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Background. Treatment guidelines recommend rapidly treating all patients with suspected sepsis with broad-spectrum 
antibiotics. This may contribute to antibiotic overuse. We quantified the incidence of antibiotic overtreatment and possible 
antibiotic-associated harms among patients with suspected sepsis.

Methods. We reviewed the medical records of 600 adults treated for suspected sepsis with anti–methicillin-resistant 
Staphylococcus aureus and/or antipseudomonal β-lactam antibiotics in the emergency departments of 7 hospitals, 2019–2022, to 
assess their post hoc likelihood of infection, whether narrower antibiotics would have sufficed in retrospect, and possible 
antibiotic-associated complications. We used generalized estimating equations to assess associations between likelihood of 
infection and hospital mortality.

Results. Of 600 patients, 411 (68.5%) had definite (48.0%) or probable (20.5%) bacterial infection and 189 (31.5%) had possible 
but less likely (18.3%) or definitely no (13.2%) bacterial infection. Among patients with definite/probable bacterial infection, 325 of 
411 (79.1%) received antibiotics that were overly broad in retrospect. Potential antibiotic-associated complications developed in 104 
of 600 (17.3%) patients within 90 days, most commonly new infection or colonization with organisms resistant to first-line agents 
(48/600 [8.0%]). Mortality was higher for patients with less likely/definitely no bacterial infection versus definite/probable bacterial 
infections (9.0% vs 4.9%; adjusted odds ratio [aOR], 2.25 [95% confidence interval{CI}, 1.70–2.98]), but antibiotic-associated 
complication rates were similar (14.8% vs 18.5%; aOR, 0.79 [95% CI, .60–1.05]).

Conclusions. Among 600 patients treated with broad-spectrum antibiotics for possible sepsis, 1 in 3 most likely did not have a 
bacterial infection, 4 in 5 of those with bacterial infections were treated with regimens that were broader than necessary in 
retrospect, and 1 in 6 developed antibiotic-associated complications.
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Sepsis is a major cause of morbidity and mortality globally [1–3]. 
Rapid administration of antibiotics to patients with suspected 
sepsis is a cornerstone of treatment guidelines and quality initia
tives, including the Surviving Sepsis Campaign (SSC) and the US 
Centers for Medicare and Medicaid Services’ Severe Sepsis/ 

Septic Shock Management Bundle (SEP-1) [4–10]. The SSC’s 
and SEP-1’s time-to-antibiotic requirements put frontline pro
viders in the challenging position of needing to act quickly de
spite incomplete diagnostic information whenever sepsis is on 
the differential diagnosis [11, 12]. Experts and professional soci
eties have raised concern that these initiatives may have the un
intended consequence of driving broad-spectrum antibiotic 
overuse in patients with noninfectious conditions and infections 
susceptible to narrower-spectrum agents [13–18].

The prevalence and consequences of antibiotic overtreat
ment for suspected sepsis, however, remain incompletely char
acterized. Previous studies have reported that 20%–40% 
of patients treated with antibiotics for suspected sepsis likely 
had noninfectious conditions or viral infections, but these stud
ies were limited to single healthcare systems or geographic re
gions and were conducted prior to the coronavirus disease 2019 
pandemic [19–22]. Similarly, studies using large electronic 
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health record datasets have found that <10% of patients treated 
for suspected sepsis are infected with resistant organisms, but 
these studies only assessed antimicrobial appropriateness using 
culture results without accounting for patients’ allergies or his
tory of antibiotic-resistant infections, which may have appro
priately influenced prescribing [23, 24]. Finally, studies 
comparing patients treated for suspected sepsis who were ulti
mately found to have infectious versus noninfectious etiologies 
have reported mixed outcomes and did not assess potential 
antibiotic-associated harms [19–21].

We therefore undertook an updated evaluation of patients 
treated with broad-spectrum antibiotics for suspected sepsis 
in 7 emergency departments (EDs) to determine their post 
hoc likelihood of infection and need for broad-spectrum 
agents, potential harms, and outcomes.

MATERIALS AND METHODS

Study Design, Setting, and Patients

We reviewed the medical records of 600 adults treated for sus
pected sepsis (defined as drawing blood cultures, measuring 
lactate [any result], and administering intravenous antibiotics) 
who received broad-spectrum therapy (≥1 intravenous anti– 
methicillin-resistant Staphylococcus aureus [MRSA] and/or 
antipseudomonal β-lactam antibiotic) [23] in the EDs of 7 hos
pitals, in California (University of California, Irvine Medical 
Center, N = 150), Iowa (University of Iowa Hospitals and 
Clinics, N = 150), and Massachusetts (Brigham and Women’s 
Hospital, Massachusetts General Hospital, Brigham and 
Women’s Faulkner Hospital, and Newton-Wellesley Hospital, 
Salem Hospital, N = 300) between 2019 and 2022.

Medical Record Reviews

Study staff abstracted data using standardized REDCap forms 
(Supplementary Appendix) [25] Reviewers were attending 
physicians, fellows, or clinical pharmacists in emergency med
icine, infectious diseases, or pulmonary/critical care. Reviewers 
analyzed all available data from the index hospitalization and 
previous or subsequent encounters including clinical notes, vi
tal signs, biochemical and microbiology results, diagnostic im
aging, and pathology reports. Reviewers classified the post hoc 
likelihood of infection as definite, probable, possible but less 
likely, or definitely no bacterial infection (case definitions 
adapted from previous studies [22] with minor updates for clar
ification based on discussion among the study team; see Box in 
the Supplementary Materials). For definite/probable bacterial 
infections, reviewers assessed the primary source of infection, 
causative organism, whether antibiotics received in the ED 
were adequate to treat the causative pathogen or syndrome, 
and whether narrower antibiotics (eg, ceftriaxone or lower- 
generation cephalosporins) could have sufficed in retrospect. 
Determinations of antibiotic adequacy and necessity were 

based on antibiotic susceptibilities if a causative organism 
was cultured (ie, antibiotics were adequate if the isolate was 
sensitive to that agent, and necessary if the isolate was not sen
sitive to a narrower-spectrum antibiotic), or on presenting syn
drome if no causative organism was identified, including 
history of resistant organisms recovered during the preceding 
3 years. For example, antipseudomonal coverage was consid
ered necessary for culture-negative febrile neutropenia, even 
without positive cultures (see Supplementary Appendix for 
full guidance to reviewers). For patients with possible but less 
likely or definitely no bacterial infection, reviewers assessed 
the most probable alternative etiology. For all patients, review
ers assessed for adverse events potentially related to the initial 
antibiotic course including Clostridioides difficile infection 
with 90 days; new colonization or infection with a resistant or
ganism within 90 days; or acute kidney injury, skin reactions, 
non–C. difficile diarrhea, drug fever, cytopenias, elevated liver 
function tests, delirium, or other antibiotic-associated effects 
during the index hospitalization. Patients’ demographics, ini
tial vital signs, laboratory results, and International 
Classification of Diseases, 10th Revision (ICD-10) discharge di
agnosis codes were electronically extracted. Comorbidities 
were derived from ICD-10 codes using the Agency for 
Healthcare Research and Quality Elixhauser mortality index 
(version 2024.1) [26].

Prior to undertaking chart reviews, consensus definitions for 
likelihood of infection and case examples were reviewed. At 
each site, the first 15 cases were independently reviewed by at 
least 2 reviewers and discrepant cases discussed to encourage 
consensus in how definitions were applied. Thereafter, cases 
were reviewed individually, with challenging cases flagged by 
reviewers for group discussion during monthly investigator 
meetings, and final determinations were based on group con
sensus (see Table 1 for example cases).

Statistical Analysis

Determinations of post hoc likelihood of bacterial infection 
were dichotomized into “definite/probable” and “less likely/ 
definitely not.” Determinations of antibiotic necessity were 
also combined into 2 groups: (1) “likely overtreated,” which in
cluded patients with less likely/definitely no bacterial infection 
or who had definite/likely infection but received antibiotics that 
were broader than necessary in retrospect; and (2) “likely not 
overtreated.” We focused on post hoc determinations of antibi
otic necessity rather than whether antibiotics were “appropri
ate” or “reasonable” at the time of prescribing. Differences 
between groups were assessed using Wilcoxon rank-sum test 
for continuous variables and Pearson χ2 statistic for categorical 
variables.

Generalized estimating equations (GEEs) were fitted to cal
culate adjusted odds ratios (aORs) for in-hospital death based 
on likelihood of bacterial infection. Vital sign and laboratory 
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si

tiv
e 

w
ith

in
 8

 h
ou

rs
 fo

r M
S

S
A

 in
 4

 o
f 4

 b
ot

tle
s 

an
d 

re
m

ai
ne

d 
po

si
tiv

e 
on

 s
er

ia
l b

lo
od

 
cu

ltu
re

s 
fo

r 1
0 

da
ys

. A
n 

in
fe

ct
io

us
 d

is
ea

se
s 

co
ns

ul
ta

tio
n 

in
iti

al
ly

 re
co

m
m

en
de

d 
va

nc
om

yc
in

 a
nd

 o
xa

ci
lli

n 
w

hi
le

 a
w

ai
tin

g 
cu

ltu
re

 s
en

si
tiv

iti
es

, t
he

n 
re

co
m

m
en

de
d 

ox
ac

ill
in

 m
on

ot
he

ra
py

, f
ol

lo
w

ed
 b

y 
ox

ac
ill

in
 

an
d 

da
pt

om
yc

in
 w

he
n 

cu
ltu

re
s 

re
m

ai
ne

d 
po

si
tiv

e.
 F

ur
th

er
 w

or
ku

p 
de

m
on

st
ra

te
d 

ca
rd

ia
c 

ve
ge

ta
tio

ns
 a

nd
 w

id
es

pr
ea

d 
se

pt
ic

 e
m

bo
li 

af
fe

ct
in

g 
th

e 
lu

ng
s,

 c
er

vi
ca

l s
pi

ne
, a

nd
 b

on
es

. H
e 

w
as

 n
ot

 f
el

t t
o 

be
 a

 
ca

nd
id

at
e 

fo
r 

su
rg

ic
al

 in
te

rv
en

tio
n 

gi
ve

n 
pr

og
re

ss
iv

e 
m

ul
tio

rg
an

 f
ai

lu
re

. T
he

 p
at

ie
nt

’s
 f

am
ily

 u
lti

m
at

el
y 

de
ci

de
d 

to
 f

oc
us

 o
n 

hi
s 

co
m

fo
rt

 a
nd

 t
o 

m
in

im
iz

e 
fu

rt
he

r 
in

te
rv

en
tio

ns
. H

e 
di

ed
 in

 t
he

 h
os

pi
ta

l. 
A

dj
ud

ic
at

ed
 a

s 
de

fin
ite

 b
ac

te
ria

l i
nf

ec
tio

n 
ba

se
d 

up
on

 b
lo

od
 c

ul
tu

re
s 

gr
ow

in
g 

M
S

S
A

 w
ith

 m
ul

tip
le

 s
ite

s 
of

 s
ec

on
da

ry
 in

fe
ct

io
n.

 A
nt

ib
io

tic
s 

w
er

e 
de

te
rm

in
ed

 to
 b

e 
ad

eq
ua

te
 b

as
ed

 u
po

n 
or

ga
ni

sm
 s

en
si

tiv
iti

es
 

de
sp

ite
 t

he
 n

ee
d 

fo
r 

a 
se

co
nd

 a
nt

i-M
S

S
A

 a
ge

nt
 la

te
r 

in
 t

he
 h

os
pi

ta
l c

ou
rs

e.
 E

D
 a

nt
ib

io
tic

s 
w

er
e 

ad
ju

di
ca

te
d 

as
 o

ve
rly

 b
ro

ad
 g

iv
en

 t
ha

t 
th

e 
ca

us
at

iv
e 

pa
th

og
en

 (M
S

S
A

) w
ou

ld
 h

av
e 

be
en

 c
ov

er
ed

 b
y 

a 
na

rr
ow

er
-s

pe
ct

ru
m

 a
nt

ib
io

tic
 s

uc
h 

as
 o

xa
ci

lli
n,

 a
nd

 th
er

ef
or

e 
em

pi
ric

 a
nt

i-M
R

S
A

 a
nd

 a
nt

ip
se

ud
om

on
al

 β
-la

ct
am

 a
ge

nt
s 

w
er

e 
br

oa
de

r t
ha

n 
ne

ce
ss

ar
y 

in
 re

tr
os

pe
ct

. T
he

 p
at

ie
nt

 d
id

 d
ev

el
op

 k
id

ne
y 

an
d 

liv
er

 
dy

sf
un

ct
io

ns
, b

ut
 th

es
e 

w
er

e 
de

em
ed

 m
or

e 
lik

el
y 

re
la

te
d 

to
 s

ho
ck

 th
an

 to
 th

e 
an

tib
io

tic
s 

he
 re

ce
iv

ed
 in

 th
e 

E
D

, s
o 

he
 w

as
 a

dj
ud

ic
at

ed
 a

s 
ha

vi
ng

 n
o 

an
tib

io
tic

-a
ss

oc
ia

te
d 

ha
rm

s.
 T

hi
s 

ca
se

 is
 a

no
th

er
 e

xa
m

pl
e 

of
 a

 p
at

ie
nt

 w
ho

se
 a

nt
ib

io
tic

 r
eg

im
en

 in
 t

he
 E

D
 w

as
 r

ea
so

na
bl

e 
gi

ve
n 

hi
s 

fu
lm

in
an

t 
sh

oc
k 

an
d 

m
ul

tio
rg

an
 f

ai
lu

re
, b

ut
 w

hi
ch

 w
as

 a
ls

o,
 in

 r
et

ro
sp

ec
t,

 o
ve

rly
 b

ro
ad

.

P
ro

ba
bl

e 
ba

ct
er

ia
l i

nf
ec

tio
n,
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3/
60

0 
(2

0.
5%

): 
D

oe
s 

no
t m

ee
t c

rit
er

ia
 fo

r d
efi

ni
te

 in
fe

ct
io

n 
bu

t 
ha

s 
a 

co
m

pa
tib

le
 c

lin
ic

al
 s

yn
dr

om
e 

A
N

D
 n

o 
cl

ea
r 

al
te

rn
at

e 
ex

pl
an

at
io

n 
(o

r 
if 

m
ul

tip
le

 p
ot

en
tia

l e
xp

la
na

tio
ns

, b
ac

te
ria

l 
in

fe
ct

io
n 

is
 m

os
t 

lik
el

y)
 (p

ro
ba

bi
lit

y 
50

%
– 

89
%

)

A
 fe

m
al

e 
pa

tie
nt

 in
 h

er
 4

0s
 w

ith
 a

 h
is

to
ry

 o
f c

om
pl

ic
at

ed
 p

re
gn

an
ci

es
, p

re
ec

la
m

ps
ia

-a
ss

oc
ia

te
d 

st
ro

ke
 w

ith
 re

si
du

al
 m

ot
or

 d
efi

ci
ts

 >
5 

ye
ar

s 
pr

io
r t

o 
pr

es
en

ta
tio

n,
 p

ul
m

on
ar

y 
em

bo
lis

m
 o

n 
riv

ar
ox

ab
an

, m
or

bi
d 

ob
es

ity
, a

nd
 o

bs
tr

uc
tiv

e 
sl

ee
p 

ap
ne

a 
pr

es
en

te
d 

to
 th

e 
E

D
 w

ith
 a

cu
te

-o
ns

et
 ri

gh
t l

ow
er

 q
ua

dr
an

t a
bd

om
in

al
 p

ai
n 

an
d 

vo
m

iti
ng

 th
at

 w
ok

e 
he

r f
ro

m
 s

le
ep

, a
s 

w
el

l a
s 

su
bj

ec
tiv

e 
fe

ve
r a

nd
 c

hi
lls

, n
ew

 c
ou

gh
, a

nd
 

sh
or

tn
es

s 
of

 b
re

at
h.

 In
 th

e 
E

D
, h

er
 te

m
pe

ra
tu

re
 w

as
 3

8.
3°

C
, s

he
 w

as
 ta

ch
yc

ar
di

c 
in

 1
10

s 
be

at
s/

m
in

, B
P

s 
w

er
e 

90
s–

10
0s

/6
0s

 m
m

 H
g,

 re
sp

ira
to

ry
 ra

te
 w

as
 2

0 
br

ea
th

s/
m

in
, a

nd
 o

xy
ge

n 
sa

tu
ra

tio
n 

w
as

 9
2%

 o
n 

ro
om

 a
ir.

 H
er

 W
B

C
 c

ou
nt

 w
as

 1
4 

00
0/

L 
w

ith
 9

0%
 n

eu
tr

op
hi

ls
. H

er
 la

ct
ic

 a
ci

d 
w

as
 2

.3
 m

m
ol

/L
 a

nd
 im

pr
ov

ed
 to

 1
.8

 m
m

ol
/L

 o
n 

re
ch

ec
k.

 C
X

R
 s

ho
w

ed
 a

 ri
gh

t m
id

dl
e 

lo
be

 o
pa

ci
ty

 c
om

pa
tib

le
 w

ith
 p

ne
um

on
ia

. 
C

T 
ab

do
m

en
/p

el
vi

s 
sh

ow
ed

 n
o 

in
tr

a-
ab

do
m

in
al

 p
at

ho
lo

gy
 o

th
er

 th
an

 a
 ri

gh
t o

va
ria

n 
cy

st
 w

ith
 ru

pt
ur

e;
 o

f n
ot

e,
 lu

ng
 b

as
es

 w
er

e 
w

el
l i

m
ag

ed
 th

ro
ug

h 
th

e 
bo

tt
om

 a
pp

ro
xi

m
at

el
y 

on
e-

th
ird

 o
f l

un
g 

fie
ld

s 
an

d 
w

er
e 

un
re

m
ar

ka
bl

e 
(n

o 
co

ns
ol

id
at

io
ns

), 
in

cl
ud

in
g 

th
e 

rig
ht

 m
id

dl
e 

lo
be

. S
he

 w
as

 tr
ea

te
d 

w
ith

 p
ip

er
ac

ill
in

-t
az

ob
ac

ta
m

 in
 th

e 
E

D
 fo

r p
os

si
bl

e 
se

ps
is

 d
ue

 to
 p

ne
um

on
ia

 v
s 

in
tr

a-
ab

do
m

in
al

 in
fe

ct
io

n 
an

d 
ad

m
itt

ed
 

to
 th

e 
m

ed
ic

in
e 

flo
or

, w
he

re
 d

ox
yc

yc
lin

e 
w

as
 a

dd
ed

 fo
r p

os
si

bl
e 

pe
lv

ic
 in

fla
m

m
at

or
y 

di
se

as
e.

 A
 g

yn
ec

ol
og

y 
co

ns
ul

ta
tio

n 
fe

lt 
th

e 
ov

ar
ia

n 
cy

st
 w

as
 li

ke
ly

 f
un

ct
io

na
l a

nd
 u

nr
el

at
ed

 to
 th

e 
pr

es
en

ta
tio

n;
 th

ey
 

re
co

m
m

en
de

d 
te

st
in

g 
fo

r g
on

or
rh

ea
 a

nd
 c

hl
am

yd
ia

, w
hi

ch
 w

er
e 

po
si

tiv
e 

an
d 

ne
ga

tiv
e,

 re
sp

ec
tiv

el
y.

 M
ic

ro
bi

ol
og

y 
w

as
 o

th
er

w
is

e 
no

ta
bl

e 
fo

r 1
0 

00
0–

50
 0

00
 m

ix
ed

 o
rg

an
is

m
s 

on
 u

rin
e 

cu
ltu

re
; b

lo
od

 c
ul

tu
re

s 
w

er
e 

ne
ga

tiv
e.

 H
er

 f
ev

er
 a

nd
 h

yp
ox

em
ia

 r
es

ol
ve

d 
ov

er
 2

–3
 d

ay
s 

an
d 

sh
e 

w
as

 d
is

ch
ar

ge
d 

w
ith

 a
m

ox
ic

ill
in

-c
la

vu
la

ni
c 

ac
id

 t
o 

co
m

pl
et

e 
a 

7-
da

y 
co

ur
se

 f
or

 p
ne

um
on

ia
. 

A
dj

ud
ic

at
ed

 a
s 

pr
ob

ab
le

 b
ac

te
ria

l i
nf

ec
tio

n 
ba

se
d 

up
on

 f
ev

er
, m

ild
ly

 e
le

va
te

d 
W

B
C

 c
ou

nt
, p

os
si

bl
e 

fin
di

ng
 o

f 
pn

eu
m

on
ia

 b
as

ed
 o

n 
C

X
R

, w
hi

ch
 w

as
 n

ot
 d

efi
ni

tiv
e,

 a
s 

w
el

l a
s 

a 
po

si
tiv

e 
te

st
 f

or
 g

on
or

rh
ea

 
du

rin
g 

ad
m

is
si

on
; i

t w
as

 n
ot

 d
et

er
m

in
ed

 to
 b

e 
de

fin
ite

 g
iv

en
 th

at
 th

e 
C

X
R

 fi
nd

in
g 

w
as

 n
ot

 c
or

ro
bo

ra
te

d 
on

 (n
on

de
di

ca
te

d)
 C

T 
im

ag
es

, a
nd

 th
e 

po
si

tiv
e 

ba
ct

er
ia

l t
es

t r
es

ul
t f

or
 g

on
or

rh
ea

 d
id

 n
ot

 fi
t p

er
fe

ct
ly

 
w

ith
 h

er
 p

re
se

nt
in

g 
cl

in
ic

al
 s

yn
dr

om
e.

 A
lte

rn
at

iv
e 

no
ni

nf
ec

tio
us

 e
xp

la
na

tio
ns

 w
er

e 
co

ns
id

er
ed

, i
nc

lu
di

ng
 t

ha
t 

th
e 

pr
es

en
ta

tio
n 

w
as

 r
el

at
ed

 t
o 

an
 a

cu
te

ly
 r

up
tu

re
d 

ov
ar

ia
n 

cy
st

 c
om

pl
ic

at
ed

 b
y 

as
pi

ra
tio

n 
pn

eu
m

on
iti

s,
 b

ut
 b

ac
te

ria
l i

nf
ec

tio
n 

w
as

 fe
lt 

to
 b

e 
m

or
e 

lik
el

y 
(>

50
%

). 
H

er
 a

nt
ib

io
tic

s 
w

er
e 

ad
ju

di
ca

te
d 

as
 p

re
su

m
ab

ly
 a

de
qu

at
e 

ba
se

d 
up

on
 c

lin
ic

al
 im

pr
ov

em
en

t a
nd

 o
ve

rly
 b

ro
ad

 g
iv

en
 th

at
 s

he
 d

id
 n

ot
 h

av
e 

an
 o

rg
an

is
m

 id
en

tifi
ed

 t
ha

t 
w

as
 r

es
is

ta
nt

 t
o 

fir
st

-li
ne

 a
ge

nt
s,

 n
or

 a
 h

is
to

ry
 o

f 
re

si
st

an
t 

or
ga

ni
sm

s,
 n

or
 w

as
 a

n 
an

tip
se

ud
om

on
al

 β
-la

ct
am

 r
eq

ui
re

d 
fo

r 
he

r 
pr

es
en

tin
g 

sy
nd

ro
m

e.

A
 m

al
e 

pa
tie

nt
 in

 h
is

 4
0s

 w
ith

 h
is

to
ry

 o
f I

V
 d

ru
g 

us
e 

pr
es

en
te

d 
w

ith
 a

rm
 p

ai
n.

 H
e 

re
po

rt
ed

 a
 re

ce
nt

 in
ju

ry
 a

t w
or

k 
w

he
re

 h
is

 a
rm

 w
as

 c
ut

 b
y 

a 
pi

ec
e 

of
 m

et
al

. T
he

 a
re

a 
de

ve
lo

pe
d 

er
yt

he
m

a 
an

d 
in

du
ra

tio
n 

w
ith

 
so

m
e 

pu
ru

le
nt

 d
ra

in
ag

e;
 h

e 
re

po
rt

ed
 u

nr
oo

fin
g 

an
d 

ex
pr

es
si

ng
 a

dd
iti

on
al

 p
ur

ul
en

t d
ra

in
ag

e 
at

 h
om

e.
 In

 th
e 

E
D

, h
e 

w
as

 a
fe

br
ile

 a
nd

 h
em

od
yn

am
ic

al
ly

 s
ta

bl
e.

 H
is

 W
B

C
 c

ou
nt

 w
as

 e
le

va
te

d.
 H

e 
w

as
 g

iv
en

 
va

nc
om

yc
in

 a
nd

 c
ep

ha
le

xi
n 

an
d 

ad
m

itt
ed

 b
ut

 le
ft

 a
ga

in
st

 m
ed

ic
al

 a
dv

ic
e 

w
ith

 a
 p

re
sc

rip
tio

n 
fo

r a
 c

ou
rs

e 
of

 o
ra

l a
nt

ib
io

tic
s.

 B
lo

od
 c

ul
tu

re
s 

w
er

e 
ne

ga
tiv

e;
 a

 w
ou

nd
 c

ul
tu

re
 w

as
 n

ot
 o

bt
ai

ne
d.

 T
he

 p
at

ie
nt

 d
id

 n
ot

 
ha

ve
 a

ny
 im

m
ed

ia
te

 o
r 

re
le

va
nt

 f
ut

ur
e 

en
co

un
te

rs
 in

 t
he

 h
ea

lth
ca

re
 s

ys
te

m
. 

A
dj

ud
ic

at
ed

 a
s 

pr
ob

ab
le

 b
ac

te
ria

l i
nf

ec
tio

n 
ba

se
d 

up
on

 d
es

cr
ip

tio
n 

of
 p

ur
ul

en
t d

ra
in

ag
e 

fr
om

 th
e 

w
ou

nd
; n

ot
 d

efi
ni

te
 g

iv
en

 n
o 

cu
ltu

re
 o

r i
m

ag
in

g 
ob

ta
in

ed
. A

nt
ib

io
tic

s 
w

er
e 

ad
ju

di
ca

te
d 

as
 a

de
qu

at
e 

ba
se

d 
up

on
 p

re
su

m
pt

io
n 

of
 im

pr
ov

em
en

t,
 a

nd
 w

er
e 

co
ns

id
er

ed
 n

ot
 t

o 
be

 o
ve

rly
 b

ro
ad

 b
as

ed
 u

po
n 

hi
s 

pr
es

en
tin

g 
sy

nd
ro

m
e 

(s
ev

er
e 

sk
in

/s
of

t 
tis

su
e 

in
fe

ct
io

n 
w

ith
 p

ur
ul

en
t 

dr
ai

na
ge

 c
om

pa
tib

le
 w

ith
 M

R
S

A
).

P
os

si
bl

e 
bu

t 
le

ss
 li

ke
ly

 b
ac

te
ria

l i
nf

ec
tio

n,
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0/

60
0 

(1
8.

3%
): 

P
ot

en
tia

lly
 c

om
pa

tib
le

 c
lin

ic
al

 s
yn

dr
om

e 
an

d/
or

 c
ul

tu
re

s,
 m

ay
 h

av
e 

re
ce

iv
ed

 c
ou

rs
e 

of
 a

nt
ib

io
tic

s,
 b

ut
 p

ot
en

tia
l a

lte
rn

at
iv

e 
di

ag
no

si
s 

m
or

e 
lik

el
y 

(in
cl

ud
in

g 
vi

ra
l 

in
fe

ct
io

n 
w

ith
ou

t 
ba

ct
er

ia
l s

up
er

in
fe

ct
io

n)
 

(p
ro

ba
bi

lit
y 

11
%

–4
9%

)

A
 m

al
e 

pa
tie

nt
 in

 h
is

 8
0s

 w
ith

 h
is

to
ry

 o
f e

nd
-s

ta
ge

 li
ve

r d
is

ea
se

 d
ue

 to
 a

lc
oh

ol
ic

 c
irr

ho
si

s 
co

m
pl

ic
at

ed
 b

y 
kn

ow
n 

es
op

ha
ge

al
 v

ar
ic

es
, a

sc
ite

s,
 p

re
vi

ou
s 

sp
on

ta
ne

ou
s 

ba
ct

er
ia

l p
er

ito
ni

tis
, h

ep
at

or
en

al
 s

yn
dr

om
e,

 
at

ria
l fi

br
ill

at
io

n 
no

t 
on

 a
nt

ic
oa

gu
la

tio
n,

 a
nd

 r
ec

en
t 

ad
m

is
si

on
 f

or
 in

flu
en

za
 c

om
pl

ic
at

ed
 b

y 
se

co
nd

ar
y 

M
R

S
A

 p
ne

um
on

ia
 a

nd
 M

R
S

A
 b

ac
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values were transformed into binary variables using clinically 
relevant cutoffs. Rates of missingness were low; all missing lab
oratory values were presumed normal except for missing lac
tate (n = 1), and this record was excluded from analysis. 
Variable selection was performed based on the corrected quasi- 
likelihood information criterion using a forward stepwise 
search algorithm, allowing for inclusion of up to 5 covariates. 
Robust variance estimates incorporating small-sample adjust
ment were obtained [27]. These variance estimates were then 
used to compute 95% confidence intervals (CIs) and P values. 
A sensitivity analysis was performed to examine the association 
between likelihood of bacterial infection and a composite out
come of death or discharge to hospice. Associations between 
likelihood of bacterial infection and antibiotic overtreatment 
on a composite outcome of any antibiotic-associated complica
tions were also evaluated using GEE models. Data preparation 
and analysis were performed using SAS version 9.4 (2016, Cary, 
North Carolina) and Stata version 17 (2022, College Station, 
Texas) software. Reporting of the study adheres to 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines for observational research. 
The study was approved by the institutional review boards of 
each study site.

RESULTS

Study Cohort, Clinical Characteristics, and Outcomes

Among 46 245 patents treated for suspected sepsis in the ED 
during the study period, 26 550 (57.4%) received anti-MRSA 
and/or antipseudomonal β-lactam antibiotics, of whom 600 
were randomly selected for review (Figure 1). Median age 
was 64 (interquartile range [IQR], 51.5–75) years, 329 
(54.8%) were male, 418 (69.7%) were non-Hispanic White, 
and comorbidities were common (median Elixhauser score, 9 
[IQR, 1–18]). Median hospital length of stay was 6 (IQR, 4– 
10) days, 37 of 600 died in hospital (6.2%), and 39 of 600 
were discharged to hospice (6.5%) (Table 2). Sepsis was explic
itly documented on the differential diagnosis of ED providers 
for 379 of 600 (63.2%) patients, and sepsis or a bacterial infec
tion was identified as the most likely final diagnosis per ED pro
viders in 521 of 600 (86.6%).

The most common antibiotics administered in the ED were 
vancomycin (386/600 [64.3%]), cefepime (284/600 [47.3%]), 
piperacillin-tazobactam (233/600 [38.8%]), and metronidazole 
(69/600 [11.5%]) (Figure 2). Of 600 patients, 403 (67.2%) re
ceived at least 1 anti-MRSA antibiotic and 530 (88.3%) received 
at least 1 antipseudomonal β-lactam. Median duration of anti
biotics (including discharge courses) was 9 (IQR, 5–16) days.

Likelihood of Bacterial Infection in Retrospect

Among the 600 cases, 288 (48.0%) cases were adjudicated as 
definite bacterial infection, 123 (20.5%) probable bacterial 

infection, 110 (18.3%) possible but less likely bacterial infec
tion, and 79 (13.2%) definitely no bacterial infection. 
Twenty-seven of 600 (4.5%) cases were flagged for group dis
cussion as challenging cases. The definite/probable bacterial in
fection group included more men and had lower Elixhauser 
mortality scores compared to the less likely/definitely not in
fected group but were otherwise demographically similar. 
Compared to the less likely/definitely not infected group, defi
nite/probable infection cases had longer lengths of stay (medi
an, 7 [IQR, 4–10] vs 6 [IQR, 4–9] days) and antibiotic courses 
(median, 12 [IQR, 8–18] vs 4 [IQR, 2–7] days) (Table 2).

Among patients with definite/probable bacterial infection, 
the most common sources of infection were urinary (91/411 
[22.1%]), skin/soft tissue (83/411 [20.2%]), and pulmonary 
(76/411 [18.5%]). Causative bacterial organisms were identified 
in 257 of 411 patients (62.5%), most commonly Escherichia coli 
(56/411 [13.6%]), S. aureus (41/411 [10.0%]), Streptococcus spe
cies (31/411 [7.5%]), and Klebsiella species (31/411 [7.5%]) 
(Supplementary Figure 1). Sixty-one of 256 (23.8%) patients 
with a causative organism identified required coverage 
broader than ceftriaxone in retrospect, most commonly for 
Enterobacterales resistant to ceftriaxone (24/256 [9.4%]) or 
Pseudomonas aeruginosa (17/256 [6.6%]) (Supplementary 
Table 1 for infection details).

Antibiotic Adequacy in Retrospect

Among patients with definite/probable infection, 377 of 411 
(91.7%) received antibiotics that were definitely (237/411 
[57.7%]) or presumably (140/411 [34.1%]) adequate against 
the causative pathogen or syndrome. Of 34 patients who defi
nitely (31/411 [7.5%]) or presumably (3/411 [0.7%]) did not re
ceive adequate antimicrobials, 21 (61.8%) had a causative 
pathogen resistant to first-line agents, most commonly 
Enterobacterales resistant to ceftriaxone (10/34 [29.4%]), 
vancomycin-resistant enterococci (5/34 [14.7%]), or C. difficile 
infection (5/34 [14.7%]) (Supplementary Table 2). The propor
tions of patients receiving each of the 8 most commonly pre
scribed intravenous antibiotics in the ED did not differ 
between those who received adequate versus inadequate antibi
otics in retrospect (Supplementary Table 3).

Need for Extended-Spectrum Antibiotics in Retrospect

Empiric anti-MRSA antibiotics were necessary in retrospect in 
84 of 403 patients (20.8%) based on presenting syndrome (eg, 
severe skin/soft tissue infection without positive cultures; 57/ 
84 [67.9%]), resistant gram-positive organisms (22/84 
[26.2%]), or documented antibiotic allergies (5/84 [6.0%]). 
Empiric antipseudomonal β-lactam antibiotics were necessary 
in 99 of 530 patients (18.7%) based on presenting syndrome 
(eg, neutropenic fever, 55/99 [55.6%]) or P. aeruginosa or other 
ceftriaxone-resistant organism identified (44/99 [44.4%]). 
Twenty-two of 411 patients (5.3%) received antipseudomonal 
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carbapenems in the ED; in retrospect, these were necessary in 
13 of 22 (59.1%) due to isolation of extended-spectrum 
β-lactamase–type organisms (7/13 [53.8%]), presenting syn
drome and prior microbiology (4/13 [30.8%]), or allergies 
(2/13 [15.4%]). Among patients who received inadequate anti
biotics for their presenting pathogen or syndrome, 26 of 34 
(76.5%) also received at least 1 antibiotic that was unnecessarily 
broad in retrospect.

Altogether, 325 of 411 (79.1%) patients adjudicated as defi
nite/probable infection received antibiotics that were unneces
sarily broad in retrospect and 189 of 600 patients had less likely 
or definitely no bacterial infection. Thus, 514 of 600 (86.7%) pa
tients may have been overtreated in retrospect.

Figure 1. Study flowchart. aAntibiotics received in the emergency department either did not have activity against the ultimate causative pathogen in retrospect or, if no 
causative pathogen was identified, then the antibiotics were judged inadequate based upon presenting syndrome and/or clinical response to prescribed antibiotics; for ex
ample, vancomycin and cefepime could be both inadequate and broader than necessary in retrospect in a patient presenting with Clostridioides difficile infection (see 
Supplementary Table 2 for details). Abbreviations: ED, emergency department; IV, intravenous; MRSA, methicillin-resistant Staphylococcus aureus.
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Alternative Etiologies in Patients With Lower Likelihood of Bacterial 
Infection in Retrospect

Among patients with less likely or definitely no bacterial infec
tion, the most common etiologies were viral, fungal, or parasitic 
infections (39/189 [20.6%]), hematologic/oncologic disease 
(25/189 [13.2%]), and gastrointestinal disease (eg, acute liver 
failure [n = 4], gastrointestinal bleed [n = 4], and acute 

pancreatitis [n = 3]; 23/189 [12.2%]) (Supplementary 
Table 4). Twenty-seven of 189 (14.3%) had tests positive for a 
specific viral, fungal, or parasitic infection without evidence 
of bacterial coinfection, most commonly severe acute respirato
ry syndrome coronavirus 2 (n = 10) and influenza (n = 6). 
Twelve patients had presumed viral infection without positive 
viral polymerase chain reaction or antigen testing.

Table 2. Demographics and Clinical Characteristics of Included Patients by Post Hoc Likelihood of Bacterial Infection at Time of ED Presentation

Characteristic
All 

(N = 600 [100%])

Definite/ 
Probable 

(n = 411 [68.5%])

Possible but Unlikely/Definitely 
Not 

(n = 189 [31.5%]) P Value

Age, y, median (IQR) 64 (51.5–75) 64 (50–75) 65 (55–76) .13

Male sex 329 (54.8) 239 (58.2) 90 (47.6) .02

Race/ethnicity .13

Hispanic, any race 89 (14.8) 59 (14.4) 30 (15.9)

Non-Hispanic Black 35 (5.8) 18 (4.4) 17 (9.0)

Non-Hispanic White 418 (69.7) 293 (71.3) 125 (66.1)

Non-Hispanic other (American Indian, Asian, Pacific Islander, ≥2, 
“other”)

58 (9.7) 41 (10.0) 17 (9.0)

Select comorbidities

Cancera 167 (27.8) 110 (26.8) 57 (30.2) .39

Congestive heart failure 101 (16.8) 65 (15.8) 36 (19.1) .33

Chronic lung disease 120 (20) 78 (19.0) 42 (22.2) .36

Diabetesb 146 (24.3) 96 (23.4) 50 (26.5) .41

Neurologic diseasec 93 (15.5) 68 (16.6) 25 (13.2) .30

Kidney diseased 106 (17.7) 70 (17) 36 (19.1) .55

Obesity 76 (12.7) 52 (12.7) 24 (12.7) .99

Dementia 39 (6.5) 27 (6.6) 12 (6.4) .92

Hypertensione 280 (46.7) 180 (43.8) 100 (52.9) .04

Elixhauser 30-d mortality score, median (IQR) 9 (1–18) 8 (0–17) 11 (3–18) .08

Admission from facility or hospice 83 (13.8) 61 (14.8) 22 (11.6) .29

Hospitalization last 90 d 265 (44.2) 176 (42.8) 89 (47.1) .33

Sepsis or bacterial infection leading or most likely diagnosis per ED 521 (86.6) 388 (94.4) 133 (70.4) <.01

ICU admission (from ED) 133 (22.2) 87 (21.2) 46 (24.3) .39

Admitting service .23

Medical 540 (90.0) 364 (88.6) 176 (93.1)

Surgical 48 (8.0) 38 (9.3) 10 (5.3)

Other 12 (2.0) 9 (2.1) 3 (1.6)

Clinical duration, d, median (IQR)

Length of stay in hospital 6 (4–10) 7 (4–10) 6 (4–9) <.01

Days of antibiotics in the hospital 5 (3–8) 6 (4–9) 3 (2–6) <.01

Days of antibiotics in hospital plus discharge 9 (5–16) 12 (8–18) 4 (2–7) <.01

Days of MRSA antibiotics in the hospital 2 (1–4) 2 (1–4) 1 (0–2) <.01

Days of antipseudomonal β-lactams in hospital 3 (1–5) 3 (2–5) 2 (1–4) <.01

Discharge disposition .14

Home 389 (64.8) 279 (67.9) 110 (58.2)

In-hospital death 37 (6.2) 20 (4.9) 17 (9.0)

Hospice 39 (6.5) 25 (6.1) 14 (7.4)

Non–acute care facility 121 (20.2) 77 (18.7) 44 (23.3)

Acute care hospital transfer (non-MGB) 10 (1.7) 8 (2) 2 (1.1)

Patient-directed discharge 4 (0.7) 2 (0.5) 2 (1.1)

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

Abbreviations: ED, emergency department; ICU, intensive care unit; IQR, interquartile range; MGB, Mass General Brigham; MRSA, methicillin-resistant Staphylococcus aureus.
aCancer includes codes for leukemia, lymphoma, metastatic cancer, solid tumor without metastasis in situ, solid tumor without metastasis malignant.
bDiabetes includes codes for diabetes with chronic complications and diabetes without chronic complications.
cNeurologic disease includes codes for neurologic disorders affecting movement, seizures and epilepsy, and other neurologic disorders.
dKidney disease includes codes for renal failure moderate and renal failure severe.
eHypertension includes codes for hypertension complicated and hypertension uncomplicated.
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A

B

C

Figure 2. Comparison of antibiotics received in the emergency department (ED) (A), severity of illness (B), and outcomes by post hoc infection likelihood category (C ). aOther 
antibiotics administered in the ED: ceftazidime (9), aztreonam (6), clindamycin (6), ampicillin-sulbactam (5), doxycycline (5), levofloxacin (4), ciprofloxacin (3), ertapenem (3), 
tobramycin (3), cefazolin (2), cefotetan (2), acyclovir (1), ampicillin (1), daptomycin (1), meropenem-vaborbactam (1), rifampin (1), and trimethoprim-sulfamethoxazole (1). bUnits 
of measurement: fever (°C), hypotension (mm Hg), tachypnea (breaths/min), hypoxemia (percentage oxygen saturation), lactate (mmol/L), creatinine (mg/dL), bilirubin (mg/dL), 
platelets (platelets/μL), white blood cell count (cells/μL). cOther antibiotic-associated harms within 90 days of ED visit: unspecified other (19), non–Clostridioides difficile 
diarrhea (8), uncomplicated rash (6), cytopenias (4), elevated liver function tests (2), and delirium (2). Abbreviations: C. diff, Clostridioides difficile; O2, oxygen; RR, respiratory 
rate; SBP, systolic blood pressure; WBC, white blood cell count.
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Patient Outcomes

Mortality
In-hospital mortality for patients with less likely/definitely no 
bacterial infection was 17 of 189 (9.0%) versus 20 of 411 
(4.9%) for patients with definite/likely bacterial infection, for 
a crude odds ratio of 1.93 (95% CI, 1.26–2.95). In adjusted anal
ysis, patients with less likely/definitely no bacterial infection 
had an aOR for death of 2.25 (95% CI, 1.70–2.98) versus those 
with definite/likely bacterial infections. Results were similar for 
the combined outcome of in-hospital death or discharge to hos
pice (aOR, 1.66 [95% CI, 1.22–2.26]) (see Supplementary 
Tables 5 and 6 for model results).

Antibiotic-Associated Complications
Overall, 104 of 600 patients (17.3%) developed potential 
antibiotic-associated complications, most commonly coloniza
tion or infection with new resistant organisms (48/600 [8.0%]), 
acute kidney injury (16/600 [2.7%]), and C. difficile infection 
(12/600 [2.0%]). The overall incidence of potential 
antibiotic-associated harm was similar in patients with defi
nite/likely bacterial infection (76/411 [18.5%]) versus less like
ly/definitely no bacterial infection (28/189 [14.8%]; see 
Supplementary Table 7), for an aOR of 0.79 (95% CI, .60– 
1.05). The overall incidence of antibiotic-associated harm was 
also similar in patients deemed in retrospect to have been over
treated (ie infection unlikely or antibiotics overly broad) versus 
not overtreated (86/514 [16.7%] vs 18/86 [20.9%]), for an aOR 
0.70 (95% CI, .37–1.32).

DISCUSSION

Among 600 patients treated with anti-MRSA and/or antipseu
domonal antibiotics for suspected sepsis in the EDs of 7 hospi
tals across 3 states, approximately 1 in 3 were retrospectively 
adjudicated as unlikely to have had a bacterial infection on pre
sentation (ie, unnecessary coverage). Among the two-thirds 
who likely did have bacterial infections, antibiotics were broad
er than necessary in retrospect for 4 of 5 patients (ie, overly 
broad coverage). All told, 86% of patients may have been over
treated in retrospect. This far outnumbers the 8% of patients 
who were undertreated with inadequate empiric regimens, 
most of whom also received unnecessarily broad antibiotics 
in retrospect.

Our findings support the concern that in the setting of sepsis 
policies that require rapid administration of broad-spectrum 
antibiotics, empiric antibiotics for suspected sepsis are often 
unnecessary or broader than necessary in retrospect. Previous 
studies have also found that substantial proportions (18%– 
43%) of patients treated for sepsis in the ED or intensive care 
unit have low post hoc likelihoods of bacterial infection [19– 
22]. Others have also reported that 70%–90% of patients treated 
with broad-spectrum regimens could have been managed with 

narrower-spectrum regimens [23, 24]. Our study extends these 
investigations, however, by using detailed chart reviews con
ducted by experienced clinicians to consider factors that might 
have influenced antibiotic necessity beyond microbiology re
sults alone, including patients’ presenting syndromes, allergies 
to narrower-spectrum agents, and prior history of 
multidrug-resistant organisms.

We also found that 17% of patients experienced at least 1 ad
verse effect potentially attributable to their antibiotics, regardless 
of whether they were subsequently deemed to have had a bacterial 
infection, and regardless of whether treatment was overly broad. 
Our estimate is similar to a previous single-center study that re
ported 20% of general medical ward patients treated with antibi
otics suffered potential antibiotic-related adverse effects [28]. 
We did note fewer antibiotic adverse effects in patients with un
likely bacterial infections versus those with likely bacterial infec
tions, perhaps because the former were treated with shorter 
courses. Future interventions to encourage rapid de-escalation 
may further reduce the risk of antibiotic-associated harms, in
cluding development of new multidrug-resistant organisms 
[29, 30].

Our observation that patients with less likely/no definite bac
terial infection were more likely to die than those with definite/ 
likely bacterial infection, even after adjusting for other risk fac
tors, contributes to the mixed literature on this topic [20, 21]. 
Poor outcomes in this cohort most likely reflect the severe irre
versible nature of some of these patients’ noninfectious condi
tions (eg, progressive cancer), but the initial suspicion for sepsis 
and decision to prioritize antibiotics may also have contributed 
to delays in diagnosing and/or treating patients’ true causative 
conditions. Antibiotic-associated harms were similar in both 
groups.

Importantly, by distinguishing between antibiotic coverage 
that is unnecessary versus overly broad in retrospect, our 
study helps to disentangle the concept of antibiotic overtreat
ment and identify actionable responses. Given the adverse 
consequences of antibiotic delays in true sepsis (particularly 
septic shock) and the difficulty rapidly ruling out sepsis in 
some patients, some unnecessary antibiotic administration 
for potential sepsis in the ED setting is likely unavoidable 
[7, 31–33]. Future studies may support modified clinical 
guidelines or the use of rapid diagnostic testing to aid in iden
tifying patients in whom antibiotics may be safely withheld. 
However, there is likely an immediate opportunity to reduce 
overly broad antibiotic coverage by refining guidelines for 
the use of extended-spectrum coverage in the setting of poten
tial sepsis. Computerized clinical decision support tools may 
prove useful in helping clinicians to prescribe more narrowly 
by estimating the probability that infection is caused by a 
multidrug-resistant pathogen, similar to those that have 
been shown to reduce antibiotic overtreatment in hospitalized 
patients with urinary tract infection and pneumonia [34, 35]. 
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Our data may also help inform ongoing discussions of the po
tential risks and benefits of guidelines and policies that incen
tivize early broad-spectrum antibiotics for all patients with 
possible sepsis.

Our study has limitations. First, determining the likelihood 
of bacterial infection can be subjective, especially in patients 
who have no objective evidence of infection. To mitigate this, 
we used a structured approach to medical record review with 
a priori definitions, actively discussed challenging cases, and 
made final determinations by consensus. Second, we may 
have undercounted antibiotic-resistant infections that merited 
broad-spectrum regimens because we focused on recovered 
pathogens and identifiable syndromes; some patients with neg
ative or pan-susceptible cultures may have had 
antibiotic-resistant infections at uncultured sites. Conversely, 
some culture-negative patients adjudicated as requiring 
anti-MRSA or antipseudomonal therapy based on presenting 
syndromes or prior history of multidrug-resistant organisms 
may not actually have been infected with resistant organisms 
requiring those agents. Third, because our inclusion criteria re
quired receipt of anti-MRSA and/or antipseudomonal β-lactam 
antibiotics (57.4% of the total population of patients treated for 
suspected sepsis), our estimates of antibiotic appropriateness 
and safety are specific to patients treated with extended- 
spectrum agents and cannot be extrapolated to patients treated 
with narrower agents. Fourth, it is impossible to be certain 
whether the adverse events we abstracted were due to patients’ 
initial empiric antibiotics versus subsequent antibiotics or oth
er causes. Fifth, although our study included 7 hospitals (in
cluding 3 academic and 4 community hospitals) from 3 
geographic regions, our findings may not be generalizable to 
all hospitals, particularly institutions with higher rates of anti
microbial resistance.

CONCLUSIONS

In retrospect, nearly 1 in 3 patients treated with anti-MRSA 
and/or antipseudomonal β-lactams in the ED for suspected 
sepsis were unlikely to have had a bacterial infection, 4 of 5 pa
tients with likely or definite bacterial infections received antibi
otics that were overly broad in retrospect based upon their 
antibiotic sensitivities (in culture-positive infection) or pre
senting syndrome (in culture-negative infection), and 1 in 6 pa
tients developed antibiotic-associated complications. Cases 
with low post hoc likelihood of infection were more likely to 
die compared to those with definite/probable bacterial infec
tion but suffered similar rates of antibiotic-associated harms. 
These findings have important implications for antibiotic stew
ardship efforts in the face of ongoing quality improvement and 
policy initiatives that seek to speed delivery of broad-spectrum 
antibiotics for patients with suspected sepsis.
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