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Abstract

Objective The objective of this study is to present results
from our review of methicillin-resistant Staphylococcus
aureus (MRSA) infection in living-donor liver transplant
(LDLT) recipients.

Methods Seventy patients with primary LDLT between
August 1997 and May 2007 were retrospectively reviewed.
Results  Overall, 9 patients (12.9%) encountered various
kinds of MRSA infection after transplantation [peritonitis
(6), bacteremia (6), pneumonia (3), wound infection (3),
cholangitis (1)]; 4 of these 9 patients died. Of these 4 expired
patients, 3 were highly urgent cases with very poor pre-
transplant status under ventilator support. In one patient,
linezolid was effective after teicoplanin failure for severe
systemic MRSA infections (bacteremia, peritonitis, cho-
langitis, pneumonia, and enteritis). Of the 4 patients in whom
MRSA was isolated only in a nasal swab before transplan-
tation, none developed MRSA infection after transplantation
with a 3-day course of mupirocin prophylaxis.

Conclusions MRSA infection was a contributing factor in
death after transplantation in cases with poor pretransplant
status. Linezolid was effective even for treating systemic
MRSA infection after LDLT. A short course of mupirocin
prophylaxis seemed to be effective and did not have any
adverse effects.
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Introduction

Since methicillin-resistant S. aureus (MRSA) was identified
in the UK in 1961 [1], it has been recognized as one of the
most troublesome bacteria to manage, including after gen-
eral abdominal surgery [2, 3]. In liver transplantation, the
risk and severity of MRSA infection might be more serious
because of additional immunosuppression. Although
MRSA infection has actually been recognized as the leading
cause of fatal bacterial infection in liver transplant recipi-
ents [4, 5], an appropriate strategy to manage it has not yet
been established. Especially for nasal carriers, the efficacy
of prophylactic treatment is not clear. Bert et al. [6] reported
that the nasal carriage of MRSA is an independent risk
factor for post-transplant MRSA infection, which indicates
that mupirocin prophylaxis would be a reasonable treat-
ment; however, its efficacy in deceased donor liver trans-
plantation is under debate [7]. However, in comparison to
deceased donor liver transplantation, living donor liver
transplantation (LDLT) has an advantage in that we can
plan pretransplant elective prophylaxis in the majority of
cases. With regard to the treatment of infection after sur-
gery, there are currently several options, including not only
glycopeptides, but also linezolid, daptomycin, and tigecy-
cline. The aim of this study was to show the outcomes of
MRSA infection in our LDLT recipients and to propose an
appropriate strategy for treatment.

Patients and methods
Patients

This is a retrospective observational study to describe the
outcomes of MRSA infection and/or colonization among
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patients who underwent LDLT in a Japanese hospital.
Seventy sequential patients with primary LDLT between
August 1997 and May 2007 in a Japanese hospital
(Nagasaki University hospital, 869 beds in total) were
enrolled in this study. The medical records of these 70
patients were retrospectively reviewed. During preopera-
tive evaluation, several samples, including nasal swab,
urine, and stool samples, were routinely obtained for cul-
ture study of the recipients. This screening was not rou-
tinely performed in the living donors. In any patients who
were MRSA-positive only in the nasal swab before elective
LDLT, mupirocin calcium ointment was applied twice
daily for 3 days before transplantation without rechecking
the nasal culture. For the patients who were MRSA-posi-
tive in the stool or urine, oral or intravenous vancomycin
was administered until we confirmed the eradication of
MRSA before the surgery. In some highly urgent cases, the
patients underwent LDLT without checking the results of
the culture studies, after clinical signs of infection had been
ruled out carefully. Basic immunosuppression after trans-
plantation consisted of tacrolimus and steroids. Tacrolimus
was begun orally at 0.05 mg/kg twice a day from the day
after transplantation. The target trough level was from
10 to 15 ng/ml until 1 month after surgery, and around
10 ng/ml or less thereafter. Regarding steroids, methyl-
prednisolone was administered intravenously at 10 mg/kg
for pediatric cases and 1 g for adult cases just after
reperfusion during surgery. In the postoperative period, we
administered a 0.5 mg/kg i.v. four times a day for the first 3
postoperative days, followed by 0.5 mg/kg twice a day for
the next 3 days. Thereafter, we switched to oral predniso-
lone at 0.5 mg/kg once a day at 7 days after transplanta-
tion, and the steroid was discontinued by 6 months when
the liver function was stable after a staged reduction. In
selected cases, additional mycophenolate mofetil or aza-
thioprine was used. For patients with hepatitis C-related
cirrhosis, tacrolimus was converted to microemulsified
cyclosporine when the patients started receiving anti-viral
therapy after transplantation. Post-transplant antibiotic
prophylaxis consisted of cefazolin and ampicillin at 1 g
each, four times a day, for 3 days. After surgery, samples
were obtained from the nares, respiratory secretions, urine,
stool, ascites, and bile (when applicable) for the surveil-
lance culture weekly for each patient after transplantation.

Definition of MRSA infection

Each sample was plated onto mannitol-salt agar. After
incubation at 37°C for 24—48 h, S. aureus was identified by
microscopic and growth characteristics, the coagulase test,
and DNA hydrolysis. Methicillin resistance was deter-
mined by the disk diffusion method on Mueller-Hinton
agar plates (Becton-Dickinson Co.) containing 5 pg of
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oxacillin, incubated at 30°C for 24-48 h. The medical
records were retrospectively reviewed, and MRSA infec-
tions were defined as follows. Bacteremia was defined as
the isolation of MRSA in at least one blood culture with
obvious clinical signs of infection [high fever and/or ele-
vation of serum level of C-reactive protein (CRP)]. Pneu-
monia was defined as a new pulmonary infiltrate developed
on radiographic studies in conjunction with clinical signs
(high fever and/or elevation of serum level of CRP, with
purulent sputum), and MRSA was isolated from a respi-
ratory secretion. Cholangitis was defined as the elevation of
serum bilirubin, and the isolation of MRSA in bile obtained
from biliary drainage (if applicable) with clinical signs of
infection (high fever and/or elevation of CRP). Peritonitis
was diagnosed if MRSA was isolated from ascites obtained
intra- or postoperatively with clinical signs of infection
(abdominal pain, high fever, and/or elevation of CRP).
Wound infection was defined as the isolation of MRSA
from a purulent fluid drained from the wound. Even if
MRSA was isolated from various kinds of specimens, it
was defined as the carrier when there were no clinical signs
of infection.

Results
The characteristics of the patients

The 70 patients with primary LDLT during the study per-
iod consisted of 40 males and 30 females, with a median
age of 52 (range, 0.5-67). The original diagnoses included
hepatitis C-related cirrhosis in 20 patients (14 with hepa-
tocellular carcinoma), hepatitis B-related cirrhosis in 15
(11 with hepatocellular carcinoma), acute liver failure in
10, biliary atresia in 9, primary biliary cirrhosis in 5,
cryptogenic cirrhosis in 5, alcoholic cirrhosis in 2, and
other diagnoses in 4. With regard to preoperative status, the
median model for end-stage liver disease (MELD) score
was 18 (range, 7—41) in the adult cases older than 12 years.

Isolation of MRSA before LDLT

The characteristics of the MRSA infections are shown in
Table 1.

MRSA was isolated in 10 samples from 8 patients
(11.4%) before transplantation (nasal swab [6], respiratory
secretion [2], and stool [2]). The 2 patients with MRSA in
respiratory secretions were highly urgent cases under
mechanical ventilation, and we finally performed trans-
plantation after clinical signs of infection had been ruled
out carefully. Of these 8 patients, 3 (37.5%) developed
MRSA infection after transplantation, which was a con-
tributing factor in the death of 2 of the patients. Both of
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Table 1 Characteristics of MRSA infection
Case no. Gender/ Diagnosis MELD Isolation of Isolation of Definition Treatment Outcome
age MRSA before Tx MRSA after Tx
3 M/5 BA NA Nasal swab Carrier None Alive
17 M/45 PBC 17 Bile Carrier None Alive
20 M/58 C-LC 23 Respiratory secretion Carrier None Alive
21 M/57 C-LC/HCC 40 Blood, pleural fluid, Bacteremia, VCM Died
ascites pneumonia,
peritonitis
28 F/0 BA NA Respiratory Ascites peritonitis None Died
secretion
32 M/65 B-LC 36 Nasal swab, Blood, ascites, wound  Bacteremia, TEIC Died
respiratory peritonitis, wound
secretion infection
39 F/60 C-LC/HCC 11 Nasal swab, stool Nasal swab, blood, Bacteremia, Linezolid Alive
ascites, bile, pleural peritonitis,
fluid, stool cholangitis,
pneumonia
44 M/59 B-LC/HCC 19 Blood, ascites Bacteremia, peritonitis TEIC Alive
45 M/53 B-LC 24 Stool Carrier None Alive
47 F/11 BA NA Wound Wound infection None Alive
51 F/55 C-LC/HCC 8 Nasal swab Carrier None Alive
52 M/57 C-LC/HCC 22 Nasal swab, blood, Bacteremia, TEIC* Died
ascites, respiratory peritonitis,
secretion pneumonia
55 F/62 C-LC 14 Nasal swab Carrier None Alive
56 M/52 FHF 23 Ascites, wound Peritonitis, wound Linezolid Alive
infection
60 M/68 B-LC/HCC 25 Nasal swab Carrier None Alive
61 M/37 Cryptogenic- 16 Nasal swab Carrier None Alive
LC
68 M/58 B-LC/HCC 13 Respiratory secretion Carrier None Alive
69 M/63 B-LC/HCC 9 Blood Bacteremia Linezolid  Alive

M male, F female, BA biliary atresia, PBC primary biliary cirrhosis, C-LC hepatitis C virus-related liver cirrhosis, HCC hepatocellular
carcinoma, B-LC hepatitis B virus-related liver cirrhosis, FHF fulminat hepatic failure, NA not applicable, VCM vancomycin, TEIC teicoplanin

 Linezolid was discontinued because of severe thrombocytopenia due to hemophagocytic syndrome

these patients encountered septic shock with MRSA peri-
tonitis followed by multiorgan failure.

MRSA infection after LDLT

Overall, 9 patients (12.9%) encountered various kinds of
MRSA infection after transplantation (peritonitis in 6
patients, bacteremia in 6, pneumonia in 3, wound infection
in 3, cholangitis in 1); 4 of these 9 patients died. Of the 4
expired patients, 3 were highly urgent cases with very poor
pretransplant status under ventilator support, including the 2
patients mentioned above. Another patient had systemic
MRSA infections (bacteremia, peritonitis and pneumonia)
followed by hemophagocytic syndrome possibly due to
cytomegalovirus viremia; this patient died 48 days after
transplantation. In this patient, linezolid was started, but

discontinued and replaced by teicoplanin because of severe
thrombocytopenia (nadir platelet count, 4000/mm?) due to
hemophagocytic syndrome. One patient, a 60-year-old
female, also developed severe systemic MRSA infections
(bacteremia, peritonitis, cholangitis, pneumonia), which
were promptly resolved by linezolid after ineffective
treatment with teicoplanin. In this case, the trough level of
teicoplanin was maintained in the therapeutic range, around
10 pg/ml or greater. As shown in Table 1, the patients who
were defined as carriers did not require any treatment; this
was true not only for nasal carriers, but also for the patients
with MRSA isolated in respiratory secretions, stool, or bile.
The median MELD score in adult cases (older than
12 years) was not significantly different between the groups
with or without MRSA infection [19 (range, 8—40) vs. 18
(range, 7-41), Mann-Whitney test]. Although there were no
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statistical differences in MELD score between the patients
who died or survived after MRSA infection, 2 of the 4
expired patients revealed a high MELD score greater than
30 (40 and 36, respectively; Table 1).

Discussion

Although MRSA infection is well recognized as a life-
threatening complication after liver transplantation, the
criteria for transplant indication and appropriate prophy-
laxis have not yet been established. Several studies
have indicated that nasal carriers are at a high risk of
post-transplant MRSA infection [3, 4], which means that
mupirocin prophylaxis is reasonable, but Paterson and
colleagues showed the lack of efficacy of this strategy in a
deceased donor liver transplantation series [7]. However, in
deceased donor liver transplantation, appropriate elective
prophylaxis is difficult, and mupirocin resistance is of great
concern with the prolonged or repeated use of an elective
prophylaxis [8]. In LDLT, an elective protocol can be
established, and a short course of mupirocin prophylaxis
was adapted in our series. In our study, there were 4 nasal
carriers in whom MRSA was isolated in the nasal swab
only, but none of them had any MRSA infection after
transplantation. Accordingly, we adopted a 3-day course of
mupirocin prophylaxis for elective cases because this
course can be undergone safely, without any adverse
effects. Although a randomized and controlled study is
needed to show the efficacy of mupirocin prophylaxis in
LDLT, we propose it as one possible effective strategy.

Currently, there are several prophylaxis and treatment
options for MRSA infection, including mupirocin, glyco-
peptides (vancomycin, teicoplanin), linezolid, and more
recently, daptomycin and tigecycline [9]. Glycopeptides
are widely used, but their current use to treat MRSA
infections has been the subject of much debate because
they have a modest effect despite showing in vitro sensi-
tivity, especially in pulmonary infection [10]. Based on our
experience of successful salvage therapy with linezolid
after teicoplanin failure for systemic severe MRSA infec-
tion, our current policy is to adopt linezolid as the rescue
treatment for MRSA infection. In principle, glycopeptides
should still be the first-line for MRSA infection, because
the majority of the cases could be controlled by these drugs
as shown in this study. Linezolid can be an alternative
for glycopeptides, but indications should be considered
carefully, because several studies demonstrated treatment
failure [11] and severe adverse effects such as myelosup-
pression [12]. However, we recommend using linezolid as
a second-line treatment in liver transplant recipients with
MRSA infection, who easily tend to fall into critical con-
dition because of immunosuppression.
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Of the 4 expired patients in this study, 3 had a very poor
preoperative status under mechanical ventilation, and 2
revealed high MELD score greater than 30. It is well rec-
ognized that preoperative status affects the outcome of
transplantation. The leading cause of death is infection,
which means that liver transplantation might be contraindi-
cated even for carriers when a patient’s status is poor. In
regard to the risk factors of MRSA infection after LDLT,
Hashimoto etal. [13, 14] showed that independent predictive
factors included preoperative MRSA colonization, preop-
erative use of antimicrobials, prolonged operation time, and
postoperative apheresis, none of which were seen as pre-
dictive factors in our study (data not shown), possibly
because of our smaller number of cases. In regard to preop-
erative MRSA colonization, none of the patients in whom
MRSA was detected only in a nasal swab during preoperative
evaluation developed MRSA infection after transplantation.
Mupirocin prophylaxis might be effective in these cases, but
we have to follow such cases carefully after transplantation
in order to monitor them for signs of MRSA infection.

It is unclear whether we should treat carriers in whom
MRSA is isolated without any clinical signs of infection
after transplantation. In our series, not only nasal carriers,
but also patients with MRSA isolated in respiratory
secretions, bile, or stool did well and did not require any
treatment. Although such isolated MRSA might lead to
subsequent severe infection in an immunosuppressive state,
it seems that we can safely follow such patients with close
observation. Another concern is that of possible MRSA
transmission from the living donors [15]. Although such
cases are probably rare, routine MRSA screening in the
living donors might be recommended.

In conclusion, MRSA infection is life threatening in
LDLT recipients, especially for patients with a poor pre-
transplant clinical condition. Linezolid is an effective
option for reversing even critical infections, and we
therefore recommend it as the second line of treatment for
MRSA infection after LDLT. A short course of mupirocin
prophylaxis seemed to be effective for elective cases,
although a prospective and randomized study is needed to
fully determine its efficacy.
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