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Abstract
Purpose Antimicrobial resistance increases with the use of broad-spectrum antibiotics. Studies evaluating antibiotic stew-
ardship are in high demand. Is piperacillin/tazobactam non-inferior to carbapenems regarding 30-day mortality among 
patients with bloodstream infections caused by extended-spectrum beta-lactamase-producing Enterobacterales?
Methods This retrospective, multicenter, non-inferiority, cohort study assessed adult patients with bloodstream infections 
caused by extended-spectrum beta-lactamase-producing Enterobacterales in southern Sweden from 2013 to 2022. Patients 
were	categorized	according	to	the	first	therapy	they	received	two	consecutive	doses	of	(piperacillin/tazobactam	or	a	carbape-
nem). The primary outcome was 30-day all-cause mortality, measured from when the positive blood cultures were taken. The 
absolute	risk	difference	for	this	outcome	was	calculated	for	all	patients,	and	two	propensity	score	matched	cohorts	(empiri-
cal	and	effective),	with	two	different	delta	limits	(5%	and	2%).	Secondary	outcomes	included	intensive	care	unit	admission,	
early clinical response, superinfections, relapsed infection and one-year mortality.
Results A total of 644 patients were included. In the piperacillin/tazobactam group, 26/309 patients met the primary out-
come,	compared	to	27/335	patients	in	the	carbapenem	group.	The	absolute	risk	difference	(-0.4%)	was	statistically	signifi-
cant	in	the	propensity	score	matched	empirical	cohort	[1-sided	97.5%	confidence	interval]:	-∞	to	4.0,	p = 0.008). Piperacillin/
tazobactam was non-inferior to carbapenems for all the secondary outcomes in the same cohort, except for the early clinical 
response.
Conclusion Our	findings	indicate	that	piperacillin/tazobactam	is	non-inferior	to	carbapenems	for	treating	extended-spectrum	
beta-lactamase-producing	Enterobacterales	bloodstream	infections,	with	an	acceptable	5%	increase	in	30-day	mortality.	We	
suggest that piperacillin/tazobactam should be used more frequently to decrease antimicrobial resistance.

Keywords 30-day mortality · Antimicrobial resistance · Enterobacterales · Extended-spectrum beta-lactamase · Non-
inferiority · Propensity score matching
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Introduction

In 2019, nearly 5 million deaths worldwide, were associated 
with	bacterial	antimicrobial	resistance	(AMR),	with	an	esti-
mated	33,000	people	dying	annually	from	AMR	in	Europe.	
The majority of these deaths are caused by third-generation 
cephalosporin-resistant Enterobacterales [1].	Data	from	29	
European	countries	showed	that	13.8%	of	invasive	E. coli 
isolates expressed third-generation cephalosporin resistance 
in	2021.	The	corresponding	number	 in	Sweden	was	7.1%	
[2].

In addition to the emergence of Extended-spectrum 
beta-lactamase	(ESBL)-producing	Enterobacterales	(EPE),	
carbapenem-resistant Enterobacterales are increasing in 
Europe, posing an even larger threat [3].	The	widespread	
use	of	carbapenems	promotes	the	increase	of	AMR	among	
bacteria against this group of antibiotics, with compara-
tively low toxicity [4].	The	importance	of	antibiotic	stew-
ardship	to	decrease	AMR	is	widely	accepted	by	the	medical	
society	and	effective	strategies	are	in	high	demand	[5].

One feasible strategy for decreasing the rate of car-
bapenem-resistance is to explore the carbapenem-sparing 
alternatives.	 Several	 studies	 have	 examined	 the	 efficacy	
of	β-lactam-β-lactamase	 inhibitors	 (BLBLIs)	 in	 infections	
with	EPE,	with	conflicting	results	[6].	The	potential	inocu-
lum	effect,	where	some	antibiotics	are	less	effective	against	
a high bacterial load, has been suggested as an explanation 
for	poorer	outcome	with	BLBLIs	[7].

Furthermore, one randomized controlled trial, albeit 
criticized,	has	 failed	 to	prove	 the	non-inferiority	of	BLB-
LIs compared to carbapenems, regarding 30-day mortality 
in bloodstream infections with EPE [8].	 A	 recent	 meta-
analysis only found increased mortality in patients treated 
with	 the	BLBLI	 piperacillin/tazobactam	 (PTZ),	 compared	
to carbapenems, when the source of infection was other than 
urinary/biliary tract [9].

The main aim of this study was to test the non-inferiority 
of	 PTZ	 against	 carbapenems,	 primarily	 regarding	 30-day	
mortality, in patients with bloodstream infection with EPE 
in Sweden, between 2013 and 2022.

Methods

Study design and setting

This retrospective, multicenter, non-inferiority, cohort study 
was set in the south of Sweden between 2013-05-26 and 
2022-12-31 and included patients from all 9 public emer-
gency care hospitals in the region of Skåne, with approxi-
mately 1.4 million inhabitants [10].	The	starting	date	of	the	
study was chosen when the current system of electronic 

medical records was introduced. Earlier medical records 
were not available for review. Data was collected between 
2024-01-07 and 2024-05-01. The protocol and research 
question were framed before gathering of data. Patient iden-
tification	and	data	collection	were	done	in	retrospect	from	
registries and medical records.

Participants

Patients	with	 bloodstream	 infection	 (BSI)	with	EPE	were	
identified	from	laboratory	reports.	If	an	individual	had	mul-
tiple	episodes	of	EPE	BSI	(not	including	relapsed	infection,	
as described below) during the study period, only one ran-
dom episode was selected.

Patients	were	divided	into	two	groups	based	on	the	first	
type	of	antibiotic	 they	 received	 in	 two	consecutive	doses:	
either	PTZ	or	a	carbapenem.	The	optimal	doses	of	antimi-
crobials to appoint patients to a representative treatment 
group	are	unknown.	We	chose	two	doses,	as	the	initial	ther-
apy is arguably the most crucial for severely ill patients [11].

Inclusion	 criteria	 were	 age	≥	18	 years,	 monomicrobial	
BSI	due	to	EPE,	and	antibiotic	treatment	with	PTZ	or	a	car-
bapenem with minimum two dosages.

Exclusion criteria included previous administration 
of	 effective	 antibiotics	 other	 than	 PTZ/carbapenems	 for	
the	 same	 BSI	 (Pneumocystis	 prophylaxis	 was	 allowed),	
unavailable or missing parts of medical records, administra-
tion	of	PTZ/carbapenems	within	48	h	prior	 to	 the	 time	of	
inclusion	(i.e.	baseline,	defined	as	the	time	when	blood	cul-
tures were drawn), palliative care at baseline, more than one 
switch	 between	 PTZ	 and	 a	 carbapenem	 and	 carbapenem-
resistant EPE.

Variables and definitions

The primary outcome was 30-day all-cause mortality, mea-
sured from when the positive blood cultures were taken 
(baseline).	 Secondary	 outcomes	were	 ICU	 admission	 and	
early	clinical	response.	Early	clinical	response	was	defined	
as	normal	vital	signs	on	day	4	after	the	initiation	of	effective	
therapy:	heart	rate	≤	100	bpm,	temperature	≤	37.8℃,	respira-
tory	rate	≤	24/min,	systolic	blood	pressure	≥	90	mmHg,	oxy-
gen	saturation	≥	90%	without	supplemental	oxygen	[12].	In	
cases where vital sign data were missing, the absence of val-
ues was interpreted as normal. For an early clinical response 
to be achieved, all parameters were required to be within 
normal ranges. Additional secondary outcomes were super-
infection	 (candidiasis	 and/or	Clostridioides difficile infec-
tion	during	the	hospital	stay),	relapsed	infection	(defined	as	
a second positive blood culture with the same organism and 
phenotypic resistance as in the original blood culture, within 
30 days of baseline but after a positive clinical response) 

1 3



Piperacillin/tazobactam versus carbapenems for 30-day mortality in patients with ESBL-producing…

and	one-year	mortality	from	baseline	(the	time	of	death	after	
discharge was found through the population register).

The clinical frailty scale was assessed by the reviewers 
(TSM,	AA,	LM)	and	was	discussed	in	the	event	of	uncer-
tainty [13].	The	updated	and	revised	Charlson	comorbidity	
index was used [14].	The	Pitt	bacteremia	score	assessed	the	
severity	of	illness,	where	a	score	of	≥	4	has	been	associated	
with increased mortality [15].	Sepsis	and	septic	shock	were	
defined	 according	 to	 Sepsis-3	 definitions	 [16].	 Hospital-
acquired	 infection	was	defined	as	a	positive	blood	culture	
being	drawn	≥	48	h	after	hospital	admission,	or	≤	48	h	after	
previous hospital discharge [17].	The	time	to	positive	blood	
cultures	(the	shortest	time	in	case	of	growth	in	multiple	bot-
tles) was used as a surrogate marker for bacterial load [18, 
19].	The	source	of	 infection	was	defined	by	the	reviewers	
(TSM	and	AA)	of	the	medical	records,	largely	based	on	cul-
ture	findings,	radiological	examinations	and	the	assessment	
of the treating physician. Source control was only applica-
ble for conditions where surgical intervention was possible 
(abscess,	 empyema,	 pyelonephritis	 with	 hydronephrosis,	
cholangitis with choledocholithiasis, etc.) [20].	Phenotypic	
resistance	was	defined	as	ESBLA	(classical,	functional	class	
2be	β-lactamases)	or	ESBLM	(plasmid-mediated	AmpC	and	
OXA-ESBLs)	[21].

Microbiology

Microbiological data was provided by Clinical microbiol-
ogy	 (Laboratory	Medicine	 Skåne,	 Lund,	 Sweden),	 which	
covers all hospitals and outpatient clinics in the region. Sus-
ceptibility testing was performed and interpreted according 
to	 the	 EUCAST	 (European	 Committee	 on	Antimicrobial	
Susceptibility Testing) methodology and breakpoints. Mini-
mum inhibitory concentration levels were not available for 
most	of	the	blood	cultures.	Species	identification	was	done	
using matrix-assisted laser desorption/ionization time-of-
flight	mass	 spectrometry	 (MALDI-TOF	MS:	Bruker	Dal-
tonics,	using	the	Bruker	MBT	Compass	library	version	most	
recent at the time of sample analysis). Until December 2014, 
the	 blood	 culture	 system	 in	 use	was	Bactec	FX	 (Beckton	
Dickinson),	with	BACTEC	FX	(BectonDickinson,	Franklin	
Lakes,	NJ)	 being	 used	 during	 the	 remainder	 of	 the	 study	
period.	The	NordicAST	 flowchart	 for	when	 to	 screen	 for	
ESBL	production	in	Enterobacterales	was	in	use	during	the	
study	period.	Disk	diffusion	with	cefpodoxime,	clavulanic	
acid and cloxacillin was the main method used to determine 
the	type	of	ESBL	in	cephalosporin-resistant	strains.

Study size

The largest observational, multinational, cohort study avail-
able was used for calculating the sample size [22].	 The	

30-day	mortality	was	9.8%	and	13.9%	for	BLBLIs	and	car-
bapenems, respectively, in patients where the therapy deci-
sion	was	made	after	the	susceptibility	profile	was	identified.	
We	chose	a	delta	limit	of	5%	and	90%	power	with	a	one-
sided	 significance	 level	 of	 2.5%,	which	 generated	 a	 total	
target study population of 530 individuals. A total of 644 
patients were included in this study.

Statistical methods

The	Mann-Whitney	U-test	was	chosen	for	continuous	vari-
ables	 and	 the	 χ2-test	 or	Fisher’s	 exact	 test	 for	 categorical	
variables. A p	<	0.05	was	considered	statistically	significant	
for most statistical analyses, except for the primary and sec-
ondary analyses, where a threshold of p < 0.025 was used.

Univariate logistic regression was used to identify vari-
ables associated with the primary outcome. A multivariate 
logistic regression analysis was also performed.

The decision to categorize patients based on their initial 
therapy resembles the intention-to-treat analysis commonly 
used in randomized controlled trials. Three cohorts were 
included in the primary analysis. One cohort included all 
study participants and two were constructed using propen-
sity	score	(PS)	matching.	This	method	was	chosen	to	adjust	
for	 confounders	 and	 estimate	 the	 effect	 of	 treatment	 on	
30-day	mortality.	In	the	first	(empirical)	PS	matched	cohort,	
patients	were	categorized	according	to	the	first	therapy	they	
received, which involved two consecutive doses of the same 
antimicrobial	 (PTZ	or	 carbapenem).	 In	 the	 second	 (effec-
tive) PS matched cohort, patients were categorized accord-
ing	 to	 the	 first	 effective	 therapy	 (according	 to	 EUCAST	
breakpoints) they received, which involved two consecutive 
doses of the same antimicrobial.

The PS was estimated using logistic regression based 
on variables expected to be related to the outcome, while 
accounting	for	multicollinearity:	age,	gender,	clinical	frailty	
scale, Charlson comorbidity score, Pitt bacteremia score, 
source of infection, the pathogen in the primary blood cul-
ture [23].	 One-to-one	 nearest	 matching	 was	 used,	 with	 a	
caliper width equal to 0.2 of the standard deviation of the 
logit of the PS, as is common practice [24, 25].

The	 standardized	 mean	 difference	 was	 <	0.1	 for	 all	
matched	 patients,	 indicating	 a	 good	 balance	 (Supplemen-
tary Figs. 1 and 2) [25].

The	Wald	method	was	used	to	determine	a	1-sided	97.5%	
confidence	interval	(CI)	for	risk	differences	[26].	To	estab-
lish non-inferiority, the upper bound of the CI for the abso-
lute	risk	difference	in	30-day	mortality,	with	carbapenem	as	
the	reference	group,	could	not	exceed	the	predefined	delta	
limit	of	5%.	A	sensitivity	analysis	with	a	delta	limit	of	2%	
was also conducted.
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score.	A	larger	share	of	the	patients	in	the	PTZ	group	had	no	
ceiling	of	treatment	(Table	1).

Similar severeness of illness for both groups

Patients being treated in a tertiary hospital were more prone 
to	receive	a	carbapenem	compared	to	PTZ.	The	severeness	
of	illness	did	not	differ	between	the	groups	(Table	2).

Data on microbiology and antimicrobial therapy are pro-
vided in Supplementary Table 1.

Treatment group was not a predictor of 30-day 
mortality

A	total	of	27	(8.1%)	patients	died	within	30	days	of	baseline	
in	the	carbapenem	group	and	26	(8.4%)	in	the	PTZ	group,	
respectively	 (Table	2).	Treatment	group	was	not	a	 signifi-
cant predictor of 30-day mortality in a univariate analysis. 
Source	 control	 had	 a	 high	 OR,	 despite	 intervention	 only	
being	 applicable	 for	 a	 small	 number	 of	 patients.	 (Supple-
mentary Table 2)

Missing data was not imputed. Complete case analysis 
was performed, as is common research practice [27].

Kaplan-Meier curves and log-rank tests were computed 
to	visualize	differences	 in	one-year	mortality	between	 the	
treatment groups in the cohort containing all patients.

All	 statistical	 analyses	 were	 performed	 using	 RStudio	
software	(version	2024.4.1.748)	[28].

Results

Patient inclusion and characteristics

A total of 958 unique patients with blood cultures with EPE 
were	identified	during	the	study	period.	Medical	records	and	
microbiological data of 935 adult patients were reviewed, 
of which 644 were included in the study after applying the 
exclusion	criteria	(Fig.	1).

Flowchart illustrating the patient inclusion process.
Both	 treatment	 groups	 had	 similar	median	 age,	 gender	

distribution, clinical frailty scale and Charlson comorbidity 

Fig. 1 Patient inclusion and 
exclusion	flowchart
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Results	are	also	described	visually	as	forest	plots	(Sup-
plementary Figs. 3 and 4).

Secondary outcomes for the empirical therapy 
cohort

PTZ	was	non-inferior	to	carbapenems	for	all	the	secondary	
outcomes	(the	upper	limit	of	CI	was	below	5%),	except	for	
the	early	clinical	response	(Table	4).

Survival did not differ between the groups after one 
year

A crude analysis of the survival status, of all included 
patients, one year after baseline was assessed using Kaplan-
Meier	curves	(Supplementary	Fig.	5).	Log-rank	test	found	
no	statistically	significant	difference	(p = 0.13) between the 
survival curves of the two treatment groups.

Discussion

The	 findings	 of	 this	 retrospective,	 multicenter,	 non-infe-
riority,	 cohort	 study	 suggest	 that	 PTZ	 is	 non-inferior	 to	
carbapenems regarding 30-day mortality, for treating EPE 
BSI.	 Non-inferiority	 was	 demonstrated	 for	 all	 secondary	
outcomes,	 except	 for	 early	 clinical	 response.	This	 finding	
could	be	explained	by	the	potential	inoculum	effect;	intra-
abdominal	infections,	which	were	more	frequent	in	the	PTZ	
group, have been associated with higher inoculum [29].	
Similarly, borderline minimum inhibitory concentrations 
(MICs)	might	be	a	part	of	 the	explanation;	 the	efficacy	of	
PTZ	 likely	correlates	 to	 the	variances	 in	MICs	within	 the	
same susceptibility category [7, 30].

The	lack	of	non-inferiority	for	this	outcome	might	influ-
ence	clinicians’	choice	of	therapy.	However,	opting	for	car-
bapenems	increases	the	risk	of	future	AMR,	highlighting	a	
critical	trade-off	in	clinical	decision-making.

Our	findings	counter	those	of	the	only	existing	random-
ized	controlled	trial	on	the	subject,	the	MERINO-trial	[8].	
Our treatment groups were more similar concerning base-
line	 characteristics	 (including	 immunodeficiency),	 source	
of	 infection	and	 time	 to	effective	antibiotics,	compared	 to	
those	of	the	MERINO-trial.

The time to positive blood cultures, as a proxy for bacte-
rial load, was the same for both groups in our study. The 
results indicate that a higher bacterial load increases the risk 
of mortality, as previous studies have found [29].	A	multi-
variate	logistic	regression	analysis	did	not	find	a	statistically	
significant	 correlation	 between	 time	 to	 positivity	 and	 the	
primary	outcome	(Supplementary	Table	S2).

A multivariate logistic regression analysis was also per-
formed	(Supplementary	Table	3).

Primary outcome for the three cohorts

The	 absolute	 risk	 difference	 between	 the	 PTZ	 and	 car-
bapenem	group	was	0.3%	([1-sided	97.5%	CI]:	 -∞	to	4.6,	
p	=	0.016)	 indicating	 non-inferiority	 within	 a	 predefined	
delta	limit	of	5%.	Statistical	significance	was	achieved	with	
p	<	0.025,	but	this	was	not	the	case	for	a	delta	limit	of	2%.	
Two	additional	PS	matched	cohorts	were	constructed:	 the	
empirical	therapy	and	effective	therapy	cohorts;	the	groups	
were well balanced, as can be seen in Supplementary Figs. 1 
and 2. Non-inferiority was similarly demonstrated for both 
cohorts,	-0.4%	([1-sided	97.5%	CI]:	-∞	to	4.0,	p = 0.008) and 
−	2.5%	([1-sided	97.5%	CI]:	 -∞	 to	1.8,	p < 0.001), respec-
tively,	 with	 a	 delta	 limit	 of	 5%.	After	 applying	 a	 stricter	
delta	limit	of	2%,	non-inferiority	could	only	be	seen	in	the	
effective	therapy	cohort	(Table	3).

Table 1	 Baseline	characteristics	by	treatment	group
Variable Carbapenem, 

N = 335a
PTZ,	
N = 309a

Age (years) 72	[60,	80] 73	[60,	81]
Gender
Male 184	(55) 167	(54)
Female 151	(45) 142	(46)
Ceiling of treatmentb

Maximum	effort 242	(72) 252	(82)
No	CPR 36	(11) 20	(6.5)
No	CPR	or	intensive	care 57	(17) 37	(12)
Penicillin allergyc 27	(8.7) 3	(1.1)
Clinical frailty scale 4	[3,	7] 4	[3,	6]
Connective tissue disease 23	(6.9) 30	(9.7)
Moderate or severe renal disease 34	(10) 23	(7.4)
Diabetes with complications 45	(13) 28	(9.1)
Chronic pulmonary disease 45	(13) 51	(17)
Congestive heart failure 135	(40) 102	(33)
Chronic cognitive deficit 27	(8.1) 25	(8.1)
Liver disease 10	(3.0) 16	(5.2)
Hemiplegia or paraplegia 37	(11) 17	(5.5)
Malignancy 88	(26) 72	(23)
Charlson comorbidity scored 2	[1,	4] 2	[0,	4]
Psychiatric diagnosise 38	(11) 42	(14)
ESBL found in previous samplesf 163	(49) 109	(35)
CPR:	Cardiopulmonary	resuscitation
aMedian	[IQR];	N	(%)
bBased	on	medical	records	from	before	the	observed	hospital	stay
cKnown or suspected allergy according to medical records
dDetermined by the reviewer of the medical records
eNo cases of AIDS were registered
fWarranting	daily	medication
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Table 2 Clinical data during the hospital stay, by treatment group
Variable Carbapenem, N = 335a PTZ,	N = 309a pb

Hospitalsc

 Tertiary 206	(61.5) 153	(49.5)
 Secondary 84	(25) 112	(36.3)
 Primary 45	(13.5) 44	(14.2)
Pitt bacteremia scored 0.75
 < 4 307	(92) 281	(91)
	 ≥	4 28	(8.4) 28	(9.1)
SOFA scoree 3	[1,	5] 2	[2,	4] 0.34
Sepsisf 211	(63) 190	(61) 0.70
Septic shockf 15	(4.5) 15	(4.9) 0.81
Lactate > 2 (mmol/L)g 0.28
 Yes 105	(31) 115	(37)
 No 138	(41) 114	(37)
 Missing 92	(27) 80	(26)
Time to positive blood culture (hours) 11	[9,	13] 11	[9,	12] 0.61
Hospital-acquired infection 56	(17) 37	(12) 0.087
Source of infection < 0.001
 Urinary tract 254	(76) 226	(73)
 Intra-abdominal 24	(7.2) 51	(17)
 Pneumonia 8	(2.4) 3	(1.0)
 Skin/soft-tissue 5	(1.5) 5	(1.6)
 Unknown 44	(13) 24	(7.8)
Source control 0.19
 Yes 31	(9.3) 33	(11)
 No 8	(2.4) 15	(4.9)
 Not applicable 296	(88) 261	(84)
Time to source control (hours)h 24	[11,	68] 29	[16,	71] 0.29
Length of hospital stay (days) 9	[6,	14] 8	[5,	13] 0.023
Early clinical responsei 248	(74) 225	(73) 0.78
30-day mortality 27	(8.1) 26	(8.4) 0.87
One-year mortality 92	(27) 68	(22) 0.11
ICU admission 21	(6.3) 16	(5.2) 0.56
Length of ICU stay (days) 3	[2,	5] 2	[1,	5] 0.34
Relapsed BSIj

	 Carbapenem	previously	and	relapse	after	the	current	BSI 2	(0.6) 0	(0)
	 PTZ	previously	and	relapse	after	the	current	BSI 0	(0) 1	(0.3)
	 Relapse	after	current	BSI 12	(3.6) 10	(3.2)
	 Carbapenem	previous	BSI 12	(3.6) 1	(0.3)
	 PTZ	previous	BSI 3	(0.9) 5	(1.6)
 No 306	(91) 292	(94)
ICU:	Intensive	care	unit
aN	(%);	Median	[IQR]
bPearson’s	Chi-squared	test;	Mann-Whitney	U-test;	Fisher’s	exact	test
cTertiary;	secondary;	primary	public	hospitals	of	Skåne:	Lund,	Malmö;	Kristianstad,	Helsingborg;	Trelleborg,	Ängelholm,	Landskrona,	Hässle-
holm, Ystad
dGraded	within	48	h	before	or	on	the	day	of	the	first	positive	blood	culture.	The	highest	point	score	during	that	time	was	recorded
eAbsolute score, including habitual conditions
fAccording	to	Sepsis-3	definitions
gWithin	the	24	h	with	the	highest	SOFA	score
hOnly including patients with conditions where source control was possible
iNormal	vital	signs	on	day	4:	heart	rate	≤	100	bpm,	temperature	≤	37.8℃,	respiratory	rate	≤	24/min,	systolic	blood	pressure	≥	90	mmHg,	oxygen	
saturation	≥	90%	without	supplemental	oxygen	and	habitual	mental	status
jAll	categories	were	defined	in	relation	to	the	observed	hospital	stay.	The	first	two	categories	had	a	previous	and	an	ensuing	BSI
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Limitations

The retrospective study design has its limitations, such as 
unknown confounders and the lack of randomization. Some 
patients	in	the	PTZ	group	had	PTZ	resistant	bacterial	strains,	
resulting	in	an	ineffective	initial	therapy.	This	was	never	the	
case for patients in the carbapenem group. The choice of 
antimicrobial	therapy	might	have	differed	between	hospitals	
due to local guidelines or physician preference. However, 
there	was	no	 statistically	 significant	difference	 in	 severity	
of	illness	(SOFA	score,	Pitt	bacteremia	score)	between	the	
treatment groups.

Although a prospective study design would have been 
preferable,	the	relatively	low	incidence	of	EPE	BSI	in	Swe-
den would make for a time and resource consuming project 
[2].	PS	matched	cohorts	were	created	to	reduce	confounding	
bias.

Data was extracted from medical records kept by dif-
ferent healthcare professionals, which might have caused 
information	bias.	However,	no	structural	differences	in	doc-
umentation between the treatment groups were suspected.

Data concerning lab tests and vital signs were not miss-
ing completely at random. For instance, missing values of 
lactate were more common among patients with nosoco-
mial	 BSI.	 Complete	 case	 analysis	 was	 performed,	 which	
introduces some selection bias and reduces the sample size. 
Missing vital signs were interpreted as normal values and 
could	potentially	have	influenced	the	early	clinical	response	
outcome. The frequency of vital sign measurement might 
have impacted the observed outcome more than the actual 
effect	of	the	chosen	therapy.

We	 investigated	 whether	 source	 control	 was	 achieved	
or	 not	 (which	 is	 an	 established	 predictor	 of	mortality)	 as	
well as the actual time to intervention, when applicable 
[20].	Although	without	statistical	difference	in	our	study,	on	
account	 of	 the	 small	 sample	 size,	 the	 effect	measure	was	
substantial.

The overall mortality rate was relatively low, despite 
including patients dying within 96 h of the initial positive 
blood	culture	(unlike	the	MERINO-trial).	Previous	studies	
have seen an increased risk of mortality in patients without 
shock,	 after	 3–5	 h,	 without	 effective	 antibiotics	 [17].	We	
found	a	decrease	in	30-day	mortality	by	1%	for	each	hour	to	
effective	antibiotics	(not	statistically	significant).	This	asso-
ciation might be explained by the inclusion of patients with 
shock, who received antibiotics shortly after baseline, but 
still had higher mortality. This study emphasized the impor-
tance	of	early	effective	treatment	and	attempted	to	replicate	
a	 realistic	clinical	setting,	where	AMR	is	 rarely	known	 in	
advance.

No non-inferiority study of this magnitude, evaluat-
ing	PTZ	and	 carbapenems	 in	 cases	of	EPE	BSI,	 had	pre-
viously been performed. Patients from multiple centers 
were included in the study, making the results applicable 
to	a	broader	population.	For	PTZ	to	be	considered	a	viable	
empirical	 alternative	 for	 treating	 EPE	 BSI,	 it	 is	 essential	
to account for the susceptibility rates among EPE in that 
specific	region.	Regions	with	higher	prevalence	of	carbape-
nem-resistant Enterobacterales might possibly have higher 
prevalences	of	PTZ-resistant	strains	among	their	EPE	[31].	
Thus,	decreasing	the	probability	of	PTZ	being	an	effective	
empirical	alternative	in	those	regions.	However,	the	findings	
of	this	specific	study	do	not	contradict	the	use	of	PTZ	for	
treating	EPE	BSI	in	regions	with	higher	AMR	prevalence.

Table 3	 Primary	outcome,	30-day	mortality,	with	absolute	risk	difference.	Delta	limit	set	at	5%	and	2%	(sensitivity	analysis)
Cohorts 30-day	mortality	PTZ,	

No./Total	No.	(%)
30-day mortality carbape-
nem,	No./Total	No.	(%)

Absolute	risk	difference	
(1-sided	97.5%	CI)

p for non-inferior-
ity	(delta	limit	5%)

p for non-
inferior-
ity	(delta	
limit	2%)

All patients 26/309	(8.4) 27/335	(8.1) 0.3%	(-∞	to	4.6) 0.016 0.224
Empirical therapy 20/277	(7.2) 21/277	(7.6) -0.4%	(-∞	to	4.0) 0.008 0.144
Effective	therapy 16/273	(5.9) 23/273	(8.4) -2.5%	(-∞	to	1.8) < 0.001 0.019

Table 4	 Secondary	outcomes	for	the	PS	matched	empirical	therapy	cohort,	with	the	delta	limit	5%
Secondary outcomes Cases	PTZ	group,	No./Total	

No.	(%)
Cases carbapenem group, 
No./Total	No.	(%)

Absolute	risk	difference	
(1-sided	97.5%	CI)

p for 
non-infe-
riority

ICU admission 15/277	(5.4) 19/277	(6.9) -1.5%	(-∞	to	2.6) < 0.001
Lack of early clinical response 71/277	(25.6) 69/277	(24.9) 0.7%	(-∞	to	8.0) 0.123
Superinfectiona 14/277	(5.1) 22/277	(7.9) -2.8%	(-∞	to	1.2) < 0.001
Relapsed	infectionb 12/277	(4.3) 19/277	(6.9) -2.6%	(-∞	to	1.3) < 0.001
One-year mortality 55/277	(19.9) 70/277	(25.3) -5.4%	(-∞	to	1.5) 0.002
aCandidiasis and/or Clostridioides difficile infection during the hospital stay
bRelapse	before	and/or	after	the	current	BSI,	with	the	same	antimicrobial	therapy	as	for	the	current	BSI

1 3



T. S. Månsson et al.

Funding Open access funding provided by Lund University.
This work was supported by the foundations of Petrus and Augusta 
Hedlund,	Per	Skårman,	Landshövding	Per	Westling	and	Rune	Ljung-
dahl, as well as, governmental funding of clinical research within the 
Swedish	National	Health	Service	(ALF)	grant	number	2022-YF0025.

Data availability	 The	data	that	support	the	findings	of	this	study	are	not	
openly available due to reasons of sensitivity and are available from 
the corresponding author upon reasonable request. Data are located in 
a controlled access data storage at Lund University.

Declarations

Ethical approval The study was approved by the Swedish ethical re-
view	authority	(Project-ID	2023-02388-01).

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as	long	as	you	give	appropriate	credit	to	the	original	author(s)	and	the	
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article	are	included	in	the	article’s	Creative	Commons	licence,	unless	
indicated otherwise in a credit line to the material. If material is not 
included	in	the	article’s	Creative	Commons	licence	and	your	intended	
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit 	h	t	t	p		:	/	/		c	r	e	a		t	i		v	e	c		o	m	m	o		n	s	.		o	
r g  / l i c e n s e s / b y / 4 . 0 /.

References

1. Cassini A, Hogberg LD, Plachouras D, et al. Attributable deaths 
and disability-adjusted life-years caused by infections with anti-
biotic-resistant bacteria in the EU and the European economic 
area	in	2015:	a	population-level	modelling	analysis.	Lancet	Infect	
Dis.	2019;19(1):56–66.

2. Antimicrobial resistance surveillance in. Europe 2022–2020 data. 
Available	at:		w	w	w	.	e	c	d	c	.	e	u	r	o	p	a	.	e	u	/	s	i	t	e	s	/	d	e	f	a	u	l	t	/	fi		l	e	s	/	d	o	c	u	m	e	n	t	s	/	J	
o	i	n	t	-	W	H	O	-	E	C	D	C	-	A	M	R	-	r	e	p	o	r	t	-	2	0	2	2	.	p	d	f. Accessed 2023-05-15.

3. Antimicrobial resistance surveillance in. Europe 2023– 2021 
data.	 Stockholm:	 European	 Centre	 for	 Disease	 Prevention	 and	
Control	and	World	Health	Organization;	2023.

4.	 McLaughlin	 M,	 Advincula	 MR,	 Malczynski	 M,	 Qi	 C,	 Bolon	
M, Scheetz MH. Correlations of antibiotic use and carbapenem 
resistance in enterobacteriaceae. Antimicrob Agents Chemother. 
2013;57(10):5131–3.

5. Davey P, Marwick CA, Scott CL, et al. Interventions to improve 
antibiotic prescribing practices for hospital inpatients. Cochrane 
Database	Syst	Rev.	2017;2(2):CD003543.

6. Harris PN, Tambyah PA, Paterson DL. beta-lactam and beta-
lactamase inhibitor combinations in the treatment of extended-
spectrum	beta-lactamase	producing	enterobacteriaceae:	time	for	a	
reappraisal in the era of few antibiotic options? Lancet Infect Dis. 
2015;15(4):475–85.

7.	 Burgess	DS,	Hall	RG	2.	In	vitro	killing	of	parenteral	beta-lactams	
against standard and high inocula of extended-spectrum beta-lac-
tamase	and	non-ESBL	producing	Klebsiella	pneumoniae.	Diagn	
Microbiol	Infect	Dis.	2004;49(1):41–6.

Complicated patient cases were reviewed and discussed 
by the reviewers, to reduce potential assessment and infor-
mation bias.

Non-inferiority is dependent on the chosen delta limit, as 
our sensitivity analysis demonstrated. The choice of delta 
limit	was	 influenced	 by	 the	 benefit-to-risk	 profile	 of	 PTZ	
in	EPE	BSI.	The	long-term	perspective	favours	consistently	
low	levels	of	AMR	to	spare	future	lives.	The	delta	limit	for	
the primary analysis in this study was chosen to reproduce 
that	of	the	MERINO-trial.	A	stricter,	more	clinically	accept-
able, delta limit was also applied to test the robustness of 
the	findings.

Some patients experienced multiple episodes of EPE 
BSI	during	the	study	period.	To	minimize	selection	bias,	a	
randomized	BSI	episode	was	selected	for	each	patient.	This	
approach	was	chosen	over	 including	only	the	first	BSI,	as	
this would systematically exclude subsequent episodes, 
potentially leading to an underestimation of the mortality 
risk associated with recurrent infections. Only choosing the 
last	BSI	episode	would	cause	survival	bias,	where	patients	
dying	 from	 their	first	BSI	episode	would	consequently	be	
compared	to	patients	surviving	multiple	episodes.	Random	
selection	reduces	the	risk	of	overrepresentation	of	specific	
outcomes	and	mitigates	potential	correlation	effects,	thereby	
improving the robustness and generalizability of the study 
findings.

Conclusion

Our	findings	suggest	that	PTZ	is	non-inferior	to	carbapen-
ems in the treatment of bloodstream infections caused by 
EPE,	with	an	acceptable	5%	increase	in	the	risk	of	30-day	
mortality.	Additionally,	the	results	were	statistically	signifi-
cant,	with	an	acceptable	2%	increased	risk,	in	a	PS	matched	
cohort.	 PTZ	may	 be	 considered	 an	 appropriate	 empirical	
therapy	 for	 patients	 with	 known	 or	 suspected	 EPE	 BSI.	
Future randomized controlled trials in regions with low 
incidence of carbapenem-resistant Enterobacterales are 
recommended.

Supplementary Information The online version contains 
supplementary material available at 	h	t	t	p		s	:	/		/	d	o	i		.	o		r	g	/		1	0	.	1		0	0	7		/	s	1		5	0	1	0	-	0	
2 5 - 0 2 4 9 6 - x.

Acknowledgements	 We	thank	Gustav	Torisson,	MD,	and	Sara	Jesper-
son, MSc, for their advice regarding methodology and statistics.

Author contributions	 Conceptualization:	All	 authors.	 Methodology:	
All	authors.	Formal	analysis	and	investigation:	TSM,	AA,	LM.	Writ-
ing	 -	original	draft	preparation:	TSM.	Writing	 -	 review	and	editing:	
All	 authors.	 Funding	 acquisition:	TSM,	LM.	Resources:	TSM,	LM.	
Supervision:	TSM,	LM.

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.ecdc.europa.eu/sites/default/files/documents/Joint-WHO-ECDC-AMR-report-2022.pdf
http://www.ecdc.europa.eu/sites/default/files/documents/Joint-WHO-ECDC-AMR-report-2022.pdf
https://doi.org/10.1007/s15010-025-02496-x
https://doi.org/10.1007/s15010-025-02496-x


Piperacillin/tazobactam versus carbapenems for 30-day mortality in patients with ESBL-producing…

20.	 Evans	L,	Rhodes	A,	Alhazzani	W,	et	al.	Surviving	Sepsis	cam-
paign:	 international	 guidelines	 for	 management	 of	 Sepsis	 and	
septic	shock	2021.	Crit	Care	Med.	2021;49(11):e1063–143.

21.	 Giske	 CG,	 Sundsfjord	 AS,	 Kahlmeter	 G,	 et	 al.	 Redefining	
extended-spectrum	beta-lactamases:	balancing	science	and	clini-
cal	need.	J	Antimicrob	Chemother.	2009;63(1):1–4.

22.	 Gutierrez-Gutierrez	 B,	 Perez-Galera	 S,	 Salamanca	 E,	 et	 al.	
A multinational, preregistered cohort study of beta-Lactam/
beta-Lactamase inhibitor combinations for treatment of blood-
stream infections due to Extended-Spectrum-beta-Lactamase-
Producing Enterobacteriaceae. Antimicrob Agents Chemother. 
2016;60(7):4159–69.

23.	 Brookhart	MA,	Schneeweiss	S,	Rothman	KJ,	Glynn	RJ,	Avorn	J,	
Sturmer	T.	Variable	selection	for	propensity	score	models.	Am	J	
Epidemiol.	2006;163(12):1149–56.

24. Austin PC. Statistical criteria for selecting the optimal number 
of untreated subjects matched to each treated subject when using 
many-to-one	matching	on	the	propensity	score.	Am	J	Epidemiol.	
2010;172(9):1092–7.

25. Austin PC. Optimal caliper widths for propensity-score matching 
when	estimating	differences	in	means	and	differences	in	propor-
tions	in	observational	studies.	Pharm	Stat.	2011;10(2):150–61.

26.	 Franco	C,	Little	RJA,	Louis	TA,	Slud	EV.	Comparative	study	of	
confidence	intervals	for	proportions	in	complex	sample	surveys.	J	
Surv	Stat	Methodol.	2019;7(3):334–64.

27. Kang H. The prevention and handling of the missing data. Korean 
J	Anesthesiol.	2013;64(5):402–6.

28.	 R	Development	Core	Team.	R:	A	Language	and	environment	for	
statistical	computing.	Vienna,	Austria:	R	Foundation	for	Statisti-
cal	Computing;	2024.

29.	 Lenhard	JR,	Bulman	ZP.	Inoculum	effect	of	beta-lactam	antibiot-
ics.	J	Antimicrob	Chemother.	2019;74(10):2825–43.

30.	 Kowalska-Krochmal	B,	Dudek-Wicher	R.	The	minimum	inhibi-
tory	concentration	of	antibiotics:	methods,	interpretation,	clinical	
relevance.	Pathogens	2021;10(2).

31.	 Husna	 A,	 Rahman	 MM,	 Badruzzaman	 ATM	 et	 al.	 Extended-
Spectrum	 beta-Lactamases	 (ESBL):	 challenges	 and	 opportuni-
ties.	Biomedicines	2023;11(11).

8.	 Harris	PNA,	Tambyah	PA,	Lye	DC,	et	al.	Effect	of	Piperacillin-
Tazobactam vs meropenem on 30-Day mortality for patients 
with E coli or Klebsiella pneumoniae bloodstream infection 
and	 ceftriaxone	 resistance:	A	 randomized	 clinical	 trial.	 JAMA.	
2018;320(10):984–94.

9. Gatti M, Cojutti PG, Pea F. Piperacillin-tazobactam vs. carbapen-
ems	 for	 treating	 hospitalized	 patients	 with	 ESBL-producing	
enterobacterales	bloodstream	infections:	A	systematic	review	and	
meta-analysis.	J	Glob	Antimicrob	Resist.	2024;39:27–36.

10. Sweden OSo. Population in the country, counties and municipali-
ties on 31 December 2023 and Population Change in 2023. Avail-
able	at:		h	t	t	p	s	:			/		/	w	w		w	.	s		c		b		.		s	e		/		e	n		/	fi			n	d			i	n	g	-		s	t	a		t	i	s		t		i		c	s	/	s		t	a	t		i	s			t	i	c			s	-	b		y	-	s	u			b	j		
e c t   - a r  e a /  p o p  u  l  a t i o  n / p  o p u   l a  t i o n  - c o  m p   o s i  t i o n  / p o  p  u  l a t  i o n -  s t  a  t i  s t  i  c s 
/  p o  n  g / t   a b  l e s -   a n d  - g  r a p  h s /   p o p u  l a  t i o  n  -    s t a t  i  s  t i c  s - -  - y e   a r /   p o  p  u l  a t i o  n -   i 
n -  t h e  - c  o  u n t   r y  - c o u  n t i  e s -  a n   d - m   u n  i  c i p  a l i t i  e s - o  n - 3 1  - d e c e m b e r -  2 0 2 
3 - a n  d -  p o p u l a t i o n - c h a n g e - i n - 2 0 2 3 /. Accessed 2024-09-26.

11.	 Sterling	SA,	Miller	WR,	Pryor	J,	Puskarich	MA,	Jones	AE.	The	
impact of timing of antibiotics on outcomes in severe Sepsis and 
septic	shock:	A	systematic	review	and	Meta-Analysis.	Crit	Care	
Med.	2015;43(9):1907–15.

12.	 Halm	EA,	Fine	MJ,	Marrie	TJ,	et	al.	Time	to	clinical	stability	in	
patients	hospitalized	with	community-acquired	pneumonia:	impli-
cations	for	practice	guidelines.	JAMA.	1998;279(18):1452–7.

13.	 Rockwood	 K,	 Song	 X,	 MacKnight	 C,	 et	 al.	 A	 global	 clini-
cal	 measure	 of	 fitness	 and	 frailty	 in	 elderly	 people.	 CMAJ.	
2005;173(5):489–95.

14.	 Quan	H,	 Li	 B,	 Couris	 CM,	 et	 al.	 Updating	 and	 validating	 the	
Charlson comorbidity index and score for risk adjustment in hos-
pital	discharge	abstracts	using	data	from	6	countries.	Am	J	Epide-
miol.	2011;173(6):676–82.

15. Henderson H, Luterbach CL, Cober E, et al. The Pitt bacteremia 
score predicts mortality in nonbacteremic infections. Clin Infect 
Dis.	2020;70(9):1826–33.

16.	 Singer	M,	Deutschman	CS,	Seymour	CW,	et	al.	The	third	inter-
national	consensus	definitions	for	Sepsis	and	septic	shock	(Sep-
sis-3).	JAMA.	2016;315(8):801–10.

17.	 Monegro	AF,	Muppidi	V,	Regunath	H.	Hospital-Acquired	infec-
tions.	StatPearls.	Treasure	Island	(FL).	2024.

18.	 Blot	F,	Schmidt	E,	Nitenberg	G,	et	al.	Earlier	positivity	of	central-
venous- versus peripheral-blood cultures is highly predictive of 
catheter-related	sepsis.	J	Clin	Microbiol.	1998;36(1):105–9.

19.	 Khatib	R,	Riederer	K,	Saeed	S,	et	al.	Time	to	positivity	in	Staphy-
lococcus	aureus	bacteremia:	possible	correlation	with	the	source	
and	outcome	of	infection.	Clin	Infect	Dis.	2005;41(5):594–8.

1 3

https://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/pong/tables-and-graphs/population-statistics---year/population-in-the-country-counties-and-municipalities-on-31-december-2023-and-population-change-in-2023/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/pong/tables-and-graphs/population-statistics---year/population-in-the-country-counties-and-municipalities-on-31-december-2023-and-population-change-in-2023/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/pong/tables-and-graphs/population-statistics---year/population-in-the-country-counties-and-municipalities-on-31-december-2023-and-population-change-in-2023/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/pong/tables-and-graphs/population-statistics---year/population-in-the-country-counties-and-municipalities-on-31-december-2023-and-population-change-in-2023/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/pong/tables-and-graphs/population-statistics---year/population-in-the-country-counties-and-municipalities-on-31-december-2023-and-population-change-in-2023/

	﻿Piperacillin/tazobactam versus carbapenems for 30-day mortality in patients with ESBL-producing Enterobacterales bloodstream infections: a retrospective, multicenter, non-inferiority, cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and setting
	﻿Participants
	﻿Variables and definitions
	﻿Microbiology
	﻿Study size
	﻿Statistical methods

	﻿Results
	﻿Patient inclusion and characteristics
	﻿Similar severeness of illness for both groups
	﻿Treatment group was not a predictor of 30-day mortality
	﻿Primary outcome for the three cohorts
	﻿Secondary outcomes for the empirical therapy cohort
	﻿Survival did not differ between the groups after one year

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


