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Summary
Background Limited data exist on long-term consequences of bloodstream infections (BSIs). We aimed to examine
incidence, 1-year mortality, and years of potential life lost (YPLL) following BSI. We estimated the relative contribu-
tion of hospital-onset BSI (HO-BSI) and antibiotic-resistant BSI to incidence, mortality and YPLL.

Methods We used data from Israel’s national BSI surveillance system (covering eight sentinel bacteria, comprising
70% of all BSIs) and the national death registry. Adults with BSI between January 2018 and December 2019 were
included. The outcomes were all-cause 30-day and 1-year mortality, with no adjustment for co-morbidities. We calcu-
lated the age-standardized mortality rate and YPLL using the Global Burden of Disease reference population and life
expectancy tables.

Findings In total, 25,376 BSIs occurred over 2 years (mean adult population: 6,068,580). The annual incidence was
209¢1 BSIs (95% CI 206¢5−211¢7) per 100,000 population. The case fatality rate was 25¢6% (95% CI 25¢0-26¢2) at
30 days and 46¢4% (95% CI 45¢5-47¢2) at 1 year. The hazard of death increased by 30% for each decade of age
(HR=1¢3 [95% CI 1¢2-1¢3]). The annual age-standardized mortality rate and YPLL per 100,000 were 50¢8 (95% CI 49¢
7-51¢9) and 1,012¢6 (95% CI 986¢9-1,038¢3), respectively. HO-BSI (6,962 events) represented 27¢4% (95% CI 26¢9-
28¢0) of BSIs, 33¢9% (95% CI 32¢6-35¢0) of deaths and 39¢9% (95% CI 39¢5-40¢2) of YPLL. HO-BSI by drug-resistant
bacteria (3,072 events) represented 12¢1% (95% CI 11¢7-12¢5) of BSIs, 15¢6% (95% CI 14¢7-16¢5) of deaths, and 18¢4%
(95% CI 18¢1-18¢7) of YPLL.

Interpretation One-year mortality following BSI is high. The burden of BSI is similar to that of ischemic stroke.
HO-BSI and drug-resistant BSI contribute disproportionately to BSI mortality and YPLL.
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Introduction
Bloodstream infection (BSI) is one of the most serious
acute infections. Relatively few population-based studies
have examined the incidence of BSI. The estimated
average annual incidence of BSI in multi-year popula-
tion-based studies conducted in North America (USA
and Canada) and Europe (Sweden, Norway, Denmark,
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England, Finland, Switzerland, and Spain) ranged
between 91 and 220 per 100,000 population.1,2 Higher
incidence rates were reported in recent years from
Switzerland and Finland, reaching 240 and
309 cases/100,000, respectively.3,4 The case fatality rate
(CFR) of BSI varied greatly by the affected population (i.
e., patients’ age, sex and comorbidities), the virulence of
the pathogen and its resistance to antibiotics, the appro-
priateness and timeliness of antibiotic therapy, and
whether the infection was community- or hospital-
onset. A few population-based studies determined BSI-
associated mortality; based on these studies, Goto and
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Research in context

Evidence before this study

We searched PubMed between January 1, 2000 and
March 8, 2022 to identify population-based studies that
estimated the burden of bacterial bloodstream infection
(BSI) in adults. We used the terms ((population-based)
AND (((burden) OR (incidence)) OR (mortality))) AND
((bloodstream infection) OR (bacteremia)) and limited the
search to adult subjects (i.e. excluded articles on children
only). The search yielded diverse studies that reported inci-
dence and case fatality rate (CFR) of BSI in various geo-
graphic levels and various participants. We limited our
focus to studies that included the entire population in a
region or country, and both community- and hospital-
onset bacterial BSI. The estimated average annual inci-
dence of BSI in multi-year population-based studies con-
ducted in North America (USA and Canada) and Europe
(Sweden, Norway, Denmark, England, Finland, Switzerland,
and Spain) ranged between 91 and 220 per 100,000 popu-
lation. Higher incidence rates were reported in recent years
from Switzerland and Finland, reaching 240 and
309 cases/100,000, respectively. Incidence increased by age,
reaching 857 per 100,000 for the age group ≥75 years. The
reported CFR of BSI reflected mainly short-term mortality (i.
e., in-hospital or within 30 days) and ranged between 13-
23%. Most studies focused on a single pathogen. We found
only three studies that evaluated 1-year mortality following
BSI caused by a broad range of pathogens. A study of BSI
in Calgary Zone, Canada (patients ≥18 years of age)
reported a 1-year all-cause CFR of 28¢2%. A study of BSI in
Funen County, Denmark (patients ≥15 years old) found a 1-
year all-cause CFR of 41¢4%. Another regional study in Den-
mark (all ages) found a 1-year all-cause CFR of 39¢7%. We
found no national population-based multi-pathogen stud-
ies evaluating 1-year mortality following BSI. We found no
population-based studies that estimated years of potential
life lost (YPLL) following BSI.

Added value of this study

We conducted a nation-wide population-based study of
BSIs caused by eight sentinel bacteria (comprising 70%
of all BSIs) in adults. We determined mortality up to 1
year following the BSI and calculated the age-standard-
ized mortality rate and YPLL using the Global Burden of
Disease (GBD) reference population and GBD life expec-
tancy tables. We also estimated the relative contribution
of hospital-onset BSI (HO-BSI) and of antibiotic-resistant
BSI to the overall mortality and YPLL following BSI. To
our knowledge, this is the first country-level study of
the long-term mortality of BSI. Our calculation of the
age-standardized BSI-associated mortality rate and YPLL
rate enabled us to compare the burden of BSI to other
causes of death presented in the GBD report.

Implications of all the available evidence

Adult patients with BSI have serious long-term conse-
quences; nearly 50% die within 1 year. Mortality
increased with age, but in all age groups, survival

continued to decline for a year after the acute event.
The burden of BSI was similar to that of ischemic stroke,
with an estimated YPLL of 1,012¢6 per 100,000 popula-
tion. HO-BSI and drug-resistant BSI contribute dispro-
portionately to YPLL. The estimates from this study
should focus attention on the high burden of BSI and
the need to improve preventive efforts.
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Al-Hasan estimated the total number of BSIs and asso-
ciated deaths and ranked BSI as one of the top seven
causes of death in many high-income countries.5

Escherichia coli and Staphylococcus aureus are the pre-
dominant pathogens causing BSI, accounting for over
40% of BSIs.6 In recent years, the proportion of BSI
caused by Gram-negative bacteria (GNB), and particu-
larly by antibiotic-resistant GNB, has increased.6 Antibi-
otic resistance may affect both incidence and outcomes
of BSI; observational data and a modelling study sug-
gested that infections by resistant GNB occur in addi-
tion to, rather than replace, infections by susceptible
bacteria, at least up to a certain point.7,8 Pathogen distri-
bution and outcome of BSI may vary by geographic
region. For example, we found in Israel that the annual
incidence and CFR of E.coli BSI are about twice as high
as summarized in earlier reports from other high-
income countries, mostly due to high resistance levels.9

Determining the burden of BSI is important for poli-
cymakers, who need to assign resources for different
health conditions based on priority. However, accurate
assessment of mortality following BSI is challenging for
several reasons. First, focus on the underlying cause of
death as written in the death certificate may hinder true
assessment of BSI-associated mortality, as death is
attributed to the underlying disease rather than to the
BSI. Second, a focus on sepsis, an important clinical
entity for which there are multiple etiologies, as the
cause of death shifts the attention from BSI to one of its
manifestations. Third, observational studies often exam-
ine mortality during the index hospitalization only or
within 30 days, and duration of follow-up in clinical tri-
als of antibiotic therapy for BSI last no more than
90 days.10 However, long-term consequences of BSI
may occur up to one year after the BSI event.11 As a
result, BSI-associated mortality may be underestimated
and its importance underappreciated.

In Israel, the National Institute for Antibiotic Resis-
tance and Infection Control (NIARIC) conducts contin-
uous nationwide surveillance of BSIs caused by eight
bacteria of public health importance. These sentinel
bacteria cause 70% of all BSIs in Israel (unpublished
data, NIARIC). In this population-based study, we
aimed to describe the epidemiology and determine the
burden of BSI caused by these sentinel bacteria in
adults, specifically, mortality up to 1 year and years of
www.thelancet.com Vol 23 , 2022
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potential life lost (YPLL). We also aimed to estimate the
relative contribution of hospital-onset BSI (HO-BSI)
and of drug-resistant BSI to incidence, mortality and
YPLL.
Methods

Study setting and participants
The study was based on surveillance data reported to the
NIARIC by all 29 of Israel’s acute care hospitals
between January 2018 and December 2019. Patients
younger than 18 years of age were excluded.
Data collection
In Israel, >99% of blood cultures positive for the study
organisms are processed in hospital laboratories
(unpublished data, NIARIC). These laboratories submit
mandatory monthly reports on all blood cultures posi-
tive for the following eight sentinel bacteria: Escherichia
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Aci-
netobacter baumannii, Streptococcus pneumoniae, Staphy-
lococcus aureus, Enterococcus faecalis and Enterococcus
faecium. These reports included the following data:
patients’ unique identity number (UID), sex, date of
birth, admission date, specimen collection date and
time, ward where culture was taken, type of culture (aer-
obic, anaerobic, or pediatric), isolated organism, and
results of antibiotic susceptibility testing (AST). We
used UIDs to search for dates of death in the death reg-
istries of the Ministry of Health and the Ministry of the
Interior. Death registry data were available until April
30, 2020. We used publicly available population data
and all-cause mortality data by age and sex from the
Central Bureau of Statistics (CBS). Life expectancy by
age and sex was derived from the CBS’s complete life
tables for the years 2014−2018.
Blood culturing practices and laboratory processing
In Israel in 2019, among adults, the mean rate of blood
cultures was 155¢5 bottles per 1,000 patient-days. In
most hospitals, the ratio of aerobic to anaerobic bottles
was close to 1; therefore, the blood culturing rate was
approximately 75 sets per 1,000 patient-days (unpub-
lished data, NIARIC). By comparison, a median of 47¢1
sets (interquartile range 27¢0-105¢6) per 1,000 patient-
days was reported in the European Region in 2020.12

Blood cultures were processed at the participating
hospital laboratories using automated systems, either
BacT/ALERT� (bioM�erieux SA, Marcy I’Etoile, France)
or BACTECTM (BD Biosciences, Sparks, USA). All labo-
ratories performed bacterial identification using
VITEK� MS or VITEK� 2 (bioM�erieux SA) or MALDI-
TOF (Bruker, Bremen, Germany). Susceptibility testing
was performed in accordance with CLSI guidelines
using VITEK� 2 (bioM�erieux SA) or BD PhoenixTM (BD
www.thelancet.com Vol 23 , 2022
Biosciences) automated systems or by the disc diffusion
method.
Definitions
We defined the date of the positive blood culture as the
date that the blood was drawn. BSI onset was defined as
the date of the first positive blood culture. Growth of the
same organism within 14 days was considered the same
BSI event and growth of the same organism after
14 days was considered a new event.13 We defined a BSI
as polymicrobial if an additional sentinel organism was
isolated within 5 days of the first organism. Growth of a
different organism after 5 days was considered a new
event.14 BSIs were classified as community-onset (CO)
if the first positive blood culture was taken during the
first 3 days of hospitalization, and HO if the first positive
blood culture was taken on or after the fourth day, as per
CDC guidance for HO LabID events.13 The antibiotic
resistance profile of each event was determined based
on the antibiogram of the first culture. BSIs were
defined as drug-resistant if at least one of the organisms
fulfilled the following criteria: oxacillin or cefoxitin
resistance for S. aureus, vancomycin or teicoplanin resis-
tance for E. faecalis and E. faecium, extended-spectrum
cephalosporin (3rd and 4th generation) resistance for E.
coli and K. pneumoniae, and non-susceptibility to imipe-
nem or meropenem for E.coli, K. pneumoniae, A. bau-
mannii and P. aeruginosa. E. coli and K. pneumoniae
were considered resistant to extended-spectrum cepha-
losporins if they were resistant to at least one drug in
that class.
Mortality outcome
We examined all-cause mortality at 30 days and 1 year
from BSI onset. For calculations of mortality, only the
first event of BSI for each patient was included.
Statistical analysis
We summarized continuous variables by mean and
standard deviation (SD), and categorical variables by
proportion and 95% confidence interval (CI). Mortality
rates were directly standardized to the Global Burden of
Disease (GBD) reference population.15 We calculated
proportionate mortality as deaths following BSI divided
by all deaths in Israel in 2018. For this calculation, only
BSI events from 2018 were included.

We constructed Kaplan-Meier (KM) curves and used
the log-rank test to compare survival between categories
of age, sex, place of onset and drug resistance. We used
Cox proportional hazards regression to compare the
hazard of death between age groups in patients with
BSI and the hazard of death following BSI between age
groups in the total adult population. For the latter com-
parison, we simulated the Israeli population according
to the age distribution in the years 2018−2019.
3
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YPLL were calculated as the sum of years between age
at death and expected age of death in Israel, by age and
sex, taken from the CBS life tables. Age-standardized
YPLL was calculated for 2018 only using the GBD refer-
ence population and GBD life expectancy tables.15 We cal-
culated the 95% CI for YPLL, by first deriving the 95% CI
for the mean YPLL among patients who died and then
multiplying its boundaries by the number of patients who
died. The 95% CI for the standardized YPLL was calcu-
lated in the same manner, except that the standard devia-
tion for the mean YPLL was calculated for grouped data,
considering each age interval as a group and using the
mean standardized YPLL for each group.

All mortality calculations omitted patients whose
UID was missing or invalid, as they could not be
matched to the death registry. Because we had mortality
data only through April 2020, BSIs from May 2019
onward were not included in the calculations of 1-year
CFR, mortality rate and YPLL.

Our analyses considered only the first BSI in calculat-
ing mortality, but death within 1 year could have been
caused by a repeat BSI closer to the time of death. There-
fore, we performed a sensitivity analysis, in which we cal-
culated 1-year CFR only for patients without recurrent BSI
within a year. The p-value for the sensitivity analysis was
obtained by the chi square goodness of fit test.

All analyses were performed using SAS base version
9.4.
Ethics
This study was approved by the jurisdictional Institu-
tional Review Board (IRB). The requirement for
Figure 1. Pathogen distribution in bloodstream infections by eight
CO: community onset; HO: hospital onset.

Note: Polymicrobial refers to the presence of more than one of t
informed consent was waived for this analysis of
national surveillance data.
Role of the funding source
No funding was received.
Results

Description of BSI events and incidence
A total of 25,376 BSIs by eight sentinel bacteria in 21,811
adults were reported in 2018-2019. (The mean adult
population in those years was 6,068,580). Mean age
was 71¢2 (SD 16¢6) years. For the 25,263 episodes for
which the patient’s sex was listed, 13,343 (52¢8% [95%
CI: 52¢0-53¢2]) were male. BSIs were CO in 17,290 (68¢
1% [67¢6-68¢7]) events and HO in 6,962 (27¢4% [26¢9-
28¢0]) events. The other 1,124 (4¢4% [4¢2-4¢7]) events
were unclassified (missing admission date).

The most common pathogen was E. coli (10,287
events, 40¢5% [39¢9-41¢1]), followed by S. aureus (3,925,
15¢5% [15¢0-15¢9]) and K. pneumoniae (3,760, 14¢8% [14¢
4-15¢3]); 1,663 events (6¢6% [6¢2-6¢9]) were polymicro-
bial. The distribution of pathogens differed by sex and
by place of onset (Figure 1 and Table S1). The onset of E.
coli BSI was in the community in 8,444 events (48¢8%
[48¢1-49¢6] of all CO-BSIs) and in the hospital in 1,349
events (19¢4% [18¢4-20¢3] of all HO-BSIs). K. pneumo-
niae was the predominant pathogen in HO-BSIs (1,361
events, 19¢5% [18¢6-20¢5]). A total of 8,121 BSIs were
classified as drug-resistant (32¢0% [31¢4-32¢6] of all
events). Drug-resistant BSI comprised 4,745/17,290
sentinel bacteria, by sex and place of onset, Israel, 2018−2019.

he eight sentinel bacteria.
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(27¢4% [26¢8-28¢1]) CO-BSIs and 3,072/6,962 (44¢1%
[43¢0-45¢3]) HO-BSIs.

The annual incidence of BSI was 209¢1 BSIs (95%
CI 206¢5−211¢7) per 100,000 adult population. Table
S2 summarizes the pathogen-specific incidence of BSI
by sex and place of onset. Incidence increased exponen-
tially with age (Figure 2). The overall incidence was
higher in males (225¢2 BSIs [221¢4-229¢0] per
100,000), than in females (191¢9 BSIs [188¢5-194¢4] per
100,000), with an IRR of 1¢2 (1¢1-1¢2). However, the
male to female ratio varied with age: in younger adults
(18-39 years) the incidence was lower in males than in
females (IRR 0¢6 [0¢5-0¢6]), while males were at higher
risk at ages ≥40 years (IRR 1¢29,]1¢26-1¢33]) (Table S3).
CFR and mortality rate
Mortality data were available for 90% of patients
(19,650/21,811 for 30-day mortality and 12,948/14,474
patients with 1 year of follow-up for 1-year mortality).
The CFR was 25¢6% (25¢0-26¢2) at 30 days and contin-
ued to rise up to 46¢4% (45¢5-47¢2) at 1 year. The CFR
was higher among males than females; at 30 days 27¢
4% (26¢6-28¢3) vs. 23¢6% (22¢7-24¢4) and at 1 year 49¢
8% (48¢6-51¢0) vs. 42¢6% (41¢3-43¢8) (RR=1¢2 [1¢1-1¢2]
for both 30-day and 1-year CFR). Pathogen-specific CFR,
by sex and place of onset, is presented in Tables S4−S5.
The CFR increased with age (Figure 3 and Tables S6-
S7). The hazard of death increased by 30% for each
additional decade of age (HR=1¢30 [1¢27-1¢34]).

The annual mortality rate was 41¢4 deaths (40¢3-42¢
6) per 100,000 population for 30-day mortality and 74¢
6 deaths (72¢7-76¢4) per 100,000 for 1-year mortality.
Figure 2. Annual incidence (cases/100,000 population) of bloodstrea
group, Israel, 2018-2019.
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The mortality rate per 100,000 was 1¢3-fold higher
among males than females; 46¢6 (44¢8-48¢3) vs. 36¢0
(34¢5-37¢5) at 30 days and 84¢0 (81¢1-86¢9) vs. 64¢2 (61¢
8-66¢7) at 1 year. The mortality rate per 100,000 popu-
lation increased exponentially by age (HR=2¢6 per
decade [2¢5-2¢6]) (Figure 3 and Tables S6-S7). The
annual age-standardized mortality rate (per 100,000)
was 28¢0 (27¢2-28¢8) for 30-day mortality and 50¢8 (49¢
7-51¢9) for 1-year mortality.

The 1-year survival curve of patients with BSI, strati-
fied by age, is presented in Figure 4. In all age groups,
survival continued to decline for a year after the acute
event. The proportion of deaths occurring within
30 days vs. those occurring between 30 days and 1 year
was similar across age groups, with the exception of
patients ≥90 years, in which a higher proportion of
deaths occurred within 30 days (62¢7% [59¢5-65¢8] for
patients ≥90 years vs 55¢4% [54¢0-56¢7] for all other age
groups combined) (Table S8).
Proportionate mortality
In 2018 there were 43,450 deaths among adults in
Israel. For the 9,669 patients with BSI in 2018 for
whom we had mortality data, 2,457 died within 30 days
and 4,427 died within a year. Therefore, BSI proportion-
ate mortality was 5¢7% (5¢4-5¢9) for 30-day mortality and
10¢2% (9¢9-10¢5) for 1-year mortality.
YPLL
Each patient with BSI who died lost on average 13¢2 (SD
9¢8) years of potential life. BSIs (regardless of outcome)
m infections by eight sentinel bacteria in adults, by sex and age

5



Figure 3. Thirty-day and 1−year case fatality rate and mortality rate (per 100,000) of bloodstream infections by eight sentinel bacte-
ria, by age, Israel, 2018-2019.
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led to an average YPLL of 6¢2 (SD 9¢4) years, i.e., prevent-
ing one case of BSI saves on average 6¢2 potential life
years. The annual age-standardized YPLL rate (per
100,000 population) was 548¢7 (529¢5-568¢0) for 30-day
mortality and 1,012¢6 (986¢9-1,038¢3) for 1-year mortality.
Figure 4. One-year survival of patients with bloodstream infec
Place of onset and drug resistance
Of all BSI-associated deaths within 1 year, 33¢8% (32¢6-
35¢1) occurred in HO-BSI (an average of 252 episodes
[241-263] per 1,000,000 population per year), and 36¢
7% (35¢5-38¢0) occurred in drug-resistant BSI (an
tions by eight sentinel bacteria, by age, Israel, 2018−2019.
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average of 274 episodes [263-285] per 1,000,000 popu-
lation per year). The latter translates into an age-stan-
dardized mortality rate of 19¢0 (18¢3-19¢7) per 100,000.
The distribution of BSIs, deaths within 1 year, and YPLL
by place of onset and drug resistance is presented in
Figure 5A. HO-BSI represented 27¢4% (26¢9-28¢0) of
BSI events, 33¢9% (32¢6-35¢0) of deaths, and 39¢9% (39¢
5-40¢2) of YPLL. HO-BSI by drug-resistant bacteria rep-
resented 12¢1% (11¢7-12¢5) of all BSIs, 15¢6% (14¢7-16¢5)
of deaths and 18¢4% (18¢1-18¢7) of YPLL. The average
(SD) YPLL for an adult with BSI (i.e., potential life years
saved by preventing one case of BSI) was 4¢6 (8¢2) years
if the BSI was CO and not drug resistant, 5¢6 (8¢0) years
if CO and drug resistant, 9¢2 (11¢4) years if HO and not
drug resistant, and 11¢3 (11¢9) years if HO and drug
resistant. One-year survival was lower for patients with
HO-BSI (36¢1% [34¢1-37¢8]) compared to CO-BSI (59¢
6% [58¢6-60¢6[). One-year survival was lower for drug-
resistant BSI vs. susceptible BSI, whether CO (48¢8%
[46¢8-50¢9] vs. 63¢3% [62¢1-64¢4]) or HO (27¢1% [24¢7-
29¢5] vs. 42¢3% [40¢0-44¢5]) (Figure 5B).
Sensitivity analysis
Sensitivity analysis excluding 3,228 patients with recur-
rent episodes of BSI within a year (22¢3% of the total
14,474 patients with a 12 months follow-up) had a small
effect on mortality: the 1-year CFR declined 1.5 percent-
age points, from 46¢4% (45¢5-47¢2) to 44¢9% (44¢0-45¢
8) (p=0¢003).
Discussion
We studied adult patients with BSI caused by eight sen-
tinel bacteria, comprising approximately 70% of all
BSIs. We found that nearly 50% of the affected patients
died within 1 year. Death of an affected patient led to an
average loss of 13¢2 potential life years, and each event
of BSI led to an average loss of 6¢2 potential life years.
The annual mortality rate was 74¢6 per 100,000 popula-
tion; these deaths accounted for approximately 10% of
all deaths in Israel, and resulted in an estimated loss of
1,012¢6 potential years of life per 100,000 population.
The study results demonstrate that BSIs are among the
most devastating acute conditions, with dramatic clini-
cal, public health, and societal impacts. These impacts
of BSI are not recognized by the public and by decision-
makers, and may be underestimated by clinicians. This
lack of awareness leads to lack of resources and efforts
to prevent BSIs and their grave consequences.

Mortality statistics are often presented by ranking
causes of death. Data are based on the underlying cause
of death indicated on the death certificate, according to
predefined rules. This process is prone to multiple
biases.16 One bias that leads to under-recognition of BSI
as an important cause of death is that septicemia is
often listed as the cause of death, deflecting attention
www.thelancet.com Vol 23 , 2022
from BSI itself to one of the clinical manifestations of
severe infection.17 Our study was based on a national
surveillance database of BSIs cross-referenced with
patients’ death dates retrieved from the national death
registry. This enabled us to overcome the limitations
related to recording cause of death, and provided a more
objective estimation of mortality following BSI. Our sur-
veillance included only eight sentinel bacteria. These
organisms rank among the top ten most common
organisms isolated from blood cultures in the SENTRY
surveillance program.6 However they are responsible
for approximately 70% of all BSIs in Israel. Thus, the
data presented here underestimate the incidence and
deaths from BSI. While the incidence of BSI by all
pathogens can be extrapolated (i.e., by multiplying the
observed number of BSIs by a factor of 1¢4), the CFR
varies by pathogen and therefore multiplication is too
simplistic and may not yield an accurate estimate.

Population-based studies that are based on validated
laboratory-based surveillance of BSI, preferably from
the entire country, are the gold standard for estimating
the incidence of BSI.18 Previous articles from only two
countries reported on the nationwide incidence of BSI.
These reports were not restricted to specific pathogens
or specific age groups. In England, Wilson et al.
reported a rate of 189 BSIs per 100,000 in 2008.19 In
Finland, the incidence rose from 150 per 100,000 in
2004 to 309 per 100,000 in 2018.4 In comparison, we
found an incidence of 209 per 100,000 which included
only eight pathogens and only adults, or approximately
300 per 100,000 adults if BSIs caused by all pathogens
were captured. These results support the observation
that BSI incidence is rising over time, driven, at least in
part, by the rise in antibiotic resistance.7 Differences in
the definition of BSI episodes between studies, such as
a 2-day window for polymicrobial BSI (vs. 5 days in our
study) and a 30-day time window for a new event (vs.
14 days in our study), may also explain differences in
the incidence reported by different studies.

The reported CFR of BSI in previous population-
based studies considered mainly short-term mortality (i.
e., in-hospital or within 30 days) and ranged between 13-
23% (including both CO- and HO-BSI).2,4,20−24 Long-
term mortality following BSI has been reported only
from Calgary, Canada and from Denmark. The study
from Canada reported a 1-year CFR of 28% in adult
patients with BSI.25 Two regional studies in Denmark
reported a 1-year CFR of 41¢4% and 39¢7%.26,27 To our
knowledge, our study is the first to look at 1-year mortal-
ity following BSI by key bacterial pathogens at the
national level, and therefore provide a comprehensive
assessment of the long-term survival following BSI. We
showed that in all age groups, between 50 and 60% of
the deaths occurred within 30 days, but survival contin-
ued to diminish until 1 year after the BSI event. Leibo-
vici postulated that delayed mortality following
bacteremia may be related to the direct consequences of
7



Figure 5. Bloodstream infection (BSI) events and outcomes by place of onset and drug resistance, Israel, 2018-2019. A) Distribution
of BSI events, deaths within 1 year, and years of potential life lost (YPLL). (Numbers are per 1 million population) B) One-year survival.
CO: community onset; HO: hospital onset.
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infection (e.g., relapse or metastatic complication), an
interaction with exacerbation of underlying disorders (e.
g., cognitive and functional decline), or indirect
consequences (as with other acute events).28 More
research is needed to assess the reasons for increased
long-term mortality after bacteremia, and whether
www.thelancet.com Vol 23 , 2022
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reasons differ between age groups. This knowledge is
necessary in order to formulate appropriate interven-
tions to minimize these sequelae.

Our calculation of the age-standardized BSI-associ-
ated mortality rate and YPLL rate enabled us to compare
the burden of BSI to other acute events as presented in
the GBD report.15 The age-standardized mortality rate
following BSI in Israel (28¢0 per 100,000 for 30-day
mortality or 50¢8 for 1-year mortality) is comparable to
the global death rate from ischemic stroke (36¢6 per
100,000), while the Israeli BSI YPLL rate (548¢7 for 30-
day mortality or 1,012¢6 for 1-year mortality) is even
higher than the global YPLL rate for ischemic stroke
(521¢8 per 100,000). This is worth noting because BSI
has gained much less attention than ischemic stroke.5

Attention motivates actions, and actions lead to results,
as happened with stroke prevention and treatment: suc-
cessful implementation of preventive strategies led to a
dramatic reduction in stroke incidence in high-income
countries.29 For BSI, efforts have focused primarily on
preventing intensive care unit (ICU)-acquired BSI, and
particularly central line-associated BSI.30 However,
most BSIs begin outside the hospital (68% in our study)
or in non-ICU wards.31 Our findings should prompt
decision-makers to direct attention and resources to BSI
prevention. Similarly, advances in early diagnosis and
better treatment may improve in-hospital CFR after
BSI.

The proportion of drug resistance among BSI patho-
gens is increasing, both in community and in nosoco-
mial events.32 We found that HO-BSI, and particularly
HO-BSI by drug-resistant bacteria, contributed 50%
more to YPLL than to BSI incidence. Thus, interven-
tions targeting these high-risk events are particularly
warranted. We estimated the age-standardized mortality
rate following drug-resistant BSI to be 19¢0 per
100,000, concurring with the GBD’s estimates of anti-
microbial resistance.33

This study has several strengths. First, our database
was based on a reliable nationwide surveillance system
of positive blood cultures from all Israeli hospitals,
including admission dates and AST. We used strict defi-
nitions of BSI, HO-BSI and drug-resistant BSI. Second,
we were able to accurately track deaths after discharge,
so that mortality could be assessed up to one year after
BSI. Third, we calculated both mortality rate and YPLL
rate, and were able to compare these estimates to the
global burden of other diseases.

This study also has several limitations. We might
have underestimated the true burden of BSI for the fol-
lowing reasons: 1) Surveillance covered eight sentinel
bacteria, which represent 70% of all BSIs. 2) BSIs may
have gone undetected if blood cultures were not taken
or were taken after the start of antibiotic treatment. 3)
Data on mortality were not available for all patients. On
the other hand, we might have overestimated the bur-
den of BSI for other reasons: 1) We analyzed crude
www.thelancet.com Vol 23 , 2022
mortality and could not establish if death was directly
related to the infection or to the emergence or exacerba-
tion of other conditions. 2) We did not have data on
comorbidities, which may be more prevalent among
patients with BSI. If these comorbidities are associated
with shorter life expectancy, then we may have overesti-
mated YPLL. Another limitation is that we could not
distinguish between community-acquired BSI and
healthcare-associated BSI (e.g., BSI acquired in a nurs-
ing home or outpatient dialysis center). This may have
led to overestimation of the incidence, mortality and
YPLL associated with CO-BSI.

In conclusion, BSI is associated with grave long-term
consequences: nearly 50% of affected patients die
within 1 year. The burden of BSI, which is similar to or
even higher than ischemic stroke, justifies its inclusion
as one of the most important causes of death. Attention
and resources should be directed to prevention, as well
as improved treatment of BSI and follow-up care.
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