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Abstract
Liver transplant recipients (LTRs) are at risk for vancomycin-resistant Enterococcus (VRE)
infections which can lead to significant morbidity or mortality. Antibiotic exposure, including
vancomycin, is associated with greater risk of VRE infection. This study aimed to assess the
appropriateness of vancomycin use and rates of VRE infection in this population. We
performed a retrospective cohort study of 327 patients who underwent liver transplantation
at our center from January 1, 2012 to June 30, 2017. Sixty (18.3%) LTRs had at least one VREpositive culture between six-months pre-transplant and six-months post-transplant. LTRs with
VRE had greater vancomycin exposure as compared to VRE-negative LTRs (p < 0.05) and were
more likely to receive prolonged vancomycin courses (> 72 hours, p < 0.05). Overall
appropriateness of vancomycin use > 72 hours among VRE-positive LTRs was only 26.8%.
Inappropriate vancomycin use most commonly occurred in patients with presumed sepsis
without an identifiable source or pneumonia with negative respiratory cultures. Our findings
illustrate an opportunity to improve antibiotic stewardship and reduce vancomycin use in the
transplant population.
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1. Introduction
Bacterial infections are associated with significant morbidity and mortality in patients with endstage liver disease (ESLD) [1]. In particular, ESLD patients are at greater risk for infections with
multidrug resistant bacteria due to their underlying illness and comorbidities, frequent
hospitalizations, prior exposure to antibiotics and disruption of normal gastrointestinal flora [2, 3].
Among the multidrug resistant bacteria, vancomycin-resistant Enterococcus (VRE) infections have
been associated with increased overall mortality in liver transplant recipients (LTRs) [4]. Risk factors
that lead to greater rates of VRE infections in LTRs include prolonged hospital or ICU courses, biliary
tract complications, duration of organ ischemia and prior antibiotic exposure [5, 6]. Previous studies
have identified exposure to vancomycin, cephalosporins, carbapenems and anti-anaerobic
antibiotics as risk factors for the development of VRE colonization and infections [7, 8].
Given overall rising rates of antimicrobial resistance, there is an increasing focus worldwide on
antibiotic stewardship. Robust antibiotic stewardship, in particular, appropriate de-escalation of
antibiotic therapy, will likely have significant positive impacts on the transplant populations [9]. No
studies to date have specifically investigated vancomycin exposure in association with VRE infection
in LTRs. We chose to focus on VRE infections given high incidence rates at our institution. This study
aimed to evaluate the association between total vancomycin exposure and subsequent rates of VRE
infection in LTRs, as well as the appropriateness of vancomycin use in this patient population.
2. Methods
This is a retrospective cohort study of 327 LTRs transplanted at a single tertiary center (Stanford
Hospital) between January 1, 2012 and June 30, 2017. This study was approved by the Institutional
Review Board at Stanford University. Inclusion criteria were defined as all adult (age ≥ 18 years)
LTRs who received a liver transplant at Stanford Hospital during the study period, including 30 with
multi-organ transplants. LTRs transplanted at outside institutions were excluded.
Chart review was performed to identify positive VRE cultures (including blood, urine, intraabdominal fluid or other sources) among the LTRs from six-months pre-transplant until six-months
post-transplant. Any cultures collected with the purpose of screening for VRE colonization were
excluded. Culture data were collected from microbiology results for source, date, organisms and
susceptibilities. Microbiology results from outside institutions were excluded due to incomplete
accessibility to comprehensive results. Data collected also included age, gender, mortality at oneyear post transplant, etiology of liver disease, MELD (Model for End-stage Liver Disease) score at
time of transplant and days of vancomycin exposure. The VRE-positive (VRE-pos) group included all
LTRs with at least one VRE-positive culture between six-months pre-transplant and six-months posttransplant. Those without any positive cultures for VRE during this period were included in the VREnegative (VRE-neg) group.
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Vancomycin exposure was defined as any administration of intravenous vancomycin at Stanford
Hospital from two years prior to transplant until six-months post-transplant. Total vancomycin
exposure was calculated as the cumulative number of days in which one or more doses of
vancomycin were administered during the defined time period. For patients on hemodialysis,
vancomycin exposure represented the cumulative number of days vancomycin was ordered per the
electronic medical record to account for non-daily dosing schedules. Outpatient dosing of
vancomycin was not included.
Vancomycin use > 72 hours was classified as appropriate only if its use met one of the following
criteria: treatment of methicillin-resistant Staphylococcus aureus (MRSA), coagulase-negative
staphylococci (with Mec A PCR positivity), bacterial infections for which vancomycin is the drug of
choice, skin and soft tissue infections or other deep-seated infections (e.g. osteomyelitis), for which
MRSA infection cannot be ruled out by cultures. Seventy-two hours was chosen as adequate time
for culture results to be made available and providers to de-escalate antibiotics based on these
results [10]. Mortality rate was defined as death occurring within the first year following liver
transplant.
For statistical analysis, continuous variables are reported as means, median and range. Fisher
exact test was used to compare characteristics between the two groups. All tests were two-tailed
and P < 0.05 used to determine significance. All analyses were performed using Microsoft Excel and
SPSS 24.
3. Results
A total of 327 LTRs were identified during the study period. Of these, 60 LTRs had at least one
VRE-positive culture (VRE-pos group). The remaining 267 LTRs were included in the VRE-neg group.
The demographics of the two groups are shown in Table 1. The VRE-pos group was transplanted at
a younger mean age (54.3 vs. 57.2, p < 0.05) and with a significantly higher MELD score (34.5 vs.
22.2, p < 0.05). The VRE-pos group also included a higher proportion of multi-organ transplant
recipients, including 10 LTRs who also received kidney transplants and one liver and heart transplant.
Mortality at one-year post-transplant was also greater in the VRE-pos group compared to VRE-neg
group (23.3% vs 6.7%, p <0.05). In the VRE-pos group, the most common reason for transplantation
was due to alcoholic cirrhosis and hepatitis C (Table 2). The VRE-neg group had a larger proportion
transplanted due to hepatocellular carcinoma (46.1%), followed by alcoholic cirrhosis and hepatitis
C.
Table 1 Demographics of liver transplant recipients (LTRs).

Female, no. (%)
Age at transplant
Mean
Median
IQR

VRE-pos (n = 60)

VRE-neg (n = 267)

P-value

31 (51.7%)

78 (29.2%)

< 0.05

54.3
57
51-60

57.2
59
52-64

< 0.05
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MELD at transplant
Mean
Median
IQR

34.5
37
33-40

22.2
19
11-35

< 0.05

Multi-organ transplant

11 (18.0%)

19 (7.0%)

< 0.05

One-year mortality, no. (%)

14 (23.3%)

18 (6.7%)

< 0.05

Abbreviations: VRE-pos, LTRs with at least one VRE-positive culture; VRE-neg, LTRs without any
VRE-positive cultures.

Table 2 Underlying liver disease(s) of the liver transplant recipients (LTRs).
VRE-Pos (N=60)
N (%)
HCC
0
HCC + additional etiology** 7 (11.7)
HCV
11 (18.3)
HCV + EtOH
4 (6.7)
HBV
2 (3.3)
HBV + EtOH
0
EtOH
18 (30.0)
Autoimmune
8 (13.3)
Cryptogenic
1 (1.7)
NASH
3 (5.0)
Other***
6 (10.0)

Underlying Liver Disease

VRE-Neg (N=267)
N (%)
17 (6.4)
106 (39.7)
26 (9.8)
11 (4.1)
11 (4.1)
2 (0.8)
42 (15.7)
15 (5.6)
7 (2.6)
8 (3.0)
22 (8.2)

P-valve
0.05
< 0.05
0.07
0.49
1.00
1.00
< 0.05
< 0.05
1.00
0.43
0.62

** Includes HCV, HBV, alcoholic cirrhosis, autoimmune, cryptogenic, NASH and other
*** Other includes drug and toxin induced liver failure, biliary etiologies and unknown cause of
liver failure

There was a total of 67 positive VRE cultures in the VRE-pos group, including 33 urine (49.2%),
15 blood (22.4%), 6 peritoneal (9.0%), 11 with > 1 sites (blood with either urine or peritoneal, 16.4%)
and 2 others (wound or sputum) (3.0%). The VRE isolates were identified to the species level in 24
cases, including Enterococcus faecium (n=22), Enterococcus faecalis (n=1) and Enterococcus
casseliflavus (n=1). Of these 67 positive VRE culture results, 53 (79.1%) resulted in treatment, most
commonly with linezolid (35, 66.0%) or daptomycin (11, 20.8%). The untreated VRE cultures were
all from urine samples (14, 20.9%). The median time to first VRE-positive culture was within 1 month
of transplant.
The VRE-pos LTRs had greater total days of vancomycin exposure (8.32 vs 5.30 days, < 0.05).
Extended vancomycin exposure >72 hours was also higher in VRE-pos LTRs (9.50 vs 6.71 days, p <
0.05) as compared to VRE-neg LTRs (Table 3). A total of 71 events of vancomycin use > 72 hours
occurred in the VRE-pos group. Of these events, the most common indications cited for vancomycin
use included bacteremia/sepsis or systemic inflammatory response syndrome (SIRS) (57.7%),
pneumonia (21.1%) and intra-abdominal infection (5.6%) (Table 4). Overall appropriateness of
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vancomycin use > 72 hours was only 26.8%. Cultures obtained at the start of vancomycin led to an
identified organism in 38 cases (n=67, 56.7%). Inappropriate vancomycin use most commonly
occurred in “septic” patients without an identifiable infectious source and in patients with
pneumonia with negative sputum cultures.
Table 3 Comparison vancomycin use in VRE-pos vs VRE-neg liver transplant recipients
(LTRs).

Cumulative vancomycin use
per LTR, days
Mean
Median
IQR
Vancomycin use
> 72 hours, days
Mean
Median
IQR

VRE-Pos (N=60)

VRE-Neg (N=267)

P-value

8.32
3
0-15

5.30
3
0-8

< 0.05

9.50
7
5-11

6.71
5
4-8

< 0.05

Abbreviations: VRE-pos, LTRs with at least one VRE-positive culture; VRE-neg, LTRs without any
VRE-positive cultures.

Table 4 Appropriateness of prolonged (> 72 hours) vancomycin use in VRE-pos liver
transplant recipients (LTRs).
Suspected infectious source
(per documentation)

Number of events (n = 71)

Events with appropriate
vancomycin use, no. (%)

Bacteremia, Sepsis/SIRS
Intra-abdominal

41
4

10 (25.6)
2 (50.0)

Respiratory tract

15

2 (13.3)

Genitourinary

3

2 (66.7)

Skin/Soft Tissue

3

2 (66.7)

Other*

5

1 (20.0)

Total

71

19 (26.8)

Abbreviations: SIRS, systemic inflammatory response syndrome; *Includes: chest tube
prophylaxis, surgical prophylaxis, central nervous system (CNS)

4. Discussion
The prevalence of VRE-positive cultures among our LTRs was approximately 20%. There were
both greater number of cumulative days of vancomycin use and greater incidence of vancomycin
use > 72 hours in VRE-positive LTRs. Based on the higher MELD scores and mortality rate in the VRE-
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pos group, increases in vancomycin use and VRE positivity likely correlate with increased illness
severity and healthcare exposure.
When vancomycin was used for > 72 hours in the VRE-pos group, we found only 26.8% to have a
clinically appropriate reason for its use. Nearly three-quarters of all vancomycin use was not
substantiated by microbiologic data. The categories with greatest inappropriate vancomycin use
were sepsis with negative culture data and empirical pneumonia coverage with negative respiratory
cultures. This highlights a significant opportunity for antibiotic de-escalation based on culture
results which has become a prominent strategy for antimicrobial stewardship programs [9].
Additional strategies may be beneficial in cases with negative microbiologic workups [11, 12].
Our study has several limitations. While we focus only on vancomycin exposure, additional
antibiotics including fluoroquinolones, beta-lactams and carbapenems have also been associated
with the development of VRE infections [7, 8]. Furthermore, we did not assess rates of VRE
colonization and all positive VRE-cultures were assumed to represent VRE infections. This
assumption may overestimate the true number of VRE infections in this cohort. This study only
evaluates overall vancomycin exposure and VRE infections among these patients, but cannot prove
direct causality between a particular course of vancomycin and an incidence of VRE infection. Lastly,
this study relied on clinician documentation which may not accurately reflect the clinical context
leading to antibiotic use and lead to an overestimation of inappropriate vancomycin use.
Future studies are needed to investigate additional variables affecting vancomycin use, including
length of hospitalization, number of hospital admissions and illness severity. These factors impact
overall antibiotic utilization and the development of resistant organisms independent of
vancomycin exposure. Further examination of the practice of antimicrobial use and development of
resistant organisms would help develop antibiotic stewardship guidelines, particularly in the
transplant populations.
In summary, we found that LTRs with VRE had significantly greater exposure to vancomycin as
compared to VRE-negative LTRs. Additionally, up to 73% of prolonged (> 72 hours) vancomycin use
was inappropriate, highlighting the need for ongoing improvement in antibiotic stewardship.
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