiple factors using the propensity score, a long 
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follow-up for survival, and the analyses addressing MDR bac-
teria and the appropriateness of empirical antibiotic treatment.

In conclusion, our study demonstrates a strong association 
between nosocomial BSI and increased risk of death, persisting 
up to 1 year after the event. The ORs for 90-day mortality 
ranged between 2.8 and 5.2 for nosocomial BSIs. The mortality 
burden of nosocomial BSI was not significantly attenuated by 
appropriate empirical antibiotic treatment but was significantly 
higher among patients with BSI caused by MDR bacteria. Our 
results emphasize the need to adhere to infection control meas-
ures in order to prevent such infections and the spread of MDR 
bacteria in hospitals.
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