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Liver transplantation as a treatment option for end-stage liver diseases is associated with a relevant risk for

complications. On the one hand, immunological factors and associated chronic graft rejection are major causes of

morbidity and carry an increased risk of mortality due to liver graft failure. On the other hand, infectious

complications have a major impact on patient outcomes. In addition, abdominal or pulmonary infections, and biliary

complications, including cholangitis, are common complications in patients after liver transplantation and can also

be associated with a risk for mortality. Thereby, these patients already suffer from gut dysbiosis at the time of liver

transplantation due to their severe underlying disease, causing end-stage liver failure. Despite an impaired gut-liver

axis, repeated antibiotic therapies can cause major changes in the gut microbiome.
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1. Gut Microbiota in Chronic Liver Disease and Liver
Transplantation

Gut microbial dysbiosis is associated with various liver diseases, including liver cirrhosis, hepatocellular carcinoma,

and non-alcoholic fatty liver disease . Therefore, LT is often associated with changes in the composition of the gut

microbiome with possible restitution over time. At the time of LT, donor microbiota can be transferred to the

recipient via the liver allograft . Furthermore, increased intestinal permeability caused by surgery will allow certain

pathogens to enter the portal or systemic circulation, and donor immune cells of the liver graft can interact with the

recipient’s gut microbiome via the gut-liver axis . A qPCR-based analysis of samples from 111 LT patients

showed a decrease in Bifidobacterium, Lactobacillus, and Faecalibacterum and an increase in Enterobacteriaceae

and Enterococcus in the gut microbiota of post-LT patients . It is noteworthy that the indicators for the severity of

liver cirrhosis, including a model for end-stage liver disease (MELD), Child-Pugh score, total bilirubin, pro-thrombin

time test, international normalized ratio, creatinine level, and albumin level, were associated with higher amounts of

a certain genus of bacteria, such as Streptococcus, Veillonella and Clostridium . Patients with a higher amount of

these bacteria had a significantly more severe illness compared to those with a low amount . Another human

study also showed a positive association between the severity of cirrhosis, as measured by Child-Pugh scores, and

the presence of Streptococcus spp. . These findings suggest that certain bacteria may play an active role in liver

cirrhosis, as the correlation follows a “dose-response” pattern .
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In another study, including 177 patients undergoing liver transplantation, Annavajhala et al. could demonstrate a

correlation between disease etiology and gut microbiome diversity . Especially patients with alcohol-related liver

cirrhosis had significantly lower α-diversity measures compared to other diagnoses, whereas patients suffering

from hepato-cellular carcinomas had significantly higher α-diversity measures . Furthermore, the relative

abundance of specific microbiota such as Enterococcus casseliflavus, Veillonella dispar, Faecalibacterium

prausnitzii, or Bifidobacterium bifidum was different depending on disease etiology . In their data, the microbial

communities clustered differential for Child-Pugh A vs. Child-Pugh C patients as well as for patients with high or

low MELD scores . Specific changes in the gut microbiome could be detected in the post-LT phase, as in the first

weeks following LT; usually, the diversity is reduced due to perioperative broad-spectrum antibiotic therapy . In

the perioperative phase, an enrichment in Clostridiales, Streptococcus, and Enterococcus spp. could be detected

. In the further months after LT, there was an increasing α-diversity, and distinct microbial patterns were identified

in early (1–3 months) vs. late (6–12 months) post-LT phases . Yet, there is not enough data that the gut or biliary

microbiome is reliably able to predict outcomes or prognosis in LT patients .

Notably, LT and the administration of antibiotics can disrupt the microbial balance in the intestines of patients,

leading to decreased beneficial and increased pathogenic bacteria . Several studies on both animal models and

humans report a beneficial effect of pro- and prebiotics on the outcome of liver transplantation regarding infectious

complications, but no microbiome analysis has been included in these studies . Taking into account that pre- and

probiotics are proven to have beneficial effects on the gut microbiome, can enhance immune responses, and may

have anti-inflammatory effects , probiotics and prebiotics may help reduce post-LT complications, including

severe infections and liver injury, by altering the gut microbiome .

In general, moderate alterations of the gut microbiome after LT contribute to an increased tolerance of the liver

allograft. Regulatory T cells (Tregs) secrete inhibitory cytokines and interact with CD80 that downregulates T cell

activation, thereby inhibiting effector T cells . Therefore, Tregs prevent the development of acute cellular

rejection (ACR) by inducing a tolerogenic environment with an intact immune system in LT patients. Gut dysbiosis

in post-LT patients increases abnormal portal circulation of bacterial products like LPS. Kupffer cells respond to

such change by increasing concentrations of IL-10 with an anti-inflammatory effect . In addition, such change

also induces type 1 interferon and stimulates myeloid cell IL-10 production, thereby further increasing IL-10

concentrations in the liver . Other research showed that LPS-induced local inflammation upregulates CD80 in a

murine model . If this finding is applicable to humans, post-LT dysbiosis could increase the apoptosis of CD8+ T

cells and increase the tolerance of the liver allograft . An increase in gut Bacteroides fragilis and Bacteroides

thetaiotaomicron was found to drive regulatory T cell induction and differentiation in post-LT patients, which is

correlated with a more tolerant alloimmune response . However, excessive upregulation of Tregs could lead to

reduced alloreactive T cell proliferation, thereby increasing the risk of post-LT malignancies and infections .

Gut dysbiosis can also affect the balance of CD4+ T cell subsets in mesenteric lymph nodes , and migrations of

such altered T cells will promote hepatic injury or ACR . In terms of post-LT hepatic ischemia-reperfusion (I/R)

injury, several animal studies suggested that gut dysbiosis could exacerbate I/R injury-mediated development of

early ACR in the post-LT patients because increased segmented filamentous bacteria could aid in IL-17 expression
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. However, alterations in gut microbiota could potentially improve early ACR outcomes by alleviating hepatic

I/R injury. It has been demonstrated that butyrate-altered gut microbiota can prevent NF-κB activation and

upregulate 3,4-dihydroxy phenyl propionic acid, thereby mitigating macrophage pro-inflammatory activity and

increasing the protective effect of nucleotide-biding oligomerization domain-containing protein 2 (NOD2) . This

effect is associated with decreased I/R injury, thus improving the early LT outcome. Gut dysbiosis can result in

increased bacterial translocation from the gut into the liver allograft, thereby increasing antigen exposure. This can

have a dual effect: low-dose antigen exposure in the liver can increase tolerance of the liver towards the allograft,

while high-dose antigen exposure can stimulate an enhanced immune response, thereby promoting ACR .

Patients with gut dysbiosis are more susceptible to negative outcomes, including acute-on-chronic liver failure and

advanced cirrhosis in the pre-LT period . The impaired microbial functionality in end-stage liver disease is

reflected by a lower conversion of bile acids, changes in ammonia metabolism, as well as changes in microbial-

mammalian co-metabolites such as trimethylamine-N-oxide (TMAO) . Since converted bile acid can suppress

pathogens, their reduction becomes worrisome in the pre-LT period . Consequences of exacerbated gut

microbial production include hyperammonemia, which can result in the development of hepatic encephalopathy .

Studies in animals and cell cultures have shown that TMAO can stimulate the production of various pro-

inflammatory molecules, including IL-1β, IL-6, TNF-α, NF-κB, and MMP9, thereby inducing inflammatory responses

in the liver and other organs, such as the aortic root . Additionally, TMAO has been shown to link gut microbiota

with the development of atherosclerosis and cardiovascular changes . Given the pro-atherogenic profile post-LT,

the role of TMAO needs to be further investigated.

There is evidence especially based on animal trials in rodents, that the immunosuppressive therapy itself induces

changes in the gut microbiome . Ling et al. report specific alterations in the relative abundance of Firmicutes

and Bacteroides due to tacrolimus treatment in mice . Different effects have been observed for tacrolimus

regarding microbial diversity and richness as well the relative abundance of, e.g., Clostridium, Ruminococcaceae,

Bifidobacterium, Bacteroides, and Lactobacillus . Overall, tacrolimus induces a gut dysbiosis comparable to

metabolic diseases and alters microbiome-associated metabolic functions such as carbohydrate and lipid

metabolism . Mycophenolate Mofetil (MMF), another immunosuppressive drug used in LT, not only causes

dysbiosis, which can lead to colitis, but endotoxemia due to an increase in Gram-negative bacteria as well as an

impairment of the mucosa barrier and therefore increased gut permeability . Taken together, there are many

effects of different used immunosuppressive drugs on the gut microbiome based on animal trials, which may have

an impact on LT patients’ outcomes . Only sparse data are available at present, and all these effects are not

taken into account in routine clinical practice and treatment of LT patients yet.

While the current literature on the role of gut microbiota in post-liver transplantation outcomes is limited, studying

the role of gut microbiota is crucial. Previous studies have demonstrated a potentially beneficial effect of pre- and

probiotics to improve outcomes of post-LT course , despite the observed beneficial change in the gut microbiota

composition and functionality after successful LT . The effects of necessary immunosuppressive therapy on the

gut microbiome and the intestinal barrier have been insufficiently studied to date .
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2. Infections and Colonization, Especially with Multi-Drug
Resistant Microbiota

Infections are a major cause of morbidity and even mortality after LT. Despite advances in surgical technique,

strategies to prevent infections, and modern immunosuppression regimens, infections still occur in up to 40–50%

during short-term and in up to 80% during long-term follow-up after LT .

LT recipients are susceptible to infection due to the technical complexity of the surgical procedure, contamination of

the abdominal cavity, and the usually poor medical condition of LT recipients . In addition, underlying end-

stage liver diseases are related to intestinal and biliary tract dysbiosis; the latter caused by repeated biliary tract

interventions . Recently published data show that end-stage liver disease is associated with immune

dysfunction, changes in the local microbial milieu, and an increase in bacterial translocation due to an impaired

mucosal barrier . Annavajhala et al. demonstrated an inverse correlation of the microbial diversity with MELD-

or Child-Pugh score values at the time of transplantation, indicating significant gut dysbiosis at the time of

transplantation .

The risk for infection is considered to be highest in the first month after transplantation and decreases steadily

thereafter . Some data report risk factors for post-LT infections, such as patient condition at LT, length of stay

in the intensive care unit, prolonged need for catheters, blood transfusions, and duration of surgery 

. The most common sites of infection are the abdomen, lungs, bloodstream, and urinary tract . While

abdominal infections predominate in the first month in terms of surgical site infections and early bile duct

complications, the rate of pulmonary and bloodstream infections increases over time .

Most notably, biliary tract infections or cholangitis occur due to leakage and strictures in the bile ducts and are

associated with repeated procedures such as Endoscopic Retrograde Cholangiopancreatography (ERCP) . This

favors colonization of the bile ducts with various potentially pathogenic germs from the intestine . In an

analysis by Kabar et al. of bile duct samples from ERCP in LT recipients, 86.6% of samples tested positive for at

least potential pathogenic bacteria, and nearly 80% were polymicrobial .

Overall, most infections after LT are primarily caused by bacteria, followed by viral and fungal causes .

For bacterial infections, in the Gram-negative spectrum, E. coli, Klebsiella spp., and other Enterobacteriaceae are

the most important germs, whereas, for Gram-positive germs, Enterococcus spp. and Staphylococcus spp. are the

most common infectious agents . Several studies have reported that especially Enterococcus spp. are

the predominant pathogens found in LT-related infections .

Kim et al. reported 112 episodes of bloodstream infections in 64 LT recipients with Enterobacteriaceae spp.

(32.5%), Enterococci spp. (17.8%), Staphylococci spp. (10.3%), and Acinetobacter baumanii (10.3%) being the

most common germs due to biliary tract and other abdominal or catheter infections . They also note that most

germs showed resistance to major antibiotics . Infections caused by multidrug-resistant (MDR) germs are a

major problem and are associated with an increased risk for mortality . Several data show that infections
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with vancomycin-resistant Enterococcus spp. (VRE) in particular, are associated with prior antibiotic use, higher

rates of biliary complications, more abdominal surgeries, and, most importantly, lower survival . In contrast,

colonization with VRE was associated with only a small 1-year mortality risk of about 7% . On the other hand,

there is an increasing number of Gram-negative multidrug-resistant germs such as E. coli, Klebsiella spp.,

Citrobacter spp., and other Enterobacteriaceae . Especially in biliary tract and pulmonary infections, these

Gram-negative MDR bacteria play an important role by increasing mortality and days in the intensive care unit

compared to “normal” non-MDR infections .

On the other hand, the risk for infections after LT is determined by the intensity of immunosuppression .

Especially in the first months after LT, the intensity of immunosuppressive therapy is much more intensive

compared to the later immunologically stable course, associated with a correspondingly higher risk of infection 

. Overall, there is a higher susceptibility to bacterial infections due to colonizing potential pathogen germs and

opportunistic infections related to immunosuppressive therapy, which can cause serious morbidity . Usually,

the risk for at least opportunistic infections is addressed by antibiotic prophylaxis in immunosuppressed patients 

. Specifically, for pulses of steroids in acute graft rejection, there seems to be no elevated risk for infections .

A recent analysis of the gut microbiome in LT recipients showed that 65% of patients developed colonization with

MDR bacteria, e.g., VRE, carbapenem-resistant Enterobacteriaceae, or Enterobacteriaceae resistant to third

generation cephalosporins, within 1 year of LT . Patients colonized with MDR bacteria presented a lower α-

diversity throughout the study period, and additional antibiotic exposure significantly decreased gut microbial

diversity . However, although most MDR bacterial colonization is known in LT candidates, there are currently no

clinical data on the adaption of perioperative antibiotics to the screening results in LT. Adjusting perioperative

antibiotic therapy in LT patients for colonization with MDR bacteria could improve perioperative outcomes in terms

of severe abdominal, biliary tract, and pulmonary infections.

Given the high rate of infectious complications in LT patients and the associated morbidity and mortality, a better

understanding of microbial niches as potential sources of these infections is needed. MDR germs remain a relevant

problem, and only homeostasis of the microbial environment and immune function could potentially prevent MDR

colonization and associated severe morbidity and mortality.

3. Microbiota in Liver Transplantation and Associated Biliary
Complications

The physiologic colonization of the gut and the biliary tract changes with the occurrence of liver diseases. In these

instances, pathogenic potentially harmful bacteria can be found, which are then summarized under the term

“pathobiome” , whereas some microbes might exhibit beneficial effects against the development of liver

diseases . 

3.1. Gut Microbiota
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Gut bacteria have a significant impact on human metabolic activity, barrier function, and immunity development.

Dysbiosis of gut bacteria is associated with various conditions, including obesity, diabetes, nonalcoholic fatty liver

diseases, and autoimmune disorders , and even plays a significant role in I/R injury . For LT patients,

portal vein blocking, I/R injury, antibiotics, or immunosuppression use can seriously impair the recipient’s immune

function, and destroy the intestinal barrier, thereby increasing the risk of dysbiosis of gut microbiota. These

changes in gut bacteria may lead to direct injury to the host liver through the “gut-liver axis” . The relationship

between gut microbiota dysbiosis and postoperative complications, including acute rejection, early-stage infection,

and graft loss due to biliary complications, has been discussed in the previous sections. Based on the sparse

available data, one can hypothesize that alterations of gut microbiota may be responsible for the graft’s I/R injury to

some extent.

Compared to patients without complications after LT, patients diagnosed with NAS showed a decreased

abundance of Bacteroidetes and an increase of Proteobacteria, which usually amounts to a very small part of

human gut microbiota . Bacteroides, together with Firmicutes, are predominant bacteria within the human

intestine; a decrease of either always indicates an impairment of intestinal barrier function and an increased risk of

bacterial translocation . Similar changes have also been reported in cirrhosis patients . At the family level,

higher proportions of Enterococcaceae, Streptococcaceae, Enterobacteriaceae, and Pseudomonadaceae were

observed among patients with NAS in comparison with patients without biliary complications of LT . These

families of bacteria are commonly regarded as pathogenic bacteria, and their overgrowth will lead to a release of

LPS and peptidoglycan. When recognized by the human immune system via Toll-like receptors or nucleotide-

binding oligomerization domain-like receptors, LPS, and peptidoglycan would trigger the pro-inflammatory NF-κB

cascade and directly stimulate hepatic stellate cells, which finally lead to liver damage and liver disease

progression . As bile ducts are susceptible to inflammatory damage, serious gut microbiota dysbiosis may

exacerbate cholangiocyte apoptosis and eventually lead to bile duct strictures or ITBL . In addition,

cholangiocytes are also susceptible to ischemic injury and oxygen-free radicals, and microcirculatory disturbances

can lead to insufficient biliary tract preservation as it is caused by I/R injury, which involves inflammation, oxidative

stress, apoptosis, and necrosis . The production of reactive oxygen species influenced by microbiota could

further induce cholangiocyte-related damage .

3.2. Biliary Microbiota

The biliary tract is not sterile despite the anti-microbial activity of bile acids, even in healthy individuals . In

certain diseases or infectious conditions, reduced bile acid secretion can increase bacterial biliary colonization .

Especially in diseases of the biliary tract, e.g., PSC, studies revealed an altered microbial niche . This dysbiosis

is associated with an increased pro-inflammatory and even carcinogenic milieu . Especially, Proteobacteria

and Enterococci spp. are enriched in PSC and other end-stage liver diseases . Furthermore, endoscopic

interventions, biliary stents, and recurrent antibiotic therapy could alter the microbiota within the biliary tract,

including ascending bacteria from the upper intestines .
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Only sparse data are available on the biliary microbiome in different diseases and especially in LT patients 

. Despite the study of D’Amico et al., who could not detect any biliary microbiome in a small series of six patients

, data are mostly available for bile samples of patients suffering from biliary complications. Liu et al. analyzed

bile samples from liver transplant recipients with routine use of biliary drains . The predominant bacterial phyla

were Firmicutes, Proteobacteria, and Actinobacteria, with differences in relative abundance between patients with

and without biliary complications such as cholangitis or stenosis . Recently, Klein et al. reported on a large

series of patients using 16S rRNA-based microbiome analysis on bile samples . They compared the biliary

microbiome of patients with non-anastomotic vs. anastomotic strictures as controls. They detected a diverse biliary

microbiome consisting mainly of the phyla Firmicutes, Proteobacteria, Fusobacteria, Bacteroidetes, and

Actinobacteria, with differences in relative abundance between the groups . On the Genus level, especially

Enterococci spp. and Streptococci spp. have been found in all samples . The microbial community structures

were different between groups with biliary stents and recent antibiotic therapies . Whereas biliary stenting did

not result in different abundance in the anastomotic stricture group, the biliary microbiome differed in the non-

anastomotic stricture group: they detected differences in the relative abundance of 27 genera in the microbial

community of samples with and without biliary stents . Despite an increase of biofilm-forming bacteria over time

with the use of biliary stents, e.g., Streptococci spp. and Fusobacteria spp., the analysis revealed no relevant

difference in diversity and similarity in the non-anastomotic stricture group due to antibiotic therapy .

Overall, the sparse available data demonstrates an increase of Proteobacteria in bile samples of patients with

biliary complications, indicating an increase in potentially pathogen germs like E. coli, Klebsiella, and other Gram-

negative germs. This was consistent with the gut microbiome in NAS discussed before, suggesting that

Proteobacteria may play a significant role in the occurrence and development of biliary tract injury after LT. If the

increase of Proteobacteria and these differences in relative abundance are causes or consequences of the biliary

complications still remains unclear.

However, unlike the gut microbiome, in patients with NAS, the proportion of Enterococcus spp. in bile was lower

than in patients without complications . This bacterium can regulate the balance of intestinal flora and process

certain immune regulatory and anti-allergic effects . Reduction in the biliary abundance of Enterococcus spp. in

NAS patients suggests that Enterococcus spp. may play an important role in maintaining the stability and balance

of bile microecology.

The impact of biliary microbiota on biliary complications like anastomotic strictures or ITBL cannot be proven in

prospective sampling studies, but at least due to cholestasis-related cholangitis and especially repeated

endoscopic interventions like ERC and application of biliary drainages, there is an increase in potentially pathogen

microbiota like Proteobacteria and Enterococci spp. . Due to repeated interventions in patients suffering

from biliary complications and the need for antibiotic therapy even before LT, the colonization and associated

complications due to multi-drug resistant microbiota are increased . In the available data, there were some

significant differences in the metabolic pathways of bile samples between patients with and without biliary

complications ; however, there are limited data on metabolic pathways in bile samples from patients after LT,

and therefore further data are required.
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There are complex interactions between the gut microbiome and liver function as well as immune regulation with a

significant impact on outcome in liver transplantation. Notably, there are only sparse data on the microbial niche of

the biliary tract in LT. A more detailed description of the biliary microbiome is required both in the physiological state

and in various biliary and immunological complications of liver transplantation. 
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