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Abstract
Infectious complications are major causes of morbidity and mortality after liver transplantation despite recent advances in transplant field. Bacteria, fungi, virus, and parasites can cause infection before and after transplantation. Among them bacterial infections are predominant during the first two months post transplantation and affect patient and graft survival. It might cause surgical site infections including deep intra-abdominal infections, bacteremia, pneumonia, catheter-related infections, and urinary tract infections. The risk factors for bacterial infections differ between the periods after transplant, and between centers. Recently, the emergence of multi-drug resistant bacteria is great concern in liver transplant (LT) patients. The instructive data about effects of infections with extended-spectrum beta lactamase producing bacteria, carbapenem-resistant gram-negative bacteria, and glycopeptide-resistant gram-positive bacteria were reported on center basis. To prevent post-transplant bacterial infections, proper strategies need to be established based upon center specific data and the evidences from well controlled studies. This article reviewed the recent epidemiologic data, risk factors for each type of infections, and important clinical issues in bacterial infection after LT. 
(2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Bacterial infections are major causes of morbidity and mortality after liver transplantation. To prevent post-transplant infectious complications, epidemiology, risk factors, and clinical characteristics of bacterial infections should be monitored and controlled. Currently, novel threats are arising from multi-drug resistant bacteria and recipients with higher risk for infection are increasing. Despite the improved surgical techniques and post-transplant care system, early diagnosis and appropriate treatment of bacterial infections are crucial for successful liver transplantation. 
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INTRODUCTION
Infectious complications are major causes of morbidity and mortality after liver transplantation despite advances in surgical technique, post-transplant care, hospital environments, immunosuppression, infectious disease treatment, and infection prevention and prophylaxis in liver transplant (LT) recipients1[]
. LT recipients are more likely to develop bacterial infections than other transplant recipients because of the complexity of surgical procedure which includes penetration of the hepatobiliary system2[]
. After liver transplantation, bacterial infections comprise the most frequent type of infection, followed by fungal, viral, and protozoan infections
 ADDIN EN.CITE 

[2-5]
. Nosocomial pathogens, including gram-negative bacteria and gram-positive bacteria, are major causative organisms consequent to epidemiological exposure6[]
. The intensity and timing of the exposure and the virulence of the organism affect morbidity and mortality. The “Net State of Immunosuppression” as described by Fishman and Rubin is a complex interaction among multiple factors such as immunosuppressive drugs, underlying medical condition, extent and amount of barrier breakage, neutropenia, metabolic issues, and immunomodulatory viral infections such as cytomegalovirus, Epstein-Barr virus, herpesviridae, and viral hepatitis7[]
. 
Bacterial infection patterns change along with post-transplantation time course
 ADDIN EN.CITE 

[1,3,7]
. During the first post-transplantation month, most infections are related to the surgical procedure with medical complications1[,7]
. Surgical site infections (SSIs), including deep intra-abdominal infections, pneumonia, bacteremia, urinary tract infections, and catheter-related infections, are common
 ADDIN EN.CITE 

[8-11]
. The patterns and characteristics of these infections are somewhat similar to those in other surgical patients, especially patients who underwent hepatobiliary surgery; however, the underlying diseases, immunosuppressive medications, and procedural complexity of transplantation lead to a higher incidence of infection. In LT recipients, 4.4 episodes of bacterial infection during the first post-transplantation month were reported per patient per year3[]
. Most of the infections during this time period are caused by nosocomial organisms or patient’s normal flora, however infection can also be transmitted from the donor. High degree of vigilance should be maintained in order to prevent and treat donor derived infections in a timely manner. Donor-derived pathogens are extensively monitored and reviewed to prevent unexpected infections
 ADDIN EN.CITE 

[12,13]
. 
During the next post-surgical period, which comprised of the second to sixth months after LT, opportunistic infections might occur depending on patients’ risk factors and the intensity of immunosuppression1[]
. Although viral infections are predominant during this period, unusual bacteria, such as Listeria monocytogenes and Nocardia species can cause infections. The reactivation of latent infections, including those caused by Mycobacterium species and other fungi and protozoa, might be observed during this time period. 
Bacterial infections that occur more than 6 mo after LT are related to environmental exposure, late biliary complications, graft function and combined viral hepatitis14[]
. At 12 mo after LT, urinary tract infections, intra-abdominal infections, sepsis of unknown etiology, and pneumonia were the major types of infection in solid organ transplant recipients14[]
. 
Shifts in nosocomial pathogenic patterns, increasing antibiotic resistance, potent immunosuppression, improved diagnostic methods, grafts from marginal donors and broader epidemiologic exposure influence the risk and outcomes of bacterial infections15[]
. In this article, the current status, epidemiology, characteristics and prevention of bacterial infections after LT will be reviewed.

INCIDENCE AND RISK FACTOR 
Bacterial infection trends have changed as a result of bacterial epidemiology, perioperative prophylactic antibiotics, surgical techniques, immunosuppressive agents, and post-transplant care16[]
. In reports from the 1980s and 1990s, 33%-68% of LT recipients contracted at least 1 bacterial infection after transplantation4[]
. During that period, major transplant centers in the United States reported a bacterial infection incidence range of 53%-56%
 ADDIN EN.CITE 

[3,17,18]
. In a report of a Swiss cohort in the 2000s, 47% of the patients contracted bacterial infections19[]
. Kim et al20[]
 reported rate of 30.2% during the first month and 67.9% during the total follow-up period (mean, 672 d). Others reported rates of 14.1%21[]
 in the first 3-mo and 75% and 42.9%22[]
 in deceased and living-donor LT recipients, respectively. The bacterial infection incidence rates differ between centers according to follow-up duration, study design and different microbiologic environments even though the centers use a relatively standardized definition of infection. As observed in current reports, nearly half of all bacterial infections occur within the first 2 mo after transplantation
 ADDIN EN.CITE 

[3,8,18]
. The important infection sites are the abdomen, including the biliary tract, surgical wound, respiratory tract, and blood stream with or without catheter-related infections. Enteric gram-negative bacteria (GNB) and gram-positive bacteria (GPB) comprise a major portion of the causative organisms, although the predominant pathogens differ between the centers and between geographical areas
 ADDIN EN.CITE 

[9,10,17,19,23,24]
.
Risk factors for overall bacterial infections are shown in Table 1. Some factors in 1990’s studies
 ADDIN EN.CITE 

[3,18,25-28]
 were not significant factors in 2000’s studies
 ADDIN EN.CITE 

[14,21,29,30]
. Sing et al31[]
 reported sources and risk factors differ for early versus late bacterial infections. In addition to risk factors, lack of classic signs and symptoms such as fever due to immunosuppressives and steroids lead to delay in diagnosis of infections and hence one should monitor carefully and maintain a high index of suspicion for infection. 
TYPES OF INFECTION
In LT recipients, SSIs, including deep intra-abdominal infections, bacteremia, pneumonia, catheter-related infections, and urinary tract infection are common
 ADDIN EN.CITE 

[3,8,20]
. The types of infection are similar to those observed decades ago because the main surgical procedures still include the penetration and manipulation of the hepatobiliary system; however, the incidence and risk factors of each type of infection differ between centers.
SURGICAL SITE AND INTRA-ABDOMINAL INFECTIONS
SSIs are among the most common bacterial infections2[]
. Patients with SSIs have higher rates of graft loss, longer hospital stays, and increased medical costs. Despite advances in post-transplant care, prophylactic strategies, and improved immunosuppression, the prevalence of SSIs has little changed
 ADDIN EN.CITE 

[32-34]
. Although the Centers for Disease Control and Prevention defined the SSIs into superficial incisional, deep incisional, and organ/space SSIs35[]
, the incidence of SSIs has been rarely determined according to a standardized definition, especially in LT recipients36[]
. In previous well-organized studies, the incidence of SSIs ranged from 9% to 21.5% as wound infection, from 6% to 18% as cholangitis, from 6.3% to 9% as peritonitis, and from 4% to 12.9% as abscess
 ADDIN EN.CITE 

[3,18]
. Currently, the overall incidence of SSI ranges from 18% to 37%, and on average, up to 2.4 SSIs per patient
 ADDIN EN.CITE 

[32,33,36,37]
. In a large multicenter study, 11.6% of the total patients had organ/space, 4.9% had superficial, and 1.4% had deep SSIs36[]
. In a subgroup analysis, the organ/space SSIs were found to significantly associate with death, graft loss, and death without prior graft loss36[]
. LT recipients differ from other transplant recipients with regard to underlying poor nutrition, bleeding tendencies, difficulties and longer surgical durations. Although the medical condition of the patient pre-transplant affects the occurrence of post-transplant SSIs, recent data showed that SSIs were more closely related to intraoperative conditions and post-transplant events33[]
. The biliary tract is often a source of intra-abdominal infections as well as cholangitis and abscess, when the patient has a biliary stricture with or without hepatic artery occlusion
 ADDIN EN.CITE 

[2,3]
. A longer cold ischemia time (7.9 ± 2.6 h vs 5.5 ± 2.8 h) was associated with the presence of non-anastomotic biliary strictures in patients with hepatic artery stenoses38[]
. Anastomosis of the biliary duct using Roux-en-Y loop has been associated with a higher rate of infection
 ADDIN EN.CITE 

[2,3]
; however, making Roux-en-Y loop is not a routine process recently. Additional risk factors include; retransplantation, dialysis, transfusion≥ 2 units of blood during LT, cold ischemia for > 400 min, and cytomegalovirus (CMV) infection in one study33[]
; donor liver mass-to-recipient body mass ratio of ≤ 0.01, and an increased surgical duration in another study36[]
. Causative pathogens included gram-positive cocci [Staphylococcus aureus (S. aureus), Enterococcus species, and coagulase-negative staphylococci and streptococci), gram-negative bacilli [Enterobacteriaceae, Pseudomonas aeruginosa (P. aeruginosa), Acinetobacter baumannii (A. baumannii), and Stenotrophomonas maltophilia], anaerobes, and fungi
 ADDIN EN.CITE 

[3,17,32,36,37]
.
BACTEREMIA
Bacteremia has been a main cause of morbidity and mortality in LT recipient39[]
. Bacteremia, as a proportion of all infections, increased due to a decline in infections caused by other pathogens, such as viruses and fungi5[]
. Most bacterial infections occur within the first month after transplantation with a range of 19%-33%
 ADDIN EN.CITE 

[3,18,20,26,40,41]
. The prevalence of specific pathogen varies between transplant centers. Traditionally, gram-positive cocci were considered common causative agents of early post-transplant bloodstream infections17[,24]
, whereas, decades later, there had been a increment of bacteremia due to GNB
 ADDIN EN.CITE 

[5,41-44]
. One of the largest transplant centers reported that the proportion of GNB increased from 25% during the period of 1989–1993 to 51.8% during the period of 1998–2003, whereas the GPB decreased from 75% to 48.2% during the same period5[]
. However, the center-specific epidemiology and post-transplant management reflect the continued high prevalence of bacteremia due to GPB
 ADDIN EN.CITE 

[40,45-47]
. In one study, the common sites of entry were the gastrointestinal and biliary tract in 27% of the cases, pneumonia in 10%, intravenous site in 6%, and unknown in 41%24[]
. Others study reported that 52.8% of bacteremia cases entered through the gastrointestinal tract, followed by unknown (22.6%), urinary tract (17%), and catheter (3.8%)42[]
. However, indwelling central catheter was one of major sources of bacteremia (30%) and the duration of catheterization (P < 0.0001) was a significant risk factor40[]
. The mortality rate in bacteremic LT recipients have been reported to range from 24% to 36%
 ADDIN EN.CITE 

[5,18,40]
. After the onset of bacteremia, the 14-d mortality rate was 24%24[]
, and the 30-d rate was 27.8%5[]
. 
Risk factors for bacteremia include old age, a longer catheterization time, United Network of Organ Sharing (UNOS) class I or IIA status, diabetes, pre- and post-transplant renal dysfunction, and hypoalbuminemia
 ADDIN EN.CITE 

[40,48]
. In a study by Iida et al45[]
, a multivariate analysis showed that Child-Pugh class C status, preoperative hepatic hydrothorax or ascites requiring drainage, CMV infection, ABO incompatibility, and older donor age were independent risk factors for bacteremia within 3 mo after living-donor LT
 ADDIN EN.CITE 

[45]
. In that study, a longer intensive care unit (ICU) stay, intravenous catheterization, renal failure, hemodialysis, and diabetes mellitus were not significant risk factors for post-transplant bacteremia. The risk of mortality were related to the severity of underlying disease, source of bacteremia, and choice of antimicrobial agents24[]
. When timing of onset of bacteremia was considered, the one year mortality rate was significantly associated with early episodes, but not with late episodes
 ADDIN EN.CITE 

[24,43]
. However, a recent study by Lee et al46[]
 demonstrated that no significant differences were observed in the 30- and 60-d all-cause mortality rate of patients with early- and late-onset bacteremia, although the microbiological spectra differed. Enterobacteriaceae such as Escherichia coli (E. coli), Klebsiella pneumonia, Enterobacter species, and Klebsiella species, as well as enterococci were common pathogens in bacteremias that originated from the hepatobiliary and gastrointestinal tract
 ADDIN EN.CITE 

[5,17,24,40-43,45,49]
. Multidrug resistant (MDR) gram-negative bacilli that produce extended-spectrum beta-lactamase (ESBL) and carbapenemase are increasing
 ADDIN EN.CITE 

[42,50-55]
. MDR GNB induced bloodstream infections have significantly worse prognoses than those caused by susceptible isolates
 ADDIN EN.CITE 

[44,52]
. Among the glucose non-fermenting GNB, P. aeruginosa and A. baumannii were notable pathogens and these pathogens were related to an increased fatality rate (37%–50%)
 ADDIN EN.CITE 

[24,44,56]
. Gram-positive cocci can also cause of bacteremia in patients with SSIs, pneumonia, catheter-related infections, and urinary tract infections. Methicillin-resistant S. aureus (MRSA), methicillin-sensitive S. aureus, coagulase-negative staphylococci, enterococci, and streptococci are commonly reported pathogens
 ADDIN EN.CITE 

[21,24,40,43,57-59]
.
PNEUMONIA
LT recipients are vulnerable to respiratory infections because of the long surgical duration, frequent use of post-transplant mechanical ventilation, immunosuppression, massive transfusions, frequent edema with fluid overload, difficulty coughing after surgery, and underlying malnutrition
 ADDIN EN.CITE 

[60,61]
. Bacterial pneumonia occur in 11%-28% of LT recipients; nosocomial pneumonia in 50%-75%, and community-acquired pneumonia in 25%-50%8[]
. Although, bacterial pneumonias occur less frequently than other types of bacterial infections, it can cause morbidity and mortality
 ADDIN EN.CITE 

[8,60-62]
. In a previous report, of the changes in immunosuppressive agents from cyclosporine to tacrolimus, the causative organisms included bacteria (58%), fungi (37%), and protozoa (5%), with controlled reductions in Pneumocystis jirovecii pneumonia and CMV infections because of prophylactic use of trimethoprim/sulfamethoxazole (TMP/SMZ) and ganciclovir63[]
. Currently, when comparing the pattern of pneumonia to the time course, during the first month after LT, bacterial pneumonia was the most common infection, followed by fungal pneumonia64[]
. Pneumocystis pneumonia is presented as a late-onset complication65[]
. Other Aspergillus and MDR pathogen infections occur on a center-specific basis15[]
. In a study by Ikegami et al61[]
, GNB were predominant pathogens up to 84% of bacterial pneumonia and the short-term mortality rate was 42%. P. aeruginosa, Klebsiella, Enterobacter, Haemophilus influenzae (H. influenza) and S. maltophilia, Serratia marcescens, and methicillin-susceptible or methicillin-resistant S. aureus were also reported as pathogens
 ADDIN EN.CITE 

[60,62,64]
. In living-donor LT recipients, significant risk factors were diabetes, UNOS class I or IIA status, and operative blood loss > 10 L61[]
. Additional factors were post-operative prolonged mechanical ventilation more than 2 or 3 d, ICU stay ≥ 7 d, tracheostomy, primary graft dysfunction, the use of mycophenolate mofetil, lactatemia, vasopressor requirements, high Simplified Acute Physiology Score II score, and the need for renal replacement therapy
 ADDIN EN.CITE 

[60,61]
. Pathogen-specific antimicrobial therapy is crucial for the treatment of bacterial pneumonia with or without reduction of immunosuppressive agents. After immediate period, opportunistic bacterial pneumonia can occur less frequently. Beyond the 6 mo after LT, patients with good graft function and immunologically stable, the presenting pattern of bacterial pneumonia is similar to that of non-LT patients65[]
. 
OTHERS
Donor-derived infection

Transplanted organs facilitate transmission of bacterial, viral, fungal and parasitic infections1[]
. Recently, estimated donor-derived infections (DDIs) in United States occur less than 1% of all transplant procedure12[]
. The incidence of DDI is low, however, when a transmission occurs significant morbidity and mortality can result in12[]
. Outcomes of DDIs are variable, and the definite incidence of death and graft loss is difficult to determine66[]
. Although several cases of DDIs were reported, patient having bacterial infection without evidence of multiorgan failure can be a candidate for LT donor weighing risk benefit of transplantation67[]
. In some recent reports, LT recipients who had donor derived bacterial infections did not result in mortality with appropriate antibiotic therapies
 ADDIN EN.CITE 

[68-70]
. Lumbreras et al71[]
 reported unrecognized bacteremic donors did not affect the outcome of LT recipients. However, Nery et al72[]
 reported primary non-functioning graft after LT from donor with unsuspected bacterial infection. Factors for transmission of infection by grafts are virulence, tissue tropism of bacteria, recipient’s immune status, graft condition, clinical experience, laboratory technical support, and extents of donor exposures73[]
. 
Urinary tract infection
In a multicenter large cohort study, urinary tract infection (UTI) was the third ranked type of infection in early period and the second most common infection in late period among solid organ transplant recipients74[]
. Another cohort data revealed that UTI was the most prevalent primary source of bacterial infection over 6 mo after solid organ transplantation14[]
. In LT recipients, the incidence of urinary tract infection, excluding non-complicated cystitis and asymptomatic bacteriuria, was overall 0.06 episodes per 1000 transplant-days75[]
, and 0.03 during late period74[]
. 

Pathogens are E. coli, Enterococcus faecium, Klebsiella species, S. aureus, Enterobacter species, and Escherichia faecalis
 ADDIN EN.CITE 

[18,75]
. The UTIs were common sources of antibiotic resistant bacterias such as ESBL producing Enterobacteriaceae, vancomycin-resistant enterococci, and methicillin-resistant staphylococci
 ADDIN EN.CITE 

[51,53]
. Risk factors for UTI are age (OR per decade = 1.79, 95%CI: 1.09–3.48), female sex (OR = 1.7, 95%CI: 1.43–2.49), and diabetes (OR = 1.02, 95%CI: 1.001–1.040)75[]
. Long-term use of urinary indwelling catheter is one of common risk factors for UTI, however, data are scarce focusing on LT recipients. In clinical settings, many centers introduce prophylactic use of TMP/SMZ for the prevention of Pneumocystis jirovecii pneumonia as well as UTI, it considered less preventable for UTI due to increasing rate of TMP/SMZ resistant76[]
. 
Clostridium difficile associated colitis

Diarrhea is a common symptom after LT with the approximated incidence of 10%-43%77[]
. The most common causes were Clostridium difficile (C. difficile) and CMV as infectious etiologies particularly during the first 2 mo after LT78[]
. Other non-infectious causes of diarrhea are ulcerative colitis and medications78[]
. In a nationwide analysis, C. difficile infection (CDI) was more prevalent in LT patients than non-LT population (2.7% vs 0.9%, P < 0.001) and CDI was associated with a higher mortality rate (5.5% vs 3.2%, adjusted OR = 1.70, 95%CI: 1.29-2.25)79[]
. Early onset (≤ 28 d post-LT) CDIs were significantly more likely to have variables of redo liver transplant (P = 0.013), higher Model for End-Stage Liver Disease (MELD) score (P = 0.007), presence of major intra-abdominal bleeding (P < 0.0001), biliary complications (P = 0.034), bile leaks (P = 0.026), and systemic infection (P < 0.001)80[]
. The incidence of CDI in living donor LT recipients was 5% and the independent risk factors were male sex (OR = 4.56) and serum creatinine (> or = 1.5 mg/dL, OR = 16.0)81[]
. Recently, in study by Boutros et al82[]
 15.8% of CDI in solid organ transplant recipients developed complicated C. difficile associated colitis resulting in graft loss, total colectomy or death. In this study, surgical intervention was strongly recommended especially who had independent risk factors for complicated CDI such as white blood cell count ≥ 25000/uL (HR = 1.08, 95%CI: 1.025-1.15) and evidence of pancolitis on computed tomography (CT) scan (HR = 2.52, 95%CI: 1.195-5.35)82[]
. When the LT recipient presents the pathologic diarrhea, early serologic test, sigmoidoscopic examination, and/or CT scan for differential diagnosis and proper management is crucial. 
PATHOGENS
Bacterial pathogens differ between the post-transplant period1[]
. Most bacterial infections occur within 2 mo of transplantation8[]
. Although the predominant pathogens differ between centers and between geographic areas, enteric GNB and GPC are the major causative organisms
 ADDIN EN.CITE 

[9,10,17,19,23,24]
.
Gram-negative bacteria
Enterobacteriaceae are the major pathogens in LT recipients. Many of these infections are associated with technical problems with graft, biliary leaks or obstructions. Thrombosis of the hepatic artery results in ischemia of the allograft, which might cause liver abscesses. GNB can also cause SSIs including deep intra-abdominal infections, bacteremia, pneumonia, urinary tract infections, and catheter-related infections. Common pathogenic Enterobacteriaceae are E. coli, Klebsiella species, Enterobacter species, and S. marcescens
 ADDIN EN.CITE 

[3,8,22,43]
. P. aeruginosa and A. baumannii are also common causes of GNB infection. S. maltophilia, Burkholderia cepacia, H. influenza, and Campylobacter jejuni are also reported but infrequently.

Recently, high rate of drug-resistant GNB infection is the major and global concern including LT recipients83[,84]
. The prevalence of ESBL producing GNB, carbapenem-resistant K. pneumonia (CRKP), MDR Acinetobacter, and MDR Pseudomonas are increasing and related to higher rate of treatment failure85[]
. In one study in China, 56% of GNB infections were due to multi-drug resistant organisms after LT55[]
. Borer et al87[]
 reported strikingly high crude mortality rate in patients with CRKP infections compared to control group (71.9% vs 21.9%). In study of LT recipients, the survival rate was significantly lower in patient with a CRKP infection than patients without a CRKP infection (29% vs 86%, P < 0.001)87[]
. Multivariate analysis showed, the only pre- and post-LT clinical variables significantly associated with death were a MELD score > 30 (HR = 3.4, P = 0.04) and a post-LT CRKP infection (HR = 4.9, P = 0.007)87[]
. Also fatal cross infection by CRKP in LT recipients was also reported88[]
. However, in one report, Varghese et al
 ADDIN EN.CITE 

[22,89]
 described a low mortality rate (1 of 10 patients) associated with CRKP infection. The reasons for differences in mortality between the centers unknown but might result from study designs, overall severity of illness, and underlying demographic characteristics9[8]
. 
The presence of ESBL producing GNB is worldwide but the prevalence of infection is quite variable85[]
. One of the largest transplant centers reported 6 (67%) of 9 LT candidates were colonized with ESBL producing GNB90[]
. Others reported ESBL producing GNB comprised 43.3% of GNB in LT and kidney transplant recipients and the common types of MDR-GNB were TEM and CTX-M51[]
. Risk factors for MDR-GNB were the extended use of pre-transplant broad-spectrum antibiotics and prolonged endotracheal intubation55[]
. Additional risk factors for MDR-GNB infections include post-transplantation renal dysfunction, prolonged pre-transplantation hospitalization, antibiotic exposure, surgical complications, and the need for invasive devices55[]
. Infections and carriage of MDR-GNB are associated with higher rates of allograft failure and mortality91[]
. The administration of inadequate antibiotic treatment is significantly related to increased mortality
 ADDIN EN.CITE 

[56,92]
. Though, the center specificity result in different mortality rates in patients with MDR-GNB infections, early diagnosis, proper treatment, environmental infection control, and judicious use of antibiotics are crucial to improve survival.
Gram-positives bacterias
GPB are a main cause of superficial and deep SSIs, bacteremias, and pneumonia, predominantly during the first 2 mo after LT2[]
. Common GPB include staphylococci, streptococci, and enterococci. GPB are traditionally common causes of early post-transplant SSI and bloodstream infections; however, the reported frequencies of these infections differ between countries and between centers
 ADDIN EN.CITE 

[8,93]
. Kawecki et al34[]
 reported GPB were 78% of infection, and the percentage of methicillin-resistant coagulase negative staphylococci (MRCNS) was 42% and the high-level aminoglycoside-resistant enterococci was 24.3%34[]
. Although the GNB infections are increasing in some centers
 ADDIN EN.CITE 

[5,43]
, the MRSA and vancomycin-resistant enterococci (VRE) remain threats in LT recipients
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[47,94]
. The rate of VRE colonization and infection is highly variable and center-specific95[]
. Gearhart et al96[]
 demonstrated that patients with VRE group had lower survival than non-VRE group (52% vs 82%, P = 0.048) in LT recipients; prior antibiotic use, multiple abdominal surgeries, and biliary complications were associated with acquisition of VRE. Linezolid is used to treat VRE disease. Herrero et al97[]
 reported nosocomial spread of linezolid resistant VRE. The emergence of linezolid-resistant, vancomycin-resistant E. faecium is of great concern not only in LT patients but also in public health. Prudent use of linezolid is crucial97[]
. 
The incidence of MRSA is continuously increasing and still causes a significant proportion of bloodstream infections. A multicenter study in Spain reported that MRSA bacteremia was an independent risk factor for mortality among bacteremia patients47[]
. However, Malinis et al98[]
 reported that solid organ transplant recipients had unusually lower S. aureus bacteremia incidence rate and mortality rate than non-transplant patients; this difference might result from early antibiotic treatment, the involvement of infectious disease physicians, and the effects of immunomodulatory therapies. There has been great concern about community-acquired MRSA (CA-MRSA)99[]
. The incidence is not clear in transplant recipients, but there was a report of fatal CA-MRSA infection by transmission from donor100[]
. The prevalence of vancomycin-intermediate S. aureus (VISA) and heterogenous or heteroresistant VISA (hVISA) is reported increasing worldwide with regional differences99[]
. In one study in France, Bert et al101[]
 reported that 13 (27%) of the 48 LT recipients had heterogeneous glycopeptide-intermediate S. aureus over a 5-year period. Only 2 of 13 patients had history of previous glycopeptide therapy and the prevalence was considered the effect of clonal spread of a multiresistant strain101[]
. 
PROPHYLAXIS AND PREVENTION
Certain bacterial infections are preventable with appropriate prevention strategies which can be divided into 3 phases; pre-transplant, intra-operative and post-transplant. During the pre-transplant period, pre-existing infections in the recipients should be controlled before transplantation. Sepsis and pneumonia are considered absolute contraindications to liver transplantation102[]
. Emergent situations may arise in which it may not be possible to clear the infection prior to a life-saving transplant. However, no consensus has been reached on the recommended optimal therapy duration or interval between the infection resolution and transplantation13[]
. Donor-derived infections have been widely discussed, and there have been reports about bacterial transmission via transplantation. Bacterial infection screening should be performed in both living and deceased donors103[]
. However, there are limitations on the evaluations and elapsed time between the test and results in cases of emergency surgeries with deceased donors. Communication between surgeons and the organ procurement organization is crucial when evaluating the risk of infection. Perioperative antibiotics use within 48 h is a widely adopted protocol for preventing bacterial infection. Prophylactic antibiotic regimens can yield different bacterial infection rate8[]
. Selective bowel decontamination regimens with non-absorbable antibiotics have been studied. Some reported reduced infection
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[104,105]
, whereas others showed no benefit106[]
. Selective decontamination was associated with gastrointestinal intolerance and patient noncompliance105[]
. A randomized trial that compared fiber and lactobacillus supplementation with selective bowel decontamination showed a reduced rate of infections in patients who received supplementation107[]
. Rifaximin, a poorly absorbable form of rifamycin, was studied to determine whether it could reduce early post-transplant enteric GNB infections in severely ill recipients108[]
. A significantly lower incidence of infection within 90 d after transplant was observed108[]
. However, considering that many interventions such as selective bowel decontamination, active lactobacillus with fibers, inactivated lactobacillus with fibers or different doses of granulocyte-colony stimulating factor did not proved significant benefits in the reduction of bacterial infections and wound complications in meta-analysis109[]
. 
It is certain that elimination of known risk factor such as early removal of unnecessary central venous catheter is more crucial. And during the intra-operative and post-transplant periods, aforementioned controllable risk factors should be minimized to prevent infections. Perioperative antibiotics need to be selected according to institutional antimicrobial susceptibility pattern. No clear data available regarding benefits of modifying perioperative antibiotics to donor cultures in liver transplantation.

CONCLUSION 
Bacterial infections are the major targets to overcome during the first 2 mo after transplantation. In this period, controllable factors such as renal function preservation, minimizing biliary complications, glucose control, preserving the renal function, adequate management of portal vein thrombosis, preventing the acute rejection, effective respiratory toilet, and early removal of unnecessary catheters should be applied. Patients need to be monitored advertently to detect any subtle signs and symptoms of infection as the markers of infection such as fever may be lacking in LT recipients due to underlying liver disease and immunosuppression. Transplant surgeons and physicians should communicate with infectious disease specialist, microbiologist, intensive care specialist, and infection control specialist and epidemiologist who are member of transplant team. Individualized center specific strategies for prevention and treatment of bacterial infections in LT must be implemented based on patient’s risk factors, operative factors, nosocomial environments, local microbiologic epidemiology, center specific antimicrobial sensitivity and evidence based medicine.

REFERENCES
1 Fishman JA. Infection in solid-organ transplant recipients. N Engl J Med 2007; 357: 2601-2614 [PMID: 18094380 DOI: 10.1056/NEJMra064928]

2 Dummer JS, Singh N. Infections in solid organ transplant recipients. In: Mandell GL, Bennett JE, Dolin R. Mandell, Douglas, and Bennett’s Principles and Practice of Infectious Diseases. 7th ed. Philadelphia, PA: Churchill Livingstone, 2010: 3839-3850

3 Kusne S, Dummer JS, Singh N, Iwatsuki S, Makowka L, Esquivel C, Tzakis AG, Starzl TE, Ho M. Infections after liver transplantation. An analysis of 101 consecutive cases. Medicine (Baltimore) 1988; 67: 132-143 [PMID: 3280944]

4 Patel R, Paya CV. Infections in solid-organ transplant recipients. Clin Microbiol Rev 1997; 10: 86-124 [PMID: 8993860]

5 Singh N, Wagener MM, Obman A, Cacciarelli TV, de Vera ME, Gayowski T. Bacteremias in liver transplant recipients: shift toward gram-negative bacteria as predominant pathogens. Liver Transpl 2004; 10: 844-849 [PMID: 15237367]

6 Fishman JA. Infections in immunocompromised hosts and organ transplant recipients: essentials. Liver Transpl 2011; 17 Suppl 3: S34-S37 [PMID: 21748845 DOI: 10.1002/lt.22378]

7 Fishman JA, Rubin RH. Infection in organ-transplant recipients. N Engl J Med 1998; 338: 1741-1751 [PMID: 9624195]

8 Paya CV, Hermans PE. Bacterial infections after liver transplantation. Eur J Clin Microbiol Infect Dis 1989; 8: 499-504 [PMID: 2504588]

9 Romero FA, Razonable RR. Infections in liver transplant recipients. World J Hepatol 2011; 3: 83-92 [PMID: 21603030 DOI: 10.4254/wjh.v3.i4.83]

10 Kawecki D, Chmura A, Pacholczyk M, Lagiewska B, Adadynski L, Wasiak D, Czerwinski J, Malkowski P, Sawicka-Grzelak A, Kot K, Wroblewska M, Rowinski W, Durlik M, Paczek L, Luczak M. Bacterial infections in the early period after liver transplantation: etiological agents and their susceptibility. Med Sci Monit 2009; 15: CR628-CR637 [PMID: 19946234]

11 Blair JE, Kusne S. Bacterial, mycobacterial, and protozoal infections after liver transplantation--part I. Liver Transpl 2005; 11: 1452-1459 [PMID: 16315310]

12 Ison MG, Nalesnik MA. An update on donor-derived disease transmission in organ transplantation. Am J Transplant 2011; 11: 1123-1130 [PMID: 21443676]

13 Grossi PA, Fishman JA. Donor-derived infections in solid organ transplant recipients. Am J Transplant 2009; 9 Suppl 4: S19-S26 [PMID: 20070680 DOI: 10.1111/j.1600-6143.2009.02889.x]

14 Cervera C, Fernández-Ruiz M, Valledor A, Linares L, Antón A, Ángeles Marcos M, Sanclemente G, Hoyo I, Cofán F, Ricart MJ, Pérez-Villa F, Navasa M, Pumarola T, Moreno A. Epidemiology and risk factors for late infection in solid organ transplant recipients. Transpl Infect Dis 2011; 13: 598-607 [PMID: 21535336 DOI: 10.1111/j.1399-3062.2011.00646.x]

15 Fishman JA, Issa NC. Infection in organ transplantation: risk factors and evolving patterns of infection. Infect Dis Clin North Am 2010; 24: 273-283 [PMID: 20466270]

16 Singh N. Infectious complications in organ transplant recipients with the use of calcineurin-inhibitor agent-based immunosuppressive regimens. Curr Opin Infect Dis 2005; 18: 342-345 [PMID: 15985832]

17 Paya CV, Hermans PE, Washington JA, Smith TF, Anhalt JP, Wiesner RH, Krom RA. Incidence, distribution, and outcome of episodes of infection in 100 orthotopic liver transplantations. Mayo Clin Proc 1989; 64: 555-564 [PMID: 2542701]

18 Wade JJ, Rolando N, Hayllar K, Philpott-Howard J, Casewell MW, Williams R. Bacterial and fungal infections after liver transplantation: an analysis of 284 patients. Hepatology 1995; 21: 1328-1336 [PMID: 7737639]

19 Garbino J, Romand JA, Pittet D, Giostra E, Mentha G, Suter P. Infection and rejection in liver transplant patients: a 10-year Swiss single-centre experience. Swiss Med Wkly 2005; 135: 587-593 [PMID: 16333770]

20 Kim YJ, Kim SI, Wie SH, Kim YR, Hur JA, Choi JY, Yoon SK, Moon IS, Kim DG, Lee MD, Kang MW. Infectious complications in living-donor liver transplant recipients: a 9-year single-center experience. Transpl Infect Dis 2008; 10: 316-324 [PMID: 18507752 DOI: 10.1111/j.1399-3062.2008.00315.x]

21 Li C, Wen TF, Mi K, Wang C, Yan LN, Li B. Analysis of infections in the first 3-month after living donor liver transplantation. World J Gastroenterol 2012; 18: 1975-1980 [PMID: 22563180 DOI: 10.3748/wjg.v18.i16.1975]

22 Varghese J, Gomathy N, Rajashekhar P, Venugopal K, Olithselvan A, Vivekanandan S, Naresh S, Sujatha C, Vijaya S, Jayanthi V, Rela M. Perioperative Bacterial Infections in Deceased Donor and Living Donor Liver Transplant Recipients. J Clin Exp Hepatol 2012; 2: 35-41 [DOI: 10.1016/S0973-6883(12)60081-4]

23 Dummer JS, Hardy A, Poorsattar A, Ho M. Early infections in kidney, heart, and liver transplant recipients on cyclosporine. Transplantation 1983; 36: 259-267 [PMID: 6310832]

24 Wagener MM, Yu VL. Bacteremia in transplant recipients: a prospective study of demographics, etiologic agents, risk factors, and outcomes. Am J Infect Control 1992; 20: 239-247 [PMID: 1443756]

25 Cuervas-Mons V, Millan I, Gavaler JS, Starzl TE, Van Thiel DH. Prognostic value of preoperatively obtained clinical and laboratory data in predicting survival following orthotopic liver transplantation. Hepatology 1986; 6: 922-927 [PMID: 3530947]

26 George DL, Arnow PM, Fox AS, Baker AL, Thistlethwaite JR, Emond JC, Whitington PF, Broelsch CE. Bacterial infection as a complication of liver transplantation: epidemiology and risk factors. Rev Infect Dis 1991; 13: 387-396 [PMID: 1866541]

27 Martin M, Kusne S, Alessiani M, Simmons R, Starzl TE. Infections after liver transplantation: risk factors and prevention. Transplant Proc 1991; 23: 1929-1930 [PMID: 2063431]

28 Paya CV, Wiesner RH, Hermans PE, Larson-Keller JJ, Ilstrup DM, Krom RA, Rettke S, Smith TF. Risk factors for cytomegalovirus and severe bacterial infections following liver transplantation: a prospective multivariate time-dependent analysis. J Hepatol 1993; 18: 185-195 [PMID: 8409334]

29 Sun HY, Cacciarelli TV, Wagener MM, Singh N. Impact of the duration of posttransplant renal replacement therapy on bacterial infections in liver transplant recipients. Liver Transpl 2011; 17: 1212-1217 [PMID: 21744469 DOI: 10.1002/lt.22373]

30 Chow JK, Werner BG, Ruthazer R, Snydman DR. Increased serum iron levels and infectious complications after liver transplantation. Clin Infect Dis 2010; 51: e16-e23 [PMID: 20578876 DOI: 10.1086/654802]

31 Singh N, Gayowski T, Wagener MM, Marino IR. Predictors and outcome of early- versus late-onset major bacterial infections in liver transplant recipients receiving tacrolimus (FK506) as primary immunosuppression. Eur J Clin Microbiol Infect Dis 1997; 16: 821-826 [PMID: 9447904]

32 Hollenbeak CS, Alfrey EJ, Souba WW. The effect of surgical site infections on outcomes and resource utilization after liver transplantation. Surgery 2001; 130: 388-395 [PMID: 11490376 DOI: 10.1067/msy.2001.116666]

33 Freire MP, Soares Oshiro IC, Bonazzi PR, Guimarães T, Ramos Figueira ER, Bacchella T, Costa SF, Carneiro D'Albuquerque LA, Abdala E. Surgical site infections in liver transplant recipients in the model for end-stage liver disease era: an analysis of the epidemiology, risk factors, and outcomes. Liver Transpl 2013; 19: 1011-1019 [PMID: 23744748]

34 Kawecki D, Chmura A, Pacholczyk M, Lagiewska B, Adadynski L, Wasiak D, Malkowski P, Sawicka-Grzelak A, Rokosz A, Szymanowska A, Swoboda-Kopec E, Wroblewska M, Rowinski W, Durlik M, Luczak M. Surgical site infections in liver recipients in the early posttransplantation period: etiological agents and susceptibility profiles. Transplant Proc 2007; 39: 2800-2806 [PMID: 18021991 DOI: 10.1016/j.transproceed.2007.08.049]

35 Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for Prevention of Surgical Site Infection, 1999. Centers for Disease Control and Prevention (CDC) Hospital Infection Control Practices Advisory Committee. Am J Infect Control 1999; 27: 97-132; quiz 133-4; discussion 96 [PMID: 10196487]

36 Hellinger WC, Crook JE, Heckman MG, Diehl NN, Shalev JA, Zubair AC, Willingham DL, Hewitt WR, Grewal HP, Nguyen JH, Hughes CB. Surgical site infection after liver transplantation: risk factors and association with graft loss or death. Transplantation 2009; 87: 1387-1393 [PMID: 19424041 DOI: 10.1097/TP.0b013e3181a25133]

37 García Prado ME, Matia EC, Ciuro FP, Díez-Canedo JS, Sousa Martín JM, Porras López FM, de la Casa AC, Cisneros Herreros JM. Surgical site infection in liver transplant recipients: impact of the type of perioperative prophylaxis. Transplantation 2008; 85: 1849-1854 [PMID: 18580480 DOI: 10.1097/TP.0b013e3181735407]

38 Dacha S, Barad A, Martin J, Levitsky J. Association of hepatic artery stenosis and biliary strictures in liver transplant recipients. Liver Transpl 2011; 17: 849-854 [PMID: 21455929 DOI: 10.1002/lt.22298]

39 Snydman DR. Infection in solid organ transplantation. Transpl Infect Dis 1999; 1: 21-28 [PMID: 11428968]

40 Kim S, Kim Y, Jun Y, Wie S, Choi J, Yoon S, Moon I, Kim D, Lee M, Kang M. Epidemiology and risk factors for bacteremia in 144 consecutive living-donor liver transplant recipients. Yonsei Med J 2009; 50: 112-121 [PMID: 19259357 DOI: 10.3349/ymj.2009.50.1.112]

41 Sganga G, Spanu T, Bianco G, Fiori B, Nure E, Pepe G, D'inzeo T, Lirosi MC, Frongillo F, Agnes S. Bacterial bloodstream infections in liver transplantation: etiologic agents and antimicrobial susceptibility profiles. Transplant Proc 2012; 44: 1973-1976 [PMID: 22974885 DOI: 10.1016/j.transproceed.2012.06.055]

42 Al-Hasan MN, Razonable RR, Eckel-Passow JE, Baddour LM. Incidence rate and outcome of Gram-negative bloodstream infection in solid organ transplant recipients. Am J Transplant 2009; 9: 835-843 [PMID: 19344469 DOI: 10.1111/j.1600-6143.2009.02559.x]

43 Bert F, Larroque B, Paugam-Burtz C, Janny S, Durand F, Dondero F, Valla DC, Belghiti J, Moreau R, Nicolas-Chanoine MH. Microbial epidemiology and outcome of bloodstream infections in liver transplant recipients: an analysis of 259 episodes. Liver Transpl 2010; 16: 393-401 [PMID: 20209598 DOI: 10.1002/lt.21991]

44 Shi SH, Kong HS, Xu J, Zhang WJ, Jia CK, Wang WL, Shen Y, Zhang M, Zheng SS. Multidrug resistant gram-negative bacilli as predominant bacteremic pathogens in liver transplant recipients. Transpl Infect Dis 2009; 11: 405-412 [PMID: 19638006 DOI: 10.1111/j.1399-3062.2009.00421.x]

45 Iida T, Kaido T, Yagi S, Yoshizawa A, Hata K, Mizumoto M, Mori A, Ogura Y, Oike F, Uemoto S. Posttransplant bacteremia in adult living donor liver transplant recipients. Liver Transpl 2010; 16: 1379-1385 [PMID: 21117247 DOI: 10.1002/lt.22165]

46 Lee SO, Kang SH, Abdel-Massih RC, Brown RA, Razonable RR. Spectrum of early-onset and late-onset bacteremias after liver transplantation: implications for management. Liver Transpl 2011; 17: 733-741 [PMID: 21412966]

47 Torre-Cisneros J, Herrero C, Cañas E, Reguera JM, De La Mata M, Gómez-Bravo MA. High mortality related with Staphylococcus aureus bacteremia after liver transplantation. Eur J Clin Microbiol Infect Dis 2002; 21: 385-388 [PMID: 12072924 DOI: 10.1007/s10096-002-0725-1]

48 Singh N, Paterson DL, Gayowski T, Wagener MM, Marino IR. Predicting bacteremia and bacteremic mortality in liver transplant recipients. Liver Transpl 2000; 6: 54-61 [PMID: 10648578]

49 Bellier C, Bert F, Durand F, Retout S, Belghiti J, Mentré F, Fantin B. Risk factors for Enterobacteriaceae bacteremia after liver transplantation. Transpl Int 2008; 21: 755-763 [PMID: 18435684 DOI: 10.1111/j.1432-2277.2008.00673.x]

50 Hawser SP, Bouchillon SK, Hoban DJ, Badal RE, Hsueh PR, Paterson DL. Emergence of high levels of extended-spectrum-beta-lactamase-producing gram-negative bacilli in the Asia-Pacific region: data from the Study for Monitoring Antimicrobial Resistance Trends (SMART) program, 2007. Antimicrob Agents Chemother 2009; 53: 3280-3284 [PMID: 19506060 DOI: 10.1128/AAC.00426-09]

51 Men TY, Wang JN, Li H, Gu Y, Xing TH, Peng ZH, Zhong L. Prevalence of multidrug-resistant gram-negative bacilli producing extended-spectrum β-lactamases (ESBLs) and ESBL genes in solid organ transplant recipients. Transpl Infect Dis 2013; 15: 14-21 [PMID: 23013385 DOI: 10.1111/tid.12001]

52 Rodríguez-Baño J, Navarro MD, Romero L, Muniain MA, de Cueto M, Ríos MJ, Hernández JR, Pascual A. Bacteremia due to extended-spectrum beta -lactamase-producing Escherichia coli in the CTX-M era: a new clinical challenge. Clin Infect Dis 2006; 43: 1407-1414 [PMID: 17083012]

53 Tandon P, Delisle A, Topal JE, Garcia-Tsao G. High prevalence of antibiotic-resistant bacterial infections among patients with cirrhosis at a US liver center. Clin Gastroenterol Hepatol 2012; 10: 1291-1298 [PMID: 22902776 DOI: 10.1016/j.cgh.2012.08.017]

54 Winters HA, Parbhoo RK, Schafer JJ, Goff DA. Extended-spectrum beta-lactamase-producing bacterial infections in adult solid organ transplant recipients. Ann Pharmacother 2011; 45: 309-316 [PMID: 21386016 DOI: 10.1345/aph.1P661]

55 Zhong L, Men TY, Li H, Peng ZH, Gu Y, Ding X, Xing TH, Fan JW. Multidrug-resistant gram-negative bacterial infections after liver transplantation - spectrum and risk factors. J Infect 2012; 64: 299-310 [PMID: 22198738 DOI: 10.1016/j.jinf.2011.12.005]

56 Kim YJ, Yoon JH, Kim SI, Hong KW, Kim JI, Choi JY, Yoon SK, You YK, Lee MD, Moon IS, Kim DG, Kang MW. High mortality associated with Acinetobacter species infection in liver transplant patients. Transplant Proc 2011; 43: 2397-2399 [PMID: 21839276 DOI: 10.1016/j.transproceed.2011.06.011]

57 Florescu DF, McCartney AM, Qiu F, Langnas AN, Botha J, Mercer DF, Grant W, Kalil AC. Staphylococcus aureus infections after liver transplantation. Infection 2012; 40: 263-269 [PMID: 22124952 DOI: 10.1007/s15010-011-0224-3]

58 Hashimoto M, Sugawara Y, Tamura S, Kaneko J, Matsui Y, Moriya K, Koike K, Makuuchi M. Methicillin-resistant Staphylococcus aureus infection after living-donor liver transplantation in adults. Transpl Infect Dis 2008; 10: 110-116 [PMID: 17605737 DOI: 10.1111/j.1399-3062.2007.00253.x]

59 Singh N, Paterson DL, Chang FY, Gayowski T, Squier C, Wagener MM, Marino IR. Methicillin-resistant Staphylococcus aureus: the other emerging resistant gram-positive coccus among liver transplant recipients. Clin Infect Dis 2000; 30: 322-327 [PMID: 10671336]

60 Weiss E, Dahmani S, Bert F, Janny S, Sommacale D, Dondero F, Francoz C, Belghiti J, Mantz J, Paugam-Burtz C. Early-onset pneumonia after liver transplantation: microbiological findings and therapeutic consequences. Liver Transpl 2010; 16: 1178-1185 [PMID: 20879016 DOI: 10.1002/lt.22132]

61 Ikegami T, Shirabe K, Matono R, Yoshizumi T, Soejima Y, Uchiyama H, Kayashima H, Morita K, Maehara Y. Etiologies, risk factors, and outcomes of bacterial pneumonia after living donor liver transplantation. Liver Transpl 2012; 18: 1060-1068 [PMID: 22674905 DOI: 10.1002/lt.23483]

62 Singh N, Gayowski T, Wagener MM, Marino IR. Pulmonary infiltrates in liver transplant recipients in the intensive care unit. Transplantation 1999; 67: 1138-1144 [PMID: 10232564]

63 Singh N, Gayowski T, Wagener M, Marino IR, Yu VL. Pulmonary infections in liver transplant recipients receiving tacrolimus. Changing pattern of microbial etiologies. Transplantation 1996; 61: 396-401 [PMID: 8610349]

64 Aduen JF, Hellinger WC, Kramer DJ, Stapelfeldt WH, Bonatti H, Crook JE, Steers JL, Burger CD. Spectrum of pneumonia in the current era of liver transplantation and its effect on survival. Mayo Clin Proc 2005; 80: 1303-1306 [PMID: 16212143 DOI: 10.4065/80.10.1303]

65 Razonable RR, Findlay JY, O'Riordan A, Burroughs SG, Ghobrial RM, Agarwal B, Davenport A, Gropper M. Critical care issues in patients after liver transplantation. Liver Transpl 2011; 17: 511-527 [PMID: 21384524 DOI: 10.1002/lt.22291]

66 Grossi PA, Costa AN, Fehily D, Blumberg EA, Kuehnert MJ, Fishman JA, Ison MG, Lattes R, Kotton CN, Lilleri D, Kabanova A, Lanzavecchia A, Gerna G, Razonable RR, Comoli P, Zecca M, Basso S, Ginevri F, Grossi A, Schena FP, Rimola A, Burra P, De Martin E, Rodriguez-Castro KI, Fagiuoli S, Pasulo L, Bruno R, Andreone P, Loggi E, Arena F, Maria Rossolini G, Sganga G, Cozza V. Infections and organ transplantation: new challenges for prevention and treatment--a colloquium. Transplantation 2012; 93: S4-S39 [PMID: 22374265 DOI: 10.1097/TP.0b013e3182481347]

67 Angelis M, Cooper JT, Freeman RB. Impact of donor infections on outcome of orthotopic liver transplantation. Liver Transpl 2003; 9: 451-462 [PMID: 12740786 DOI: 10.1053/jlts.2003.50094]

68 Ariza-Heredia EJ, Patel R, Blumberg EA, Walker RC, Lewis R, Evans J, Sankar A, Willliams MD, Rogers J, Milano C, Razonable RR. Outcomes of transplantation using organs from a donor infected with Klebsiella pneumoniae carbapenemase (KPC)-producing K. pneumoniae. Transpl Infect Dis 2012; 14: 229-236 [PMID: 22624726 DOI: 10.1111/j.1399-3062.2012.00742.x]

69 Blumberg E GM, Covington S, Taranto S, Taylor K, Parker K, Chin-Hong P, DiMaio M, Gockerman JP, Hasz R, Kubak B, Lebovitz D, Pruett T, Smith A, Teperman L, Vasudev B, Nalesnik M, Ison MG. Donor derived bacterial infections: Report from the Disease Transmission Advisory Committee (DTAC). Available from: URL: https://idsa.confex.com/idsa/2010/webprogram/Paper3060.html 
70 Doucette KE, Al-Saif M, Kneteman N, Chui L, Tyrrell GJ, Kumar D, Humar A. Donor-derived bacteremia in liver transplant recipients despite antibiotic prophylaxis. Am J Transplant 2013; 13: 1080-1083 [PMID: 23398841 DOI: 10.1111/ajt.12133]

71 Lumbreras C, Sanz F, González A, Pérez G, Ramos MJ, Aguado JM, Lizasoain M, Andrés A, Moreno E, Gómez MA, Noriega AR. Clinical significance of donor-unrecognized bacteremia in the outcome of solid-organ transplant recipients. Clin Infect Dis 2001; 33: 722-726 [PMID: 11477528]

72 Nery JR, Weppler D, Ketchum P, Olson L, Fragulidis GP, Khan MF, Webb MG, Miller J, Tzakis AG. Donor infection and primary nonfunction in liver transplantation. Transplant Proc 1997; 29: 481-483 [PMID: 9123093]

73 Greenwald MA, Kuehnert MJ, Fishman JA. Infectious disease transmission during organ and tissue transplantation. Emerg Infect Dis 2012; 18: e1 [PMID: 22840823]

74 San Juan R, Aguado JM, Lumbreras C, Díaz-Pedroche C, López-Medrano F, Lizasoain M, Gavalda J, Montejo M, Moreno A, Gurguí M, Torre-Cisneros J. Incidence, clinical characteristics and risk factors of late infection in solid organ transplant recipients: data from the RESITRA study group. Am J Transplant 2007; 7: 964-971 [PMID: 17391136 DOI: 10.1111/j.1600-6143.2006.01694.x]

75 Vidal E, Torre-Cisneros J, Blanes M, Montejo M, Cervera C, Aguado JM, Len O, Carratalá J, Cordero E, Bou G, Muñoz P, Ramos A, Gurguí M, Borrell N, Fortún J. Bacterial urinary tract infection after solid organ transplantation in the RESITRA cohort. Transpl Infect Dis 2012; 14: 595-603 [PMID: 22650416 DOI: 10.1111/j.1399-3062.2012.00744.x]

76 Rice JC, Safdar N. Urinary tract infections in solid organ transplant recipients. Am J Transplant 2009; 9 Suppl 4: S267-S272 [PMID: 20070689 DOI: 10.1111/j.1600-6143.2009.02919.x]

77 Ginsburg PM, Thuluvath PJ. Diarrhea in liver transplant recipients: etiology and management. Liver Transpl 2005; 11: 881-890 [PMID: 16035068 DOI: 10.1002/lt.20500]

78 Wong NA, Bathgate AJ, Bellamy CO. Colorectal disease in liver allograft recipients -- a clinicopathological study with follow-up. Eur J Gastroenterol Hepatol 2002; 14: 231-236 [PMID: 11953686]

79 Ali M, Ananthakrishnan AN, Ahmad S, Kumar N, Kumar G, Saeian K. Clostridium difficile infection in hospitalized liver transplant patients: a nationwide analysis. Liver Transpl 2012; 18: 972-978 [PMID: 22505356 DOI: 10.1002/lt.23449]

80 Albright JB, Bonatti H, Mendez J, Kramer D, Stauffer J, Hinder R, Michel JA, Dickson RC, Hughes C, Nguyen J, Chua H, Hellinger W. Early and late onset Clostridium difficile-associated colitis following liver transplantation. Transpl Int 2007; 20: 856-866 [PMID: 17854444 DOI: 10.1111/j.1432-2277.2007.00530.x]

81 Hashimoto M, Sugawara Y, Tamura S, Kaneko J, Matsui Y, Togashi J, Makuuch M. Clostridium difficile-associated diarrhea after living donor liver transplantation. World J Gastroenterol 2007; 13: 2072-2076 [PMID: 17465450]

82 Boutros M, Al-Shaibi M, Chan G, Cantarovich M, Rahme E, Paraskevas S, Deschenes M, Ghali P, Wong P, Fernandez M, Giannetti N, Cecere R, Hassanain M, Chaudhury P, Metrakos P, Tchervenkov J, Barkun JS. Clostridium difficile colitis: increasing incidence, risk factors, and outcomes in solid organ transplant recipients. Transplantation 2012; 93: 1051-1057 [PMID: 22441318 DOI: 10.1097/TP.0b013e31824d34de]

83 Herati RS, Blumberg EA. Losing ground: multidrug-resistant bacteria in solid-organ transplantation. Curr Opin Infect Dis 2012; 25: 445-449 [PMID: 22766649 DOI: 10.1097/QCO.0b013e328354f192]

84 Livermore DM. Current epidemiology and growing resistance of gram-negative pathogens. Korean J Intern Med 2012; 27: 128-142 [PMID: 22707882 DOI: 10.3904/kjim.2012.27.2.128]

85 van Delden C, Blumberg EA. Multidrug resistant gram-negative bacteria in solid organ transplant recipients. Am J Transplant 2009; 9 Suppl 4: S27-S34 [PMID: 20070690 DOI: 10.1111/j.1600-6143.2009.02890.x]

86 Borer A, Saidel-Odes L, Riesenberg K, Eskira S, Peled N, Nativ R, Schlaeffer F, Sherf M. Attributable mortality rate for carbapenem-resistant Klebsiella pneumoniae bacteremia. Infect Control Hosp Epidemiol 2009; 30: 972-976 [PMID: 19712030 DOI: 10.1086/605922]

87 Kalpoe JS, Sonnenberg E, Factor SH, del Rio Martin J, Schiano T, Patel G, Huprikar S. Mortality associated with carbapenem-resistant Klebsiella pneumoniae infections in liver transplant recipients. Liver Transpl 2012; 18: 468-474 [PMID: 22467548 DOI: 10.1002/lt.23374]

88 Mathers AJ, Cox HL, Bonatti H, Kitchel B, Brassinga AK, Wispelwey B, Sawyer RG, Pruett TL, Hazen KC, Patel JB, Sifri CD. Fatal cross infection by carbapenem-resistant Klebsiella in two liver transplant recipients. Transpl Infect Dis 2009; 11: 257-265 [PMID: 19254325 DOI: 10.1111/j.1399-3062.2009.00374.x]

89 Varghese J, Jayanthi V, Rela M. Mortality associated with carbapenem-resistant Klebsiella pneumoniae infections in liver transplant recipients. Liver Transpl 2012; 18: 1124; author reply 1125 [PMID: 22927143]

90 Paterson DL, Singh N, Rihs JD, Squier C, Rihs BL, Muder RR. Control of an outbreak of infection due to extended-spectrum beta-lactamase--producing Escherichia coli in a liver transplantation unit. Clin Infect Dis 2001; 33: 126-128 [PMID: 11389506]

91 Reddy P, Zembower TR, Ison MG, Baker TA, Stosor V. Carbapenem-resistant Acinetobacter baumannii infections after organ transplantation. Transpl Infect Dis 2010; 12: 87-93 [PMID: 19735384 DOI: 10.1111/j.1399-3062.2009.00445.x]

92 Lupei MI, Mann HJ, Beilman GJ, Oancea C, Chipman JG. Inadequate antibiotic therapy in solid organ transplant recipients is associated with a higher mortality rate. Surg Infect (Larchmt) 2010; 11: 33-39 [PMID: 19785562 DOI: 10.1089=sur.2008.076]

93 Patel G, Huprikar S. Infectious complications after orthotopic liver transplantation. Semin Respir Crit Care Med 2012; 33: 111-124 [PMID: 22447265 DOI: 10.1055/s-0032-1301739]

94 Russell DL, Flood A, Zaroda TE, Acosta C, Riley MM, Busuttil RW, Pegues DA. Outcomes of colonization with MRSA and VRE among liver transplant candidates and recipients. Am J Transplant 2008; 8: 1737-1743 [PMID: 18557723 DOI: 10.1111/j.1600-6143.2008.02304.x]

95 Muñoz P. Multiply resistant gram-positive bacteria: vancomycin-resistant enterococcus in solid organ transplant recipients. Am J Transplant 2009; 9 Suppl 4: S50-S56 [PMID: 20070695 DOI: 10.1111/j.1600-6143.2009.02893.x]

96 Gearhart M, Martin J, Rudich S, Thomas M, Wetzel D, Solomkin J, Hanaway MJ, Aranda-Michel J, Weber F, Trumball L, Bass M, Zavala E, Steve Woodle E, Buell JF. Consequences of vancomycin-resistant Enterococcus in liver transplant recipients: a matched control study. Clin Transplant 2005; 19: 711-716 [PMID: 16313314 DOI: 10.1111/j.1399-0012.2005.00362.x]

97 Herrero IA, Issa NC, Patel R. Nosocomial spread of linezolid-resistant, vancomycin-resistant Enterococcus faecium. N Engl J Med 2002; 346: 867-869 [PMID: 11893808]

98 Malinis MF, Mawhorter SD, Jain A, Shrestha NK, Avery RK, van Duin D. Staphylococcus aureus bacteremia in solid organ transplant recipients: evidence for improved survival when compared with nontransplant patients. Transplantation 2012; 93: 1045-1050 [PMID: 22357175 DOI: 10.1097/TP.0b013e31824bf219]

99 Garzoni C. Multiply resistant gram-positive bacteria methicillin-resistant, vancomycin-intermediate and vancomycin-resistant Staphylococcus aureus (MRSA, VISA, VRSA) in solid organ transplant recipients. Am J Transplant 2009; 9 Suppl 4: S41-S49 [PMID: 20070694 DOI: 10.1111/j.1600-6143.2009.02892.x]

100 Obed A, Schnitzbauer AA, Bein T, Lehn N, Linde HJ, Schlitt HJ. Fatal pneumonia caused by Panton-Valentine Leucocidine-positive methicillin-resistant Staphylococcus aureus (PVL-MRSA) transmitted from a healthy donor in living-donor liver transplantation. Transplantation 2006; 81: 121-124 [PMID: 16421487]

101 Bert F, Clarissou J, Durand F, Delefosse D, Chauvet C, Lefebvre P, Lambert N, Branger C. Prevalence, molecular epidemiology, and clinical significance of heterogeneous glycopeptide-intermediate Staphylococcus aureus in liver transplant recipients. J Clin Microbiol 2003; 41: 5147-5152 [PMID: 14605151]

102 Ahmed A, Keeffe EB. Current indications and contraindications for liver transplantation. Clin Liver Dis 2007; 11: 227-247 [PMID: 17606204 DOI: 10.1016/j.cld.2007.04.008]

103 Fischer SA, Avery RK. Screening of donor and recipient prior to solid organ transplantation. Am J Transplant 2009; 9 Suppl 4: S7-18 [PMID: 20070698 DOI: 10.1111/j.1600-6143.2009.02888.x]

104 Arnow PM, Carandang GC, Zabner R, Irwin ME. Randomized controlled trial of selective bowel decontamination for prevention of infections following liver transplantation. Clin Infect Dis 1996; 22: 997-1003 [PMID: 8783700]

105 Emre S, Sebastian A, Chodoff L, Boccagni P, Meyers B, Sheiner PA, Mor E, Guy SR, Atillasoy E, Schwartz ME, Miller CM. Selective decontamination of the digestive tract helps prevent bacterial infections in the early postoperative period after liver transplant. Mt Sinai J Med 1999; 66: 310-313 [PMID: 10618730]

106 Hellinger WC, Yao JD, Alvarez S, Blair JE, Cawley JJ, Paya CV, O'Brien PC, Spivey JR, Dickson RC, Harnois DM, Douglas DD, Hughes CB, Nguyen JH, Mulligan DC, Steers JL. A randomized, prospective, double-blinded evaluation of selective bowel decontamination in liver transplantation. Transplantation 2002; 73: 1904-1909 [PMID: 12131685]

107 Rayes N, Seehofer D, Hansen S, Boucsein K, Müller AR, Serke S, Bengmark S, Neuhaus P. Early enteral supply of lactobacillus and fiber versus selective bowel decontamination: a controlled trial in liver transplant recipients. Transplantation 2002; 74: 123-127 [PMID: 12134110]

108 Sun HY, Wagener M, Cacciarelli TV, Singh N. Impact of rifaximin use for hepatic encephalopathy on the risk of early post-transplant infections in liver transplant recipients. Clin Transplant 2012; 26: 849-852 [PMID: 22432742 DOI: 10.1111/j.1399-0012.2012.01619.x]

109 Gurusamy KS, Kumar Y, Davidson BR. Methods of preventing bacterial sepsis and wound complications for liver transplantation. Cochrane Database Syst Rev 2008; (4): CD006660 [PMID: 18843724 DOI: 10.1002/14651858.CD006660.pub2]
P-Reviewers: Gupte A, Nafady-Hego H 
S-Editor: Zhai HH L-Editor: E-Editor:
Table 1 Risk factors for bacterial infection in liver transplant recipients

	1990s
	2000s

	pre-transplantation plasma creatinine value greater than 1.58 mg/dL
prolonged surgical time more than 12 h 
increased number of abdominal operations 

use of Roux-en-Y choledocho-jejunostomy

acute rejection

CMV infection

prolonged hospitalization

increased operative transfusion requirement

retransplantation

elevated bilirubin levels
	long-term renal replace therapy (> 30 d)

increased serum ferritin level

Early

portal vein thrombosis

age older than 45 years

preoperative hyponatremia

ICU satay longer than 9 d

postoperative bile leakage

severe hyperglycemia

Late

recurrent hepatitis C

Age

female gender

anti-hepatitis C virus positive serostatus

chronic allograft dysfunction

early CMV disease

early bacterial infection




ICU: Intensive care unit; CMV: Cytomegalovirus.
