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Carbapenem-Resistant Enterobacteriaceae
Acquired Before Liver Transplantation:
Impact on Recipient Outcomes
Maristela Pinheiro Freire, MSc,1 Isabel C. V. S. Oshiro, MSc,1 Ligia C. Pierrotti, PhD,2 Patricia R. Bonazzi, PhD,3

Larissa M. de Oliveira, PhD,4 Alice T. W. Song, PhD,3 Carlos H. Camargo, PhD,5 Inneke M. van der Heijden, PhD,4

Flavia Rossi, PhD,6 Silvia F. Costa,2,4 Luiz A. C. D'Albuquerque, PhD,3 and Edson Abdala, PhD2,3
Background.Carbapenem-resistant Enterobacteriaceae (CRE) is an emergentmicroorganism of infections after liver transplant
(LT). The aim of this study was to analyze the risk factors for CRE acquisition and infection after LT. Methods. This was a pro-
spective cohort study involving patients who underwent LT in the 2010 to 2014 period. Surveillance cultures for CRE were col-
lected immediately before LT and weekly thereafter until hospital discharge. Results. We analyzed 386 patients undergoing a
total of 407 LTs. Before LT, 68 (17.6%) patients tested positive for CRE, 11 (16.2%) of those patients having CRE infection, whereas
119 (30.8%) patients acquired CRE after LT. Post-LT CRE infection was identified in 59 (15.7%) patients: Klebsiella pneumoniae
was isolated in 83.2%; surgical site infection was the most common type of infection (46.7%). Multivariate analysis showed that
post-LT dialysis was the only risk factor for post-LT CRE acquisition. Eighty-two percent of patients who underwent 3 or more
post-LT dialysis sessions and acquiredCREbefore LTevolvedwith post-LT CRE infection. Other risk factors for CRE infectionwere
acquisition of CRE post-LT, Model for End-Stage Liver Disease score greater than 32, combined transplantation, and reoperation.
Patients who acquired CRE before LT had a high risk of developing CRE infection (P < 0.001). Conclusions. Measures for
minimizing that risk, including altering the antibiotic prophylaxis, should be investigated and implemented.

(Transplantation 2017;101: 811–820)
The prevalence of multidrug-resistant gram-negative bac-
teria (MDR-GNB) as agents of infection after solid or-

gan transplantation (SOT) is increasing. It is estimated that
10% to 20% of SOT recipients become infected with
MDR-GNB.1-3 Such infections occur most often in the early
posttransplant period, and the site of infection is usually re-
lated to the transplant process. Various studies have reported
decreased survival in SOT recipients infected with MDR-
GNB.2-6 Among the emergent MDR-GNB are carbapenem-
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resistant Enterobacteriaceae (CRE), and the incidence of in-
fection with CRE has increased worldwide.7

In liver transplantation (LT) recipients, CRE infections occur
in the early posttransplant period, the median time from LT to
CRE infection ranging from12 to 24 days.8-10 Such infections
usually present with bacteremia, and intra-abdominal infection
is identified in 55% to 79% of the cases.8,9 Because of the high
associated mortality, CRE infection has a significant impact on
first-year survival.8,10 Knowledge of the risk factors for develop-
ing CRE infection in LT recipients is crucial to the development
of effective prevention strategies. In the general population,
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previous colonization by CRE is one of the major risks for
subsequent infection.11However, there have been few studies
involving active surveillance of LT recipients. Prospective
studies designed to analyze risk factors for CRE infection
should include such screening, especially in areas where the
incidence of such infection is high.

The aim of this study was to analyze the risk factors for
CRE acquisition and infection after LT in a population sub-
mitted to weekly screenings for CRE. We also analyze the
impact that pre-LT acquisition of CRE has on the risk of
post-LT CRE infection and early mortality.

MATERIALS AND METHODS

Study Design and Patient Sample
This was a prospective cohort study involving all patients

who underwent LT between January 2010 and December
2014 at the University of São Paulo School of Medicine, in
Brazil. Patients were followed up from hospital admission
until the end of the second month after transplantation.
We excluded patients who died within the first 48 hours
after transplantation.

Infections were identified through active surveillance on the
LT ward and through the review of outpatient records. The
criteria used in order to identify and classify healthcare-
associated infections (HAIs) were those outlined by the Na-
tional Healthcare Safety Network,12 the only exception being
that surgical site infections (SSIs) meeting the criteria were re-
ported for up to 60 days after LT. All patients with CRE de-
tected were isolated in a separate room and maintained in
contact precaution during all hospital stay and subsequent ad-
missions. Colonization was defined as CRE being isolated in
cultures of surveillance or clinical specimens, with no evidence
of infection. We defined CRE acquisition as having a surveil-
lance or clinical specimen that was positive for CRE, with no
evidence of CRE isolated in any culture within the last 2 years.
We definedCREas strains of Enterobacteriaceae resistant to at
least one carbapenem.We defined effective treatment as having
been treated for 48 hours or longer with at least 1 antimicrobial
agent proven to display in vitro activity against CRE.

The standard surgical prophylaxis in use during the study
period was a 48-hour course of ampicillin with cefotaxime.
For cases in which patients underwent LT during treatment
for an infection, as well as for those in which the donor had
a suspected or confirmed infection, the prophylaxis protocol
was modified. In such cases, the antibiotic used for prophy-
laxis was the same as that used for the treatment of the infec-
tion in question. The standard immunosuppression regimen
was tacrolimus plus a corticosteroid, and immunosuppres-
sion was induced by administration of methylprednisolone.

During the follow-up period, clinical samples were collected
for culture when any infection was suspected. To identify or-
ganisms and perform antimicrobial susceptibility testing, we
used an automated system (VITEK 2; bioMérieux, Marcy
l’Étoile, France).Minimum inhibitory concentrations (MICs)
were interpreted according to the breakpoints established by
the Clinical and Laboratory Standards Institute.13 Entero-
bacteriaceae for which carbapenem resistance were classified
using CLSI criteria older than those published in June 2010
were reclassified using the newer breakpoints. All CRE
strains were submitted to polymerase chain reaction for the
blaKPC and blaCTXM gene.
Copyright © 2017 Wolters Kluwer
Surveillance Cultures
Surveillance cultures (SC) were collected immediately be-

fore LT (independently of results of previous cultures) and
weekly thereafter, until hospital discharge. Samples were ob-
tained with perirectal swabs and stored in Stuart's transport
medium. The samples were directly inoculated into brain heart
infusion broth containing imipenem (1 μg/mL) and were cul-
tured overnight, after which they were plated on MacConkey
agar and all suspect. As in the case of the clinical samples, we
used the VITEK 2 system (bioMérieux) to identify organisms
and perform antimicrobial susceptibility testing, and we inter-
preted MICs according to the breakpoints established by the
Clinical and Laboratory Standards Institute.13 For all strains
isolated in clinical or SCs, polymyxin resistance was defined
as an MIC > 2 mg/L in broth microdilution.13

Pulsed-Field Gel Electrophoresis Analysis
After extraction and digestion of whole bacterial DNA

with XbaI restriction enzyme (50 units; New England
Biolabs, UK), we performed pulsed-field gel electrophoresis
(PFGE), as described byGautom et al,14 using an electric field
system (CHEF-DR III; Bio-Rad Laboratories, Hercules, CA),
in accordance with the CDC protocol.15 The running param-
eters were as follows: initial switch time, 2.2 seconds; final
switch time, 54.2 seconds; total run time, 19 hours; tempera-
ture, 14°C; and voltage, 6 V/cm. The PFGE images were
processed and analyzed with BioNumerics software, version
7.1 (Applied Maths, Sint-Martens-Latem, Belgium). The im-
ages were normalized through the use of standard molecular
markers, and banding patterns were compared. A similarity
analysis was performed using Dice coefficients, with a band
position tolerance of 1.5% and an optimization of 1.5%. Iso-
lates were separated into similarity clusters by the un-
weighted pair group method with arithmetic mean. Only
bands larger than 45.5 kb were included in the analysis.

Statistical Analysis
In our analysis of risk factors for CRE acquisition, in-

fection, and mortality, we included each patient only once,
regardless of the number of transplants they underwent,
analyzing only the first LT performed during the study pe-
riod. We evaluated the following variables related to the LT
process: cold ischemia time, number of units of blood trans-
fused intraoperatively, reoperation, retransplantation in the
first 60 days after LT, level of experience of the lead surgeon
(more than 5 years), American Society of Anesthesiologists
physical status classification, surgical time, donor type (living
or deceased), extensiveness of the procedure (liver-only or
combined liver-kidney transplantation), the type of surgical
prophylaxis, biliary complication (stricture, leak, sphincter
of Oddi dysfunction), and type of biliary anastomosis. We
also evaluated variables related to the LT recipient: age; sex;
presence or absence of fulminant hepatitis, hepatocellular
carcinoma; Model for End-Stage Liver Disease (MELD)
score; and pretransplant serum creatinine level. In addition,
we evaluated variables related to hospitalization: length of
hospital stay before LT; post-LT need for dialysis; duration
of abdominal drainage; and infection in the last week before
transplantation. For the patients who evolved to CRE acqui-
sition or infection, the variables related to exposure timewere
recorded from hospital admission to the first CRE-positive
culture or from hospital admission to infection, respectively.
 Health, Inc. All rights reserved.



TABLE 1.

Demographic characteristic of patients undergoing LT

Characteristics N = 386

Male sex, n (%) 240 (62.2)
Age: median (range), y 53 (14-72)
Diagnosis, n (%)a

HCV infection 149 (38.6)
Hepatocellular carcinoma 126 (32.6)
Alcoholic cirrhosis 78 (20.2)
Cryptogenic cirrhosis 37 (9.6)
Fulminant hepatitis 37 (9.6)
HBV infection 32 (8.3)
Autoimmune hepatitis 15 (3.9)
Nonalcoholic steatohepatitis 11 (2.8)
Primary sclerosing cholangitis 10 (2.6)
Budd-Chiari syndrome 9 (2.3)
Primary biliary cirrhosis 8 (2.1)
Wilson disease 5 (1.3)
Other 34 (8.8)

Living donor in first LT, n (%) 31 (8.0)
Liver-kidney transplantation, n (%) 23 (6.0)
Cold ischemia time: median (range), min 410 (20-960)
Early retransplantation,b n (%) 46 (11.9)
Reoperation, n (%) 111 (28.8)
Post-LT dialysis, n (%) 186 (48.2)
a Patients could have more than 1 diagnosis.
b Performed in the first 60 days after LT.
HCV, hepatitis C virus; HBV, hepatitis B virus.

© 2016 Wolters Kluwer Freire et al 813
Dichotomous variables were considered positive if the event
occurred before the first CRE-positive culture (for acquisi-
tion) or before the patient developed CRE infection. For the
remaining patients, those variables were recorded for the to-
tal time at risk during the first 60 days after transplantation.

The main outcome measure was CRE infection during the
first 60 days after transplantation (post-LT CRE infection). A
secondary outcome measure was CRE acquisition during
that same period (post-LT CRE acquisition). In our analysis
of the risk of post-LT CRE acquisition, we excluded patients
in whom CRE was detected before LT. In analyzing the risk
of post-LT CRE infection, we excluded patients who
underwent LT with active CRE infection, although we in-
cluded patients in whom CRE had previously been identified
but who showed no evidence of infection.

For dichotomous variables, we performed univariate anal-
ysis using the χ2 test or Fisher exact test, as appropriate. For
continuous variables, we used the Mann-Whitney test. Con-
tinuous variables were transformed into dichotomous vari-
ables through cluster analysis. Multivariate analysis was
performed by stepwise binary logistic regression. The crite-
rion for inclusion in the multivariate analysis was P value less
than 0.2 in the univariate analysis. Variables that then re-
duced the −2 log likelihood or showed P value less than
0.05 were retained in the model. We also used decision tree
analysis—specifically the classification and regression tree
(CART) analysis method—to identify risk factors for infec-
tion with CRE. The CARTanalysis was performed on the en-
tire dataset, with chi-square automatic interaction detection.
We performed internal validation using tenfold cross-
validation. Each predictor variable was tested within the
overall cohort, and the statistically significant predictor with
the largest odds ratio (OR)was selectedmanually to form the
split. Each split created 2 nodes; ORs were recalculated, and
the process was repeated within each node. This process
proceeded iteratively until either or both of the following
the conditions were satisfied: there were no remaining vari-
ables with a statistically significant OR (P < 0.05); and a fur-
ther split yielded a subgroup with fewer than 15 total
patients. For recursive partitioning, we used CART in the
program R (http://www.R-project.org/).

For the survival analysis, the outcome measure used was
death within the first 60 days after the first LT. Univariate
and multivariate analysis were performed by Cox regres-
sion. Data were processed and analyzed with the SPSS Sta-
tistics software package, version 22.0 (IBM Corporation,
Armonk, NY).

This study was approved by ethical review board of Uni-
versity of São Paulo School of Medicine.

RESULTS

Clinical and Epidemiological Characteristics
During the study period, 401 patients underwent LT. Of

those 401 patients, 15 (3.7%) died within the first 48 hours
after LT. Therefore, we analyzed 386 patients, who collec-
tively underwent a total of 407 LTs. In the first LT, 355
(92.0%) of the patients received a deceased donor organ.
Of the 386 LT recipients, 240 (62.2%) were male. The me-
dian age was 53 years (range, 14-72 years). The most com-
mon underlying disease, observed in 149 (38.6%) of the
recipients, was HCV-related cirrhosis (Table 1).
Copyright © 2017 Wolters Kluwer H
Pretransplant CRE Acquisition
In 68 (17.6%) patients, CRE species were identified before

LT, 2 different species being isolated in 4 (5.9%) patients.
Therefore, there were a total of 72 isolates. The median time
between the last positive culture and LT was 1 day (range,
0-42 days). Of the 72 isolates, 70 (97.2%) were tested for
blaKPC, of which 33 (47.1%) tested positive. Eleven (16.2%)
of the 68 patients had CRE infection in the pre-LT period:
8 (73.0%) of those patients had CRE isolated in blood; and
the most common type of infection was spontaneous perito-
nitis, in 4 (36.5%). Among those 11 patients, the median
time between CRE infection and LT was 3 days. Of those,
8 patients underwent LTwith active infection.However, even
patients who had no evidence of infection were given CRE
treatment until LT. Of 57 patients who did not develop infec-
tion in pre-LT period, only 2 (3.5%) received antibiotic pro-
phylaxis that included an antimicrobial agent with proven
activity against CRE. Of the 68 patients in whom CRE were
identified in the pre-LT period, 28 (36.8%) evolved to
post-LT CRE infection.

Post-LT CRE Acquisition
During the post-LT period, 119 (30.8%) of the 386 pa-

tients acquired CRE after LT. In 7 (5.8%) cases, the patient
tested positive for 1 CRE species in the pre-LT period and
acquired a different species in the post-LT period (Figure 1).
The most common species isolated in the post-LT period
wasKlebsiella pneumoniae, in 99 patients (83.2%). Of those
99 isolates, 26 (26.3%)were resistant to polymyxin. The SCs
were positive in 111 (93.3%) of the 119 patients who ac-
quired CRE after LT. In 106 (89.1%) patients, the first
ealth, Inc. All rights reserved.



FIGURE 1. Distribution of CRE infection according time of CRE acquisition.
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CRE-positive culture was a SC, and 39 (36.8%) of those pa-
tients developed post-LT CRE infection.

Of the 119 CRE species identified in the post-LT period,
112 (92.6%) were tested for blaKPC, of which 52 (46.4%)
tested positive, among blaKPC negative strains, 47 (78.3%)
strains were positive by for CTX-M group 8 to 25 and 10
strains (16.7%) were positive for CTX-M group 1-2-9.

As can be seen in Figure 2, the proportion of CRE strains
that were tested positive for blaKPC increased over the study
period (P = 0.07). No other carbapenemase was identified
in study period.

Post-LT CRE Infection
In the post-LT period, 60 CRE infections were identified in

59 (15.7%) of the 386 patients. Themost common type of in-
fection was SSI, all classified as organ space, which was seen
FIGURE 2. Proportion of isolated strains that were blaKPC-producing, a
among 99 patients found to be infected with carbapenem-resistant Kleb

Copyright © 2017 Wolters Kluwer
in 28 (46.7%) of those 59 patients, followed by catheter-
related bloodstream infection, in 11 (18.3%). The median
time between LT and the first post-LT CRE infection was
11 days (range, 2-60 days), the median time between identi-
fied CRE acquisition and infection was 8 days (range,
0-219 days). Ten (16.9%) of the 59 patients developed a
CRE infection despite showing no evidence of previous posi-
tive SC. Bacteremia was detected in 30 (50.0%) of the 60
post-LT CRE infections. Six patients evolved to death before
starting the antibiotic therapy for CRE infection. Among
those who received treatment, 15 (27.8%) received mono-
therapy and 72.2% (39) received combined therapy. The
most common treatments used were carbapenem plus co-
listin (11-20.4%), and carbapenem + colistin + amikacin
(11-20.4%) followed by carbapenem + colistin + tigecyc-
line + amikacin (6-11.1%). Of the 59 patients with 60
s well as the proportion that showed an elevated MIC for polymyxin,
siella pneumoniae between January 2010 and December 2014.

 Health, Inc. All rights reserved.



TABLE 2.

Type of infection, concomitant bacteremia, time to infection after LT, and 60-day mortality in 59 patients with post-LT
Carbapenem-resistant Enterobacteriaceae infection

Type of infection n (%)

Bacteremia Positive PCR for blaKPC Time from LT to infection (days) Mortalitya

n (%) n (%) Median (range) n (%)

SSI 28 (46.7) 13 (46.4) 22 (78.6) 11.0 (2-28) 19 (66.9)
Catheter-related bloodstream infection 11 (18.3) 11 (100.0) 8 (72.7) 17.0 (3-59) 3 (27.3)
Respiratory tract infection 8 (13.3) 2 (25.0) 8 (100.0) 7.5 (4-25) 5 (62.5)
Urinary tract infection 7 (11.7) 0 5 (71.4) 22.0 (10-58) 3 (42.9)
Primary bloodstream infection 4 (6.7) 4 (100.0) 1 (25.0) 33.5 (9-60) 0
Osteomyelitis 1 (1.7) 1 (100.0) 1 (100.0) 46 0
Balanoposthitis 1 (1.7) 0 0 5 0
Total 60 (100) 30 (50.0) 45 (75.0) 11 (2-60) 30 (50.8)
a N = 59.
PCR, polymerase chain reaction.
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post-LT CRE infection, 30 (50.8%) died within the first
60 days after LT (Table 2), no specific type of treatment
was associated with a lower mortality.

Risk Factors
In the multivariate analysis, post-LT dialysis was identified

as the only risk factor for post-LT CRE acquisition (Table 3).
TABLE 3.

Univariate and multivariate analyses of risk factors for post-liver
acquisition in 325 LT recipients

Variable

Post-LT carbapene
Enterobacteriaceae

Yes

(n = 119)

Pre-LT characteristics
Male gender, n (%) 71 (59.7) 1
Age: median (range), y 52 (14-71)
Fulminant hepatitis, n (%) 12 (10.1)
Hepatocellular carcinoma, n (%) 39 (32.8)
Pre-LT hospital stay: median (range), d 1 (0-55)
Bacterial infection in the last 10 d before LT, n (%) 17 (14.3)
Pre-LT serum creatinine 1.16 (0.47-10.54) 0
MELD score at LT, median (range) 25 (5-57)

Surgical characteristics
Living-donor LT, n (%) 13 (10.9)
Combined transplantation, n (%) 7 (5.9)
Cold ischemia time: median (range), min 410 (81-740) 4
ASA score > III, n (%) 67 (57.3)
Senior surgeon, n (%) 26 (21.8)
Roux anastomosis, n (%) 6 (5.0)
Surgical time: median (range), min 420 (155-1150) 4
Blood transfusion during LT: median (range), units 2 (0-26)

Post-LT characteristics
Reoperation,a n (%) 32 (26.9)
Retransplantation,a n (%) 14 (11.8)
Biliary complication, n (%) 15 (12.6)
Length of ICU stay: median (range), d 9 (1-73)
Dialysis after LT, n (%) 62 (52.1)
Duration of drainage: median (range), d 8 (0-41)

a Performed in the first 60 days after LT.
ASA, American Society of Anesthesiologists (physical status classification); ICU, intensive care unit.

Copyright © 2017 Wolters Kluwer H
Risk factors for developing a CRE infection were pre-LT
CRE acquisition, MELD score greater than 32 at LT, com-
bined transplant, reoperation, 3 or more post-LT dialysis ses-
sions, and post-LT CRE acquisition (Table 4). In the CART
analysis, the most important variable for discriminating be-
tween LT recipients who would and would not develop
CRE infection was pre-LT CRE acquisition. The other major
transplantation carbapenem resistant Enterobacteriaceae

m resistant
acquisition

Univariate analysis Multivariate analysisNo

(n = 206) RR (95% CI) P OR (95% CI) P

31 (63.6) 0.90 (0.68-1.20) 0.48
54 (16-52) — 0.35
20 (9.7) 1.00 (0.93-1.08) 0.91
76 (36.9) 0.94 (0.80-1.11) 0.45
1 (0-56) — 0.01 1.03 (1.00-1.05) 0.09
31 (15.0) 0.99 (0.90-1.09) 0.85
.96 (0.32-10.9) — 0.14
24 (6-56) — 0.06

16 (7.8) 1.04 (0.96-1.12) 0.34
12 (5.8) 1.00 (0.95-1.06) 0.98
10 (15-910) — 0.43
95 (48.7) 1.20 (0.93-1.54) 0.14
60 (29.1) 0.91 (0.80-1.03) 0.15
11 (5.3) 1.00 (0.95-1.05) 0.90
50 (250-1330) — 0.09
1 (0-10) — 0.31

41 (19.9) 1.10 (0.96-1.25) 0.15
26 (12.6) 0.99 (0.91-1.08) 0.82
14 (6.8) 1.07 (0.99-1.15) 0.08
6 (2-71) — 0.003
78 (37.9) 1.30 (1.05-1.61) 0.13 1.67 (1.05-2.66) 0.03
8 (0-69) — 0.60

ealth, Inc. All rights reserved.
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FIGURE 3. CART analysis of risk factors for infection with CRE among 386 patients undergoing LT. In blue boxes the incidence of CRE
infection in that subgroup, in node square de P value for of the prediction of the outcome in this particular subgroup.
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risk factor for post-LTCRE infectionwas requiring 3 ormore
post-LT dialysis sessions, which was found to increase that
risk in regardless of the moment of CRE acquisition
(Figure 3). When only CRE colonized patients were ana-
lyzed, the risk factors for developing CRE infection were
length of time of abdominal drainage (P = 0.02; OR, 1.05
[1.01-1.09, 95%CI]), whether dialysis was performed after
LT (P = 0.01; OR, 2.80 [1.28-6.15, 95%CI]), acquisition of
CREbeforeLT (P=0.03;OR,2.20 [1.11-4.39, 95%CI]); com-
bined transplant was almost statistically significant (P = 0.06;
OR, 3.56 [0.94-13.53, 95%CI]).

The overall 60-day mortality rate was 27.4%. The most
common cause of death was bacterial or fungal infection
(50.9%), followed by primary graft dysfunction (13.2%),14

and surgical complications (8.5%).9 Among the patients who
developed a CRE infection, 60-day mortality was 50.0%.
Risk factors for 60-day mortality were fulminant hepatitis
as the cause of LT, surgical time longer than 550 minutes,
post-LT dialysis, and HAI with a blaKPC-positive CRE spe-
cies. The LT being performed by a senior surgeon was identi-
fied as a protective factor (Table 5).
PFGE
We analyzed 62 strains of carbapenem-resistant K.

pneumoniae from 47 patients and identified 25 different
PFGE clusters. A pulsotype A1 cluster was observed in the
first quarter of 2010, and a pulsotype B1 cluster, in the sec-
ond quarter of 2010. Of the 62 strains isolated, 26 were
Copyright © 2017 Wolters Kluwer H
KPC-producing. In 12 patients who developed post-LT
CRE infection, paired strains were analyzed (from SCs—
from clinical cultures related to infection). In 5 patients,
pre-LT and post-LT paired strains were analyzed. Among
those, 4 clusters were identified, and all paired strains
belonged to the same cluster. In 7 patients, paired post-LT
SCs and clinical cultures related to infection were analyzed.
Seven PFGE clusters were identified, and all paired strains
belonged to the same cluster (Figure S1, SDC, http://links.
lww.com/TP/B384).
DISCUSSION
The incidence of post-LT CRE infection varies widely

among transplant centers, ranging from 3% to 23%, and re-
cent studies have reported higher rates of CRE colonization
and infection.9,16,17 At our facility, the incidence of CRE
colonization is high, and a progressive increase in the pro-
portion of KPC-producing strains was noticed over the
study period.18 Because of the high prevalence of CRE coloni-
zation, 15% of our patients developed post-LT CRE infec-
tion. However, the proportion of colonized patients who
developed infection was lower than that reported in previous
studies10,17—36.8% versus 48.8% to 88.9%.

There have been few studies analyzing the risk of CRE ac-
quisition and infection in LT patients in a context of weekly
screening. Giannella et al17 analyzed 237 LT recipients who
were screened weekly for CRE starting at LT and identified
CRE acquisition at any time as the variable most strongly
ealth, Inc. All rights reserved.



TABLE 5.

Univariate and multivariate analyses of risk factors for 60-day mortality in 386 LT recipients

Variable

Survival Nonsurvival Univariate analysis Multivariate analysis

(n = 280) (n = 106) HR (95% CI) P HR (95% CI) P

Pre-LT characteristics
Male sex, n (%) 178 (63.8) 62 (58.5) 1.15 (0.80-1.69) 0.49
Age: median (range), y 54 (14-71) 51 (16-52) 0.99 (0.98-1.00) 0.13
Fulminant hepatitis, n (%) 16 (5.7) 21 (19.8) 3.00 (1.80-4.67) <0.001 2.06 (1.18-3.59) 0.01
Hepatocellular carcinoma, n (%) 98 (35.0) 28 (26.4) 0.72 (0.47-1.11) 0.13
Pre-LT hospital stay: median (range), d 1 (0-28) 2 (0-56) 1.01 (0.99-1.02) 0.24
Pre-LT bacterial infection, n (%) 53 (19.0) 31 (29.2) 1.61 (1.06-2.45) 0.03
Pre-LT CRE acquisition, n (%) 42 (15.0) 26 (24.5) 1.64 (1.05-2.55) 0.03
MELD score at LT >32, n (%) 39 (13.9) 34 (32.1) 2.32 (1.54-3.49) <0.001 1.42 (0.90-2.22) 0.13

Surgical characteristics
Deceased-donor LT, n (%) 260 (92.9) 95 (89.6) 0.73 (0.39-1.36) 0.32
Combined transplantation, n (%) 13 (4.6) 10 (9.4) 1.87 (0.97-3.58) 0.06
Cold ischemia time: median (range), min 405 (15-786) 417 (15-910) 1.00 (0.99-1.00) 0.74
ASA score > III, n (%) 135 (48.2) 66 (62.3) 1.58 (1.06-2.35) 0.03
Senior surgeon, n (%) 78 (27.9) 44 (41.5) 1.67 (1.14-2.46) 0.009 1.60 (1.05-2.43) 0.03
LT surgical time < 550 min, n (%) 232 (82.9) 74 (69.8) 0.54 (0.36-0.82) 0.004 0.65 (0.41-0.86) 0.02
Blood transfusion during LT: median (range), units 1 (0-10) 2 (0-44) 1.08 (1.05-1.11) <0.001

Post-LT characteristics:
Reoperation,a n (%) 66 (23.6) 45 (42.5) 1.88 (1.28-2.77) <0.001 0.69 (0.45-1.05) 0.85
Retransplantation,a n (%) 24 (8.6) 25 (23.6) 3.38 (1.19-9.48) <0.001 1.51 (0.95-2.40) 0.80
Post-LT dialysis, n (%) 103 (36.8) 90 (84.9) 6.96 (4.08-11.85) <0.001 5.38 (3.02-9.57) <0.001
Colonization by blaKPC-positive CRE, n (%) 55 (20.4) 28 (26.7) 0.80 (0.52-1.23) 0.31
CRAB colonization, n (%) 80 (28.6) 48 (45.3) 1.76 (1.20-2.58) 0.004
Post-LT CRE acquisition, n (%) 90 (32.1) 29 (27.4) 0.76 (0.50-1.17) 0.22
Post-LT polymyxin-resistant CRE acquisition, n (%) 14 (5.0) 9 (8.5) 1.03 (0.57-1.88) 0.92
HAI, n (%) 143 (51.1) 77 (72.6) 2.07 (1.35-3.17) 0.001
HAI caused by MDR bacteria, n (%) 72 (25.7) 61 (57.5) 2.81 (1.91-4.13) <0.001
Post-LT CRE infection, n (%) 31 (11.1) 28 (26.4) 2.05 (1.33-3.15) 0.001
Post-LT HAI with blaKPC-positive CRE, n (%) 18 (6.4) 26 (24.5) 2.69 (1.73-4.20) <0.001 1.66 (1.02-2.69) 0.041

a Performed in the first 60 days after LT.
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correlatedwith post-LTCRE infection. In our study, previous
colonization was also the most important risk factor for devel-
oping CRE infection, although we found pre-LT acquisition to
be associated with a higher risk than was post-LT acquisition.
One possible explanation for this finding is that pre-LT CRE
acquisition could be a marker of poorer clinical conditions.
Another is that the standard antibiotic prophylaxismight have
been less effective in the patients colonized by CRE.

There are few data regarding outcomes in SOT recipients
colonized by MDR-GNB before transplantation, and the
impact of modifying the surgical prophylaxis has not been
established.17,19,20 One study of infection with carbapenem-
resistant Acinetobacter baumannii also reported that pre-LT
acquisition is a risk factor for post-LT infection.21 However,
the authors of that study found that adjusting the antibiotic
prophylaxis was not preventive of infection. Our institutional
protocol did not recommend adjusting prophylaxis regarding
patient colonization. As a result, the number of patients in
whom the antibiotic prophylaxis included an antimicrobial
agent with proven activity against CRE was very small, which
prevents us from drawing any conclusions regarding that at
this time.

Although pre-LT CRE acquisition had a significant impact
on the risk of developing CRE infection in our study, post-LT
Copyright © 2017 Wolters Kluwer
acquisition was the second most important risk factor. This
finding is similar to that reported by Giannella et al,17 sup-
porting the recommendation to perform systematic post-LT
SC for CRE at facilities where the prevalence of CRE infec-
tion is high. Early identification can increase the precision
of empirical therapy in patients with infection and could re-
duce the mortality.22

The need for dialysis was also identified as a risk factor for
post-LT CRE infection in our study. Requiring dialysis is a
well-documented risk factor for bacterial infection in LT
and has previously been shown to increase the risk of CRE in-
fection, as well as for infection with other MDR-GNB, in LT
recipients.17,21,23 It is of note that, in the present study, dialy-
sis increased the risk of CRE infection to a greater degree for
the patients who had acquired CRE in the pre-LT period than
for those who had not. The possible explanation for that
finding is that patients requiring dialysis are more often sub-
jected to the use of invasive devices and aremore often admit-
ted to the intensive care unit, both of which increase the risk
of bacterial infection.1,6 Renal failure itself can be immuno-
suppressive and an indirect marker of graft malfunction.
Acute kidney injury can also be seen in LT recipients with
severe preoperative hepatic impairment. All of these fac-
tors can increase the of MDR-GNB invasive infection.
 Health, Inc. All rights reserved.
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We found that the risk of CRE infection was also increased
among the patients with severely impaired hepatic function at
LT, especially among those requiring dialysis. A high MELD
score at LT has been associated with a greater risk of bacterial
infection, specifically post-LT bacteremia caused by Entero-
bacteriaceae.24 One study evaluating the risk of developing in-
fection with carbapenem-resistant or carbapenem-susceptible
K. pneumoniae also found that a high pre-LT MELD score
is a risk factor for post-LT infection.9

In the present study, the CARTanalysis identified a group at
intermediate risk for post-LT CRE infection. That group com-
prised patients undergoing combined transplant or reopera-
tion. It is reasonable to hypothesize that the risk of becoming
infected with MDR bacteria is higher for patients undergoing
surgical procedures that are more complex. Another study
identified combined transplant as a risk factor for post-SOT
infection with carbapenem-resistant K. pneumoniae.5 Reop-
eration has also been previously identified as a risk factor
for post-LT SSI,25 the most common type of CRE infection
in the present study.

The 2 most common types of CRE infection in our sample
were SSI and catheter-related bloodstream infection, similar
to what has been reported in previous studies of CRE in
LT.8-10,17 Although SSI was the most common site, CRE in-
fection was not associated to biliary complication, probably
because such infections occurred in the early post-LT period.
We also identified a high rate of bacteremia associated with
such infections. The 60-day mortality rate in patients with
CRE infection was 50%, and mortality was highest among
the patients with SSI or respiratory infection. In the literature,
the mortality associated with CRE infection in LT recipients
ranges from 41% to 72%.8,10,16,17,26 In our mortality anal-
ysis, we found that only infection with KPC-producing
strains was associated with a worse outcome. Among the pa-
tients infected with KPC-producing CRE in our sample, the
60-day mortality rate after LT was 59.1%, compared with
13.3% among those infected with KPC-negative CRE and
23.9% among those not infected with CRE. Bogan et al27 re-
ported that mortality was higher among patients infected
with KPC-producing K. pneumoniae than among those in-
fected with extended-spectrum β-lactamase–producing K.
pneumoniae, suggesting that the former is more virulent.
That difference could be attributable to the fact that the ini-
tial antibiotic therapywas inappropriate in a high proportion
of the patients infected with CRE.27 Also, strains of KPC-
negative CRE usually have lower MIC for carbapenem,
which contributes to a better response to antibiotic therapy,
specifically in the cases where carbapenem was used.28

This study included a large number of patients in a sce-
nario with high incidence of CRE, allowing statistical power.
However, this was a single study center, and the results have
to be extrapolated with caution, especially in institutions
with low incidence of CRE. Another limitation was that only
in half of the cases of CRE the carbapenem resistance was
due to blakpc production, which is currently the most fre-
quent mechanism of carbapenem resistance.

We found that the incidence of post-LT CRE infections was
high among patients previously colonized by CRE, especially
among those who had acquired CRE in the pre-LT period.
Various combinations of risk factors have different effects on
the risk of CRE infection, and knowledge of those interactions
is crucial to designing strategies to prevent CRE infection and
Copyright © 2017 Wolters Kluwer H
to introduce empirical therapy for such infection. Patients
who were colonized by CRE when they underwent LT were
found to be at a high risk for developing infection, and mea-
sures forminimizing that risk, such as adjusting the antibiotic
prophylaxis, should be investigated and implemented.
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