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Highlights Impact and Implications

� In patients with cirrhosis, the prognostic impact of

pre-LT infections is not completely understood.

� Pre-LT infections increase the risk of post-LT
infections but do not affect patients’ survival.

� Time from infection resolution to LT does not affect
incidence of post-LT complication and survival
rates.

� As soon as infections are resolving, it is safe to
proceed with LT without any delay.

� Patients with pre-LT infection require active sur-
veillance for infections after LT.
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Bacterial infections increase mortality and delay
transplant in patients with cirrhosis awaiting liver
transplantation (LT). Little is known about the impact
of adequately treated infections before LT on post-
transplant complications and outcomes. The study
highlights that pre-LT infections increase the risk of
post-LT infections, but post-LT survival rates are
excellent despite the risk. These findings suggest that
physicians should not delay LT because of concerns
about pre-LT infections, but instead should actively
monitor these patients for infections after surgery.
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Background & Aims: Bacterial infections are frequent in patients with cirrhosis and increase the risk of death and drop-out
from liver transplant (LT) waiting list. In patients with bacterial infections, LT is frequently delayed because of the fear of poor
outcomes. We evaluated the impact of pre-LT infections on post-LT complications and survival.
Methods: From 2012 to 2018, consecutive patients transplanted at the Hospital of Padua were identified and classified in two
groups: patients surviving an episode of bacterial infection within 3 months before LT (study group) and patients without
infections before LT (control group). Post-LT outcomes (complications, new infections, survival) were collected.
Results: A total of 466 LT recipients were identified (study group n = 108; control group n = 358). After LT, the study group had
a higher incidence of new bacterial (57% vs. 20%, p <0.001) and fungal infections (14% vs. 5%, p = 0.001) and of septic shock (8%
vs. 2%, p = 0.004) than the control group. Along with the model for end-stage liver disease (MELD) score and alcohol-related
cirrhosis, bacterial infection pre-LT was an independent predictor of post-LT infections (odds ratio = 3.92; p <0.001).
Nevertheless, no significant difference was found in 1-year (88% vs. 89%, p = 0.579) and 5-year survival rates (76% vs. 75%, p =
0.829) between the study group and control group. Within the study group, no association was found between the time
elapsed from infection improvement/resolution to LT and post-LT outcomes.
Conclusions: Patients with pre-LT infections have a higher risk of new bacterial and fungal infections and of septic shock after
LT. However, post-LT survival is excellent. Therefore, as soon as the bacterial infection is improving/resolving, transplant
should not be delayed, but patients with pre-transplant bacterial infections require active surveillance for infections after LT.
Impact and Implications: Bacterial infections increase mortality and delay transplant in patients with cirrhosis awaiting liver
transplantation (LT). Little is known about the impact of adequately treated infections before LT on post-transplant compli-
cations and outcomes. The study highlights that pre-LT infections increase the risk of post-LT infections, but post-LT survival
rates are excellent despite the risk. These findings suggest that physicians should not delay LT because of concerns about pre-
LT infections, but instead should actively monitor these patients for infections after surgery.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Patients with decompensated cirrhosis have a high risk of
developing bacterial infections, which can trigger decompensa-
tion and organ failures and are associated with a high risk of
short-term mortality.1,2 Moreover, in liver transplant (LT) candi-
dates the onset of infections is challenging, because it requires
the temporary suspension from the waiting list and it is associ-
ated with a high risk of death and/or of permanent de-listing.3,4

The risk of poor outcomes because of the persistence/recurrence
Keywords: Liver cirrhosis; Sepsis; Acute-on-chronic liver failure; Liver trans-
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of infections after LT is a main barrier in the decision to proceed
or not to LT in patients with cirrhosis and infections. In fact, in-
fections increase morbidity and mortality in the early post-
transplant period5–7 and use of immunosuppression may limit
the ability of the host to counteract the pathogens. For these
reasons, international guidelines state that active infections
should be adequately treated before LT.8 However, the optimal
timing of LT in patients surviving an episode of infection as well
as their prioritisation on LT waiting list is still to be established.

Moreover, studies on post-LT outcomes of patients surviving
an episode of infection showed conflicting results. Some studies
showed no difference in survival rates between patients with or
without pre-LT infections,9,10 whereas others showed a higher
risk of sepsis-related mortality in patients with pre-LT infections,
in particular if complicated by septic shock.11,12 The aims of this
study were to evaluate: (a) the impact of bacterial infections
within 3 months before LT on post-LT outcomes; (b) the impact
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of time elapsed from infection improvement/resolution to LT on
post-LT outcomes.
Patients and methods
Patients
This is a case-control study performed in consecutive patients
who underwent LT at the University Hospital of Padova between
January 2012 and December 2018. Inclusion criteria were: (1)
diagnosis of liver cirrhosis based on histology or on clinical,
biochemical, ultrasonographic, and/or endoscopic findings; (2)
age >18 years. Exclusion criteria were: (1) indication for LT other
than cirrhosis; (2) previous LT; (3) simultaneous liver–kidney
transplantation; (4) human immunodeficiency virus infection.
Patients surviving an episode of bacterial/fungal infection within
3 months before LT constituted the study group, whereas pa-
tients without bacterial infections in the 3 months before LT
comprised the control group.

Permission for retrospective data analysis was obtained from
the local ethics committee. The study protocol conformed to the
ethical guidelines of the Declaration of Helsinki.

Study design
Demographic, clinical, and laboratory data were collected at the
time of transplantation for each recipient by reviewing electronic
and paper charts. We also collected demographic characteristics
of donors and data on cold ischaemia time, time of surgery,
surgical technique, and immunosuppressive treatment. For pa-
tients in the study group we also collected clinical, laboratory,
and microbiological data, and also the treatment administered
during the infectious episodes. After LT, we collected data
regarding the incidence of complications (new bacterial and
fungal infections, septic shock, acute kidney injury [AKI] and
need for renal replacement therapy [RRT], vascular and biliary
anastomosis complications, primary non-function (PNF), early
rejection), the length of intensive care unit (ICU) and in-hospital
stay, and 1- and 5-year survival rates.

Definitions
Infections were defined according to well-established criteria.13

Briefly, spontaneous bacterial peritonitis (SBP) was defined as a
polymorphonuclear cell (PMNC) count >−250 cells/ll in ascitic
fluid without any intrabdominal, surgically treatable source of
infection. Other infections were defined according to the criteria
proposed by the Centers for Disease Control and Prevention.14

Sepsis and septic shock were defined according to the Third In-
ternational Consensus Definitions for Sepsis and Septic
Shock.15,16 Infections were classified as community-acquired (CA,
onset within 2 days after admission), hospital-acquired (HA,
onset >2 days after hospital admission) or healthcare-associated
(HCA, onset within 2 days after admission in patients who were
hospitalised for at least 2 days in the previous 90 days).17 Bac-
teria were classified as multi-drug resistant (MDR) if resistant to
at least one antibiotic in three or more antimicrobial categories
and extensively drug resistant (XDR) if resistant to at least one
antibiotic in all but two or fewer antimicrobial categories.18

Infections were considered resolved when normalisation of
clinical signs and laboratory parameters of infection were
achieved.

For the purpose of the study, the ‘perioperative period’ was
considered the period elapsed from LT to discharge and ‘early
post-LT complications’ were considered those that occurred
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during this period. Early rejection was defined as the histologic
evidence of rejection in the postoperative period. AKI was
defined according to Kidney Disease: Improving Global Out-
comes (KDIGO) criteria.19
Local transplant allocation policy
A detailed description of LT policy within our organ procurement
agency (North Italian Transplant programme) has been stated
elsewhere.20,21 Briefly, potential donors are assigned to a LT unit
within a geographic area, and each unit selects a recipient from
its own waiting list. Only patients listed for emergency re-LT or
acute liver failure get national priority as status 1 A. During the
study period, the LT allocation policy in our centre was model for
end-stage liver disease (MELD)-based for patients with cirrhosis
without hepatocellular carcinoma (HCC), whereas patients with
active HCC and a MELD score <20 were prioritised according to
the timing of HCC onset and the response to treatment evaluated
by the modified Response Evaluation Criteria in Solid Tumours
criteria.22

In patients with pre-LT infections, the clearance for LT eligi-
bility was given by infectious disease specialists and transplant
hepatologists when the infection showed improvement/resolu-
tion and the date of clearance was collected in the chart. In
detail, the criteria used for clearance were the following: reso-
lution of signs/symptoms of infection for at least 48 h (absence of
fever, cough, dysuria, stranguria, skin signs of cellulitis, septic
shock), reduction of biomarkers of infection/inflammation (i.e.
white blood cell count, C-reactive protein, procalcitonin), PMNC
count <250/ll in patients with SBP, at least one set of negative
blood cultures after at least 48 h of antibiotic treatment in pa-
tients with bloodstream infection, and source control in sec-
ondary bacteraemia (e.g. catheter removal in catheter-related
bloodstream infections [CR-BSIs], drainage of abscesses, etc.).
Immune suppression was induced with basiliximab and steroids
in all patients and maintained with calcineurin inhibitors (CNIs)
with or without micophenolate mofetil or everolimus. All pa-
tients received perioperative antibiotic prophylaxis.
Statistical analysis
Normally distributed continuous variables were reported as
means with SD and compared with Student’s t test. Non-
normally distributed continuous variables were reported as
median and interquartile range (IQR) and compared with Mann-
Whitney’s U test. Categorical variables were reported as fre-
quencies and compared with the X2 test or Fisher’s exact test,
when appropriate. A univariable analysis was performed to
identify predictors of new infections post-LT. Variables found to
have a p value <0.05 were included in a multivariable step-wise
logistic regression analysis with backward elimination (entry p
<0.05; exit p >0.10). Non-normally distributed continuous vari-
ables were log-transformed before inclusion in the multivariable
model. The odds ratios (ORs) and their 95% CIs were calculated.
When scores of liver disease were included in the multivariable
analysis their components were excluded to avoid multi-
collinearity. One- and 5-year survival rates were estimated by
Kaplan–Meier’s method and compared with the log-rank test. A
multivariable Cox proportional hazards model (adjusted for age,
sex, HCC, HCV aetiology, pre-LT infection and MELD score) was
used to estimate the risk of post-LT mortality associated with
pre-LT infections. The adjusted hazard ratios (aHR) and their 95%
CIs were calculated.
2vol. 5 j 100808



All tests were two-tailed and values of p <0.05 were consid-
ered significant. The statistical analysis was performed using the
SPSS statistical software (SPSS Inc, Chicago, IL), version 28.0.
Results
Study population
During the study period we identified 466 LT recipients who
fulfilled the inclusion criteria and without any exclusion criteria.
The mean age was 57 ± 9 years. The majority of patients were
male (362 patients, 78%) and had alcoholic or viral cirrhosis. At
the time of LT, the mean biochemical MELD-Na score was 20 ± 9
and five patients had severe alcoholic hepatitis. Overall, 108
patients survived at least one episode of bacterial/fungal infec-
tion within 3 months before LT (study group). The remaining 358
patients had no infections before LT (control group).

The characteristics of infections in the study group are re-
ported in Tables S1 and S2. Sixteen patients had two concomitant
infections, therefore a total of 124 infectious episodes have been
described. Most of infections were HCA and HA (29% and 53%,
respectively). The most common infection was SBP, followed by
urinary tract infections (UTIs), pneumonia, and CR-BSIs. Sixty-
three patients had positive cultures and two or more pathogens
were isolated in 19 patients. Overall, 84 pathogens were isolated
(Table S2): 42 (50%) were Gram positive, 35 (42%) were Gram
negative and 7 (8%) were fungi. Enterococci and enterobacteri-
aceae were the most frequently isolated bacteria. Thirty-two
(38%) pathogens were MDR; the most common were entero-
cocci, extended-spectrum beta-lactamase-producing Enterobac-
teriaceae and methicillin-resistant staphylococci. Five (6%) of the
MDR pathogens were XDR: three vancomycin-resistant Entero-
coccus faecium and two carbapenem-resistant Gram-negative
bacteria.

At the time of infection diagnosis, the mean MELD-Na score
was 27 ± 7. The majority of patients developed AKI and acute-on-
chronic liver failure (ACLF) during the infectious episode (54%
and 56%, respectively). Peak ACLF grade was 1, 2, and 3 in 24
(22%), 21 (19%), and 16 (15%) patients, respectively. ACLF resolved
before transplantation in 37 of 61 patients (61%). The median
time elapsed from infection improvement/resolution to trans-
plantation was 20 (IQR = 9–48) days. Twenty-three patients
(21%) underwent transplantation within 7 days from infection
improvement/resolution.

Comparison of patients with and without pre-LT infection at
the time of LT
Characteristics of patients with and without pre-LT infection at
the time of transplantation are reported in Table 1. No significant
differences were found between the two groups in terms of age
and sex. Prevalence of diabetes and hypertension was not
different between the two groups whereas chronic kidney dis-
ease (CKD) was significantly more common in the study group
(20% vs. 7%; p <0.001). In the study group alcohol-related liver
disease was significantly more prevalent than in the control
group (59% vs. 29%; p <0.001). At the time of LT, patients with
pre-LT bacterial or fungal infection had a worse liver and renal
function than those without, as shown by the significantly higher
bilirubin, international normalised ratio (INR), creatinine and
MELD/MELD-Na scores. Moreover, patients with pre-LT infection
had a significantly higher prevalence of ACLF at the time of LT
(22% vs. 6%; p <0.001). Patients with pre-LT infection also had
JHEP Reports 2023
significantly lower mean arterial pressure (MAP) than those
without. Patients without pre-LT infection had a significantly
higher prevalence of HCC (67% vs. 32%; p <0.001). Donor char-
acteristics (age and sex), cold ischaemia time, and duration of
surgery were not significantly different between the two groups.
Regarding immune suppression after LT, patients with pre-LT
infection were more frequently treated with mammalian targer
of rapamycin (mTOR) inhibitors (49% vs. 32%; p = 0.003) and a
calcineurin inhibitors-sparing regimen (66% vs. 56%; p = 0.049)
than patients without pre-LT infection.
Incidence of post-operative complications and length of ICU
and in-hospital stays
Table 2 shows incidence of post-LT complications and duration of
ICU and in-hospital stay in the two groups.

In the perioperative period, the incidence of AKI, vascular or
biliary anastomosis complications and early rejection was not
significantly different between the two groups. Patients with
pre-LT infection had a significantly higher incidence of new in-
fections (59% vs. 22%; p <0.001), both bacterial (57% vs. 20%; p
<0.001) and fungal (14% vs. 5%; p = 0.001). The incidence of septic
shock was significantly higher in patients with pre-LT infections
than in those without (8% vs. 2%; p = 0.004) (Fig. 1).

Patients with pre-LT infection a had significantly longer ICU
stay (5 [3–8] vs. 4 [3–6] days; p <0.001) and in-hospital stay (20
[13–37] vs. 14 [10 – 23] days; p <0.001).
Characteristics and predictors of post-LT infections
In the perioperative period, 142 patients (30.5%) experienced at
least one new infection. Characteristics of post-LT infections are
reported in Tables S3 and S4. The most frequent sites of in-
fections were intra-abdominal (43.9%), CR-BSI (16.4%), pneu-
monia (12.9%), and UTI (10.5%). Enterococcus faecium,
staphylococci, and Enterobacteriaceae were responsible for
almost two-thirds of the infections. Fungal infections were
diagnosed in 16% of patients. Rate of infections caused by MDR
and XDR pathogens increased after LT (68% and 15%, respec-
tively; Table S5).

Interestingly, 12 of 63 patients with a positive culture in the
pre-LT infection (19%) had an infection sustained by the same
pathogen in the perioperative period.

In the univariate analysis (Table 3), patients with post-LT
infection had higher rates of pre-LT infection (45% vs. 14%, p
<0.001), alcohol-related liver disease (45% vs. 28%; p <0.001) and
CKD (15% vs. 8%; p = 0.040). They also had a higher prevalence of
ACLF at the time of LT (19% vs. 6%; p <0.001), higher MELD-Na
scores and white blood cell (WBC) count, and lower haemoglo-
bin level at the time of LT. No significant differences were found
between patients with and without post-LT infection in terms of
immunosuppressive treatment regimen. Two multivariable lo-
gistic regression models were built to avoid multicollinearity
(Model 1 adjusted for pre-LT infection, alcohol-related cirrhosis,
WBC count and MELD score at LT; Model 2 adjusted for pre-LT
infection, alcohol-related cirrhosis, WBC count, and ACLF at LT).
In Model 1 pre-LT infection, alcohol-related cirrhosis and MELD
score at LT were found to be independent predictors of devel-
opment of infections in the postoperative period; in Model 2 pre-
LT infection, alcohol-related cirrhosis and ACLF at LT were found
to be independent predictors of development of infections in the
postoperative period (Table 4).
3vol. 5 j 100808



Table 2. Incidence of early post-LT complications, duration of ICU and in-hospital stay in patients with and without pre-LT infection.

Variable Controls
(n = 358)

Pre-LT infection
(n = 108)

p value

New infection post-LT 78 (22) 64 (59) <0.001
Bacterial infection post-LT 73 (20) 61 (57) <0.001
Fungal infection post-LT 17 (5) 15 (14) 0.001
Septic shock post-LT 7 (2) 9 (8) 0.001
AKI post-LT 154 (43) 46 (44) 0.926
RRT post-LT 14 (4) 6 (6) 0.434
PNF 8 (2.2) 1 (0.9) 0.386
Early rejection 43 (12) 9 (8) 0.374
Vascular anastomosis complications 34 (10) 8 (8) 0.639
Biliary anastomosis complications 24 (7) 10 (9) 0.371
ICU stay 4 (3–6) 5 (3–8) <0.001
In-hospital stay, median 14 (10–23) 20 (13–37) <0.001

Non-normally distributed continuous variables are expressed as median (IQR) and categorial variables as n (%). Comparisons were made using the X2 test or Fisher’s exact test
when appropriate, and Mann–Whitney’s U test.
AKI, acute kidney injury; ICU, intensive care unit; LT, liver transplantation; PNF, primary non-function; RRT, renal replacement therapy.

Table 1. Characteristics of patients with and without pre-LT infection at the time of liver transplantation.

Variable Controls
(n = 358)

Pre-LT infection
(n = 108)

p value

Age 58 (9) 56 (9) 0.060
Sex (M) 283 (79) 79 (73) 0.197
Cirrhosis aetiology*

Alcohol-related
HCV
HBV
Autoimmune hepatitis
NAFLD
Other†

102 (29)
152 (43)
73 (20)
16 (5)

34 (10)
68 (19)

53 (49)
35 (32)
18 (17)
4 (4)

16 (15)
17 (16)

<0.001
0.062
0.392
0.731
0.118
0.443

HCC 238 (67) 35 (32) <0.001
Creatinine (lmol/L) 79 (65–101) 104 (75–141) <0.001
Bilirubin (lmol/L) 44 (22–101) 111 (57–261) <0.001
INR 1.45 (1.23–1.77) 1.78 (1.55–2.20) <0.001
MELD score 17 (8) 24 (10) <0.001
MELD-Na score 19 (8) 26 (9) <0.001
Severe alcoholic hepatitis 4 (1) 1 (1) 1.000
ACLF at LT 22 (6) 24 (22) <0.001
ACLF grade

1
2
3

3 (1)
11 (3)
8 (2)

7 (6)
10 (9)
7 (6)

<0.001

Sodium (mmol/L) 137 (135–140) 135 (131–139) <0.001
Haemoglobin (g/L) 11.0 (9.8–13.0) 9.6 (8.6–10.5) <0.001
Platelets (×109/L) 85 (52–119) 53 (36–70) <0.001
WBC (×109/L) 4.51 (3.39–6.38) 4.65 (3.23–7.24) 0.584
Albumin (g/L) 28 (23–33) 27 (23–31) 0.267
MAP (mmHg) 93 (24) 81 (12) <0.001
Diabetes 92 (26) 31 (29) 0.617
Hypertension 109 (30) 31 (29) 0.717
CKD 25 (7) 22 (20) <0.001
Donor’s age 63 (16) 61 (17) 0.503
Donor’s sex (M) 204 (57) 65 (60) 0.632
LT technique (piggyback) 326 (91) 106 (98) 0.023
Cold ischaemia time (min) 480 (420–535) 480 (436–540) 0.305
Duration of surgery (min) 420 (360–480) 420 (360–480) 0.629
Calcineurin inhibitors 351 (98) 107 (99) 0.688
Mycophenolic acid 75 (21) 28 (26) 0.275
mTOR inhibitors 175 (49) 35 (32) 0.003
Calcineurin inhibitors sparing regimen 236 (66) 60 (56) 0.049
Single immune suppression 126 (35) 49 (45) 0.069

Normally distributed continuous variables are presented as mean ± SD, non-normally distributed continuous variables are expressed as median (IQR) and categorial variables
as n (%). Comparisons were made using the X2 test or Fisher’s exact test when appropriate, Student’s t test and Mann–Whitney’s U test.
ACLF, acute-on-chronic liver failure; CKD, chronic kidney disease; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; INR, international normalised
ratio; LT, liver transplantation; M, male; MAP, mean arterial pressure; MELD, model for end-stage liver disease; mTOR, mammalian target of rapamycin; NAFLD, non-alcoholic
fatty liver disease; WBC, white blood cell.
* A total of 115 patients had more than one liver disease aetiology.
† This category includes: autoimmune cholestatic liver diseases (primary biliary cholangitis, primary sclerosing cholangitis); hepatitis D virus coinfection; haemochromatosis;
Wilson’s disease; alpha1-antitrypsin deficit; cryptogenic cirrhosis.
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Table 3. Univariable analysis of factors associated with the development of post-LT infection.

Variable No post-LT infection
(n = 324)

Post-LT infection
(n = 142)

p value

Pre-LT infection 44 (14) 64 (45) <0.001
Age 58 (9) 56 (9) 0.120
Sex (M) 257 (79) 105 (74) 0.199
Cirrhosis aetiology*

Alcohol-related
HCV
HBV
Autoimmune hepatitis
NAFLD
Other†

91 (28)
142 (44)
65 (20)
13 (4)

34 (11)
61 (19)

64 (45)
45 (32)
26 (18)

7 (5)
16 (11)
24 (17)

<0.001
0.014
0.661
0.653
0.804
0.620

HCC 210 (65) 63 (44) <0.001
Creatinine (lmol/L) 77.5 (66–102.8) 95.5 (71–140) <0.001
Bilirubin (lmol/L) 45.5 (22–99.2) 90.4 (29.3–223.4) <0.001
INR 1.47 (1.24–1.80) 1.67 (1.34–2.07) 0.002
MELD score at LT 17 (8) 21 (9) <0.001
MELD-Na score at LT 19 (8) 23 (9) <0.001
ACLF at LT 19 (5.9) 27 (19) <0.001
ACLF grade

1
2
3

5 (1)
7 (2)
7 (2)

5 (4)
14 (10)

8 (5)

<0.001

Sodium (mmol/L) 137 (134–140) 137 (133–141) 0.908
Haemoglobin (g/L) 10.8 (9.6–12.7) 10.1 (9.1–11.3) 0.001
Platelets (×109/L) 69 (45–109) 57 (38–87) 0.064
WBC (×109/L) 4.48 (3.26–6.30) 4.92 (3.60–6.99) 0.050
Albumin (g/L) 27 (23–33) 27 (23–32) 0.643
MAP (mmHg) 89 (12) 85 (29) 0.137
Diabetes 89 (28) 34 (24) 0.416
Hypertension 100 (31) 40 (28) 0.546
CKD 26 (8) 19 (15) 0.040
Donor’s age (years) 63 (16) 60 (16) 0.174
Donor’s sex (M) 191 (59) 77 (54) 0.396
LT technique (piggyback) 304 (94) 128 (90) 0.223
Cold ischaemia time (min) 480 (420–540)) 480 (420–531) 0.688
Calcineurin inhibitors sparing regimen 214 (66) 82 (58) 0.109
Single immune suppression 113 (35) 62 (44) 0.089

Normally distributed continuous variables are presented as mean ± SD, non-normally distributed continuous variables are expressed as median (IQR) and categorial variables
as n (%). Comparisons were made using the X2 test or Fisher’s exact test when appropriate, Student’s t test and Mann–Whitney’s U test.
ACLF, acute-on-chronic liver failure; CKD, chronic kidney disease; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; INR, international normalised
ratio; LT, liver transplantation; M, male; MAP, mean arterial pressure; MELD, model for end-stage liver disease; NAFLD, non-alcoholic fatty liver disease; WBC, white blood cell.
* A total 115 patients had more than one liver disease aetiology.
† This category includes: autoimmune cholestatic liver diseases (primary biliary cholangitis, primary sclerosing cholangitis); hepatitis D virus coinfection; haemochromatosis;
Wilson’s disease; alpha1-antitrypsin deficit; cryptogenic cirrhosis.
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Fig. 1. Incidence of post-transplant infectious complications in patients with (study group) and without (control group) infections before liver transplant.
Percentage of patients suffering new infections (59% vs. 22%, p <0.001), bacterial (57% vs. 20%, p <0.001), fungal (14% vs. 5%, p = 0.001), and septic shock (8% vs. 2%,
p = 0.004) in the postoperative period in patients with or without pre-LT infection. Comparisons were made using the X2 test and Fisher’s exact test. LT, liver
transplantation.
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Table 4. Independent predictors for development of post-LT infection.

Variable OR (95% CI) p value

Model 1
Pre-LT infection 3.92 (2.40–6.39) <0.001
Alcohol-related cirrhosis 1.70 (1.10–2.65) 0.018
MELD score at LT 1.03 (1.01–1.06) 0.002
Model 2
Pre-LT infection 3.99 (2.48–6.42) <0.001
Alcohol-related cirrhosis 1.77 (1.14–2.75) 0.011
ACLF at LT 2.68 (1.36–5.27) 0.004

Variables included in Model 1: pre-LT infection, aetiology of cirrhosis, white blood
cell count (log-transformed), MELD score at LT.
Variables included in Model 2: pre-LT infection, aetiology of cirrhosis, white blood
cell count (log-transformed), ACLF at LT.
Models were developed using logistic regression with stepwise backward elimina-
tion. Variables showing a p value <0.05 in the univariable analysis were included in
the models.
ACLF, acute-on-chronic liver failure; LT, liver transplantation; MELD, model for end-
stage liver disease; OR, odds ratio.

Research article
Incidence of post-operative complications in patients with
pre-LT infection according to timing of infections
improvement/resolution and MDR infections
In the study group, 23 patients underwent LT within 7 days from
infection improvement/resolution (defined by the clearance for
LT eligibility by the infectious disease specialist). The remaining
85 underwent LT beyond 7 days from infection improvement/
resolution. The incidence of early post-LT complications
(including infections) were not significantly different between
patients receiving LT within 7 days vs. those without (Table S5).

Within the study group, the incidence of early post-LT com-
plications and the length of hospital stay were not significantly
different between patients with infections sustained by MDR
bacteria and those with either non-MDR bacteria or negative
cultures (Table S6).
Survival
The probability of survival post-LT was not significantly different
between patients with and without pre-LT infection (1-year
survival: 88% vs. 89%, respectively, p = 0.579; 5-year survival:
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76% vs. 75%, respectively, p = 0.829; Fig. 2). Even after adjusting
for age, MELD at LT, HCC, and HCV aetiology, pre-LT infection was
not associated with post-LT mortality at 5 years (aHR = 1.05; 95%
CI 0.62–1.78; p = 0.835). Post-transplant survival was not
significantly different between patients with or without ACLF at
the time of transplant (1-year survival: 89% vs. 89%, respectively;
p = 0.901; 5-year survival: 69% vs. 76%, respectively; p = 0.643).

Moreover, the probability of post-LT survival was not signifi-
cantly different in patients transplanted within and beyond 7
days from infection improvement/resolution (1-year survival:
91% vs. 86%, respectively, p = 0.609; 5-year survival 76% vs. 75%,
respectively; p = 0.401). Finally, infections caused by MDR bac-
teria were not associated with worse post-LT survival (1-year
survival: 88% vs. 88% in patients with or without MDR, respec-
tively, p = 0.969; 5-year survival: 69% vs. 78% in patients with or
without MDR, respectively, p = 0.209).
Discussion
Patients with decompensated cirrhosis are at very high risk of
developing bacterial infections. The onset of bacterial infections
is a relevant issue in LT candidates, because it requires temporary
suspension from the waiting list and it is associated with poor
outcomes. Reddy et al.3 reported a very high risk (42%) of per-
manent de-listing and/or death within 6 months from an episode
of bacterial infection, as a result of the development of extra-
hepatic organ failures. Moreover, because bacterial infections are
a leading cause of morbidity and mortality in the early post-
transplant period, persistence or recurrence of infections is a
main concern in deciding to proceed or not to LT in patients with
cirrhosis and infections. Petrowsky et al.12 showed that septic
shock within 28 days before LT was an independent predictor of
90-day post-LT mortality in LT candidates with MELD score >40.
However, the impact of adequately treated infections before LT
on post-transplant complications and outcomes is still contro-
versial. Some experts recommend 2 weeks from infection
resolution to transplantation,23 whereas others suggest pro-
ceeding to LT earlier, even before infections have been resolved.24
543210
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However, there are no data in current literature about a safe time
interval between infection treatment and LT.

This single-centre case-control study demonstrated that
bacterial infections before transplantation did not affect 1- and
5-year patients’ survival, despite patients with pre-LT infections
had greater liver disease severity than those without, as indi-
cated by higher MELD and MELD-Na scores. These data show
that following adequate antimicrobial treatment, LT should not
be delayed in LT candidates with bacterial infections. Our find-
ings are in keeping with results of previous studies with smaller
sample size. Sun et al.9 showed that, although higher MELD-score
at transplantation and post-transplant infections negatively
affected survival, infections within 12 months before trans-
plantation were not associated with higher post-transplant
mortality rates. More recently, Bertuzzo et al.10 found that pa-
tients with end-stage liver disease and bacterial infections
within 1 month before LT had similar short-term (90-day) and
long-term (5-year) survival rates than patients without in-
fections, despite higher MELD-scores and higher rates of organ
failures at the time of transplantation.

In our series, patients surviving an infectious episode within 3
months before LT had a higher incidence of new infections, both
bacterial and fungal, a higher incidence of septic shock, and
required longer ICU and in-hospital care. Therefore, although
survival is excellent, post-transplant care is more complex in
patients undergoing LT after a bacterial infection. Remarkably,
pre-LT infection was associated with a fourfold risk of develop-
ment of infections after LT. These findings suggest that patients
with pre-LT infections require an active and intensive surveil-
lance for infections in the postoperative period. Remarkably, the
incidence of other postoperative complications such as the
occurrence of AKI, rejection, and/or vascular/biliary anastomosis
complications was comparable between patients with and
without pre-LT infections.

Although our study suggests the outcome of LT is good in
patients with infections before LT, the important question is:
how long should we wait before we can safely proceed to LT in
patients with infections? An important finding of our study is
JHEP Reports 2023
that, in patients with pre-LT infection, time elapsed from infec-
tion improvement/resolution to transplantation did not affect
patient outcome. Patients who underwent LT within 7 days from
infection improvement/resolution had rates of postoperative
complications (including new infections and septic shock, length
of ICU and in-hospital stays and survival rates) comparable with
those of patients who underwent LT beyond 7 days from infec-
tion improvement/resolution. This finding has important clinical
implications: as soon as bacterial infection is controlled, it is safe
to proceed with LT. This is a novel finding, as no previous study
assessed a safe time interval from infection improvement/reso-
lution to LT.

In the present study, we found very high rates of MDR
pathogens: 38% in the pre-LT and 67.7% in the post-LT period. In
the last 25 years the spread of MDR organisms has become a
major public health threat worldwide. Antimicrobial resistance is
a particularly serious issue in hepatology: infections caused by
MDR organisms are associated with increased morbidity and
mortality rates, both in the pre-transplant and post-transplant
settings.13,17,25–28 In our cohort, MDR infections before LT were
not associated with poor post-LT outcomes, although it should be
highlighted that they had to be adequately treated before pro-
ceeding to transplant.

The strengths of our study are the large sample size, the
granularity of data collected, and the assessment of timing be-
tween infection improvement/resolution and LT. The main lim-
itations of the present study are the retrospective design and the
single-centre data, which do not allow generalisation of our re-
sults to other patient populations.

In conclusion, this study shows that patients with pre-LT in-
fections have a complex clinical course after LT because of the
high risk of new infections and septic shock and long stays in
hospital and ICU. In spite of that, post-LT survival is excellent and
no association was found between time elapsed from infection
improvement/resolution and post-LT outcomes. Therefore, as
soon as bacterial infection is resolving, it is safe to proceed with
LT, although patients with pre-LT infections require an active
surveillance for infections after LT.
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