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ABSTRACT

Background: Multidrug-resistant (MDR) pathogens represent an emerging challenge in end-stage liver
disease and in liver transplant recipients.

Methods: We evaluated the impact of MDR bacteria upon clinical outcomes in patients with end-stage liver
disease (n = 777) at the time of enrollment on the liver transplant (LTx) waiting list, after first LTx (n = 645),
and after second LTx (n = 128).

Results: Colonization/infection with MDR bacteria was present in 72/777 patients on the waiting list, in
98/645 patients at first LTx, and in 46/128 patients at second LTx. While on the LTx waiting list, the time until
first hydropic decompensation (p = 0.021), hepatic encephalopathy (p < 0.001) and hepatorenal syndrome (p
< 0.001) was reduced in the presence of MDR bacteria, which remained an independent risk factor of poor
survival in multivariate analysis (p < 0.001). Following first and second liver transplant, MDR bacteria were
associated with an increased risk of infection-related deaths (first LTx: p < 0.001; second LTx: p = 0.037) and
reduced actuarial survival (first LTx: p < 0.001; second LTx: p = 0.046).

Conclusions: We showed that MDR pathogens are associated with poor outcomes before, after first and after
recurrent LTx.

Key words: liver transplant — end-stage liver disease — actuarial survival free of liver transplant — multidrug
— resistant pathogens.

Abbreviations: ESBL: extended-spectrum P-lactamase; ESLD: end-stage liver disease; KRINKO: German
Commission for Hospital Hygiene and Infection Prevention; LTx: liver transplant; MDR: multidrug-resistant;
MELD: model of end-stage liver disease; MGNB: MDR gram-negative bacteria; MRSA: methicillin-resistant

Staphylococcus aureus; SBP: spontaneous bacterial peritonitis; VRE: vancomycin-resistant enterococci.

INTRODUCTION

Patients with liver cirrhosis
have a diminished immune
function and are susceptible
to bacterial infection, sepsis,
and death [1, 2]. In end-stage
liver disease (ESLD), bacterial
infections are common causes
of hepatic decompensation. Over
the last two decades, gradual
epidemiological changes have
occurred, resulting in a shift
from gram-negative bacilli
toward gram-positive cocci [3-5].
Furthermore, various multidrug-
resistant (MDR) pathogens have
emerged as relevant causes of

infection. Epidemiology and antimicrobial resistance patterns
follow distinct geographic differences, with extended-spectrum
B-lactamase (ESBL)-producing Enterobacteriaceae being
prominent in Southern Europe and Asia, and methicillin-
resistant Staphylococcus aureus (MRSA) being prevalent in
the United States [6]. End-stage liver disease represents the
final path of various hepatic diseases, ultimately resulting in
the need for a liver transplant (LTx) and enrollment on a LTx
waiting list [7].

As patients in need of LTx highly exceed the number
of available donor organs, proper management of patients
with end-stage liver disease (ESLD) on the LTx list is crucial.
These patients are prone to infection, requiring recurrent
antimicrobial therapy and hospitalization until the model
of end-stage liver disease (MELD) score required for LTx is
reached. As the prevalence of MDR pathogens has gradually
increased over the past two decades, MDR-related bacteria pose
an increasing challenge when treating ESLD patients awaiting
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LTx. Patients with cirrhosis are increasingly becoming infected
with MDR bacteria, which in turn lead to high mortality rates
in patients with advanced liver disease [3]. The presence of
MDR bacteria in patients with liver cirrhosis has been shown
to be associated with increased mortality [8]. In LTx recipients,
bacterial infections are the leading cause of morbidity and
mortality [9]. More than 50% of LTx recipients develop an
infection within the first year after transplantation [10].

In the present study, we investigated the impact of MDR
bacteria upon hepatic decompensation and survival in a large
cohort of patients with ESDL starting from three different
time-points: (a) time of enrollment at Eurotransplant, (b) after
first LTx, and (c) after second LTx.

METHODS

Study design

Clinical data were retrospectively analyzed, from January
1994 until July 2015, starting from enrollment for LTx at
Eurotransplant. Informed consent to participate in the study
was obtained from each patient. The study was approved by the
Ethical Committee of Heidelberg and carried out in accordance
with the Declaration of Helsinki in its present form.

In the LTx waiting list study cohort, we analyzed
777 patients, starting from their date of enrollment at
Eurotransplant, between 1994 and 2015, by chart review.
Infections, colonization, and clinical characteristics were
assessed retrospectively. In the first LTx cohort, 645 patients
underwent LTx between 1994 and 2015 and were analyzed for
MDR microbes. Clinical data were retrospectively analyzed
starting at the time of LTx. In the second LTx cohort, 128
patients who had undergone second LTx (Re-Ltx) between
1994 and 2015 were analyzed for MDR microbes. Clinical data
were retrospectively analyzed starting at the time of Re-LTx. At
the time of LTx/Re-LTXx, there was no evidence of any systemic
infection and no evidence of positive blood culture.

Microbial screening and study protocol of antimicrobial
management

In the LTx waiting list cohort, patients were assigned to
subgroups (patients with MDR pathogens and patients without
MDR pathogens) based on the microbial findings prior to
enrollment at Eurotransplant.

Patients on the LTx waiting list were routinely examined
every three months at our outpatient clinic. During each
outpatient visit, swab analysis (nose and peri-anal swabs) was
performed. If patients admitted to our hospital were on the LTx
list, routine swab analysis was performed each time. If, upon
clinical examination or based on serological findings, systemic
infection was suspected, samples of blood cultures, urine, and
pulmonary secretions were routinely obtained and analyzed,
while bile, abscess fluid, and ascites were only analyzed for
bacterial growth if patients had ascites or known abscesses,
or if endoscopic retrograde cholangiography was performed.

All MDR data obtained for analysis in the LTx/Re-LTx
cohort were gathered during a time period ranging from
-5 days prior to LTx/Re-LTx or at LTx/Re-LTx. All patients
were routinely swabbed (nose and peri-anal swabs) for MDR
pathogens prior to LTx/Re-LTx and at admission to the ICU
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after the procedure. At the time of LTx/Re-LTX, there was no
evidence of any systemic infection and no evidence of positive
blood culture in any of the patients.

Hepatic decompensation, infection-related death, and
actuarial survival

Hepatic decompensation of patients on the LTx list
was assessed by documenting the occurrence of hydropic
decompensation requiring paracentesis or forced diuretic
treatment, spontaneous bacterial peritonitis (ascites neutrophils
> 250/mm?®), hepatic encephalopathy > grade II, according to
West Haven Criteria, and hepatorenal syndrome, according to
EASL guidelines [11]. Infection-related death was defined as
mortality due to sepsis or its complications. Actuarial survival
free of LTx was defined using death, LT, 2nd LTx or 3rd LTx
as endpoints.

Microbial multidrug-resistance analysis

The material was obtained following internal standard
operating procedures and delivered to the microbiology
laboratory after rapid collection and was cultured aerobically
and anaerobically according to standard laboratory protocols.
In short, clinically relevant infection and colonization with
MDR bacteria were considered risk factors. Infection was
defined as clinically documented infection with plausible
bacterial growth in cultures of collected materials. Samples of
blood cultures, urine, pulmonary secretions, bile, and other
substances, such as abscess fluid and ascites, were analyzed for
bacterial growth. The analysis of susceptibility to antibiotics
commonly used for treatment included results for all isolates.
For further analysis, we categorized the samples into groups,
according to the bacterial findings, as sterile, low-grade
pathogens, non-MDR pathogens, or MDR bacteria, which
included all samples containing at least one MDR strain. MDR
bacteria were distinguished between vancomycin-resistant
enterococci (VRE), MRSA, ESBL, and MDR gram-negative
bacteria (MRGN) according to the recommended criteria of
the German Commission for Hospital Hygiene and Infection
Prevention (KRINKO) [12]. Colonization data were collected
retrospectively by the evaluation of nose and peri-anal swabs,
which were part of routine hygiene instructions. Swab samples
were collected according to standard operating procedures and
were analyzed in the microbiology laboratory. Colonization
with MDR bacteria was confirmed by the growth of VRE,
MRSA, and MRGN according to the KRINKO criteria.

The KRINKO criteria

The KRINKO recommends a classification of MRGN
according to their resistance into four classes of antibiotic drugs:
beta-lactam antibiotics, cephalosporins, carbapenems, and
fluoroquinolones. Resistance to leading compounds of these four
groups was analyzed. Resistance to piperacillin was representative
for beta-lactam antibiotics, cefotaxime and/or ceftazidime for
cephalosporins, meropenem and/or imipenem for carbapenem,
and ciprofloxacin for fluoroquinolone. Resistance to three of
these four groups was classified as 3-MRGN. Resistance to all four
groups or to carbapenemase-producing bacteria was classified
as 4-MRGN. The KRINKO criteria do not consider the different
types of beta-lactamases [12].
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Statistical analysis

One-way analysis of variance (ANOVA) was performed
to compare the means of two or more groups for continuous
numerical data. Preliminary testing for normality was
conducted by using the Shapiro-Wilk test. If the preliminary
test for normality was not significant, then the ¢ test was used;
if the preliminary test rejected the null hypothesis of normality,
then a nonparametric test (Mann-Whitney’s U test) was
applied in the main analysis [13]. Spearman’s rho was used as
the nonparametric measure of statistical dependence between
two variables. The rate of actuarial survival free of LTx was
estimated using the Kaplan-Meier method. Differences between
the actuarial estimates were analyzed using the log-rank test.

The following variables were selected for univariate analysis
based on knowledge and findings from previous studies: age at
time of enrollment at Eurotransplant, gender, body-mass index
(BMI), MELD score at time of enrollment at Eurotransplant,
and the presence of MDR. A significance level < 0.10 at
univariate analysis was defined for variables to be included in
Cox’s proportional hazards model, using a stepwise procedure
with a threshold of 0.05.

RESULTS

Patients on LTx waiting list

Of the 777 patients with ESLD, 256 were female (32.9%)
and 521 were male (67.0%). The underlying liver diseases
contributing to enrollment on the LTx list were: alcoholic
liver disease (ALD) (31.14%, n=242), chronic hepatitis B virus
(HBV) infection (6.56%, n=51), chronic hepatitis C virus (HCV)
infection (18.27%, n=142), primary sclerosing cholangitis (PSC)
(15.05%, n=117), non-alcoholic steatohepatitis (NASH) (7.97%,
n=62), and other hepatic disorders (20.97% n=163). The mean
MELD score at the time of enrollment at Eurotransplant was
14.24+7.9 (range: 5.0-44.0), while the mean age was 49.1+11.4
years (range: 18.0 — 68.0). Mean follow-up time was 19.4+23.9
months (range: 0-146.5).

Multidrug resistant bacteria in patients on the LTx
waiting list

Of the 777 patients enrolled at Eurotransplant, 72 (9.26%)
had MDR at the time of enrollment at Eurotransplant (Fig.
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Fig. 1. Multidrug-resistant bacteria in patients on liver transplantation
list and in patients after 1*and 2" Ltx.

1). Of these 72 patients, 49 had MDR identified by swab
analysis (rectal, skin, nose) without evidence of systemic
infection, while 23 had systemic MDR infection (urinary: n
=12, pulmonary: n = 5, others: n = 6). Of the 72 patients with
MDR, 45 had VRE, 14 had 3-MRGN, none had 4-MRGN,
10 had MRSA, and 10 had ESBL. Note that seven patients
were infected with more than one MDR pathogen. The mean
time on the LTx waiting list was 38.7 (+ 38.1) months for
patients without MDR. Of these 705 patients, 31 died (4.3%),
while 459 (65.1%) received LTx. The mean time on the LTx
waiting list was 21.0 (£ 32.8) months for patients with MDR.
Of these, five patients died (6.4%), while 67 (87.0%) received
a transplant.

Clinical outcome of patients with MDR bacteria on the
LTx waiting list

Clinical baseline characteristics of patients with or without
MDR bacteria on the LTx waiting list are shown in Table I.
Regarding laboratory parameters determined at the time of
enrollment at Eurotransplant, only serum albumin levels
were slightly lower in patients with MDR bacteria compared
to albumin levels in patients without MDR bacteria (p =
0.024, Supplementary Table I). Otherwise, there were no
differences between the two groups at the time of enrollment
at Eurotransplant (Supplementary Table I).

Table I. Baseline characteristics of patients with and without MDR bacteria at time of enrolment at Eurotransplant

(ET)
No MDR MDR p-value

Age at enrolment at ET [years], mean + standard deviation 50.2 +11.8 53.2 (19.5-68.1) 0.106
Gender, male/female 471/234 50/22 0.695
Metabolic co-disease* (%) 344 (705) 45 (72) 0.027
Alcoholic liver disease, n (%) 215 (88.8%) 27 (11.1%) n.a.
Viral hepatitis, n (%) 169 (87.5%) 24 (12.4%) n.a.
Primary sclerosing cholangitis, n (%) 113 (96.5%) 4(3.4%) n.a.
NASH, n (%) 57 (91.9%) 5(8.0%) n.a.
Other liver diseases, n (%) 151 (92.6%) 12 (7.3%) n.a.
MELD-Score at enrolment ET, mean + standard deviation 14.0+7.7 159+9.2 0.065

MDR: multidrug-resistant; MELD: model of end-stage liver disease; NASH: non-alcoholic steatohepatitis; * defined as
diabetes mellitus type I and I, arterial hypertension, hypercholesterinemia, hypertrigliceridemia; n.a., not applicable
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Regarding hepatic decompensation, time until hydropic
decompensation (Fig. 2A, p = 0.021), time until first episode
of overt hepatic encephalopathy (Fig. 2C, p < 0.001) and time
until first episode of hepatorenal syndrome (Fig. 2D, p <
0.001) were all significantly reduced for patients with MDR
at time of enrollment at Eurotransplant compared to patients
without MDR. However, time until first episode of spontaneous
bacterial peritonitis was not statistically different between the
two groups (p = 0.383; Fig. 2B; for detailed survival analysis
see Supplementary Table I).

As a result of this, overall actuarial survival free of LTx
was significantly reduced for patients with MDR (11.5 + 2.2
months; 95% confidence interval [CI]: 4.3 — 6.2) compared to
patients without MDR (35.1 £ 2.1 months; 95% CI: 30.9 — 39.4;
p = 0.000; Fig. 3).

For patients with MDR, there was no difference in actuarial
survival between those with systemic MDR infection (12.3+2.1
months; 95% confidence interval [CI]: 8.1-16.5) and those
with MDR identified by swab analysis (13.6+2.4 months; 95%
CI: 8.7-18.4; p=0.953).
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Age at time of enrollment at Eurotransplant, gender, BMI,
metabolic co-disease, MELD score at time of enrollment, and
presence of MDR were subjected to Cox univariate analysis
(Table IT). Age at time of enrollment, gender, BMI, metabolic
co-disease, MELD score at time of enrollment, and the presence
of MDR were below the set p-value of 0.1 and were therefore
subjected to further multivariate analysis. In multivariate
analysis, the presence of MDR remained an independent risk
factor associated with reduced actuarial survival free of LTx,
along with the MELD score at time of enrollment, metabolic
co-disease, gender, and age at enrollment (Table II).

First LTx cohort

Of the 645 patients who received LTx, 204 were female
(31.6%) and 441 were male (68.3%). The underlying hepatic
diseases contributing to LTx were as follows: ALD (23.72%,
n=153), HBV (7.75%, n=50), HCV (19.22%, n=124), PSC
(16.12%, n=104), NASH (8.83%, n=57), and other hepatic
diseases (24.34%, n=157). Mean follow-up time was 33.4+51.1
months (range: 0.3 — 291.8; Table III).
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Fig. 2. Time until hepatic decompensation in MDR and non-MDR patients on liver transplantation list (Kaplan-
Meier analysis). A) Time to first hydropic decompensation in patients with end-stage liver disease on liver
transplantation list was significantly reduced for patients with MDR compared to patients witout MDR (p = 0.021).
B) Time to first spontaneous bacterial peritonitis in patients with end-stage liver disease on liver transplantation
list did not differ patients with MDR compared to patients witout MDR (p = 0.383). C) Time until hepatic
encephalopathy in patients with end-stage liver disease on the liver transplantation list was significantly reduced
for patients with MDR compared to patients witout MDR (p<0.001). D) Time until hepatorenal syndrome in
patients with end-stage liver disease on the liver transplantation list was significantly reduced for patients with

MDR compared to patients witout MDR (p<0.001).
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Fig. 3. Kaplan-Meier analysis of actuarial survival free of liver
transplantation in patients with end-stage liver disease on the liver
transplantation list. There were 490 events in patients without
MDR and 72 events in patients with MDR. Actuarial survival was
significantly reduced for patients with MDR compared to patients
witout MDR (p < 0.001).

Table II. Features associated with death/Ltx in patients on liver transplant
list according to Cox’s proportional hazards model.

Cox univariate analysis Cox multivariate analysis

OR [95% CI] OR [95% CI]

Age at enrolment 1.01 [1.00-1.02] 1.02 [1.00-1.03]
ET p=0.001 p =0.003
Gender 1.32 [1.10-1.59] 1.33 [1.01-1.75]

p =0.002 p =0.041
BMI (per kg/m?) 1.01 [0.99-1.04] 0.99 [0.96-1.01]

p=0.08 p=0521
Metabolic co- 1.32 [1.10-1.59] 1.37 [1.05-1.78]
disease p =0.002 p=0.017
MELD-Score at 1.10 [1.08-1.11] 1.08 [1.06-1.11]
enrolment ET p <0.001 p <0.001
MDR present 2.21[1.72-2.84] 2.19[1.51-3.17]

p =0.008 p < 0.001

ET: Eurotransplant; BMI: body-mass index

Multidrug resistant bacteria in patients after first LTx

Of the 645 patients who received LTx, 98 (15.19%) had
MDR at the time of transplantation. Of these 98 patients,
76 had MDR identified by swab analysis (rectal, skin,
nose) without evidence of systemic infection, while 22 had
systemic MDR infection (urinary: n = 8, bile: n = 4, others:
n = 10). Of the 98 patients with MDR, 78 had VRE, 10 had
3-MRGN, one had 4-MRGN, 15 had MRSA, and 10 had
ESBL. Note that 14 patients were infected with more than
one MDR pathogen.

Clinical outcome of patients with MDR bacteria after
first LTx

Seven days after LTx, there was no difference regarding
baseline laboratory parameters, between patients with or
without MDR (Supplementary Table II). However, patients with
MDR had to stay significantly longer in the ICU following first
LTx compared to patients without MDR (Table III). There was
no significant difference between non-ICU hospital stays in the
two groups (Table III). Defining infection-related death as an

endpoint, Cox univariate analysis showed significantly reduced
infection-free survival for patients with MDR compared to
patients without MDR after first LTx (OR =2.10, 95% CI: 1.39-
3.19; p<0.001). This also resulted in reduced overall actuarial
survival, defined as death or Re-LTx, for transplanted patients
with MDR compared to patients without MDR (OR=2.24, 95%
CI: 1.65-3.04; p<0.001). In MDR patients, survival did not differ
between those with MDR colonization and those with MDR
infection (OR=0.83, 95% CI: 0.43-1.62; p=0.596).

Table III. Baseline characteristics of patients after liver transplantation
(Ltx) with and without multidrug-resistant bacteria (MDR).

No MDR MDR

p-value

50.8 £ 11.0 0.116

Age at Ltx [years], mean + 48.8+15.3

standard deviation

Gender, male/female 370/177 71/27 0.346
Metabolic co-disease*, n (total 286 (547) 57 (98) 0.283
number)

ICU stay (days) post Ltx, mean ~ 17.5+21.8 30.7+39.7  <0.001
+ standard deviation

Hospital non-ICU stay (days) 21.5+159 257+19.1 0.055

post Ltx, mean + standard
deviation

ICU: intensive care unit; * defined as diabetes mellitus type I and I, arterial
hypertension, hypercholesterolemia, hypertriglyceridemia

Second LTx cohort

Of the 128 patients who received Re-LTx, 48 were female
(37.2%) and 81 were male (62.7%). The underlying hepatic
diseases contributing to Re-LTx were as follows: ALD (18.75%,
n=24), HBV (8.59; n=11), HCV (27.34%, n=35), PSC (14.06%,
n=18), NASH (7.03%, n=9), and other hepatic disorders (25%,
n=32). Mean follow-up time was 35.5+55.3 months (range:
0.0 - 307.9).

Multidrug resistant bacteria in patients after second LTx

Of the 128 patients who received second Ltx, 46 had
MDR at the time of transplantation. Of these 46 patients,
25 had MDR identified by swab analysis without evidence
of systemic infection, while 21 had systemic MDR infection
(urinary: n = 3, bile: n = 5, pulmonary: n = 3, others: n =
10). Of the 46 patients with MDR, 43 had VRE, 15 had
3-MRGN, five had 4-MRGN, three had MRSA, and five had
ESBL. Note that six patients were infected with more than
one MDR pathogen.

Clinical outcome of patients with MDR bacteria after
Re-LTx

Baseline laboratory parameters seven days after Re-
LTx did not differ between patients with or without MDR
(Supplementary Table III). There was a non-significant trend
toward prolonged ICU stay following Re-LTx for patients
with MDR (Table IV). Non-ICU hospital stay also did not
differ between the two groups (Table IV). Defining infection-
related death as an endpoint, Cox univariate analysis showed
significantly reduced infection-free survival for patients with
MDR compared to patients without MDR after first LTx
(OR=1.73, 95% CI: 1.039-2.91; p=0.037). This also resulted

] Gastrointestin Liver Dis, September 2019 Vol. 28 No 3: 303-310



308

Friedrich et al.

in reduced overall actuarial survival, defined as death or third
LTx, for re-transplanted patients with MDR compared to
patients without MDR (OR=1.68, 95% CI: 1.00-2.79; p=0.046).
In MDR patients, survival did not differ between patients with
MDR colonization and patients with MDR infection (OR=1.54,
95% CI: 0.71-3.31; p=0.269).

Table IV. Baseline characteristics of patients after second liver
transplantation (Ltx) with and without multidrug-resistant bacteria (MDR)

No MDR MDR p-value
Age at Ltx [years], mean + 45.6+157 523+7.8 p=0.008
standard deviation
Gender, male/female 48/35 33/13 p=0.118
Metabolic co-disease*, n (total 43 (83) 26 (46) p =0.607
number)
ICU stay (days) post Ltx, mean ~ 24.5+25.6 35.6+37.2 p=0.069
+ standard deviation
Hospital non-ICU stay (days) 25.7+152 358+38.0 p=0.123

post Ltx, mean + standard
deviation

ICU: intensive care unit; * defined as diabetes mellitus type I and I1, arterial
hypertension, hypercholesterolemia, hypertriglyceridemia

DISCUSSION

Patients with ESLD and solid LTx recipients have altered
immune capacity resulting in increased susceptibility to
infectious diseases [1, 14, 15]. Bacterial infections increase
four-fold the mortality and are therefore major determinants
of prognosis in cirrhosis [16]. In an era of prolonged waiting
times on the LTx list, repeated exposure to antibiotics places
LTx candidates and recipients at high risk for both colonization
and infection with MDR organisms. In recent years, progressive
growth in the incidence of MDR strains has been observed [17].

In our large cohort of ESLD patients awaiting LTx, we
evaluated the impact of MDR pathogens upon the further
clinical course. We found that the presence of MDR pathogens
resulted in a significant survival disadvantage compared to
ESLD patients without MDR (Fig. 3). A recent study showed
that infections caused by MDR bacteria were associated with a
higher incidence of treatment failure, septic shock, and hospital
mortality in cirrhotic patients [3]. In the present study, we did
not observe that SBP occurred more frequently in patients
with MDR awaiting LTx (p=0.083). However, the presence
of MDR was associated with a reduced time until hepatic
decompensation, hepatic encephalopathy, and hepatorenal
syndrome. Indeed, bacterial infections have been reported to
precipitate hepatic decompensations and thereby constitute the
main cause of death in patients with decompensated cirrhosis
[18]. In the present study, the time frame from listing to the
occurrence of hepatic complications was longer than that
reported in other studies. This can be attributed to a mean
lab-MELD score at listing of 14.2 and an overrepresented study
population of PSC patients, as we are a reference center for this
liver disease entity.

Previous studies have shown that pre-transplant
colonization with MDR bacteria leads to a higher risk of
postoperative infections [14, 19]. These infections are caused
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by the same MDR organisms that have colonized the digestive
tract or the oropharynx before LTx [20, 21]. We found that
patients with MDR needed prolonged ICU attention after first
LTx (p<0.001), and there was a trend toward a prolonged ICU
stay following second LTx (p=0.069). Furthermore, time until
infection-related death was diminished for MDR patients after
first LTx (p<0.001) and second LTx (p=0.037).

The vulnerability of transplant recipients to infection may
lead to increased use of broad-spectrum empiric antibiotics,
which in turn contributes to drug resistance selection [22].
Failure to provide appropriate empiric antimicrobial therapy
has therefore been described as occurring more frequently
in MDR-infected patients [23, 24]. Among other factors,
recurrent hospitalization and antibiotic treatment are risk
factors for contracting MDR pathogens. MDR strains must
be treated with second- or third-line antibiotics, the use
of which tends to present major difficulties. Beside less
clinical experience in their application and lack of sufficient
pharmacokinetic knowledge, these antibiotics had neurological
(colistin) and renal (aminoglycosides and colistin) side effects.
Renal toxicity can be further increased by the concomitant use
of nephrotoxic immunosuppressant drugs, such as calcineurin
inhibitors. Second- or third-line antibiotics are usually only
available in parenteral formulations, resulting in a prolonged
hospital stay, which in turn increases the risk of additional
hospital-acquired infections.

Interestingly, the survival disadvantage observed in all
three settings (LTx list, post-LTx, post-second LTx) occurred
irrespective of whether MDR pathogens were present as
systemic infection or colonization. Therefore, one might
speculate that the poor survival associated with the presence
of MDR pathogens might not be attributable to the infectious
pathogen itself, but rather reflects a complex patient history
of recurrent antibiotic treatments, an increased number of
hospitalizations, or diminished immuno-capacity. However,
the presence of MDR pathogens represents a robust predictor
of poor survival for patients awaiting LTx, as it remained
independent in multivariate analysis (see Table II).

In our study, MDR pathogens were associated with reduced
patient survival both before and after LTx. These findings have
several implications. First, infection prevention measures and
antibiotic stewardship [25] remain of the utmost importance
in the emergence and transmission of MDR pathogens
and should therefore be incorporated when patients are
enrolled on the LTx waiting list. Although studies evaluating
antibiotic stewardship programs in organ transplantation are
limited [26-28], opportunities for antibiotic stewardship in
organ transplantation have been discussed [28]. Previously
recommended empirical antibiotic therapies, mainly based on
third-generation cephalosporins and amoxicillin/clavulanic
acid have been shown to be ineffective in nosocomial infections
in up to 60% of cases [3, 29] and must be adapted accordingly.
Second, regarding microbial epidemiology, one must keep in
mind the broad regional differences between infected patterns
[30-32]. LTx patients are likely to become colonized and/
or infected with MDR pathogens frequently isolated in the
admition units. Therefore, knowledge of local antimicrobial
epidemiology should be obtained in each LTx unit [5].
Empirical treatment of suspected bacterial infections must thus
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include the selection of antimicrobial agents based on local
epidemiological data and the patient’s history of colonization
or infection with antibiotic-resistant organisms.

CONCLUSIONS

Our study demonstrated that MDR pathogens were
associated with poor outcomes before, after first and after
recurrent LTx. Infection prevention measures and antibiotic
stewardship therefore remain of utmost importance in the
management of liver transplanted patients.
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Supplementary Table 1. Laboratory characteristics of patients after liver transplantation with and
without multidrug-resistant bacteria

No MDR bacteria MDR bacteria p-value
INR 7 days post Ltx, mean + 1.3+0.6 1.1+0.2 p=0.633
standard deviation
Albumin (g/dl) 7 days post Ltx, 27+13 2.6+0.5 p=0.249
mean = standard deviation
AST (U/1) 7 days post Ltx, mean 110.5+293.4 91.7+121.6 p=0.545
+ standard deviation
ALT (U/1) 7 days post Ltx, mean 251.1+342.1 191.2+£177.2 p=0.102
+ standard deviation
Creatinine (mg/dl) 7 days post 1.3+0.9 1.2+£0.6 p=0.081
Ltx, mean =+ standard deviation

LTx: liver transplant

Supplementary Table II. Laboratory characteristics of patients after second liver transplantation with
and without multidrug-resistant bacteria

No MDR bacteria MDR bacteria p-value
INR 7 days post Re-Ltx, mean * 1.2+0.3 1.2+0.2 p=0.628
standard deviation
Albumin (g/dl) 7 days post Re- 26+0.5 24+03 p=0.066
Ltx, mean + standard deviation
AST (U/1) 7 days post Re-Litx, 260 +671,9 226 +327.2 p=0.149
mean =+ standard deviation
ALT (U/1) 7 days post Re-Litx, 246.3 +£342.1 2185+177.2 p =0.092
mean =+ standard deviation
Creatinine (mg/dl) 7 days post 1.3+0.7 1.1+0.6 p=0.154
Re-Ltx, mean + standard
deviation

Ltx: liver transplant




