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INTRODUCTION

Infection and rejection are two major barriers to success-
ful organ transplantation. While immunosuppression is 
used for prevention of acute and chronic rejection after 
liver transplantation (LT) [1], this leaves organ recipients 
immunocompromised, raising the risk of infection [2]. 
With the use of immunosuppressive agents, rejection after 
organ transplantation has decreased and survival rates 

have increased [3]. Infection, however, remains a signif-
icant complication [4]. LT recipients take immunosup-
pressive agents every day, exposing them to heightened 
risk of infection. Successful LT requires both prevention 
of potential infections and early diagnosis and treatment 
of active infections, especially during the early posttrans-
plant period [4]. A Korean study analyzed the incidence 
of infections during the first 2 months posttransplant or 
before hospital discharge in 103 adult patients who had 
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undergone living-donor LT [2]. Those data, however, were 
insufficient to understand the overall pattern of infection 
over longer time periods. In the present study, therefore, 
we analyzed patterns of infection in LT recipients during 
the first year posttransplant. 

METHODS

The study protocol was approved by the Institutional Re-
view Board of Asan Medical Center (IRB No. 2017-0488), 
which waived the requirement for informed consent due 
to the retrospective nature of this study. This study was 
performed in accordance with the ethical guidelines of the 
2013 World Medical Association Declaration of Helsinki.

This retrospective cohort study, using electronic medi-
cal record review, identified 391 adult patients 21 years of 
age or older who underwent LT at a tertiary general hospi-
tal in Seoul between January 2015 and December 2015. 
Among these 391 LT recipients, 318 patients were included 
in the study; the others were lost to follow-up (n=44), died 
(n=16), or did not receive antibiotic prophylaxis until 12 
months after LT (n=13). The remaining 318 LT recipients 
were reviewed for infections during hospitalization and 
outpatient care from January 2016 to December 2016. The 
selection process is presented in Fig. 1. The case records 
for each patient included patient characteristics (preoper-
ative severity-related, donor, surgery-related, postoperative, 
cannulation-related, and LT results). The type of infection, 
time of occurrence, causative microorganisms, and pro-
files of multi-drug-resistant bacteria were also identified.

Definition and Criteria of Infection
The criteria for identifying infections within 1 year post-
transplant were either positive laboratory tests or record-

ed clinical signs and symptoms that met the accepted 
criteria for each infection. The date of occurrence was set 
as the date of confirmation of the test results, and when 
multiple infections occurred in one patient, all infections 
were included. Multidrug-resistant bacteria included 
methicillin-resistant Staphylococcus aureus (MRSA) from 
nasal swab test results, and other multi-drug-resistant 
organisms (MDROs) isolated from clinical samples of in-
fection or colonization. In our institution, when patients 
are hospitalized for LT, surveillance culture tests for the 
nasal cavity are performed for MRSA, but surveillance 
culture tests for rectal swab or stool samples are not 
conducted for vancomycin-resistant enterococci (VRE) 
or carbapenem-resistant Enterobacteriaceae (CRE). 
The data, therefore, came from a combination of MRSA 
surveillance culture results and screening culture tests 
performed according to the research institute’s protocol 
once a week from blood, urine, feces, sputum, abdominal 
or pigtail drains, and bile specimens before and after LT 
through hospital discharge. Culture tests performed in 
response to symptoms of suspected infection were also 
included. Infection was defined as microorganisms pro-
liferating in the human body and triggering an immune 
response, whereas colonization was defined as microor-
ganisms multiplying on the surface of the body without 
an immune response [5].

Respiratory tract infection (RTI) criteria included a 
positive laboratory test [6] or a diagnosis based on fever, 
cough, crackles on auscultation, or a white blood cell (WBC) 
count of <4,000/μL or >10,000/μL with a lesion detected 
by chest X-ray or computed tomography [7].

The criteria for gastrointestinal infection varied by the 
location in the gastrointestinal tract, but cases of gastroin-
testinal infection were generally diagnosed based on one 

HIGHLIGHTS

• The incidence of primary infection was 17.3% during the 
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Fig. 1. Flowchart for the selection of study subjects.
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or more symptoms of dysphagia, swallowing pain, nausea, 
vomiting, abdominal pain, gastrointestinal bleeding, bowel 
perforation and diarrhea confirmed as a result of culture 
or image examination [8]. Patients suffering from chronic 
gastrointestinal infections or diseases not related to infec-
tion were excluded [7]. 

The criteria for biliary tract infection included a positive 
laboratory test [9] or one or more of the following criteria: 
high fever (>38°C), chills, WBC count between 4,000/μL 
and 10,000/μL, C-reactive protein of at least 1.0 mg/dL 
and concurrent jaundice (total bilirubin ≥2 mg/dL), abnor-
mal liver function tests (i.e., alkaline phosphatase, γ-glu-
tamyl transferase, aspartate aminotransferase and alanine 
aminotransferase levels greater than 1.5 times the normal 
reference value), or confirmation by image tests [10]. 

Urinary tract infection (UTI) criteria included both symp-
tomatic UTI and asymptomatic bacteremic UTI, defined 
as meeting one of the healthcare-associated diagnostic 
criteria. Asymptomatic bacteremic UTI was defined as 
the absence of symptoms or signs of UTI with either ≥105 
colony-forming units (CFU)/mL of two or fewer pathogenic 
microorganisms in urine culture, and at least one matching 
pathogenic microorganism from blood culture, or, if normal 
skin flora is isolated, two or more pairs of blood culture 
tests [11].

The criteria for bloodstream infections were the do-
mestic criteria used to diagnose healthcare-associated 
infections [11]. The surgical site infection criteria included 
superficial and deep surgical site infections, for which the 

domestic healthcare-associated infection diagnostic cri-
teria were applied [11]. Skin infections were diagnosed by 
a dermatologist or confirmed as a result of culture tests 
where sufficient diagnosis was possible with character-
istic clinical features [12]. Other diagnostic criteria for 
infections were defined as one or more of the following [7]: 
WBC count <4,000/μL or >10,000/μL, normal WBC count 
but immature WBC count >10%, C-reactive protein level >2 
times normal, or procalcitonin level more than twice the 
normal reference value.

Statistical Analysis
Statistical analysis was performed using IBM SPSS ver. 21 
(IBM Corp., Armonk, NY, USA). P-values of less than 0.05 
were considered statistically significant. For the general 
characteristics of subjects, frequency, percentage, mean 
and standard deviation were used. The t-test and chi-
square test were used as appropriate to determine the sig-
nificance of differences between the infected and non-in-
fected groups after LT. Since infection can occur multiple 
times in a single patient, the primary infection incidence 
rate was calculated as the percentage of the total number 
of patients who underwent LT who had a new infection at 
least once during the study period.

Table 1. Incidence and types of infections in patients during the first year after liver transplantation (n=318)

Type of infection Total
Immediately after 

transplantation and  
up to 1 month

From 1 month  
to 3 months

From 3 months  
to 1 year

No. of patients with infections 55 (100) 26 (47.3) 6 (10.9) 23 (41.8)
No. of infections 61 (100) 28 (45.9) 10 (16.4) 23 (37.7)
Incidence per patients (%)a) 17.3 8.2 1.9 7.2
Type of infection 
    Respiratory infection 29 (47.5) 9 (32.1) 6 (60.0) 14 (60.9)
    Biliary tract infection 11 (18.0) 4 (14.3) 2 (20.0) 5 (21.7)
    Surgical site infection 7 (11.5) 7 (25.0) 0 0
    Intestinal infection 4 (6.6) 2 (7.1) 0 2 (8.7)
    Bloodstream infection 4 (6.6) 4 (14.3) 0 0 
    Urinary tract infection 3 (4.9) 1 (3.6) 1 (10.0) 1 (4.3)
    Skin infection 3 (4.9) 1 (3.6) 1 (10.0) 1 (4.3)

Values are presented as number (%) unless otherwise indicated.
a)No. of patients with infections/total no. of patients×100.
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RESULTS

Infections occurred in 55 (17.3%) of 318 patients during 
the 1 year following LT. The patients ranged from 21 to 73 
years of age, with 75.8% male, and 90.3% having under-
gone living-donor LT. Patients most frequently had their 
first infection during the first month after LT (26 patients; 
47.3%). From 1 month to 3 months after LT, six patients 
(10.9%) had infections, and between 3 months and 1 year 
after LT, 23 patients (41.8%) became infected. Among 
these 55 patients, some experienced two concurrent RTI, 
UTI, or skin infections, for a total of 61 cases of infections. 
Including all cases, infections were most prevalent during 
the first month after LT (28 cases, 45.9%), followed by 3 
months to 1 year (23 cases, 37.7%), with the fewest in-
fections (10 cases, 16.4%) from 1 month to 3 months. RTI 

was the most common type of infection, occurring in 29 
(47.5%) cases, the majority of which (14 cases) occurred 
between 3 months and 1 year after LT. Nine cases of RTI 
were recorded during the first month after LT, and six 
cases were identified between 1 and 3 months. The other 
most common types of infections were biliary tract (11 
cases, 18.0%), surgical site (seven cases, 11.5%), gastro-
intestinal and bloodstream infections (three cases each, 
6.6%) and UTI and skin infections (three cases each) (Table 
1).

The causative agents of infections were bacterial (18 
cases), viral (15 cases), fungal (two cases) and unidenti-
fied (26 cases). Bacterial infections were most prevalent 
up to 1 month after LT, whereas viral infections occurred 
mainly during the following 11 months. Pseudomonas 
aeruginosa and influenza virus were the most common 

Table 2. Causes of infections in patients during the first year after liver transplantation (n=61)

Category Total
Immediately after 

transplantation and 
up to 1 month

From 1 month  
to 3 months

From 3 months  
to 1 year

Bacteria 
    Gram-positive cocci
        Staphylococcus aureus 2 (3.3) 2 (7.1) 0 0 
        Coagulase-negative Staphylococcus 1 (1.6) 0 0 1 (4.3)
        Enterococcus faecium 3 (4.9) 2 (7.1) 1 (10.0) 0 
        Enterococcus faecalis 2 (3.3) 2 (7.1) 0 0 
    Gram-negative bacilli
        Escherichia coli 1 (1.6) 0 0 1 (4.3)
        Enterobacter cloacae 1 (1.6) 1 (3.6) 0 0
        Pseudomonas aeruginosa 5 (8.2) 2 (7.1) 1 (10.0) 2 (8.7)
        Stenotrophomonas maltophilia 1 (1.6) 1 (3.6) 0 0 
    Anaerobic bacteria
        Clostridium difficile 2 (3.3) 2 (7.1) 0 0 
Virus
    Herpes simplex virus 2 (3.3) 1 (3.6) 1 (10.0) 0
    Respiratory syncytial virus 4 (6.6) 0 2 (20.0) 2 (8.7)
    Parainfluenza virus 1 (1.6) 0 0 1 (4.3)
    Influenza virus 5 (8.2) 0 1 (10.0) 4 (17.4)
    Coronavirus 2 (3.3) 0 0 2 (8.7)
    Rhinovirus 1 (1.6) 0 0 1 (4.3)
Fungi
    Candida spp. 1 (1.6) 0 0 1 (4.3)
    Aspergillus spp. 1 (1.6) 1 (3.6) 0 0
Unidentified 26 (42.6) 14 (50.0) 4 (40.0) 8 (34.8)

Values are presented as number (%).
spp, species.
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Table 3. Comparison of characteristics of infected and non-infected patients during the first year after liver transplantation

Variable
Total  

(n=318)
Infected group  

(n=55)
Non-infected group 

(n=263)
t or z, χ2 P-value

General characteristic
    Age (yr) 54 (21–73) 55 (35–64) 54 (21–73) –0.843 0.399a)

    Sex (male) 241 (75.8) 44 (80.0) 197 (74.9) 0.64 0.422
    BMI (kg/m2) 23.9 (14.7–45.4) 23.9 (15.9–32.7) 23.9 (14.7–45.4) –0.085 0.932a)

    Pretransplant cytomegalovirus IgG positive 295 (92.8) 50 (90.9) 245 (93.2) 0.34 0.559
    HBsAg positive 178 (56.0) 28 (50.9) 150 (57.0) 0.69 0.405
    Other comorbid disease 117 (36.8) 24 (43.6) 93 (35.4) 1.34 0.282
Pretransplant severity
    MELD score 13 (5–40) 17 (5–40) 12 (6–40) –3.68 <0.001a)

    Pretransplant intensive care unit admission 27 (8.5) 10 (18.2) 17 (6.5) 8.04 0.005
Pretransplant culture positiveb) 0 0 0 NA NA
Donor-related factor
    Donor age (yr) 31 (19–74) 30 (19–65) 31 (19–74) –0.60 0.549a)

    Living donor 287 (90.3) 48 (87.3) 239 (90.9) 0.67 0.413
    Donor cytomegalovirus IgG positive 44 (13.8) 7 (12.7) 37 (14.1) 0.07 0.793
    ABO incompatibility 53 (16.7) 12 (21.8) 41 (15.6) 1.27 0.260
Surgical factor
    Emergency transplantation operation 49 (15.4) 15 (27.3) 34 (12.9) 7.18 0.007
    Operation time (hr) 12.0 (7.5–20.0) 12.0 (9.0–18.0) 12.0 (7.5–20.0) –0.63 0.529a)

    Intraoperative RBC transfusion 6 (0–113) 8 (0–52) 5 (0–113) –1.66 0.096a)

    Biliary reconstruction method 0.86 0.652
        Duct-to-duct anastomosis 288 (90.6) 48 (87.3) 240 (91.3)
        Hepaticojejunostomy 9 (2.8) 2 (3.6) 7 (2.7)
        Combined 21 (6.6) 5 (9.1) 16 (6.1)
    No. of graft bile ducts 1 (1–3) 1 (1–3) 1 (1–3) –0.18 0.856a)

    Ductoplasty 7 (2.2) 1 (1.8) 6 (2.3) 0.652c)

Posttransplant factor
    Extubation within 2 days 233 (73.3) 25 (45.5) 208 (79.1) 26.27 <0.001
    Intensive care unit (day) 3 (0–100) 5 (0–100) 3 (0–66) –3.83 <0.001a)

    Renal replacement therapy 15 (4.7) 6 (10.9) 9 (3.4) 0.029c)

    Prolonged PT at posttransplant 7 days 165 (51.9) 30 (54.5) 135 (51.3) 0.19 0.664
    Immunosuppressive agent
        Prednisone 316 (99.4) 55 (100) 261 (99.2) 0.42 0.516
        Tacrolimus 311 (97.8) 55 (100) 256 (97.3) 1.50 0.221
        Mycophenolate mofetil 254 (79.9) 40 (72.7) 214 (81.4) 2.11 0.146
        Cyclosporin 20 (6.3) 2 (3.6) 18 (6.8) 0.79 0.373
        Everolimus 18 (5.7) 3 (5.5) 15 (5.7) 0.01 0.942
        Azathioprine 1 (0.3) 1 (1.8) 0 4.80 0.029
    Antibiotics
        Prophylactic antibiotics
            Sulfamethoxazole/trimethoprim 318 (100.0) 55 (100) 263 (100) NA NA
            Ganciclovir 317 (99.7) 55 (100) 262 (99.6) 0.21 0.647
            Amphotericin b 306 (96.2) 53 (96.4) 253 (96.2) 0.00 0.953
            MELD score less than 20
                Metronidazole 236 (74.2) 34 (61.8) 202 (76.8) 5.34 0.021
                Ceftriaxone 224 (70.4) 29 (52.7) 195 (74.1) 10.02 0.002
            MELD score greater than 20
                Piperacillin/tazobactam 116 (36.5) 34 (61.8) 82 (31.2) 18.43 <0.001
                Vancomycin 99 (31.1) 27 (49.1) 72 (27.4) 10.00 0.002
        Empirical antibiotics
            Levofloxacin 39 (12.3) 20 (36.4) 19 (7.2) 35.90 <0.001
            Ciprofloxacin 31 (9.7) 7 (12.7) 24 (9.1) 0.67 0.413
            Othersd) 25 (7.9) 7 (12.7) 18 (6.8) 3.07 0.689



 https://doi.org/10.4285/kjt.22.0007208

Korean J Transplant · September  2022 · Volume 36 · Issue 3

infectious organisms (five cases each), followed by re-
spiratory syncytial virus (four cases), and Enterococcus 
faecium (three cases). S. aureus, Enterococcus faecalis, 

Clostridium difficile, herpes simplex virus and coronavirus 
each caused two infections (Table 2). 

Several parameters correlated significantly with infec-

Table 3. Continued

Variable
Total  

(n=318)
Infected group  

(n=55)
Non-infected group 

(n=263)
t or z, χ2 P-value

Catheter-related factor
    Central line catheter (day) 13 (6–93) 14 (7–93) 12 (6–90) –2.85 0.004a)

    Endotracheal tube (day) 2 (1–90) 3 (1–90) 1 (1–33) –5.19 <0.001a)

    Foley catheter (day) 4 (0–90) 5 (0–60) 4 (1–90) –2.55 0.001a)

    Jackson-Pratt drain (day) 15 (9–90) 18 (9–90) 15 (9–90) –3.16 0.002a)

    External biliary drain tube 317 (99.7) 55 (100) 262 (99.6) 0.827c)

    External biliary drain maintenance (day) 365 (0–365) 365 (60–365) 365 (0–365) –0.54 0.592a)

    Pigtail drain 112 (35.2) 23 (41.8) 89 (33.8) 1.27 0.260
    Pigtail drain maintenance (day) 5.0±11.1 9.2±18.3 4.1±8.8 –2.01 0.049
    Feeding jejunostomy tube 77 (24.2) 21 (38.2) 56 (21.3) 7.07 0.008
    Feeding jejunostomy tube maintenance (day) 24.2±43.4 38.9±51.9 21.2±40.9 –2.38 0.020
    PTBD 11 (3.5) 6 (10.9) 5 (1.9) 0.005c)

    PTBD maintenance (mo) 0.2±1.1 0.5±2.0 0.1±0.8 –1.59 0.117
    ENBD 12 (3.8) 3 (5.5) 9 (3.4) 0.344c)

    ENBD maintenance (mo) 0.0±0.1 0.0±0.1 0.0±0.0 –1.00 0.323
    ERBD 17 (5.3) 7 (12.7) 10 (3.8) 0.015c)

    ERBD maintenance (mo) 0.3±1.6 0.6±2.1 0.3±1.5 –1.22 0.227
Outcome
    Posttransplant diabetes mellitus 100 (31.4) 14 (25.5) 86 (32.7) 1.11 0.293
    Rejection episode 14 (4.4) 4 (7.3) 10 (3.8) 0.209c)

    Reoperation 41 (12.9) 12 (21.8) 29 (11.0) 4.72 0.030
        Tissue expander removal 17 (41.5) 3 (25.0) 14 (48.3)
        Bleeding control 11 (26.8) 4 (33.3) 7 (24.1)
        Wound repair 4 (9.8) 3 (25.0) 1 (3.4)
        Adhesiolysis 2 (4.9) 0 2 (6.9)
        Hepatic artery revision 2 (4.9) 0 2 (6.9)
        Hepaticojejunostomy repair 1 (2.4) 0 1 (3.4)
        Portal vein thrombectomy 1 (2.4) 0 1 (3.4)
        Re-liver transplantation 1 (2.4) 1 (8.3) 0 
        Small bowel repair 1 (2.4) 0 1 (3.4)
        T-tube reposition 1 (2.4) 1 (8.3) 0 
    Reoperation time (mo) 0.1±0.4 0.2±0.5 0.1±0.3 –1.36 0.178
    Multi-drug-resistant organism 38 (11.9) 14 (25.5) 24 (9.1)  11.53 0.001
        MRSA 22 (57.9) 9 (64.3) 13 (54.2)  9.21 0.002
        VRE 13 (34.2) 5 (35.7) 8 (33.3)  4.25 0.039
        CRE 3 (7.9) 1 (7.1) 2 (8.3) 0.55 0.461
        MRAB 2 (5.3) 0 2 (8.3) 0.42 0.516
        MRCNS 1 (2.6) 0 1 (4.2) 0.21 0.647
        MRPA 1 (2.6) 0 1 (4.2) 0.21 0.647

Values are presented as median (range), number (%) or mean±standard deviation.
BMI, body mass index; IgG, immunoglobulin G; HBsAg, hepatitis B surface antigen; MELD, model for end-stage liver disease; NA, not available; RBC, 
red blood cell; PT, prothrombin time; PTBD, percutaneous transhepatic biliary drainage; ENBD, endoscopic nasobiliary drainage; ERBD, endoscopic 
retrograde biliary drainage; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci; CRE, carbapenem-resistant 
Enterobacteriaceae; MRAB, multidrug-resistant Acinetobacter baumannii ; MRCNS, methicillin-resistant coagulase-negative staphylococci; MRPA, 
multidrug-resistant Pseudomonas aeruginosa.
a)Mann-Whitney test; b)Applicable if any of the blood, sputum, bile, stool, and urine culture test results were positive within 10 days before surgery; c)Fisher 
exact test; d)Linezolid, caspofungin, voriconazole, ampicillin/sulbactam, ertapenem.
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tion (Table 3): model for end-stage liver disease (MELD) 
score (>17 points, P<0.001); frequency of intensive care 
unit (ICU) admission (18.2%, P=0.005) emergency LT 
operation (27.3%, P=0.007), or posttransplant renal re-
placement therapy (10.9%, P=0.029); ICU stay after LT 
(5 days, P<0.001); use of azathioprine (1.8%, P=0.029), 
piperacillin/tazobactam (61.8%, P<0.001), vancomycin 
(49.1%, P=0.002), or levofloxacin (36.4%, P<0.001); dura-
tion of placement of a central venous catheter (14 days, 
P=0.004), endotracheal tube (3 days, P<0.001), Foley cath-
eter (5 days, P=0.011), Jackson-Pratt abdominal drain (18 
days, P=0.002), pigtail drain (9.2±18.3 days, P=0.049), or 
jejunal feeding catheter (38.9±51.9 days, P=0.020; 38.2%, 
P=0.008); and the frequency of percutaneous transhep-
atic bile drainage (PTBD) (10.9%, P=0.005), endoscopic 
retrograde biliary drainage (ERBD) stent (12.7%, P=0.015), 
reoperation (21.8%, P=0.030), and multi-drug-resistant 
bacterial infection (25.5%, P=0.001). In the non-infected 
group, the frequency of endotracheal tube removal within 
2 days after LT (79.1%, P<0.001), and use of metronida-
zole (76.8%, P=0.021) and ceftriaxone (74.1%, P=0.002) 
were all statistically significantly higher (Table 3).

DISCUSSION

In the present study, the overall infection rate in patients 
during the year after LT was 17.3%, which is lower than 
the rates of 63.1% [2] and 42.1% [13] reported in previous 
studies. This may be due to differences in the length of the 
follow-up period, definitions of infection, and/or improve-
ments in surgical techniques and immunosuppressive 
regimens since those studies were carried out. Infections 
occurred most frequently within the first month after LT, 
which is consistent with a previous study of transplant 
patients, in which 46 of 65 infections occurred during the 
first month [2].

The most prevalent infection types were RTI (47.5% of 
all infections), biliary tract infections (18%), and surgical 
site infections (11.5%). This contrasts with the results of 
previous studies [2,14], in which intraperitoneal infection 
was the most common. This discrepancy may be in part 
due to a longer posttransplant monitoring period (3 years) 
in one of these previous studies [2]. Since intraperitoneal 
infection typically occurs during the early period post-LT, 
however, the inconsistency was more likely due to differ-
ences in the study subjects. It is also possible that the 

frequency of surgical site infections was relatively low 
in the present study because patient deaths within the 
first 1 month after LT were excluded. In addition, and ac-
cording to the RTI diagnostic criteria, this study had both 
cases where microorganisms were confirmed as a result 
of the culture test, and some cases where lesions were 
seen on imaging in combination with clinical symptoms. 
RTI was the most prevalent type of infection during the 
period from 3 months to 1 year after LT, and most of the 
causative microorganisms were respiratory viruses prev-
alent in the community at the time. This suggests that 
exposure of LT recipients to seasonal respiratory viruses 
should be reduced as much as possible [4].

Pneumocystis pneumonia and cytomegalovirus infec-
tions have frequently been reported as common infec-
tious complications after LT [2,14,15], but neither of these 
pathogens was identified as a causal agent of posttrans-
plant infection in the present study. In our institution, all 
LT patients are routinely administered sulfamethoxazole/
trimethoprim prophylactically for up to 12 months after LT 
for prevention of pneumocystis, and prophylactic antiviral 
agents for 3 months after LT, which may explain these find-
ings. 

Biliary tract infection occurred less frequently than 
in the previous studies [2,16], possibly because the data 
collection period and subject participation criteria were 
different from those studies, although the diagnostic crite-
ria were similar. Surgical wound infections were also less 
frequent than in a previous study [17], in which all wound 
infections occurred within the first month after LT. This 
is likely due to improvements in surgical techniques and 
postoperative wound management. Bloodstream infec-
tions were also less common than in previous studies [2], 
presumably because patients with bloodstream infections 
were excluded by the study exclusion criteria. The inci-
dence of UTI was also lower than that of a previous study 
[18], indicating that further investigation is needed to clari-
fy these results. 

The causative microorganisms of infections during the 
first month after LT were predominantly bacteria, but virus-
es became the major pathogens from 3 months to 1 year. 
These results are consistent with a previous long-term 
study (15 years from 1988) [13], which showed that, at 3 
months after LT, the frequency of bacterial infections de-
creased, whereas both viral (29.0%) and fungal infections 
(18.9%) occurred more frequently. In the present study, the 
causative microorganism was not identified in many cas-
es, probably because infections were often diagnosed by 
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imaging tests, patient symptoms, or culture tests.
During the year following LT, the number of days in the 

ICU, days with an endotracheal tube, and reoperation ep-
isodes were all significantly higher for infected study pa-
tients than for their uninfected counterparts. Another Kore-
an study also showed that the period of airway intubation 
and ICU stay after LT were risk factors for infection [2]. The 
infected group also had significantly higher MELD scores, 
frequency of admission to ICU before LT, and frequency 
of performing renal replacement therapy after LT, which is 
consistent with data from a previous study [19].

For the infected group, days of central venous catheter 
maintenance, Foley catheter maintenance, Jackson-Pratt 
drainage maintenance, pigtail drainage retention, jejunal 
feeding catheter insertion frequency and maintenance, 
as well as PTBD tube and ERBD insertion frequency 
were higher than for their uninfected counterparts. This 
contrasts with a previous study that found that cause of 
primary liver disease, pretransplant creatinine level, intra-
operative blood transfusion volume, and prothrombin time 
prolongation at 7 days after LT were all risk factors for 
early infectious complications after LT [20]. Intravenous 
catheterization, biliary tract infection, intraperitoneal infec-
tion, and blood catheter indwelling for more than 22 days 
are recognized as causes of bacteremia after LT [21], and 
drainage tubes may also pose a risk of surgical wound 
infection [22], which needs to be managed carefully. In this 
study, pigtail drainage, PTBD, and ERBD were significantly 
higher in the infected group. Percutaneous pigtail drainage, 
PTBD, or ERBD may be performed due to infection, but it is 
also possible that new infections were due to the indwell-
ing catheters. Patients with catheters, therefore, should be 
managed carefully.

Prednisone, tacrolimus, and mycophenolate mofetil 
were frequently used as immunosuppressants in both the 
infected and non-infected groups. This is likely the result 
of tacrolimus-based two- or three-drug therapies applied 
according to our institution’s immunosuppressive regi-
men protocols. Vancomycin and piperacillin/tazobactam 
were administered more frequently to the infected group, 
whereas ceftriaxone and metronidazole were given more 
frequently to the non-infected group, likely because, in our 
institution, vancomycin and piperacillin/tazobactam are 
routinely used when the MELD score exceeds 20 points.

In the present study, the reoperation frequency was 
significantly higher in the infected group, but the types of 
operations were different. The frequency of reoperations 
in the infected group was affected by bleeding control and 

wound repair, while in the non-infected group the frequen-
cy was higher due to tissue expander removal. Tissue ex-
pander removal is an operation to remove the implant sup-
porting the transplanted liver graft 2 to 3 weeks after LT in 
patients who receiving dual liver grafts; this procedure is 
performed regardless of infection status.

MDRO colonization was common in the infected group 
in the present study; this was especially the case for MRSA 
and VRE especially so. As LT patients are hospitalized for 
a long time before LT operation and are treated with antibi-
otics, and since all microbiological test results confirmed 
within 1 year after LT were investigated, it is not known pre-
cisely whether MDRO constituted the source of infection 
or colonization. Follow-up studies are therefore necessary.

There are several significant strengths of this study. 
First, this study presented up-to-date information on in-
fection incidence and identified risk factors following LT 
in the Korean setting. Second, a wide range of risk fac-
tors were included in the analysis, and distinct infection 
patterns were observed during different periods after LT. 
Third, LT recipients were retrospectively followed up for 1 
year, and the incidences of infection during hospitaliza-
tion and community infection after discharge were simul-
taneously compared and analyzed. The limitations of this 
study include the relatively short-term follow-up period, 
the use of patient data from only one tertiary general hos-
pital, and the relatively small number of patients. 

In conclusion, it is difficult to directly compare the 
infection incidence rates after LT in the present study to 
those reported in previous studies due to differences in the 
definitions of infection and the duration of posttransplant 
monitoring. The results of the present study revealed that 
RTI was the most common type of infection overall, espe-
cially from 3 months to 1 year after LT.
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