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Background/Aims: Liver transplant patients are at high risk for methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE)
colonization. We evaluated patients before and after liver transplant using active
surveillance culture (ASC) to assess the prevalence of MRSA and VRE and to determine the effect of bacterial colonization on patient outcome.
Methods: We performed ASC on 162 liver transplant recipients at the time of
transplantation and 7 days posttransplantation to monitor the prevalence of
MRSA and VRE.
Results: A total of 142 patients had both nasal and rectal ASCs. Of these patients,
MRSA was isolated from 12 (7.4%) at the time of transplantation (group 1a), 9 (6.9%)
acquired MRSA posttransplantation (group 2a), and 121 did not test positive for
MRSA at either time (group 3a). Among the three groups, group 1a patients had
the highest frequency of developing a MRSA infection (p < 0.01); however, group
2a patients had the highest mortality rate associated with MRSA infection (p =
0.05). Of the 142 patients, VRE colonization was detected in 37 patients (22.8%) at
the time of transplantation (group 1b), 21 patients (20%) acquired VRE posttransplantation (group 2b), and 84 patients did not test positive for VRE at either time
(group 3b). Among these three groups, group 2b patients had the highest frequency of VRE infections (p < 0.01) and mortality (p = 0.04).
Conclusions: Patients that acquired VRE or MRSA posttransplantation had higher mortality rates than did those who were colonized pre-transplantation or those
who never acquired the pathogens. Our findings highlight the importance of
preventing the acquisition of MRSA and VRE posttransplantation to reduce infections and mortality among liver transplant recipients.
Keywords: Liver transplantation; Methicillin-resistant Staphylococcus aureus;
Vancomycin-resistant enterococci

INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) and
Copyright © 2015 The Korean Association of Internal Medicine

vancomycin-resistant enterococci (VRE) are significant
causes of nosocomial infections in transplant recipients
[1]. In a previous study, we reported that the prevalence
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of MRSA or VRE infection among liver transplant recipients was approximately 8.8% and 3.4%, respectively [2].
Liver transplant patients have a high risk of colonization
of multidrug-resistant bacteria such as MRSA and VRE
because of multiple hospital admissions, prolonged
hospital stays, and recent use of broad-spectrum antibiotics for treatment. Several studies have demonstrated
that VRE or MRSA colonization precedes active infection in individuals with various underlying diseases [36] and that the incidence of infection from colonization
varies across patient populations. Among transplant
recipients, pretransplant nasal carriage of MRSA and
rectal VRE colonization is associated with a high risk of
infections. Few studies have focused on the relationship
between the immediate postoperative acquisitions of
drug-resistant bacteria in patients residing in the intensive care unit (ICU) and the subsequent rate of bacterial
infections in these patients [7-10]. In cases of limited resources, facilities rarely perform routine active surveillance cultures (ASCs) because of their high costs. However, hospitals in some countries, like Korea, perform
ASCs upon initial admission to the ICU.
In this study, the hospital performed ASCs for MRSA
and VRE at the time of transplantation and 7 days posttransplantation, prior to patients leaving the ICU. We
evaluated the prevalence of MRSA or VRE colonization
among liver transplant recipients and the rate of acquisition of these pathogens posttransplantation. Furthermore, we compared the clinical outcomes among patients who were initially colonized with MRSA and VRE
prior to transplantation versus those who acquired the
pathogens posttransplantation versus those who never
tested positive for either pathogen during the pre- and
postoperative periods.

eligible for inclusion if they had been monitored for
both MRSA and VRE.
We collected the following demographic data: comorbidities, Child-Pugh scores, Model for End-Stage
Liver Disease (MELD) scores, VRE infection and source,
MRSA infection and source, and clinical outcome. Infection was defined using previously reported criteria [11].
Presence of an invasive device was defined as the insertion of a device for 7 days during a hospital stay prior to
transplantation. Re-transplantation was defined in patients who had undergone a second transplantation. All
postoperative procedures were documented (i.e., dialysis
7 days prior to transplantation). For all liver transplant
patients who met our abovementioned criteria, we determined the incidence of colonization and acquisition
of MRSA and VRE, the risk factors for infection, and the
clinical outcomes.
This study was approved by Seoul St. Mary's Hospital,
College of Medicine, The Catholic University of Korea,
Investigational Review Board (KC12RISI0914).

METHODS

Microbiological methods

Patients and study design
This prospective study was conducted on inpatients
from a 1,200-bed tertiary hospital. For infection control, routine ASCs have been performed in the ICU of
this hospital since 2008. From January 2008 to December 2010, we performed ASCs to detect MRSA and VRE
among liver transplant recipients at the time of transplantation and 7 days posttransplantation. Subjects were
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Antimicrobial prophylaxis
Perioperative prophylaxis consisted of a 5-day regimen
of intravenous injections of cefoperazone/sulbactam (2
g/day) and ampicillin (8 g/day). For fungal prophylaxis, nystatin (800,000 units/day) was administered orally for 1 month. Pneumocystis pneumonia prophylaxis
consisted of oral administration of trimethoprim/sulfamethoxazole (80 mg/400 mg/day) for 3 months. Routine
antiviral prophylaxis was not administered.

Immunosuppression
All patients received tacrolimus or cyclosporine, mycophenolate mofetil, and low-dose prednisone as routine
immunosuppressive agents.

Surveillance culture
Perianal swabs were cultured for VRE by inoculation
into Enterococcosel broth supplemented with 6 μg/mL
vancomycin (Becton Dickinson, Franklin Lakes, NJ, USA)
and incubation at 35°C for 18 to 24 hours. Positive-VRE
samples were gram-stained, plated onto blood agar, and
incubated at 35°C for 18 to 24 hours. Testing for pyrrolidonyl arylamidase activity (Oxoid, Cambridge, UK) was
used to identify enterococci [12]. Susceptibility testing
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for vancomycin was performed using a disk-diffusion
method. Minimum inhibitory concentrations for vancomycin and teicoplanin were determined following
the Clinical and Laboratory Standards Institute guidelines [13]. Enterococcus faecium ATCC 29212 was used as
a reference strain. Multiplex polymerase chain reaction
(PCR) and the Seeplex VRE ACE detection kit (Seegene
Inc., Seoul, Korea) were utilized to identify all Enterococcus species [14].
To detect MRSA, ASC was obtained from the anterior nares of patients and inoculated in Amies medium
(Micromedia Co., Seoul, Korea). Subcultures were inoculated onto Brilliance MRSA II Agar (Oxoid) and read
following an 18 to 24 hours incubation at 37°C. Staphylococcus aureus was identified by positive tests for catalase
or coagulase production.

Infection control measure in our hospital
The infection control policy of our hospital mandates
that all doctors, house staff, and nurses in the ICU wash
their hands. Contact precautions were taken for known
cases of MRSA or VRE colonization and infection. Eradication therapy such as intranasal mupirocin is not performed routinely. In cases with VRE colonization and
infection, patients were grouped.

(87.7%) had both nasal and rectal ASCs at the time of
transplantation. The median age was 50 years (interquartile range, 41 to 56), and 65.5% were male. The most
common underlying liver diseases were hepatitis B (n
= 75, 52.8%), followed by alcoholic liver disease (n = 19,
13.4%), and acute hepatitis A (n = 16, 11.3%). Table 1 shows
the demographics for all 142 patients. The detail of patients is displayed in Fig. 1.

MRSA colonization, infections, and clinical outcomes
MRSA nasal colonization was detected in 12 patients
(7.4%) from the initial ASC. During this study, 9 of the
130 patients (6.9%) who were not initially colonized with
MRSA had acquired MRSA posttransplantation.
Table 1. Patient demographics (n = 142)
Characteristic

Value

Age, yr

50 (41–56)

Male sex

93 (65.5)

Underlying liver disease
Hepatitis B

75 (52.8)

Hepatitis C

11 (7.7)

Hepatitis B + C

1 (0.7)

Hepatitis A

16 (11.3)

Cryptogenic cirrhosis

5 (3.5)

Statistical analysis

Primary biliary cirrhosis

Student t test and the Mann-Whitney U test were used
to analyze continuous variables. The chi-square test and
Fisher exact test were used to analyze categorical variables. We analyzed risk factors associated with MRSA/
VRE acquisition in patients not initially colonized with
these pathogens using univariate analysis. Variables
with a p < 0.1 in the univariate analysis were added in a
forward stepwise manner and selected to create the final model for the multivariate analysis. Variables were
included as described previously [5,10,15]. Data were analyzed using SPSS version 13.0 (SPSS Inc., Chicago, IL,
USA), and a p < 0.05 was considered statistically significant.

Alcoholic liver disease

19 (13.4)

Others

14 (9.8)

RESULTS
Patient demographics
Among 162 liver transplant recipients, 142 patients
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1 (0.7)

Cause of transplantation
Decompensated liver cirrhosis

79 (55.6)

Fulminant hepatitis

26 (18.3)

Hepatocellular carcinoma

54 (38.0)

Comorbid condition
Diabetes mellitus

39 (27.5)

Hypertension

17 (12.0)

Retransplantation

4 (2.9)

Pretransplant condition
MELD score

18 (10.5–30)

Child-Pugh, class C

86 (60.6)

Values are presented as median (interquartile range) or
number (%). Percentages in parentheses represent the percentage of the total patient population, except for age and
MELD score, which represent the range observed in the
population.
MELD, Model for End-Stage Liver Disease.
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162 Liver transplant recipients
6 MRSA ASC only
10 VRE ASC only
4 No ASC

142 ASC
12 MRSA colonizer on initial ASC

37 VRE colonizer on initial ASC

130 MRSA non-colonizer

9 MRSA acquisition

6 MRSA infection

121 MRSA non-acquisition

3 MRSA infection

10 MRSA infection

105 VRE non-colonizer

21 VRE acquisition
5 VRE infection

84 VRE non-acquisition

3 VRE infection

5 VRE infection

Figure 1. Study profile. MRSA, methicillin-resistant Staphylococcus aureus; ASC, active surveillance culture; VRE, vancomycin-resistant enterococci.

Table 2 shows the comparisons between patients initially colonized with MRSA versus those who were not
colonized. It is important to note that the preoperative
hospital stay was significantly longer for patients initially colonized by MRSA than those who were not colonized (18 days vs. 4 days; p = 0.02).
Among the patients who were not initially colonized
with MRSA (n = 130), we compared the baseline and clinical characteristics between those who acquired MRSA
posttransplantation and those who did not (Table 2). Patients who acquired MRSA received significantly more
pretransplant dialysis (55.6% vs. 14.9%; p < 0.01), were
more likely to undergo retransplantation (22.2% vs. 1.7%,
p < 0.01), and were more likely to undergo insertion of
a hemodialysis catheter compared to those that did not
(44.4% vs. 15.7%, p = 0.03). MELD scores from patients
with MRSA were higher than in those who were not
colonized with MRSA (26 vs. 16, p = 0.05). There was a
significant difference in the presence of hepatitis A in
patients who were not colonized with MRSA compared
with those who acquired MRSA posttransplantation
(11.6% vs. 0%, p = 0.04). Furthermore, hospital stay in the
ICU was more prevalent in patients who acquired MRSA
than in those who did not (11.1% vs. 1.7%).
Table 3 lists the comparisons of the clinical outcomes
among all patients. In patients initially colonized with
MRSA, six (50%) acquired MRSA infections including
two cases of pneumonia, one of peritonitis, one catheter-related infection, and one wound infection. Among
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the nine patients who acquired MRSA posttransplantation, three (33.3%) developed pneumonia due to MRSA
infection. Of the 121 patients who were not colonized
with MRSA, 10 (8.3%) developed MRSA infections, including two pneumonia cases, four peritonitis cases,
two catheter-related infections, one wound infection,
and one primary bacteremia case. Liver transplant recipients initially colonized with MRSA had the highest
incidence of MRSA infection posttransplantation (p <
0.01). In addition, patients who acquired MRSA posttransplantation had an overall higher mortality rate
(p = 0.05) and infection-related mortality rate (p = 0.06)
compared with patients initially colonized or never colonized with MRSA. There were no differences among
patients in terms of the rate of transplant rejection (p =
0.27), length of postoperative hospital stay (p = 0.11), or
median time to acquiring a MRSA infection posttransplantation (p = 0.14).
Based on univariate analyses, the risk factors for MRSA
acquisition posttransplantation included retransplantation (odds ratio [OR], 16.6; 95% confidence interval [CI],
2.0 to 135.7; p < 0.01), MELD score (OR, 1.1; 95% CI, 1.01
to 1.13; p = 0.03), and pretransplant dialysis (OR, 7.16; 95%
CI, 1.75 to 29.21; p < 0.01) (Table 4). According to multivariate analyses, retransplantation was an independent risk
factor for MRSA acquisition posttransplantation (OR,
13.5; 95% CI, 1.2 to 155.2; p = 0.03).
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Table 2. Comparison of patients who were initia lly colonized with MRSA (group 1a), acquired MRSA posttransplantation
(group 2a), and were not colonized with MRSA (group 3a)

Variable

Initially
colonized

53 (40–61)
8 (66.7)

Total
(n = 130)
49 (41–56)
84 (64.6)

6 (50.0)
3 (25.0)
0
2 (16.7)
0
0
1 (8.3)
0

69 (53.1)
8 (6.2)
1 (1.5)
14 (10.8)
5 (3.8)
1 (0.8)
18 (13.8)
14 (10.7)

4 (44.4)
0
0
0
0
0
1 (11.1)
4 (44.4)

65 (53.7)
8 (6.6)
1 (0.8)
14 (11.6)
5 (4.1)
1 (0.8)
17 (14.0)
10 (8.3)

7 (58.3)
2 (16.7)
4 (33.3)

72 (55.4)
24 (18.5)
50 (38.5)

4 (44.4)
3 (33.3)
1 (11.1)

1 (8.3)
3 (25)
0

38 (29.2)
14 (10.7)
4 (3.1)

3 (33.3)
1 (11.1)
2 (22.2)

Group 1a (n = 12)
Age, yr
Male sex
Underlying liver disease
Hepatitis B
Hepatitis C
Hepatitis B + C
Hepatitis A
Cryptogenic cirrhosis
Primary biliary cirrhosis
Alcoholic liver disease
Others
Cause of transplantation
Decompensated liver cirrhosis
Fulminant hepatitis
Hepatocellular carcinoma
Comorbid condition
Diabetes mellitus
Hypertension
Retransplantation
Pretransplant condition
MELD score
Child-Pugh, class C
Pretransplant dialysis
Posttransplant condition
Reoperation
Posttransplant dialysis
Biliary complication
Invasive device
Central venous catheter
Hemodialysis catheter
Foley catheter
Ventilator
History of previous hospitalization
Preoperative hospital stay, day
ICU stay, day
Admission route
ICU
Emergency department
General ward

Not initially colonized

21 (12.7–30.7)
9 (75.0)
2 (16.7)

18 (10–30)
77 (59.2)
23 (17.7)

Group 2a
(n = 9)
47 (42.5–54.5)
7 (77.8)

28 (18.5–39.5)
7 (77.9)
5 (55.6)

Group 3a
(n = 121)
50 (40–56)
77 (63.6)

b

p valuea

p value
0.94
0.39
0.04

0.53
0.47
0.58

68 (56.2)
21 (17.4)
49 (40.5)

0.49
0.23
0.08

0.84
0.88
0.73

35 (28.9)
13 (10.7)
2 (1.7)

0.78
0.97
< 0.01

0.12
0.15
0.53

16 (10–28)
70 (57.9)
18 (14.9)

0.05
0.23
< 0.01

0.56
0.54
0.92

1 (8.3)
4 (36.4)
5 (41.7)

17 (13.1)
18 (14.9)
46 (35.4)

3 (33.3)
1 (12.5)
2 (22.2)

14 (11.6)
17 (15.0)
44 (36.4)

0.06
0.85
0.39

0.64
0.06
0.66

2 (16.7)
4 (33.3)
6 (50.0)
1 (8.3)
3 (25.0)
18 (4.5–26)
7 (4.3–8)

40 (30.8)
23 (17.7)
41 (31.5)
3 (2.3)
66 (50.8)
4 (3–13)
7 (5–7)

2 (22.2)
4 (44.4)
2 (22.2)
0
6 (66.7)
8 (1.3–10.3)
7 (5.3–9.5)

38 (31.4)
19 (15.7)
39 (32.2)
3 (2.5)
60 (49.6)
4 (3–13)
7 (5–7)

0.56
0.03
0.53
0.64
0.32
0.62
0.42
0.01

0.67
0.18
0.19
0.23
0.08
0.02
0.67
0.85

0
6 (50.0)
6 (50.0)

3 (2.3)
60 (46.2)
67 (51.5)

1 (11.1)
7 (77.8)
1 (11.1)

2 (1.7)
53 (43.8)
66 (54.5)

Values are presented as median (interquartile range) or number (%). Percentages in parentheses represent the percentage of
the total patient population, except for age and MELD score, which represent the range observed in the population.
MRSA, methicillin-resistant Staphylococcus aureus; MELD, Model for End-Stage Liver Disease; ICU, intensive care unit.
a
Comparison of the characteristics between patients initially colonized with MRSA and those who were not.
b
Comparison of the characteristics between patients who did versus did not acquire MRSA posttransplantation.
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Table 3. Comparison of clinical outcomes of patients who were initially colonized with MRSA (group 1a), acquired MRSA posttransplantation (group 2a), and were not colonized with MRSA (group 3a)
Variable
MRSA infection

Group 1a (n = 12)

Group 2a (n = 9)

6 (50.0)

Group 3a (n = 121)

3 (33.3)

10 (8.3)

Pneumonia

2

3

2

Peritonitis

2

0

4

Catheter related infection

1

0

2

Wound infection

1

0

1

Primary bacteremia

0

0

1

Rejection

1 (9.1)

Mortality
Infection-related mortality
Postoperative hospital stay, day
Time to MRSA infection
posttransplantation, day

p value
< 0.01

3 (37.5)

20 (17.7)

0.27

1 (8.3)

3 (33.3)

10 (8.3)

0.05

1 (8.3)

2 (22.2)

5 (4.1)

0.06

29 (22.5–46.7)

26 (18–32.5)

17.5 (11.5–32)

3 (1–15)

24 (21–30)

0.11

13 (4.5–26)

0.14

Values are presented as number (%) or median (interquartile range).
MRSA, methicillin-resistant Staphylococcus aureus.

Table 4. Risk factors involved in methicillin-resistant Staphylococcus aureus acquisition post-liver transplantation
Variable
Retransplantation

Univariate analysis
OR
16.6

95% CI
2.0–135.7

Multivariate analysis

p value
< 0.01

OR
13.5

0.03

1.1

0.9–1.1

0.51

3.5

0.4–29.0

0.23

MELD score

1.1

1.01–1.13

Pretransplant dialysis

7.16

1.75–29.21

< 0.01

Reoperation

3.82

0.85–17.01

0.07

Posttransplant dialysis

0.84

0.09–6.98

0.84

Biliary complication

2.00

0.39–10.05

0.39

Central venous catheter

1.60

0.32–8.07

0.56

Foley catheter

1.67

0.33–8.39

0.53

History of previous hospitalization

2.03

0.48–8.50

0.32

Preoperative hospital stay, day

0.95

0.85–1.06

0.38

ICU stay, day

0.99

0.87–1.15

0.97

95% CI
1.2–155.2

p value
0.03

OR, odds ratio; CI, confidence interval; MELD, Model for End-Stage Liver Disease; ICU, intensive care unit.

VRE colonization, infections, and clinical outcomes
VRE colonization was detected in 37 patients (22.8%) on
initial the ASC (Table 5). Among the 105 patients not initially colonized with VRE, 21 (20%) acquired VRE posttransplantation.
Patients initially colonized with VRE had a significantly longer preoperative hospital stay (11 days vs. 4
days, p = 0.002) and higher MELD score (22 vs. 16, p =
0.02) compared with those patients not initially colo-
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nized with VRE. Among the patients (n = 105) who were
not initially colonized with VRE, we compared baseline
and clinical characteristics between patients who did
versus did not acquire VRE posttransplantation (Table
5). Patients who acquired VRE experienced longer stays
in the ICU (9 days vs. 4 days, p = 0.05) compared with
those who did not.
Five patients (13.5%) initially colonized by VRE developed cholangitis and peritonitis. Among the 21 patients
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Table 5. Comparison of patients who were initially colonized by VRE (group 1b), acquired VRE posttransplantation (group 2b),
and were not colonized with VRE (group 3b)
Variable
Age, yr
Male sex
Underlying liver disease
Hepatitis B
Hepatitis C
Hepatitis B + C
Hepatitis A
Cryptogenic cirrhosis
Primary biliary cirrhosis
Alcoholic liver disease
Others
Cause of transplantation
Decompensated liver cirrhosis
Fulminant hepatitis
Hepatocellular carcinoma
Comorbid condition
Diabetes mellitus
Hypertension
Retransplantation
Pretransplant condition
MELD score
Child-Pugh, class C
Pretransplant dialysis
Posttransplant condition
Reoperation
Posttransplant dialysis
Biliary complication
Invasive device
Central venous catheter
Hemodialysis catheter
Foley catheter
Ventilator
History of previous hospitalization
Preoperative hospital stay, day
ICU stay, day
Admission route
ICU
Emergency department
General ward

Initially colonize
Group 1b
(n = 37)
50 (43.5–56.5)
29 (78.4)

Total
(n = 105)
49 (40.3–56)
64 (61.0)

Not initially colonized
Group 2b
Group 3b
(n = 21)
(n = 84)
51 (39.5–55)
49 (41–56)
13 (61.9)
51 (60.7)

p valueb

p valuea

0.91
0.92
0.30

0.42
0.06
0.33

23 (62.2)
2 (5.4)
1 (2.7)
3 (8.1)
1 (2.7)
1 (2.7)
4 (10.8)
2 (5.4)

52 (49.5)
9 (8.6)
0
13 (12.4)
4 (3.8)
0
15 (14.3)
12 (11.4)

9 (42.9)
2 (9.5)
0
2 (9.5)
1 (4.8)
0
3 (14.3)
4 (19.0)

43 (51.2)
7 (8.3)
0
11 (13.1)
3 (3.6)
0
12 (14.3)
8 (9.5)

25(67.6)
4(10.8)
12(32.4)

54 (51.4)
22 (21.0)
42 (40.0)

9 (42.9)
4 (19.0)
8 (38.1)

45 (53.6)
18 (21.4)
34 (40.5)

0.38
0.81
0.84

0.08
0.17
0.41

13 (35.1)
3 (8.1)
1 (2.9)

26 (24.8)
14 (13.3)
3 (2.9)

7 (33.3)
4 (19.0)
1 (4.8)

19 (22.6)
10 (11.9)
2 (2.4)

0.31
0.38
0.56

0.22
0.40
0.99

22 (16–30.7)
23 (62.2)
7 (18.9)

16 (10–29)
63 (60.0)
18 (17.1)

16 (10–27)
52 (61.9)
13 (15.5)

0.89
0.67
0.37

0.02
0.81
0.81

5 (13.5)
5 (13.5)
16 (43.2)

13 (12.4)
17 (16.1)
35 (33.3)

4 (19.0)
4 (23.5)
6 (28.6)

9 (10.7)
13 (16.3)
29 (34.5)

0.30
0.47
0.61

0.86
0.66
0.28

10 (27.0)
8 (21.6)
14 (37.8)
0
19 (51.4)
11 (4–18)
6 (5–7)

33 (31.4)
19 (18.1)
33 (31.4)
4 (3.8)
50 (47.6)
4 (2.8–11)
7 (5–7)

6 (28.6)
4 (19.0)
4 (19.0)
1 (4.8)
11 (52.4)
4.5 (4–7.5)
7 (6–9)

27 (32.1)
15 (17.9)
29 (34.5)
3 (3.6)
39 (46.4)
4 (2–13)
4 (5–7)

0.76
0.90
0.17
0.80
0.63
0.55
0.05
0.78

0.62
0.64
0.48
0.23
0.70
< 0.01
0.57
0.24

0
21 (56.8)
16 (43.2)

3 (2.9)
45 (42.9)
5 (54.3)

1 (4.8)
8 (38.1)
12 (57.1)

2 (2.4)
37 (44.0)
45 (53.6)

14 (9.5–31)
11 (52.4)
5 (23.8)

Values are presented as median (interquartile range) or number (%). Percentages in parentheses represent the percentage of the
total patient population, except for age and MELD score, which represent the range observed in the population.
VRE, vancomycin-resistant enterococci; MELD, Model for End-Stage Liver Disease; ICU, intensive care unit.
a
Comparison of the characteristics between patients initially colonized with VRE and those who were not.
b
Comparison of the characteristics between patients who did versus did not acquire VRE posttransplantation.
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Table 6. Comparison of patients who were initially colonized with VRE (group 1b), acquired VRE posttransplantation (group
2b), and were not colonized with VRE (group 3b)
Variable

Group 1b (n = 37)

Group 2b (n = 21)

Group 3b (n = 84)

VRE infection

5 (13.5)

5 (23.8)

3 (3.6)

Cholangitis

3

2

2

Peritonitis

2

3

0

Urinary tract infection

p value
< 0.01

0

0

1

Rejection

10 (28.6)

3 (17.6)

11 (13.8)

0.17

Mortality

3 (8.1)

7 (33.3)

13 (15.5)

0.04

8 (9.5)

0.24

Infection-related mortality

2 (5.4)

4 (19.0)

Postoperative hospital stay, day

25 (21.5–31.5)

29 (22.5–36)

23 (21–28.7)

0.01

Time to VRE infection posttransplantation, day

81 (4.5–316)

36 (25.5–36)

154 (23–184)

0.60

Values are presented as number (%) or median (interquartile range).
VRE, vancomycin-resistant enterococci.

who acquired VRE posttransplantation, five (23.8%) developed a VRE infection (two cholangitis and three peritonitis cases). Of the 84 patients who were not colonized
with VRE, three (3.6%) developed a VRE infection (two
cholangitis and one urinary tract infection case). Liver
transplant recipients who acquired VRE posttransplantation were more likely to develop VRE infections compared with those who were preoperatively colonized
with VRE or were not colonized (p < 0.01). The mortality
rate of patients who acquired VRE posttransplantation
was 33.3% compared with 15.5% mortality in patients
who were not colonized with VRE and 8.1% in patients
preoperatively colonized with VRE. The differences in
mortality rates among the groups of patients was statistically significant (p = 0.04). Transplant patients who acquired VRE had a higher infection-related mortality (n
= 4, 19%) compared with those who were not colonized
with VRE (n = 8, 9.5%) or those preoperatively colonized
with VRE (n = 2, 5.4%). However, these differences were
not statistically significant (p = 0.24). Rejection was also
not significantly different among the three patient
groups (Table 6).
Univariate analysis indicated that the risk factors for
VRE acquisition posttransplantation were the length of
ICU stay (OR, 1.07; 95% CI, 1.01 to 1.15; p = 0.05) and the
length of postoperative hospital stay (OR, 1.03; 95% CI,
1.002 to 1.06; p = 0.04). However, these were not statistically significant as indicated by the multivariate analysis
(Table 7).

http://dx.doi.org/10.3904/kjim.2015.30.5.694

DISCUSSION
In this study, we observed VRE colonization in 22.8%
of liver transplant recipients at the time of transplantation and an acquisition of VRE in 20% of patients posttransplantation. In a previously published report, we
observed VRE colonization in 17.6% of the patients admitted to our medical ICU, the same facility evaluated in
this study [5]. Liver transplant recipients had higher rates
of VRE colonization than those of other ICU inpatients.
Initially, MRSA was detected in 7.4% of patients; however, 6.9% of patients acquired MRSA posttransplantation. Colonization and acquisition rates from this study
were lower than those previously reported [10,16]. The
difference may be attributed to infection control compliance among the medical team as well as the length of
the follow-up conducted in this study, which may not
have been long enough to detect MRSA acquisition. For
example, Santoro-Lopes et al. [17] reported that the median time for MRSA acquisition was 24 days after liver
transplantation. Also, there could be differences in the
accuracy of MRSA detection based on the type of technique utilized (i.e., PCR and chromogenic agar), which
ultimately could impact the colonization and infection
rates observed [18].
This study demonstrated that patients with MRSA
colonization at the time of transplantation had the
highest rate of developing infections but not the highest
mortality rates. Patients who acquired MRSA posttransplantation had a high rate of MRSA infection and a less
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Table 7. Risk factors involved in vancomycin-resistant enterococci acquisition posttransplantation
Variable

Univariate analysis

Multivariate analysis

OR

95% CI

p value

Retransplantation

2.02

0.17–23.47

0.56

MELD score

1.00

0.96–1.04

0.93

Pretransplant dialysis

1.71

0.53–5.47

0.36

Reoperation

1.97

0.54–7.12

0.30

Posttransplant dialysis

1.71

0.53–5.47

0.47

Biliary complication

1.32

0.46–3.76

0.60

Central venous catheter

1.18

0.41–3.39

0.75

Foley catheter

2.24

0.69–7.28

0.17

Ventilator

1.35

1.33–13.67

0.79

History of previous hospitalization

1.27

0.48–3.30

0.62

Postoperative hospital stay, day

1.03

1.002–1.06

0.04

Preoperative hospital stay, day

0.98

0.92–1.05

0.61

ICU stay, day

1.07

1.01–1.15

0.05

OR

95% CI

p value

1.03

0.99–1.07

0.88

1.03

0.94–1.13

0.47

OR, odds ratio; CI, confidence interval; MELD, Model for End-Stage Liver Disease; ICU, intensive care unit.

favorable outcome compared with those who were not
colonized. The sample size in our study was not sufficient to make definitive conclusions; however, among
the patients who acquired MRSA posttransplantation
were those with fulminant hepatitis and a frequency of
retransplantation. These results suggest that underlying
liver conditions in patients prior to live transplantation
may affect MRSA acquisition posttransplantation and
explain the high mortality rate associated with the acquisition of MRSA. Previously, we reported that 47 of
208 (13.3%) liver transplant recipients acquired a MRSA
infection posttransplantation [2]. In this study, the rate
of MRSA infection was approximately 33.3% to 50%, particularly in those patients colonized with MRSA at the
time of transplantation and those who acquired MRSA
posttransplantation. The high rate of MRSA infections
we observed among patients is similar to the rates reported in previous studies [9,19].
Previous studies have indicated that the risk factors
for MRSA colonization include severity of patients, prior antimicrobial use, presence of invasive medical devices, and prolonged ICU stays [20,21]. In this study, the
factors associated with acquiring MRSA posttransplantation were underlying liver disease, MELD score, pretransplant dialysis, and retransplantation, although only
retransplantation was statistically significant according
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to the multivariate analyses. Invasive procedures such
as pretransplant dialysis and retransplantation result in
longer hospital stays. Furthermore, a high MELD score
or retransplantation may be indicative of a severe condition requiring more intensive care. Both scenarios increase the likelihood of MRSA transmission.
The risk of VRE infection among liver transplant recipients increased in patients who acquired rectal VRE
during posttransplantation. These patients had high
mortality rates. Patients colonized with VRE initially
also developed a greater number of VRE infections compared with those who were not colonized. In this study,
longer ICU stay was an independent risk factor for VRE
acquisition among liver transplant recipients, whereas
severity of patients, reflected by the Child-Pugh score
and MELD score, was not.
This study has several limitations. First, we observed a
small number of patients at a single facility. Second, follow-up ASC was performed during the ICU stay, which
may have been too short a period to detect the acquisition of MRSA or VRE. However, transplant recipients
have a high risk of colonization with multidrug-resistant bacteria due to frequent stays in the ICU. Hospitals in Korea are obligated to perform repeat ASCs for
every patient because of financial insurance policies.
Our study highlighted the likelihood of MRSA or VRE
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acquisition during an ICU stay, reflecting a typical hospital experience in Korea. Third, we did not perform genotyping using pulsed-field gel electrophoresis analysis;
therefore, we could not verify that isolates from the rectal or nasal swabs were identical to those cultured from
infectious foci. Lastly, measures of infection control
have also been associated with acquisition of multidrug
resistance organisms; however, our study were not analyzed this factor.
In summary, liver transplant recipients have a higher
rate of colonization and acquisition of multidrug-resistant bacteria including MRSA and VRE. As a result, patients who acquire MRSA and VRE during transplantation have higher rates of infection and mortality. These
findings highlight the importance of the preventative
efforts needed to reduce acquisition of MRSA and VRE
among liver transplant recipients
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