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Abstract
Background: Whether active therapy with β-lactam/β-lactamase	 inhibitors	 (BLBLI)	
is	 as	 affective	 as	 carbapenems	 for	 extended-spectrum	 β-lactamase-producing	
Enterobacterales	 (ESBL-E)	bloodstream	infection	(BSI)	secondary	to	urinary	tract	 in-
fection	(UTI)	in	kidney	transplant	recipients	(KTRs)	remains	unclear.
Methods: We	 retrospectively	 evaluated	 306	 KTR	 admitted	 to	 30	 centers	 from	
January	2014	to	October	2016.	Therapeutic	failure	(lack	of	cure	or	clinical	improve-
ment	and/or	death	from	any	cause)	at	days	7	and	30	from	ESBL-E	BSI	onset	was	the	
primary	and	secondary	study	outcomes,	respectively.
Results: Therapeutic	failure	at	days	7	and	30	occurred	in	8.2%	(25/306)	and	13.4%	
(41/306)	of	patients.	Hospital-acquired	BSI	(adjusted	OR	[aOR]:	4.10;	95%	confidence	
interval	 [CI]:	 1.50-11.20)	 and	Pitt	 score	 (aOR:	 1.47;	 95%	CI:	 1.21-1.77)	were	 inde-
pendently	associated	with	therapeutic	failure	at	day	7.	Age-adjusted	Charlson	Index	
(aOR:	1.25;	95%	CI:	1.05-1.48),	Pitt	score	 (aOR:	1.72;	95%	CI:	1.35-2.17),	and	 lym-
phocyte	count	≤500	cells/μL	at	presentation	(aOR:	3.16;	95%	CI:	1.42-7.06)	predicted	
therapeutic	failure	at	day	30.	Carbapenem	monotherapy	(68.6%,	primarily	merope-
nem)	was	the	most	frequent	active	therapy,	followed	by	BLBLI	monotherapy	(10.8%,	
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1  | INTRODUC TION

Bloodstream	infections	(BSI)	represent	a	common	complication	after	
solid	organ	transplant	(SOT),	with	an	incidence	higher	than	that	ex-
pected in the general population.1	Urinary	tract	infection	(UTI)	is	the	
most	common	source	of	BSI	in	kidney	transplant	recipients	(KTRs),2-
4	mainly	as	a	result	of	the	combined	impact	of	invasive	procedures	on	
the urinary tract and underlying immunosuppression.2,5 The increas-
ing	 prevalence	 of	 infections	 caused	 by	 multidrug-resistant	 (MDR)	
gram-negative	 bacilli,	 such	 as	 extended-spectrum	 β-lactamase	
(ESBL)-producing	Enterobacterales	(ESBL-E),	is	of	particular	concern	
in	the	SOT	setting.6-9	Approximately	10%	of	KTR	will	develop	an	UTI	
caused	by	ESBL-E	within	the	first	year,10	and	these	patients	face	a	
three	 times	 higher	 risk	 of	 recurrence	 compared	 to	 those	 infected	
with	non-MDR	bacteria.10,11

The	management	of	infections	caused	by	ESBL-E	remains	chal-
lenging,	with	 limited	antimicrobials	available	and	scarce	support-
ing	evidence.	Carbapenems	have	been	considered	as	the	front-line	
therapy both in the general population12 and in immunocompro-
mised	patients,	including	KTR.13	Observational	studies	conducted	
in	the	general	population—such	as	the	multinational	INCREMENT	
cohort	 (ClinicalTrials.gov	 identifier:	NCT01764490)—have	shown	
that,	for	organisms	showing	in	vitro	susceptibility,	β-lactam/β-lac-
tamase	 inhibitors	 (BLBLI)	 may	 be	 a	 good	 alternative	 to	 carbap-
enems	 for	 the	 treatment	 of	 BSI	 caused	 by	 ESBL-E,	 particularly	
among	 non-critically	 ill	 patients	 with	 UTI.14-17	 On	 the	 contrary,	
other	 studies,	 including	 a	 recently	 published	 randomized	 trial,	
have	reported	a	difference	in	mortality	favoring	carbapenems.18-20 
Interpretation	 of	 previous	 studies	 is	 further	 complicated	 by	 the	
lower	reliability	and	reproducibility	of	 in	vitro	susceptibility	test-
ing	to	piperacillin-tazobactam	as	compared	to	carbapenems	when	
gradient	methods,	such	as	E-test,	are	used.21	Whether	these	find-
ings	can	be	extrapolated	to	the	SOT	population	remains	to	be	as-
sessed.	The	aim	of	the	present	study	was	to	compare	the	impact	

of	 therapeutic	 regimens	based	on	carbapenems	versus	BLBLI	on	
the	 clinical	 outcome	 in	 a	 large	multinational	 cohort	of	KTR	with	
ESBL-E	BSI	secondary	to	UTI.

2  | MATERIAL S AND METHODS

2.1 | Study population and setting

The	 INCREMENT-SOT	 project	 (ClinicalTrials.gov	 identifier	
NCT02852902)	 comprised	 a	 retrospective	 international	 cohort	 of	
SOT	recipients	diagnosed	with	clinically	significant	(ie,	meeting	cri-
teria	for	systemic	inflammatory	response	syndrome)	BSI	caused	by	
ESBL-E	 or	 carbapenemase-producing	 Enterobacterales admitted to 
40	tertiary	hospitals	in	16	countries	from	January	2004	to	October	
2016.	 For	 the	 present	 analysis,	 KTRs	with	monomicrobial	 ESBL-E	
BSI	secondary	to	UTI	were	eligible.	Patient	data	were	collected	at	
each	site	by	review	of	microbiology	reports	and	patients’	charts	until	
day	30	after	incident	blood	cultures	(BCs)	were	taken.	Exclusion	cri-
teria	were	key	missing	data	regarding	therapeutic	regimens	and/or	
outcomes,	death	earlier	than	24	hours	after	the	index	date	(ie,	that	
of	BSI	onset),	and	the	administration	of	active	therapy	for	at	 least	
2	days	prior	 to	BC	sampling.	The	study	protocol	was	approved	by	
the	Spanish	Agency	of	Medicines	 (code	FIB-COL-2015-01)	and	by	
the	Ethics	Committee	of	the	Hospital	Universitario	Reina	Sofía	(Act	
243,	code	2907),	which	waived	the	need	to	obtain	written	informed	
consent.	Approval	was	also	gained	at	participating	centers	according	
to	local	requirements.

2.2 | Study outcomes and definitions

The primary study outcome	was	therapeutic	failure,	defined	as	the	
lack	of	cure	or	clinical	improvement	(ie,	persistence	or	worsening	

mostly	piperacillin-tazobactam).	Propensity	score	 (PS)-adjusted	models	revealed	no	
significant	 impact	 of	 the	 choice	 of	 active	 therapy	 (carbapenem-containing	 vs	 any	
other	regimen,	BLBLI-	vs	carbapenem-based	monotherapy)	within	the	first	72	hours	
on	any	of	the	study	outcomes.
Conclusions: Our	data	suggest	that	active	therapy	based	on	BLBLI	may	be	as	effec-
tive	as	carbapenem-containing	regimens	for	ESBL-E	BSI	secondary	to	UTI	in	the	spe-
cific	population	of	KTR.	Potential	residual	confounding	and	unpowered	sample	size	
cannot	be	excluded	(ClinicalTrials.gov	identifier:	NCT02852902).

K E Y W O R D S

bloodstream	infection,	carbapenem-sparing	regimen,	extended-spectrum	β-lactamase-
producing Enterobacterales,	kidney	transplantation,	outcomes,	urinary	tract	infection
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of	 fever,	 leukocytosis	 or	 other	 signs	 of	 infection,	 and/or	 persis-
tently	positive	BC	for	the	same	microorganism),	and/or	death	from	
any	cause	at	day	7	 from	the	onset	of	BSI.	Therapeutic	 failure	at	
day 30 was considered as secondary outcome. The main explanatory 
variable	was	the	type	of	active	therapy	(according	to	the	catego-
ries	 defined	 below)	 administered	within	 the	 first	 72	 hours	 from	
BSI	onset.	Sensitivity	analyses	were	also	performed	based	on	the	
regimen	 used	 during	 the	 first	 24	 hours	 and	 7	 days.	 The	 tested	
hypothesis	 (BLBLI	 are	not	associated	with	worse	outcomes	 than	
carbapenem-containing	 regimens	 after	 controlling	 for	 potential	
confounders)	was	specified	a	priori	in	the	study	protocol.	Because	
of	the	exploratory	nature	of	the	study	and	the	expected	low	pro-
portion	of	patients	treated	with	BLBLI	across	participating	institu-
tions,	 no	 sample	 size	 estimation	 on	 the	 basis	 of	 the	 anticipated	
incidence	 of	 study	 outcomes	 was	 performed.	 In	 addition,	 the	
statistical	analysis	was	not	formally	modeled	on	a	non-inferiority	
assumption.

Episodes	of	ESBL-E	BSI	were	considered	hospital-acquired	if	symp-
toms	started	beyond	the	first	48	hours	from	hospital	admission	or	
within	48	hours	from	a	previous	hospital	discharge.	Enterobacterales 
were	 identified	 using	 standard	microbiological	 techniques	 at	 each	
center.	ESBL	production	was	screened	in	all	isolates	with	diminished	
susceptibility	to	third-generation	cephalosporins—a	key	phenotypic	
property	of	ESBL	enzymes—and	confirmed	by	standard	methods.22 
Susceptibility	was	studied	using	automated	systems	or	disk	diffusion	
and	interpreted	according	to	the	guidelines	(Clinical	and	Laboratory	
Standards	Institute	[CLSI]	or	European	Committee	on	Antimicrobial	
Susceptibility	Testing	[EUCAST])	applied	at	each	center.23,24	Isolates	
were	 considered	 to	 be	ESBL	producers	 if	 at	 least	 one	phenotypic	
confirmatory	test	was	positive	according	to	the	corresponding	CLSI	
or	EUCAST	criteria	applicable	at	the	time	of	testing,	or	if	they	had	
been	characterized	by	PCR	and	DNA	sequencing	using	established	
methods.

Active therapy	 was	 defined	 as	 administration	 of	 at	 least	 one	
antimicrobial agent to which the isolate showed susceptibility in 
vitro,	 at	 the	 standard	 dose	 and	 frequency.12	 Specifically,	 stan-
dard	 intravenous	 dosing	 regimens	 for	 the	most	 common	 antimi-
crobials	 administered	 were	 as	 follows:	 piperacillin-tazobactam,	
3/0.375	 g	 to	 4/0.5	 g	 every	 6-8	 hours;	meropenem,	 1-2	 g	 every	
8	hours;	ertapenem,	1	g	every	24	hours;	and	imipenem-cilastatin,	
500/500	mg	to	1/1	g	every	6-8	hours.	All	doses	were	adjusted	to	
renal	 function.	The	 therapy	was	considered	 to	be	 inactive	 if	 the	
isolate	 was	 non-susceptible	 to	 the	 agent(s)	 administered	 or	 the	
dosing was inappropriate. Monotherapy	was	defined	as	the	admin-
istration	of	a	 single	active	drug	 for	at	 least	48	hours	 (except	 for	
patients	who	died	 in	 less	 than	48	hours,	and	who	were	 included	
if	 they	received	at	 least	one	complete	day	of	 therapy).	The	defi-
nition	criteria	 for	combination antibiotic therapy	 (ie,	 simultaneous	
administration	 of	 two	 or	more	 active	 drugs)	 varied	 according	 to	
the	time	elapsed	since	the	initiation	of	treatment,	 in	order	to	ac-
count	for	changes	in	antimicrobial	therapy	during	the	course	of	BSI	
(from	empirical	to	targeted	therapy).	For	the	first	24	or	72	hours	
from	 the	 onset	 of	 BSI,	 combination	 therapy	was	 defined	 as	 the	

administration	of	 two	or	more	 active	 antimicrobial	 agents	 for	 at	
least	24	hours.	For	 therapy	administered	within	 the	 first	7	days,	
the	definition	 required	 the	use	of	 two	or	more	active	agents	 for	
at	 least	72	hours.	Source control	 included	at	 least	one	of	 the	fol-
lowing	measures:	surgical	debridement	(eg,	laparotomy	for	organ/
space	 surgical	 site	 infection),	 non-surgical	 debridement	 (eg,	 im-
aging-guided	drainage	of	 perinephric	 abscess	 or	 infected	 kidney	
cyst),	and/or	removal	or	replacement	of	urinary	catheter.	To	avoid	
confounding	by	 indication	bias,	only	those	source	control	proce-
dures	performed	before	the	time	of	outcome	assessment	(ie,	days	
7	and	30	for	the	primary	and	secondary	outcomes,	 respectively)	
were	 taken	 into	 account.	 Severity	 of	 infection	 and	 comorbidity	
burden	were	assessed	by	means	of	the	Pitt	bacteremia	score,25 the 
age-adjusted	Charlson	comorbidity	index	(CCI),26	and	the	McCabe	
score.27	The	diagnosis	of	cytomegalovirus (CMV) infection	required	
the	presence	of	 laboratory-confirmed	CMV	replication	by	either	
pp65	antigenemia	 assay	or	PCR-based	nucleic	 acid	 amplification	
testing. CMV disease	was	defined	as	evidence	of	CMV	replication	
with attributable symptoms.28

2.3 | Statistical analysis

Continuous	variables	were	presented	as	the	mean	± standard devia-
tion	 (SD)	or	 the	median	with	 interquartile	 range	 (IQR).	Categorical	
data	were	 expressed	 as	 absolute	 and	 relative	 frequencies.	 The	 χ2 
test	 or	 Fisher's	 exact	 test	were	 used	 to	 compare	 categorical	 vari-
ables,	as	appropriate.	The	Student's	t-test	or	Mann-Whitney	U test 
were	applied	for	continuous	variables.	Univariate	and	multivariable	
logistic	regression	models	were	applied	to	identify	factors	predict-
ing	therapeutic	failure.	For	analysis	of	therapeutic	failure	at	days	7	
and	30	(primary	and	secondary	outcomes),	we	explored	the	impact	
of	the	antibiotic	regimen	administered	within	the	first	72	hours	from	
the	onset	 of	BSI.	 Further	 sensitivity	 analyses	were	 performed	 ac-
cording	to	the	regimen	used	during	the	first	24	hours	 (for	primary	
and	 secondary	outcomes)	 and	7	days	 (for	 the	 secondary	outcome	
only).	At	each	of	these	windows,	therapeutic	regimens	were	classi-
fied	into	one	of	the	following	mutually	exclusive	categories:	active	
versus inactive therapy; combination therapy versus monotherapy; 
carbapenem-containing	versus	other	active	regimens;	and	carbape-
nem	versus	BLBLI	monotherapy.	Absolute	risk	differences	with	95%	
confidence	intervals	(CIs)	were	determined	with	the	allegedly	more	
effective	regimen	(ie,	combination	therapy,	carbapenem-containing	
regimen,	and	carbapenem	monotherapy)	as	the	reference.

Associations	 were	 given	 as	 odds	 ratios	 (ORs)	 and	 95%	 CIs.	
Multicollinearity	among	explanatory	variables	was	analyzed	using	the	
variance	inflation	factor	(VIF).	The	Hosmer-Lemeshow	test	was	used	
to	assess	the	goodness-of-fit	of	the	models.	Thirty-day	survival	curves	
were	plotted	by	the	Kaplan-Meier	method	and	differences	related	to	
therapeutic	regimens	were	compared	with	the	log-rank	test.

To	partially	overcome	the	limitation	posed	by	the	non-random-
ized	design	of	the	study,	we	calculated	the	propensity	scores	(PS)	for	
receiving	 either	 the	 carbapenem-containing	 therapy	 (vs	 any	 other	
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active	 regimen)	or	 the	BLBLI-based	 (vs	carbapenem-based)	mono-
therapy,	within	 the	 first	72	hours	 and	given	 the	patient's	baseline	
characteristics	 and	 the	 clinical	 features	 at	 BSI	 presentation.	 Both	
scores	were	estimated	by	means	of	backward	stepwise	 logistic	re-
gression models including variables with P-values	< 0.1 in the uni-
variate	analysis	(Tables	S1	and	S2),	and	the	fit	of	the	resulting	models	
was	 assessed	 by	means	 of	 the	 area	 under	 the	 receiving	 operator	
characteristics	 curve	 (auROC).	 PS	 were	 entered	 as	 a	 covariate	 in	
multivariable	models	to	adjust	for	potential	confounding	by	factors	
influencing	the	choice	of	therapy.

Statistical	analysis	was	performed	with	SPSS	version	20.0	(IBM	
Corp.)	and	graphs	were	generated	with	Prism	version	6.0	(GraphPad	
Software	Inc).

3  | RESULTS

3.1 | Characteristics of the study population

Overall,	 306	 episodes	 of	 ESBL-E	BSI	 occurring	 in	 306	KTRs	were	
included	 from	 30	 centers	 in	 14	 countries.	 The	 clinical	 and	micro-
biological	features	are	shown	in	Table	1.	The	median	interval	from	
transplantation	 to	BSI	onset	was	119	days,	 and	23.2%	of	 the	epi-
sodes	occurred	within	 the	 first	month.	The	median	 length	of	 stay	
was	 16	 days	 (9-33.5).	Most	 patients	were	 receiving	 triple	mainte-
nance	immunosuppression	consisting	of	corticosteroids,	tacrolimus,	
and	 mycophenolic	 acid	 or	 mycophenolate	 mofetil.	 Regarding	 the	
ESBL-E	identified,	Escherichia coli	(62.1%)	and	Klebsiella	spp.	(35.0%)	
accounted	for	the	majority	of	cases.

Therapeutic	 failure	 at	 days	 7	 and	 30	 (primary	 and	 secondary	
outcomes)	 occurred	 in	 8.2%	 (25/306)	 and	 13.4%	 (41/306)	 of	 pa-
tients.	All-cause	mortality	rates	at	days	7	and	30	were	1.0%	(3/306)	
and	2.9%	 (9/306),	 respectively.	All	but	one	death	were	considered	
attributable	to	ESBL-E	BSI.	The	rates	of	cure	and	clinical	 improve-
ment	were	2.6%	(8/206)	and	89.2%	(273/306)	by	day	7,	and	77.5%	
(237/306)	and	9.2%	(28/306)	by	day	30,	respectively.

The	therapeutic	regimens	given	at	different	time	intervals	are	
detailed	 in	 Table	 2.	Most	 patients	 received	 active	 therapy	 with	
carbapenem	monotherapy	(144	[47.1%]	for	the	first	24	hours,	210	
[68.6%]	for	the	first	72	hours,	and	237	[77.5%]	for	the	first	7	days	
from	 BSI	 onset),	 whereas	 BLBLI	monotherapy	 (mostly	 piperacil-
lin-tazobactam)	was	 chosen	 in	 about	 10%	 of	 cases.	 Piperacillin-
tazobactam	was	most	commonly	administered	at	doses	of	4/0.5	g	
every	8	hours	(46.7%	[14/30])	and	2/0.25	g	every	8	hours	(20.0%	
[6/30]).	The	use	of	combination	antibiotic	therapy	was	anecdotal.	
Twenty-one	patients	(6.8%)	received	during	the	first	72	hours	an	
antibiotic	 that	 lacked	 in	 vitro	 activity	 against	 the	 isolate,	 which	
mainly	 included	 second-	 or	 third-generation	 cephalosporins	 (10	
patients	[47.6%]),	piperacillin-tazobactam	(eight	patients	[38.1%]),	
or	 quinolones	 (two	 patients	 [9.5%]).	Within	 the	 subgroup	 of	 pa-
tients	who	received	monotherapy	during	the	first	72	hours	from	
BSI	onset,	5.0%	(13/261)	were	subsequently	transitioned	to	a	sec-
ond active antibiotic.

3.2 | Risk factors for therapeutic failure

Univariate	and	multivariable	analyses	of	factors	predicting	thera-
peutic	 failure	 at	 day	 7	 (primary	 outcome)	 are	 shown	 in	 Table	 3.	
At	the	univariate	level,	recipient	gender,	time	interval	from	trans-
plantation	 to	 BSI	 onset,	 use	 of	 trimethoprim-sulfamethoxazole	
prophylaxis,	 presence	 of	 urinary	 stenosis,	 hospital-acquired	 in-
fection,	 acute	 rejection	within	 the	 prior	month,	 Pitt	 bacteremia	
score,	and	the	degree	of	sepsis	severity	were	associated	with	this	
outcome.	 Since	 the	 Pitt	 score	 and	 the	 presence	 of	 septic	 shock	
exhibited	significant	multicollinearity	(VIF	values	>	1.5),	only	the	
former	 variable	was	 included	 into	 the	 logistic	 regression	model.	
The	 presence	 of	 hospital-acquired	 BSI	 (OR:	 4.10;	 95%	CI:	 1.50-
11.20; P-value	 =	 0.006)	 and	 the	 Pitt	 bacteremia	 score	 at	 BSI	
onset	(OR	[per	one-point	increase]:	aOR:	1.47;	95%	CI:	1.21-1.77;	
P-value	<	0.0001)	remained	as	independent	predictors	for	thera-
peutic	failure	at	day	7.

Age-adjusted	 CCI	 (OR	 [per	 one-point	 increase]:	 1.25;	 95%	 CI:	
1.05-1.48;	P-value	=	0.010),	Pitt	score	(OR	[per	one-point	increase]:	
1.72;	 95%	 CI:	 1.35-2.17;	 P-value	<0.0001),	 and	 an	 absolute	 lym-
phocyte	count	≤500	cells/μL	at	BSI	onset	(OR:	3.16;	95%	CI:	1.42-
7.06;	P-value	=	0.005)	were	independent	predictors	for	therapeutic	
failure	at	day	30	(Table	4).	There	were	no	significant	differences	in	
30-day	survival	between	patients	receiving	or	not	receiving	active	
therapy	within	the	first	24	(98.3%	vs	95.3%,	respectively;	 log-rank	
test P-value	=	0.365)	or	72	hours	 (100.0%	vs	95.9%;	 log-rank	test	
P-value	=	0.293)	from	the	onset	of	BSI.

3.3 | Impact of different therapeutic regimes on 
study outcomes

The	impact	on	study	outcomes	of	different	regimens	was	next	inves-
tigated	within	the	subgroup	of	participants	who	received	active	ther-
apy.	First,	we	compared	the	incidence	of	therapeutic	failure	at	day	7	
(primary	 outcome)	 in	 patients	 receiving	 combination	 therapy	 versus	
monotherapy	 during	 the	 first	 72	 hours	 from	 the	 onset	 of	 BSI,	with	
no	 significant	 differences	 found	 between	 both	 groups	 (8.3%	 [1/12]	
vs	8.4%	[22/261],	respectively;	risk	difference:	0.06%;	95%	CI:	−0.15-
0.16;	unadjusted	OR	[uOR]:	0.99;	95%	CI:	0.12-8.01;	P-value	=	0.991)	
(Figure	1A).	There	were	no	significant	differences	in	the	occurrence	of	
therapeutic	failure	at	day	30	(secondary	outcome)	either	(16.7%	[2/12]	
vs	13.0%	[34/261];	risk	difference:	−3.63%;	95%	CI:	−0.23-0.16;	uOR:	
1.34;	95%	CI:	0.28-6.36;	P-value	=	0.717)	(Figure	1B).	Next,	we	evalu-
ated	the	impact	of	using	a	carbapenem-containing	regimen	versus	any	
other	active	regimen	during	the	first	72	hours.	No	significant	differ-
ences	were	observed,	either	at	day	7	 (8.7%	[19/219]	vs	7.4%	[4/54];	
risk	difference:	−1.27%;	95%	CI:	−0.09-0.07;	uOR:	1.18;	95%	CI:	0.39-
3.65; P-value	=	0.764)	(Figure	2A)	or	day	30	(13.7%	[30/219]	vs	11.1%	
[6/54];	 risk	 difference:	 −2.59;	 95%	 CI:	 −0.13-0.07;	 uOR:	 1.27;	 95%	
CI:	0.50-3.23;	P-value	=	0.615)	(Figure	2B).	Finally,	we	compared	the	
risk	of	therapeutic	failure	between	patients	treated	with	carbapenem	
monotherapy	versus	BLBLI	monotherapy.	Once	again,	we	observed	no	
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significant	differences	at	day	7	(9.0%	[19/210]	vs	3.0%	[1/33];	risk	dif-
ference:	−6.01%;	95%	CI:	−0.16-0.04;	uOR:	3.18;	95%	CI:	0.41-24.62;	
P-value	=	0.267)	(Figure	2A)	or	day	30	(13.8%	[29/210]	vs	9.1%	[3/33];	
risk	difference:	−4.72%;	95%	CI:	−0.17-0.08;	uOR:	1.60;	95%	CI:	0.46-
5.59; P-value	=	0.459)	(Figure	2B)	between	both	therapeutic	modali-
ties.	In	addition,	there	were	no	significant	differences	in	hospital	stay	
between	any	of	these	therapeutic	regimens	(Table	S3).

TA B L E  1  Clinical	characteristics	of	the	study	cohort

Variable (n = 306)

Patient-related	variables

Age,	years	[mean	± SD] 56.6 ± 13.9

Male	gender	[n	(%)] 163	(53.3)

Geographic	area	[n	(%)]

Europe 190	(62.1)

Asia 56	(18.3)

South	America 18	(5.9)

North	America 17	(5.6)

Israel 25	(8.2)

McCabe	score	[n	(%)]

Non-fatal 230	(75.2)

Ultimately	fatal 61	(19.9)

Rapidly	fatal 15	(4.9)

Age-adjusted	CCI	[median	(IQR)] 4	(3-6)

Major	pre-transplant	comorbidities	[n	(%)]

Diabetes 152	(49.7)

Coronary	heart	disease 45	(14.7)

Congestive	heart	failure 37	(12.1)

Liver	disease 31	(10.1)

Chronic	pulmonary	disease 25	(8.2)

Transplant-related	variables

Time	from	transplantation	to	BSI	onset,	days	
[median	(IQR)]

119	(35.3-1.378)

BSI	within	the	first	post-transplant	month	
[n	(%)]

71	(23.2)

Simultaneous	kidney-pancreas	
transplantation	[n	(%)]

5	(1.6)

Induction	therapy	[n	(%)]

Basiliximab 110	(35.9)

Anti-thymocyte	globulin 82	(26.8)

Maintenance	immunosuppression	at	BSI	onset	[n	(%)]

Corticosteroids 275	(89.9)

Tacrolimus 242	(79.1)

Cyclosporine 51	(16.7)

Mycophenolic	acid/mycophenolate	mofetil 244	(79.7)

Azathioprine 22	(7.2)

mTOR	inhibitor 26	(8.5)

TMP/SMX	prophylaxis	within	the	prior	
month	[n	(%)]

163	(53.3)

Urinary	stenosis	at	BSI	onset	[n	(%)] 55	(18.0)

ICU	admission	within	the	prior	month	[n	(%)] 37	(12.1)

Dialysis	within	the	prior	month	[n	(%)] 65	(21.2)

CMV	infection	within	the	prior	month	[n	(%)] 31	(10.1)

CMV	disease	within	the	prior	month	[n	(%)] 15	(4.9)

Acute	graft	rejection	within	the	prior	month	
[n	(%)]

30	(9.8)

(Continues)

Variable (n = 306)

BSI	episode-related	variables

Hospital-acquired	BSI	[n	(%)] 127	(41.5)

Pitt	bacteremia	score	[median	(IQR)] 0	(0-2)

Hemodynamic	severity	[n	(%)]a 

Severe sepsis 36	(12.6)

Septic	shock 13	(4.5)

Lymphocyte	count	at	presentation	≤	500	
cells/μL	[n	(%)]b 

117	(39.9)

Microbiological	results	[n	(%)]

Escherichia coli 190	(62.1)

Klebsiella spp. 107	(35.0)

Enterobacter spp. 4	(1.3)

Other 5	(1.6)

Treatment-related	variables	and	outcomes

BSI	source	control	[n	(%)] 113	(36.9)

Surgical debridement 26	(8.5)

Non-surgical	debridement 44	(14.4)

Removal/replacement	of	urinary	catheter 67	(21.9)

Time	to	BSI	source	control,	days	[median	
(IQR)]c 

3	(0-9)

Overall	duration	of	therapy,	days	[median	
(IQR)]d 

14	(12-21)

Duration	of	active	therapy,	days	[median	
(IQR)]d 

14	(11-20)

Time	to	active	therapy,	days	[median	(IQR)] 0	(0-1)

Length	of	stay,	days	[median	(IQR)] 16	(9-33.5)

Therapeutic	failure	[n	(%)]

At	day	7	(primary	outcome) 25	(8.2)

At	day	30	(secondary	outcome) 41	(13.4)

All-cause	mortality	[n	(%)]

At	day	7	(primary	outcome) 3	(1.0)

At	day	30	(secondary	outcome) 9	(2.9)

Note: BSI,	bloodstream	infection;	CCI,	age-adjusted	Charlson	
comorbidity	index;	CI,	confidence	interval;	CMV,	cytomegalovirus;	
ICU,	intensive	care	unit;	IQR,	interquartile	range;	mTOR;	
mammalian	target	of	rapamycin;	SD,	standard	deviation;	TMP/SMX,	
trimethoprim-sulfamethoxazole.
aData	not	available	for	20	patients.	
bData	not	available	for	13	patients.	
cData	not	available	for	36	patients.	
dData	not	available	for	3	patients.	

TA B L E  1   (Continued)
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3.4 | Propensity score-adjusted analysis

Next,	we	applied	a	PS-based	approach	 to	 investigate	whether	 the	
therapeutic	regimen	administered	within	the	first	72	hours	from	BSI	
onset	influenced	study	outcomes.	The	following	variables	were	in-
cluded	 in	 the	PS	 for	 the	use	of	a	carbapenem-containing	regimen:	
geographical	area	 (Europe	or	North	America	vs	other	sites),	simul-
taneous	 kidney-pancreas	 transplantation,	 certain	 pre-transplant	
chronic	 conditions	 (diabetes,	 liver	 disease,	 congestive	 heart	 fail-
ure,	and	chronic	pulmonary	disease),	CMV	disease	within	the	prior	
month,	and	presence	of	a	rapidly	or	ultimately	fatal	disease	accord-
ing	to	the	McCabe	score	(Table	S1).	The	auROC	of	the	resulting	PS	
was	0.738	(95%	CI:	0.664-0.812).	The	risk	of	therapeutic	failure	at	
day	7	(PS-adjusted	OR:	4.66;	95%	CI:	0.58-37.28;	P-value	=	0.147)	or	
at	day	30	(PS-adjusted	OR:	2.13;	95%	CI:	0.55-8.20;	P-value	=	0.274)	
was	not	found	to	be	significantly	affected	by	the	use	of	a	carbape-
nem-containing	 regimen	versus	 any	other	 active	 regimen.	 In	 addi-
tion,	we	further	adjusted	by	the	degree	of	sepsis	severity	(Pitt	score	
and	presence	of	septic	shock)	and	comorbidity	burden	in	different	
regression	models,	since	the	relatively	low	number	of	patients	suf-
fering	 from	 therapeutic	 failure	 at	 either	 point	 was	 insufficient	 to	
perform	 a	 single	multivariable	 analysis	without	 incurring	 in	model	
overfitting.	None	of	these	adjustments	suggested	a	risk	difference	
according	to	the	use	of	a	carbapenem-containing	therapy	or	an	alter-
native	regimen	(Figure	S1).

This methodological approach was also applied to compare 
the	use	of	BLBLI	versus	carbapenem	within	the	subgroup	of	pa-
tients	 treated	with	monotherapy	 in	 the	 first	 72	 hours	 from	BSI	
onset.	The	variables	 included	in	the	PS	for	the	use	of	carbapen-
em-based	monotherapy	as	compared	to	BLBLI-based	monother-
apy	were:	geographical	area	 (Europe	or	North	America	vs	other	
study	 sites),	 pre-transplant	 chronic	 conditions	 (congestive	heart	
failure	and	chronic	pulmonary	disease),	presence	of	a	 rapidly	or	
ultimately	 fatal	disease	according	 to	 the	McCabe	score,	 and	 re-
ceipt	of	 active	 therapy	within	 the	 first	24	hours	 (Table	S2).	The	
auROC	of	the	score	was	0.794	(95%	CI:	0.719-0.869).	Again,	nei-
ther	the	risk	of	therapeutic	failure	at	day	7	(PS-adjusted	OR:	4.36;	
95%	CI:	0.51-37.38;	P-value	=	0.179)	or	day	30	(PS-adjusted	OR:	
2.59;	95%	CI:	0.66-10.21;	P-value	=	0.175)	appeared	to	be	influ-
enced	 by	 the	 choice	 of	 carbapenem-based	 versus	 BLBLI-based	
monotherapy	(Figure	S2).

3.5 | Sensitivity analysis

Finally,	 to	 evaluate	 the	 consistency	 of	 these	 findings,	 we	 investi-
gated	the	impact	of	therapy	administered	during	time	periods	other	
than	the	72-hour	window.	There	were	no	significant	differences	in	
the	 incidence	 of	 7-day	 and	 30-day	 therapeutic	 failure	 among	 dif-
ferent	therapeutic	regimens	administered	within	the	first	24	hours	
from	BSI	 (Figures	S3	 and	S4,	Table	S4).	No	 significant	differences	
were	 found	 in	30-day	 therapeutic	 failure	according	 to	 the	 type	of	
therapy	used	within	the	first	7	days	either	(Figure	S5,	Table	S4).

4  | DISCUSSION

In	 the	present	 study,	we	were	not	 able	 to	detect	 significant	dif-
ferences	 in	the	risk	of	therapeutic	failure	 (lack	of	cure	or	clinical	
improvement	 and/or	 death	 from	 any	 cause)	 among	 KTRs	 with	
ESBL-E	BSI	secondary	to	UTI	that	were	treated	with	carbapenem-	
or	 BLBLI-based	 regimens.	 Absolute	 risk	 differences	 observed	
were	 small	 (ranging	 from	−6.01%	 to	0.06%)	 and	of	 questionable	
relevance	 from	 a	 clinical	 perspective.	 Although	 current	 consen-
sus	statements	favor	BLBLI-based	regimens	for	non-severe	ESBL	
infections,29,30 such recommendations are supported by limited 
data.	 Our	 research	 would	 reinforce	 previous	 studies	 suggesting	
that	BLBLI	monotherapy	may	be	as	effective	as	a	carbapenem	to	
treat	ESBL-E	BSI,	particularly	for	low-inoculum	infections	in	non-
critically ill patients.14-17

The	 very	 low	 number	 of	 KTRs	 within	 the	 BLBLI	 group	 that	
received	amoxicillin-clavulanic	acid	 (n	=	2)	 imply	that	our	results	
are	mostly	applicable	to	piperacillin-tazobactam,	in	line	with	other	
studies	performed	in	the	non-transplant	population.16,17 Whether 
both	BLBLIs	are	equally	effective	for	treating	ESBL-E	remains	de-
batable,	although	a	potential	“inoculum	effect”	has	been	proposed	
for	 piperacillin-tazobactam	 but	 not	 for	 amoxicillin-clavulanic	
acid.31	 In	addition,	variations	have	been	 reported	 in	 the	 rates	of	
susceptibility	to	piperacillin-tazobactam	according	to	the	specific	
ESBL	enzyme	involved,	with	higher	activity	for	CTX-M-14-like	en-
zymes	as	compared	to	other	β-lactamases	(such	as	CTX-M-15-like,	
CMY-like,	OXA-1,	or	SHV	enzymes).32	It	should	be	noted	that	the	
CLSI	and	EUCAST	guidelines	differ	in	the	interpretative	criteria	for	
categorizing	 an	 isolate	 as	 susceptible	 to	 piperacillin-tazobactam,	
with	minimum	 inhibitory	 concentration	 (MIC)	 breakpoints	 set	 at	
≤16	mg/L	and	≤8	mg/L,	respectively.	Given	the	retrospective	de-
sign	of	the	study,	such	a	discrepancy	complicates	data	aggregation	
across	centers.	Indeed,	if	we	focused	on	episodes	treated	with	pip-
eracillin-tazobactam	monotherapy	during	the	first	72	hours,	67.7%	
(21/31)	and	32.3%	(10/31)	of	the	isolates	had	been	tested	by	the	
CLSI	and	EUCAST	methods.

To	 our	 knowledge,	 this	 is	 the	 first	 study	 to	 compare	 the	 ef-
ficacy	 of	 carbapenems	 and	BLBLI	 for	 ESBL-E	BSI	 in	 the	 specific	
setting	of	SOT.	Immunocompromised	individuals	were	included	in	
a	systematic	review	and	meta-analysis	that	demonstrated	compa-
rable	mortality	rates	for	patients	with	ESBL-E	BSI	treated	with	car-
bapenems or other regimens.14	Nonetheless,	most	of	 them	were	
diagnosed	with	malignancy	and	neutropenia,	with	only	a	low	num-
ber	of	SOT	recipients.33	In	line	with	these	findings,	a	recent	inter-
national	study	in	neutropenic	hematological	patients	with	ESBL-E	
BSI	also	failed	to	demonstrate	differences	between	carbapenems	
and	BLBLI.34

In	 contrast	 with	 our	 results	 and	 most	 of	 the	 previously	 re-
ported	studies,	 results	 from	a	multicenter,	open-label,	 randomized	
non-inferiority	 trial	 of	 piperacillin-tazobactam	 versus	 meropenem	
for	the	definitive	treatment	of	BSI	caused	by	ceftriaxone-resistant	
E. coli or K. pneumoniae	did	not	support	the	use	of	BLBLI	as	a	car-
bapenem-sparing	option.20	 In	contrast	to	the	present	study,	about	
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one	 third	of	 the	participants	 in	 the	MERINO	trial	had	non-urinary	
sources,	and	the	risk	difference	for	30-day	mortality	in	this	subgroup	
was	 sensibly	 higher	 than	 that	 observed	 among	 patients	 with	 BSI	
from	urinary	source	(14.1%	vs	3.7%,	respectively).	Previous	studies	
have	demonstrated	poorer	outcomes	in	infections	from	non-urinary	
sources	treated	with	piperacillin-tazobactam-based	regimens.35,36

The	absence	of	demonstrable	differences	in	the	rates	of	thera-
peutic	failure	at	days	7	and	30	among	patients	receiving	BLIBL	ver-
sus	carbapenems	must	be	interpreted	with	particular	caution,	given	
the	low	number	of	patients	treated	with	BLBLI	and	the	subsequent	
risk	of	 inadequate	power	 to	 reject	 the	null	hypothesis.	Alternative	
carbapenem-sparing	active	regimens	other	than	BLBLI	were	used	in	
a	 small	 proportion	of	patients,	which	precludes	 conclusions	about	
their	potential	efficacy	for	the	treatment	of	post-transplant	ESBL-E	

BSI	 of	 urinary	 origin.	 In	 addition,	 we	 found	 no	 differences	 in	 the	
rates	 of	 therapeutic	 failure	 between	 patients	 treated	with	 combi-
nation	therapy	or	monotherapy,	regardless	of	the	time	elapsed	from	
the	onset	of	BSI	to	the	initiation	of	an	in	vitro	active	agent.

The	low	mortality	rates	observed	(1.0%	at	day	7	and	2.9%	at	day	
30)	were	consistent	with	those	previously	published	among	KTRs,	
which	 ranged	 from	2.5%	 to	11%,36,37 and would have contributed 
to	the	quite	unexpected	lack	of	apparent	impact	in	terms	of	worse	
outcomes	of	not	receiving	active	therapy.	The	improved	outcomes	
reported	for	BSI	from	urinary	source	may	be	explained	by	the	pres-
ence	 of	 a	 lower	 inflammatory	 response	 and	 the	 higher	 antibiotic	
concentration	 typically	 reached	 in	 the	 urinary	 tract.	Although	 the	
development	of	septic	shock	represents	a	major	predictor	of	mor-
tality,36	Kalil	et	al	showed	that	mortality	was	actually	lower	in	SOT	
recipients	 with	 bacteremic	 sepsis	 compared	 with	 non-transplant	
patients,	 suggesting	 that	 post-transplant	 immunosuppression	may	
provide	a	survival	advantage	through	modulation	of	the	inflamma-
tory response.38	On	the	other	hand,	the	overall	favorable	outcomes	
found	in	our	study	may	reflect	the	occurrence	of	a	less	severe	infec-
tion,	consistent	with	the	low	age-adjusted	CCI	(median	of	4)	and	Pitt	
bacteremia	(median	of	0)	score	values,	and	the	small	proportion	of	
patients	with	rapidly	fatal	disease	(4.9%).

In	 the	multivariable	 analysis,	 hospital-acquired	 infection	 and	
Pitt	score	were	associated	with	an	increased	odds	of	therapeutic	
failure	at	day	7.	On	the	other	hand,	age-adjusted	CCI,	Pitt	score,	and	
the	presence	of	lymphopenia	(≤500	cells/μL)	at	presentation	were	
associated	with	therapeutic	failure	at	day	30.	Surprisingly,	despite	
the	high	rate	of	 inadequate	(non-active)	 initial	empiric	antimicro-
bial	therapy	within	the	first	24	and	72	hours	(37.9%	and	10.8%,	re-
spectively),	this	variable	was	not	associated	with	a	worse	outcome	
in	either	univariate	or	multivariable	models.	Previous	studies	have	
also	reported	high	rates	of	inadequate	initial	antimicrobial	therapy	
to	treat	ESBL-E	BSI	in	the	overall	population,39-41 which may reach 
up	to	60%	in	studies	targeting	the	SOT	population.6 Some previ-
ous	studies	reported	that,	following	multivariate	adjustment,	inap-
propriate initial empiric therapy was not associated with increased 
mortality	after	SOT,6	although	inadequately	treated	UTI	episodes	
exerted	a	deleterious	impact	on	graft	function	and	patient	survival	
among	KTRs.3,5	Again,	 such	 a	 low	mortality	 rate	may	be	 related	
to	 the	 lower	 inflammatory	 response	 in	 these	 patients	 compared	
to	 non-transplant	 patients.	 Unfortunately,	 we	 lack	 data	 on	 the	
medium-	and	long-term	evolution	of	renal	graft	function	between	
patients	 receiving	 and	 not	 receiving	 adequate	 therapy,	 although	
no	significant	differences	were	found	in	the	overall	length	of	stay	
(which	may	serve	as	a	proxy	for	the	development	of	acute	kidney	
injury	or	the	requirement	of	renal	replacement	therapy	during	the	
incident	hospitalization).

Carbapenem	monotherapy	(primarily	meropenem)	was	the	most	
frequent	active	therapy	used,	followed	by	BLBLI	 (mostly	piperacil-
lin-tazobactam).	To	overcome	the	limitation	posed	by	the	non-ran-
domized	retrospective	design,	PS-adjusted	analyses	for	receiving	the	
front-line	 and	 intuitively	 “more	potent”	 therapy	 (carbapenem-con-
taining	or	carbapenem-based	regimens)	versus	the	“alternative”	less	

TA B L E  2  Description	of	therapeutic	regimens	administered

Therapeutic regimen 
[n (%)]

Time interval from BSI onset

24 hours 72 hours 7 days

Active	therapy 190	(62.1) 273	(89.2) 298	(97.4)

Monotherapy 179	(58.5) 261	(85.3) 287	(93.8)

Carbapenem 144	(47.1) 210	(68.6) 237	(77.5)

Meropenem 76	(24.8) 105	(34.3) 109	(35.6)

Ertapenem 46	(15.0) 72	(23.5) 94	(30.7)

Imipenem-
cilastatin

22	(7.2) 33	(10.8) 32	(10.5)

BLBLI 22	(7.2) 33	(10.8) 32	(10.5)

Piperacillin-
tazobactama 

20	(6.5) 31	(10.1) 30	(9.8)

Amoxicillin-
clavulanic acid

2	(0.7) 2	(0.7) 2	(0.7)

Quinolone 5	(1.6) 9	(2.9) 10	(3.3)

Aminoglycoside 3	(1.0) 3	(1.0) 1	(0.3)

Otherb  5	(1.6) 6	(2.0) 6	(2.0)

Combined	therapy 10	(3.3) 12	(3.9) 11	(3.6)

Carbapenem-
containing

7	(2.3) 9	(2.9) 9	(2.9)

Other	combinationsc  3	(1.0) 3	(1.0) 2	(0.7)

Inactive	therapy 116	(37.9) 33	(10.8) 8	(2.6)

Inactive	agent	in	
vitro

59	(19.3) 21	(6.8) 3	(1.0)

No	antibiotic	
administered

57	(18.6) 12	(3.9) 5	(1.6)

Note: BLBLI,	β-lactam/β-lactamase	inhibitor;	BSI,	bloodstream	infection.
aPiperacillin-tazobactam	was	administered	at	the	following	doses:	
4/0.5	g	every	8	hours	(n	=	14),	2/0.25	g	every	8	hours	(n	=	6),	2/0.5	g	
every	6	hours	(n	=	3),	4/0.5	g	every	12	hours	(n	=	2),	3/0.375	g	every	
6	hours	(n	=	2),	4/0.5	g	every	24	hours	(n	=	1),	unknown	(n	=	2).	
bOther	monotherapy	regimens	used	within	the	first	24	hours	included	
cefepime	(n	=	3),	trimethoprim-sulfamethoxazole	(n	=	2),	and	tigecycline	
(n	=	1).	
cOther	combination	regimens	used	within	the	first	24	hours	included	
BLBLI	plus	aminoglycoside	(n	=	1)	or	quinolone	(n	=	1),	and	ceftazidime	
plus	quinolone	(n	=	1).	



     |  9 of 16PIERROTTI ET al

TA
B

LE
 3

 
U
ni
va
ria
te
	a
nd
	m
ul
tiv
ar
ia
bl
e	
an
al
ys
es
	o
f	f
ac
to
rs
	fo
r	t
he
ra
pe
ut
ic
	fa
ilu
re
	a
t	d
ay
	7
	(p
rim
ar
y	
ou
tc
om
e)

Th
er

ap
eu

tic
 fa

ilu
re

 a
t d

ay
 

7 
(n

 =
 2

5)
N

o 
th

er
ap

eu
tic

 fa
ilu

re
 a

t d
ay

 
7 

(n
 =

 2
81

)

U
ni

va
ria

te
f  

M
ul

tiv
ar

ia
bl

eg  

O
R

95
%

 C
I

P-
va

lu
e

O
R

95
%

 C
I

P-
va

lu
e

A
ge
,	y
ea
rs
	[m
ea
n	

±
 S

D
]

57
.2
	±
	1
7.
3

56
.6

 ±
	1
3.
7

M
al
e	
ge
nd
er
	[n
	(%
)]

18
	(7
2.
0)

14
5	
(5
1.
6)

2.
41

0.
98
-5
.9
6

0.
05

6

Ti
m
e	
in
te
rv
al
	fr
om
	

tr
an
sp
la
nt
at
io
n,
	d
ay
s	
[m
ed
ia
n	

(IQ
R)
]

68
	(2
3-
19
4)

13
3	
(3
6-
1,
54
3)

1.
00

0.
99
-1
.0
0

0.
07
3

BS
I	w
ith
in
	th
e	
fir
st
	p
os
t-

tr
an
sp
la
nt
	m
on
th
	[n
	(%
)]

7	
(2
8.
0)

64
	(2
2.
8)

In
du
ct
io
n	
th
er
ap
y	
w
ith
	a
nt
i-

th
ym
oc
yt
e	
gl
ob
ul
in
	[n
	(%
)]

9	
(3
6.
0)

73
	(2
6.
0)

TM
P/
SM
X	
pr
op
hy
la
xi
s	
w
ith
in
	th
e	

pr
io
r	m
on
th
	[n
	(%
)]

18
	(7
2.
0)

14
5	
(5
1.
6)

2.
41

0.
98
-5
.9
6

0.
05

6

U
rin
ar
y	
st
en
os
is
	[n
	(%
)]

9	
(3
6.
0)

46
	(1
6.
4)

2.
87

1.
19
-6

.8
9

0.
01

8
-

-
-

IC
U
	a
dm
is
si
on
	w
ith
in
	th
e	
pr
io
r	

m
on
th
	[n
	(%
)]

6	
(2
4.
0)

31
	(1
1.
0)

D
ia

ly
si

s 
w

ith
in

 th
e 

pr
io

r m
on

th
 

[n
	(%
)]

9	
(3
6.
0)

56
	(1
9.
9)

C
M
V
	in
fe
ct
io
n	
w
ith
in
	th
e	
pr
io
r	

m
on
th
	[n
	(%
)]

5	
(2
0.
0)

26
	(9
.3
)

C
M
V
	d
is
ea
se
	w
ith
in
	th
e	
pr
io
r	

m
on
th
	[n
	(%
)]

3	
(1
2.
0)

12
	(4
.3
)

H
os
pi
ta
l-a
cq
ui
re
d	
BS
I	[
n	
(%
)]

19
	(7
6.
0)

10
8	
(3
8.
4)

5.
07

1.
96
-1

3.
10

0.
00

1
4.

10
1.
50
-1
1.
20

0.
00

6

A
cu
te
	g
ra
ft
	re
je
ct
io
n	
w
ith
in
	th
e	

pr
io
r	m
on
th
	[n
	(%
)]

6	
(2
4.
0)

24
	(8
.5
)

3.
38

1.
23
-9

.2
7

0.
01

8
-

-
-

A
ge
-a
dj
us
te
d	
CC
I	[
m
ed
ia
n	
(IQ
R)
]

5	
(3
-6
)

4	
(2
-6
)

Ra
pi
dl
y	
or
	u
lti
m
at
el
y	
fa
ta
l	

M
cC
ab
e	
sc
or
es
	[n
	(%
)]

10
	(4
0.
0)

66
	(2
3.
5)

Pi
tt
	b
ac
te
re
m
ia
	s
co
re
	a
t	B
SI
	o
ns
et
	

[m
ed
ia
n	
(IQ
R)
]

2	
(0
-4
.5
)

0	
(0
-1
)

1.
50

d  
1.

24
-1

.8
2

<
0.

00
01

1.
47

d  
1.
21
-1
.7
7

<
0.

00
01

Se
pt
ic
	s
ho
ck
	a
t	B
SI
	o
ns
et
	[n
	(%
)]a  

6	
(2
4.
0)

7	
(2
.6
)

11
.8

2e  
3.
61
-3
8.
69

<
0.

00
01

Ly
m
ph
oc
yt
e	
co
un
t	≤
	5
00
	c
el
ls
/μ
L	

at
	B
SI
	o
ns
et
	[n
	(%
)]b  

14
	(5
6.
0)

10
3	
(3
8.
4)

Su
rg

ic
al

 d
eb

rid
em

en
t w

ith
in

 th
e 

fir
st
	7
	d
ay
s	
[n
	(%
)]

2	
(8
.0
)

11
	(3
.9
)

N
on
-s
ur
gi
ca
l	d
eb
rid
em
en
t	[
n	
(%
)]

6	
(2
4.
0)

38
	(1
3.
5)

(C
on
tin
ue
s)



10 of 16  |     PIERROTTI ET al

Th
er

ap
eu

tic
 fa

ilu
re

 a
t d

ay
 

7 
(n

 =
 2

5)
N

o 
th

er
ap

eu
tic

 fa
ilu

re
 a

t d
ay

 
7 

(n
 =

 2
81

)

U
ni

va
ria

te
f  

M
ul

tiv
ar

ia
bl

eg  

O
R

95
%

 C
I

P-
va

lu
e

O
R

95
%

 C
I

P-
va

lu
e

Re
m
ov
al
/r
ep
la
ce
m
en
t	o
f	u
rin
ar
y	

ca
th
et
er
	[n
	(%
)]

7	
(2
8.
0)

60
	(2
1.
4)

Ti
m
e	
to
	B
SI
	s
ou
rc
e	
co
nt
ro
l	

[m
ed
ia
n	
(IQ
R)
]c  

9.
5	
(0
.3
-2
0)

2.
5	
(0
-7
)

Ti
m
e	
to
	a
ct
iv
e	
th
er
ap
y	
[m
ed
ia
n	

(IQ
R)
]

0	
(0
-1
)

0	
(0
-1
)

A
ct
iv
e	
th
er
ap
y	
w
ith
in
	th
e	
fir
st
	

24
	h
ou
rs
	[n
	(%
)]

15
	(6
0.
0)

17
5	
(6
2.
3)

A
ct
iv
e	
th
er
ap
y	
w
ith
in
	th
e	
fir
st
	

72
	h
ou
rs
	[n
	(%
)]

23
	(9
2.
0)

25
0	
(8
9.
0)

N
ot

e:
 B
SI
,	b
lo
od
st
re
am
	in
fe
ct
io
n;
	C
C
I,	
ag
e-
ad
ju
st
ed
	C
ha
rls
on
	c
om
or
bi
di
ty
	in
de
x;
	C
I,	
co
nf
id
en
ce
	in
te
rv
al
;	C
M
V,
	c
yt
om
eg
al
ov
iru
s;
	E
SB
L,
	e
xt
en
de
d	
sp
ec
tr
um
	b
et
a-
la
ct
am
as
e;
	IC
U
,	i
nt
en
si
ve
	c
ar
e	
un
it;
	IQ
R,
	

in
te
rq
ua
rt
ile
	ra
ng
e;
	O
R,
	o
dd
s	
ra
tio
;	S
D
,	s
ta
nd
ar
d	
de
vi
at
io
n;
	T
M
P/
SM
X
,	t
rim
et
ho
pr
im
-s
ul
fa
m
et
ho
xa
zo
le
.

a D
at
a	
no
t	a
va
ila
bl
e	
fo
r	1
2	
pa
tie
nt
s.
	

b D
at
a	
no
t	a
va
ila
bl
e	
fo
r	1
3	
pa
tie
nt
s.
	

c D
at
a	
no
t	a
va
ila
bl
e	
fo
r	3
6	
pa
tie
nt
s.
	

d H
az
ar
d	
ra
tio
	e
st
im
at
ed
	p
er
	o
ne
-p
oi
nt
	in
cr
ea
se
	in
	th
e	
sc
or
e.
	

e T
he
	v
ar
ia
bl
e	
“s
ep
tic
	s
ho
ck
”	w
as
	n
ot
	e
nt
er
ed
	in
to
	th
e	
m
od
el
	b
as
ed
	o
n	
th
e	
ex
is
te
nc
e	
of
	s
ig
ni
fic
an
t	c
ol
lin
ea
rit
y	
w
ith
	th
e	
Pi
tt
	b
ac
te
re
m
ia
	s
co
re
.	

f V
ar
ia
bl
es
	e
nt
er
ed
	in
to
	th
e	
m
ul
tiv
ar
ia
bl
e	
m
od
el
	a
re
	h
ig
hl
ig
ht
ed
	in
	b
ol
d	
ch
ar
ac
te
rs
.	

g H
os
m
er
-L
em
es
ho
w
	P
-v
al
ue
	=
	0
.7
99
.	

TA
B

LE
 3

 
(C
on
tin
ue
d)



     |  11 of 16PIERROTTI ET al

TA
B

LE
 4

 
U
ni
va
ria
te
	a
nd
	m
ul
tiv
ar
ia
bl
e	
an
al
ys
es
	o
f	f
ac
to
rs
	fo
r	t
he
ra
pe
ut
ic
	fa
ilu
re
	a
t	d
ay
	3
0	
(s
ec
on
da
ry
	o
ut
co
m
e)

Th
er

ap
eu

tic
 fa

ilu
re

 a
t d

ay
 3

0 
(n

 =
 4

1)
N

o 
th

er
ap

eu
tic

 fa
ilu

re
 a

t d
ay

 3
0 

(n
 =

 2
65

)

U
ni

va
ria

te
f  

M
ul

tiv
ar

ia
bl

eg  

O
R

95
%

 C
I

P-
va

lu
e

O
R

95
%

 C
I

P-
va

lu
e

A
ge
,	y
ea
rs
	[m
ea
n	

±
 S

D
]

60
.4

 ±
 1

2.
3

56
.1

 ±
 1

4.
1

M
al
e	
ge
nd
er
	[n
	(%
)]

23
	(5
6.
1)

14
0	
(5
2.
8)

Ti
m
e	
in
te
rv
al
	fr
om
	

tr
an
sp
la
nt
at
io
n,
	d
ay
s	
[m
ed
ia
n	

(IQ
R)
]

97
	(5
1.
5-
16
88
)

12
4	
(3
5-
13
66
)

BS
I	w
ith
in
	th
e	
fir
st
	p
os
t-

tr
an
sp
la
nt
	m
on
th
	[n
	(%
)]

7	
(1
7.
1)

64
	(2
4.
2)

In
du
ct
io
n	
th
er
ap
y	
w
ith
	a
nt
i-

th
ym
oc
yt
e	
gl
ob
ul
in
	[n
	(%
)]

13
	(3
1.
7)

69
	(2
6.
0)

TM
P/
SM
X	
pr
op
hy
la
xi
s	
w
ith
in
	

th
e	
pr
io
r	m
on
th
	[n
	(%
)]

27
	(6
5.
9)

13
6	
(5
1.
3)

U
rin
ar
y	
st
en
os
is
	[n
	(%
)]

7	
(1
7.
1)

48
	(1
8.
1)

IC
U
	a
dm
is
si
on
	w
ith
in
	th
e	
pr
io
r	

m
on
th
	[n
	(%
)]

7	
(1
7.
1)

30
	(1
1.
3)

D
ia

ly
si

s 
w

ith
in

 th
e 

pr
io

r m
on

th
 

[n
	(%
)]

12
	(2
9.
3)

53
	(2
0.
0)

C
M
V
	in
fe
ct
io
n	
w
ith
in
	th
e	
pr
io
r	

m
on
th
	[n
	(%
)]

7	
(1
7.
1)

24
	(9
.1
)

C
M
V
	d
is
ea
se
	w
ith
in
	th
e	
pr
io
r	

m
on
th
	[n
	(%
)]

2	
(4
.9
)

13
	(4
.9
)

H
os
pi
ta
l-a
cq
ui
re
d	
BS
I	[
n	
(%
)]

25
	(6
1.
0)

10
2	
(3
8.
5)

2.
49

1.
27

-4
.9

0
0.

00
8

-
-

-

A
cu
te
	g
ra
ft
	re
je
ct
io
n	
w
ith
in
	th
e	

pr
io
r	m
on
th
	[n
	(%
)]

7	
(1
7.
1)

23
	(8
.7
)

A
ge
-a
dj
us
te
d	
CC
I	[
m
ed
ia
n	

(IQ
R)
]

6	
(4
-7
)

4	
(2
-6
)

1.
24

d  
1.

08
-1

.4
3

0.
00

3
1.

25
d  

1.
05
-1
.4
8

0.
01

0

Ra
pi
dl
y	
or
	u
lti
m
at
el
y	
fa
ta
l	

M
cC
ab
e	
sc
or
es
	[n
	(%
)]

15
	(3
6.
6)

61
	(2
3.
0)

Pi
tt
	b
ac
te
re
m
ia
	s
co
re
	a
t	B
SI
	

on
se
t	[
m
ed
ia
n	
(IQ
R)
]

1	
(0
-4
)

0	
(0
-1
)

1.
62

d  
1.

32
-1

.9
9

<
0.

00
01

1.
72

d  
1.
35
-2
.1
7

<
0.

00
01

Se
pt
ic
	s
ho
ck
	a
t	B
SI
	o
ns
et
	[n
	

(%
)]a  

9	
(2
4.
3)

4	
(1
.6
)

20
.3

3e  
5.
88
-7
0.
31

<
0.

00
01

Ly
m
ph
oc
yt
e	
co
un
t	≤
	5
00
	c
el
ls
/

μL
	a
t	B
SI
	o
ns
et
	[n
	(%
)]b  

24
	(6
4.
9)

93
	(3
6.
3)

3.
24

1.
57

-6
.6

6
0.

00
1

3.
16

1.
42
-7
.0
6

0.
00

5

Su
rg

ic
al

 d
eb

rid
em

en
t w

ith
in

 
th
e	
fir
st
	7
	d
ay
s	
[n
	(%
)]

6	
(1
4.
6)

20
	(7
.5
)

(C
on
tin
ue
s)



12 of 16  |     PIERROTTI ET al

Th
er

ap
eu

tic
 fa

ilu
re

 a
t d

ay
 3

0 
(n

 =
 4

1)
N

o 
th

er
ap

eu
tic

 fa
ilu

re
 a

t d
ay

 3
0 

(n
 =

 2
65

)

U
ni

va
ria

te
f  

M
ul

tiv
ar

ia
bl

eg  

O
R

95
%

 C
I

P-
va

lu
e

O
R

95
%

 C
I

P-
va

lu
e

N
on
-s
ur
gi
ca
l	d
eb
rid
em
en
t	[
n	

(%
)]

3	
(7
.3
)

41
	(1
5.
5)

Re
m
ov
al
/r
ep
la
ce
m
en
t	o
f	

ur
in
ar
y	
ca
th
et
er
	[n
	(%
)]

8	
(1
9.
5)

59
	(2
2.
3)

Ti
m
e	
to
	B
SI
	s
ou
rc
e	
co
nt
ro
l	

[m
ed
ia
n	
(IQ
R)
]c  

1	
(−
1-
9)

3	
(0
-9
)

Ti
m
e	
to
	a
ct
iv
e	
th
er
ap
y	
[m
ed
ia
n	

(IQ
R)
]

0	
(0
-1
)

0	
(0
-1
)

A
ct
iv
e	
th
er
ap
y	
w
ith
in
	th
e	
fir
st
	

24
	h
ou
rs
	[n
	(%
)]

27
	(6
5.
9)

16
3	
(6
1.
5)

A
ct
iv
e	
th
er
ap
y	
w
ith
in
	th
e	
fir
st
	

72
	h
ou
rs
	[n
	(%
)]

36
	(8
7.
8)

23
7	
(8
9.
4)

A
ct
iv
e	
th
er
ap
y	
w
ith
in
	th
e	
fir
st
	

7	
da
ys
	[n
	(%
)]

41
	(1
00
.0
)

25
7	
(9
7.
0)

N
ot

e:
 B
SI
,	b
lo
od
st
re
am
	in
fe
ct
io
n;
	C
C
I,	
ag
e-
ad
ju
st
ed
	C
ha
rls
on
	c
om
or
bi
di
ty
	in
de
x;
	C
I,	
co
nf
id
en
ce
	in
te
rv
al
;	C
M
V,
	c
yt
om
eg
al
ov
iru
s;
	E
SB
L,
	e
xt
en
de
d	
sp
ec
tr
um
	b
et
a-
la
ct
am
as
e;
	IC
U
,	i
nt
en
si
ve
	c
ar
e	
un
it;
	IQ
R,
	

in
te
rq
ua
rt
ile
	ra
ng
e;
	O
R,
	o
dd
s	
ra
tio
;	S
D
,	s
ta
nd
ar
d	
de
vi
at
io
n;
	T
M
P/
SM
X
,	t
rim
et
ho
pr
im
-s
ul
fa
m
et
ho
xa
zo
le
.

a D
at
a	
no
t	a
va
ila
bl
e	
fo
r	1
2	
pa
tie
nt
s.
	

b D
at
a	
no
t	a
va
ila
bl
e	
fo
r	1
3	
pa
tie
nt
s.
	

c D
at
a	
no
t	a
va
ila
bl
e	
fo
r	3
6	
pa
tie
nt
s.
	

d H
az
ar
d	
ra
tio
	e
st
im
at
ed
	p
er
	o
ne
-p
oi
nt
	in
cr
ea
se
	in
	th
e	
sc
or
e.
	

e T
hi
s	
va
ria
bl
e	
w
as
	n
ot
	e
nt
er
ed
	in
to
	th
e	
m
od
el
	b
as
ed
	o
n	
th
e	
ex
is
te
nc
e	
of
	s
ig
ni
fic
an
t	c
ol
lin
ea
rit
y	
w
ith
	th
e	
Pi
tt
	b
ac
te
re
m
ia
	s
co
re
.	

f V
ar
ia
bl
es
	e
nt
er
ed
	in
to
	th
e	
m
ul
tiv
ar
ia
bl
e	
m
od
el
	a
re
	h
ig
hl
ig
ht
ed
	in
	b
ol
d	
ch
ar
ac
te
rs
.	

g H
os
m
er
-L
em
es
ho
w
	P
-v
al
ue
	=

 0
.2

60
. 

TA
B

LE
 4

 
(C
on
tin
ue
d)



     |  13 of 16PIERROTTI ET al

potent	regimen	were	carried	out.	The	PS-adjusted	risk	of	therapeu-
tic	failure	at	days	7	and	30	did	not	significantly	differ	between	pa-
tients	treated	with	a	carbapenem-containing	regimen	within	the	first	
72	hours	and	those	receiving	any	other	active	regimens.	No	impact	
was	demonstrated	 for	 the	 choice	of	BLBLI-based	 versus	 carbape-
nem-based	monotherapy	either,	although	these	subgroup	analyses	
must	be	taken	with	particular	caution,	considering	the	small	sample	
sizes.	 In	addition,	a	 small	proportion	of	patients	were	 transitioned	
to	a	different	active	antibiotic	beyond	the	 first	72	hours,	posing	a	
potential	risk	of	misclassification	bias.

This	study	has	several	limitations.	Firstly	and	most	importantly,	
statistical	 power	may	be	 insufficient	 given	 the	 low	number	of	pa-
tients	who	received	some	specific	regimens	(such	as	BLBLI	or	combi-
nation	therapy)	and	the	low	rates	of	therapeutic	failure	and	death,	as	
discussed	above.	In	other	words,	only	large	absolute	risk	differences	
between therapeutic groups would have been detected with the 
present	sample	size.	Secondly,	we	have	included	cases	of	ESBL-E	BSI	
based	only	on	the	phenotypic	profile	of	resistance.	Although	ceftri-
axone	non-susceptibility	is	often	used	as	a	simple	surrogate	marker	
for	ESBL	production,	not	all	Enterobacterales	with	a	ceftriaxone	MIC	

greater	than	1	mg/L	are	ESBL	producers.42	Thirdly,	we	were	not	able	
to	examine	the	potential	impact	of	the	MICs	of	the	reported	antibi-
otic	agents	on	therapeutic	failure,	since	these	data	were	not	always	
provided	by	the	participating	centers;	rather,	we	assumed	this	limita-
tion	and	used	the	informed	category	of	susceptibility	or	resistance	
as	 reported	 by	 local	 investigators.	 Previous	 studies	 have	 shown	
that	 infections	 caused	by	Enterobacterales	with	 higher	MIC	values	
for	piperacillin-tazobactam	have	an	increased	risk	for	non-favorable	
outcome	compared	to	isolates	with	lower	MIC	values.42,43	Fourthly,	
while	we	 considered	data	 regarding	BLBLI	 dose,	 frequency	of	 ad-
ministration,	and	duration	of	treatment	in	order	to	assess	the	ade-
quacy	of	therapy,	the	low	number	of	patients	precluded	any	further	
analyses	 regarding	 the	potential	 impact	of	 the	different	 treatment	
schemes	used.	High-dose	and/or	continuous	infusion	regimens	have	
been	associated	with	higher	probability	of	therapeutic	success.15,44 
Fifthly,	no	specific	information	on	the	differential	impact	of	the	ther-
apeutic	regimens	analyzed	on	graft	function	was	collected.	Finally,	

F I G U R E  1  Primary	(therapeutic	failure	at	day	7)	(A)	and	
secondary	(therapeutic	failure	at	day	30)	(B)	study	outcomes	
according	to	the	administration	of	active	(vs	inactive)	therapeutic	
regimens	or	combination	therapy	(vs	monotherapy)	within	the	first	
72	hours.	BSI,	bloodstream	infection

F I G U R E  2  Primary	(therapeutic	failure	at	day	7)	(A)	and	
secondary	(therapeutic	failure	at	day	30)	(B)	study	outcomes	
according	to	the	administration	of	a	carbapenem-containing	
regimen	(vs	any	other	active	therapy)	or	BLBLI-based	(vs	
carbapenem-based)	monotherapy	within	the	first	72	hours.	BLBLI,	
β-lactam/β-lactamase	inhibitor;	BSI,	bloodstream	infection
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potential	overfitting	of	multivariable	models	(with	associated	insta-
bility)	 cannot	 be	 ruled	 out	 given	 the	 relatively	 low	number	 of	 pa-
tients,	particularly	for	therapeutic	failure	at	day	7.

How	the	present	findings	can	inform	decision-making	process	in	
clinical	practice?	While	the	empirical	use	of	a	carbapenem-contain-
ing regimen should be always considered in a given recipient with 
sepsis	from	a	presumed	urinary	source,	considering	the	high	propor-
tion	of	infections	caused	by	ESBL-E	in	this	population	(estimated	at	
33%	in	the	abovementioned	meta-analysis,	with	large	geographical	
variations10),	early	de-escalation	to	an	alternative	carbapenem-spar-
ing	regimen	may	be	safely	implemented	once	in	vitro	susceptibility	
has	been	demonstrated,	with	preference	given	to	piperacillin-tazo-
bactam	monotherapy.	On	 the	other	hand,	 the	 switch	 to	a	 carbap-
enem	 before	 antimicrobial	 susceptibility	 testing	 become	 available	
would	 not	 be	 mandatory	 for	 those	 recipients	 who	 have	 been	 al-
ready	initiated	on	BLBLI	and	are	experiencing	good	clinical	evolution	
during	the	first	hours	from	BSI	onset.	This	strategy	would	contribute	
to	minimize	the	spread	of	carbapenem-resistant	Enterobacterales in 
the	transplant	setting.	The	ongoing	PETERPEN	(NCT03671967)	and	
MERINO-3	 (NCT04238390)	 trials,	which	 are	 exploring	 the	 role	of	
piperacillin-tazobactam	 and	 ceftolozane-tazobactam	 for	 infections	
caused	by	third-generation	cephalosporin-resistant	Enterobacterales 
in	non-transplant	patients,	will	hopefully	shed	light	on	this	question.

In	conclusion,	although	preliminary	in	nature,	our	results	would	
support	previous	evidence	from	non-immunocompromised	patients	
suggesting	 that	 BLBLI	 (namely	 piperacillin-tazobactam)	may	 be	 as	
effective	 as	 carbapenem-containing	 regimens	 to	 treat	 ESBL-E	 BSI	
secondary	 to	 UTI	 in	 KTRs,	 provided	 the	 isolate	 is	 susceptible	 in	
vitro.	The	present	findings	can	inform	that	the	design	of	pragmatic,	
non-inferiority	randomized	clinical	trials	confirm	the	role	of	carbap-
enem-sparing	approaches	in	the	specific	KTR	population.
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