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Infections in Liver Transplantation

B. Sharmila Mohanraj, Amol S. Rangnekar,

and Joseph G. Timpone Jr.

Indications for Liver Transplantation

Orthotopic liver transplantation (LT) is most commonly
offered to patients with end-stage liver disease. However,
this lifesaving therapy can also be used to successfully treat
patients with acute liver failure, primary and some metastatic
liver tumors, and selected metabolic conditions (Table 3.1).

Decompensated cirrhosis is defined by the presence of
specific complications including jaundice, hepatic enceph-
alopathy, ascites, spontaneous bacterial peritonitis, hepa-
torenal syndrome, or variceal hemorrhage. Once a patient
develops complications of portal hypertension, 5-year sur-
vival is <50%. Additionally, patients with cirrhosis may
develop life-threatening pulmonary complications such
as hepatopulmonary syndrome (HPS) or portopulmonary
hypertension (PPH).

The Child-Turcotte-Pugh (CTP) score helps to stratify
severity of illness according to a combination of five physi-
ologic and laboratory variables: ascites, hepatic encepha-
lopathy, bilirubin, albumin, and prothrombin time. Patients
in CTP class B or C have less than a 60% 2-year survival
and should be considered for OLT. The Model for End-Stage
Liver Disease (MELD) score is a more simplified and objec-
tive method designed to characterize the degree of illness
of patients with end-stage liver disease. The MELD score
incorporates serum bilirubin, prothrombin time, and cre-
atinine values [1]. Based on its ability to predict survival,
the MELD score has been used to prioritize patients on the
OLT wait list. It is generally accepted that patients with a
MELD score greater than 10 should be referred for liver
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Table 3.1 Indications for liver transplantation
Decompensated hepatic cirrhosis
Biliary cirrhosis (primary biliary cholangitis, primary sclerosing
cholangitis, biliary atresia, Alagille syndrome, cystic fibrosis,
progressive familial intrahepatic cholestasis)
Hepatocellular carcinoma
Hepatoblastoma
Hemangioendothelioma
Metastatic neuroendocrine tumors
Glycogen storage disease
Neonatal hemochromatosis
Amyloidosis
Hyperoxaluria
Urea cycle defects
Disorders of branch chain amino acids
Acute liver failure
Budd-Chiari syndrome
Polycystic liver disease

transplant evaluation, and those with a MELD score of 15
or higher are most likely to derive benefit from OLT [2].
Despite its simplicity, the MELD score does disadvantage
a subset of patients who have severely decompensated liver
disease but minimally abnormal laboratory results. Recently,
serum sodium has been incorporated into the MELD score,
i.e., MELD-Na. Hyponatremia is an independent predictor
of mortality in patients with decompensated cirrhosis, and
diminished serum sodium levels may be a surrogate marker
of advanced portal hypertension [3, 4].

Acute liver failure (ALF) is a rare but life-threatening
condition, which is manifested by evidence of hepatic injury,
coagulopathy, encephalopathy, and absence of underlying
cirrhosis in most patients. In Western countries, nearly half
of all cases are attributed to acetaminophen overdose. Other
less common etiologies include drug injury, viral hepati-
tis, autoimmune hepatitis, and fulminant Wilson disease.
Mortality exceeds 30% with death often occurring within
1 week of presentation. Although a majority of patients with
ALF due to acetaminophen toxicity may recover spontane-
ously, those with ALF due to other etiologies often require
OLT to survive [5, 6].
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Certain patients with liver-based metabolic condi-
tions and systemic complications may also benefit from
OLT. Examples of these conditions include familial amyloi-
dosis, glycogen storage disease, and primary hyperoxaluria.
Although underlying liver synthetic function is preserved,
hepatic allograft transplant allows for correction of a specific
metabolic deficit in these patients.

As the incidence of hepatocellular carcinoma (HCC)
continues to rise, patients with this disease now represent a
substantial proportion of liver transplant recipients. Patients
with cirrhosis and portal hypertension are unlikely to toler-
ate hepatic resection of their HCC and are offered OLT in
order to improve their recurrence-free survival. Typically,
patients with tumor burden within the Milan criteria are con-
sidered good candidates for OLT and are typically awarded
MELD exception points [7]. More liberal tumor burden
criteria have been proposed for transplant, although larger
tumor size and number seem to correlate with a higher risk
of recurrence [8].

Most patients with cholangiocarcinoma have tradition-
ally not been candidates for liver transplants due to high
post-transplant recurrence rates and poor survival. However,
recent data suggest that carefully selected patients with iso-
lated unresectable hilar tumors who are treated with neo-
adjuvant chemotherapy and radiation therapy may have
acceptable survival rates after transplant [9]. In general,
patients with known intrahepatic cholangiocarcinoma may
be candidates for resection but are not typically considered
for OLT.

In the USA, patients are prioritized for liver transplan-
tation on the basis of the MELD score. In selected cases,
patients with specific complications of liver disease may be
eligible for MELD exception scores. MELD exception scores
may be standardized, as is the case presently in patients with
HCC within Milan criteria, certain pulmonary complications
of cirrhosis, and selected metabolic disorders. In specific
cases, some patients may be granted MELD exception on
an individual basis by the regional review board after taking
into account extenuating circumstances.

Contraindications to Liver Transplant

Life-threatening conditions such as severe cardiopulmo-
nary disease or sepsis are generally major contraindications
to OLT. Although patients with human immunodeficiency
virus (HIV) infection can successfully undergo transplant,
those with AIDS are thought to be poor candidates based on
their poor health and the risk of additional post-transplant
immune suppression. Patients actively using drugs or alco-
hol are often excluded as well. Many transplant centers have
traditionally required abstinence from alcohol for a mini-
mum of 6 months prior to listing, although this requirement

has been evolving recently after a significant post-transplant
survival benefit was demonstrated in selected patients with
severe alcoholic hepatitis [10]. Patients with extrahepatic
malignancy, metastatic HCC, or intrahepatic cholangiocar-
cinoma should not undergo transplant. Patients may also be
denied liver transplant on the basis of certain psychosocial
factors such as persistent noncompliance with medical care
or lack of adequate social support. Relative contraindications
to liver transplantation include advanced age, severe obesity,
prior abdominal surgeries, and significant mesenteric vascu-
lar thromboses.

Pre-transplant infectious disease work-up includes
serologic testing to diagnose infectious causes of acute or
chronic liver disease such as hepatitis A virus (HAV), hep-
atitis B virus (HBV), and hepatitis C virus (HCV) and to
identify latent infections, which may reactivate in the set-
ting of post-transplant immunosuppression. These include
cytomegalovirus (CMV), Epstein-Barr virus (EBV),
varicella zoster virus (VZV), rapid plasma regain test for
syphilis, and interferon gamma release assay or tuberculin
skin test for latent tuberculosis. All patients are screened
for HIV. Selected high-risk individuals may undergo
testing for coccidioidomycosis, Trypanosoma cruzi, or
Strongyloides stercoralis, depending upon geographic loca-
tion, travel history, and/or history of exposure to various
endemic infections. Pre-transplant dental evaluation is typi-
cally mandatory in order to identify and manage potential
oral sources of infection after undergoing transplantation.
Dental extractions, if warranted, should occur prior to liver
transplantation. Immunizations for HAV, HBV, pneumococ-
cus, influenza, diphtheria, tetanus, and pertussis should be
administered to appropriate transplant candidates at the time
of the pre-transplant evaluation. As there is a contraindica-
tion to live vaccines after transplantation, immunization sta-
tus for measles, mumps, and rubella (MMR) and varicella
should also be obtained. The American Association for the
Study of Liver Diseases (AASLD) has published online
guidelines in 2013 for the evaluation of potential liver trans-
plant recipients which can be found at https://www.aasld.
org/publications/practice-guidelines-0.

Based on reasonable short- and long-term outcomes,
patients with HIV infection can successfully undergo
OLT. Typically, these patients should have well-controlled
disease on antiretroviral therapy, with undetectable HIV
RNA and absence of active AIDS-associated opportunistic
infections or malignancies. CD4+ counts >100 may be a rea-
sonable cutoff in patients with leukopenia due to portal hyper-
tension and splenic sequestration. Other contraindications to
liver transplantation may include a history of AIDS-defining
opportunistic infection that requires chronic secondary pro-
phylaxis or has limited treatment options such as progres-
sive multifocal leukoencephalopathy (PML), disseminated
Mycobacterium avium complex, chronic cryptosporidiosis,
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EBYV and human herpesvirus-8-related lymphoproliferative
disorders such as non-Hodgkin’s lymphoma and visceral
Kaposi’s sarcoma (KS), or significant cervical or anal neo-
plastic disease due to human papillomavirus. Some cen-
ters have performed transplants in patients with cutaneous
KS. Although recurrence of the malignancy can occur after
undergoing transplant surgery, these patients may be man-
aged with mechanistic target of rapamycin (mTOR) inhibi-
tor-based immunosuppressive regimens after OLT based on
the antineoplastic effects of these agents.

Several factors may increase the risk for graft loss in
HIV+ patients undergoing liver transplants including older
donor age, HCV-positive donors, low recipient BMI, and
simultaneous liver and kidney transplantation [11]. Of note,
these outcomes and predictors of graft loss were identified
in older studies of HIV- and HCV-coinfected patients under-
going transplant. Additional studies are needed to determine
outcomes in an era of improved HCV therapy and specifi-
cally in non-coinfected patients requiring transplant.

Types of Liver Transplantation

The majority of liver transplants in the Western world uti-
lize whole organ allografts from deceased donors. However,
alternative options such as split deceased donor grafts or par-
tial living donor grafts are used occasionally. In the USA,
living donor liver transplantation (LDLT) currently accounts
for less than 5% of all liver transplants, although in other
parts of the world, LDLT is utilized more frequently.

Most deceased donors are considered on the basis of
donation after brain death (DBD). Occasionally donation
after circulatory death (DCD) can be considered. DCD
donors are characterized by the absence of systemic circu-
lation along with irreversible apnea and unresponsiveness.
The main risk associated with DCD is organ ischemia and
the potential for biliary epithelial injury. Initial results of the
experience with DCD OLT were marked by increased rates
of ischemic cholangiopathy, a condition which can lead to
recurrent cholangitis, graft loss requiring retransplantation,
or death [12, 13]. However, some centers have reported simi-
lar patient and graft survival with DCD and DBD donors,
particularly with the use of donors less than 40 years old,
and minimization of cold and warm ischemia times [14, 15].

LDLT offers the advantage of allowing for expedited
access to transplantation at a time before the recipient devel-
ops advanced liver failure while simultaneously increasing
the donor pool. However, these benefits must be balanced
against the potential risks of morbidity and death for the
donor.

In order to be considered for LDLT in the USA, patients
must already be listed for deceased donor liver transplanta-
tion (DDLT). Selected recipients with low MELD score and

significant hepatic decompensation, HCC, or other compli-
cations of advanced liver disease such as primary sclerosing
cholangitis with recurrent episodes of ascending cholangitis
or polycystic liver disease are typically good candidates for
LDLT. Conversely, patients with higher MELD scores and
severe hepatic decompensation usually have limited sur-
vival and a shorter anticipated waiting time for transplant.
As compared to patient undergoing DDLT, LDLT recipients
may have a significantly higher rate of complications and
need for retransplantation, although adjusted long-term sur-
vival appears to be similar [16, 17]. As such, careful recipient
selection is critical. Contraindications to LDLT may include
significant mesenteric vascular thrombosis, severe portal
hypertension, need for simultaneous renal transplantation,
or retransplantation. An additional consideration is matching
donor and recipient body size. Specifically, a graft weight-
to-body weight ratio of 0.8% is recommended to avoid the
development of small-for-size syndrome, a condition marked
by the development of hyperbilirubinemia, intractable asci-
tes, coagulopathy, renal failure, and extended duration of
hepatic encephalopathy. Biliary complications tend to occur
with higher frequency in LDLT recipients, although rates
are lower in centers with higher volume living donor, partial
hepatic graft transplantation [18].

Deceased donor livers may also be split to maximize yield
for recipients. As with LDLT, adequate graft weight for the
recipient must be determined prior to transplant. Most com-
monly deceased donor livers are split so as to offer the left
lateral segment to a pediatric recipient and the remaining
allograft to an adult recipient.

Donor Selection

In the USA, the majority of liver donation occurs after brain
death. The criteria to determine initial DBD donor eligibility
include complete apnea, brainstem areflexia, cerebral unre-
sponsiveness, and evidence of irreversible and permanent
loss of central nervous system function [19, 20]. The diag-
nosis can often be determined based on clinical examination
and noninvasive testing such as electroencephalography,
evoked cerebral potentials, and transcranial Doppler ultraso-
nography [21, 22].

Absolute contraindications to organ donation include
most extrahepatic malignancies and transmissible infections
associated with high risk of mortality. Specifically, donors
with active extracranial or hematologic malignancies are not
considered suitable for organ donation. However, patients
with primary brain tumors without extracranial metastases
may be considered as donors for transplant. Donors with
fungemia, mycobacterial disease, disseminated resistant
bacterial infections, and prion disease are typically excluded
from donation.
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Once a donor is considered suitable based on these pre-
liminary criteria, additional information is required. Initial
donor-recipient matching is determined based primarily on
blood type and graft size, although multiple other factors
are evaluated prior to transplantation. An ideal donor would
meet the following criteria: age less than 50 years, hemody-
namic stability, absence of significant chronic disease, sys-
temic infection, malignancy, or abdominal trauma.

However, since only a limited number of donors meet
these parameters, transplant providers have liberalized
exclusion criteria in an effort to increase the donor pool.
Extended criteria donor grafts refer to those from donors
with older age, higher degree of hepatic steatosis, history
of malignancy, active viral or bacterial infection, or history
of trauma. Traditionally, older donor age was considered
a risk factor for graft failure, primarily based on increased
risk for chronic vascular disease, significant comorbidities,
and potentially more hepatic steatosis in elderly donors.
However, more recent experiences suggest that donor age
alone may not be a predictor of graft outcome. In fact, older
donors even greater than 80 years old may be used with rea-
sonable success if other donor risk factors such as hepatic
steatosis and cold ischemia time can be minimized [23-25].
The use of older donors in recipients with HCV infection has
traditionally correlated with increased graft loss. This find-
ing may become less relevant in the modern era of improved
HCYV direct antiviral therapy, as HCV infection can be suc-
cessfully eradicated in the majority of HCV-seropositive
recipients either before or soon after liver transplantation.

Hepatic steatosis can be quantified by biopsy of the donor
liver. Grafts with mild macrovesicular steatosis (<30%) are
routinely used with good graft outcomes. In contrast, severe
macrovesicular steatosis (>60%) within the donor graft
increases the risk of primary nonfunction and is usually a
contraindication for use of the organ [26, 27]. The donor
risk index (DRI) predicts liver graft failure based on specific
donor characteristics and transplant factors including age,
race, height, cause of death, partial or split organ, DCD sta-
tus, cold ischemia time, and sharing outside of a local donor
service area [28].

All organ donors undergo nucleic acid testing (NAT) to
rule out specific transmissible viral infections such as HIV,
HBYV, or HCV. In general there is a finite, albeit low, risk
of viral transmission from the average donor. A study of
organ procurement organizations in the USA has reported
HIV and HCV prevalence rates of 0.1% and 3.5%, respec-
tively, in donors with normal risk. Among high-risk donors,
the prevalence of HIV and HCV was higher (0.5% and 18%,
respectively). A model based on these known prevalence
numbers estimates the incidence of undetected viremia as
being 1 in 60,000 for HIV and 1 in 5000 for HCV in normal-
risk donors. Among high-risk donors, the incidence may rise
to 1 in 12,000 for HIV and 1 in 1000 for HCV [29].

The US Public Health Service (PHS) has developed spe-
cific criteria to classify donors as being at increased risk
for recent HIV, HBV, or HCV infection [30]. These criteria
include factors such as high-risk sexual behaviors and prior
injection drug use. The specific PHS criteria for high-risk
donors established in 2013 include:

1. High-risk sexual behavior within the preceding 12 months
(people who have had sex with a person known or sus-
pected to have HIV, HBV, or HCV infections, men who
had sex with men [MSM], women who have had sex with
an MSM, people who have had sex in exchange for money
or drugs, people who have had sex with a person who had
sex in exchange for money or drugs, people who have had
sex with a person that has injected drugs by intravenous,
intramuscular, or subcutaneous route for nonmedical
reasons)

2. High-risk children (a child who is <18 months of age and
born to a mother known to be infected with or at increased
risk for HIV, HBYV, or HCV infections, a child who has
been breastfed within the preceding 12 months and a
mother known to be infected with, or at increased risk for,
HIV infection)

3. People who have injected drugs by intravenous, intramus-
cular, or subcutaneous route for nonmedical reasons in
the preceding 12 months

4. People who have been in lockup, jail, prison, or a juvenile
correctional facility for more than 72 h in the preceding
12 months

5. People who have been newly diagnosed with or have been
treated for syphilis, gonorrhea, chlamydia, or genital
ulcers in the preceding 12 months

6. People who have been on hemodialysis in the preceding
12 months (increased risk for recent HCV infection
only) [30]

Recipients of organs from PHS high-risk donors typically
receive separate counseling about the potentially increased
risk of viral transmission. All transplant recipients undergo
pre-transplant testing for HIV, HBV, and HCV. Post-
transplant serologic surveillance within the first year after
transplant is recommended to exclude new infections in
recipients of organs from PHS high-risk donors.

While patients with positive hepatitis B surface antigen
are excluded from donation, selected patients with isolated
positive hepatitis B core antibody (HBcAb+) may be con-
sidered as suitable donors. Initial evaluation requires exclud-
ing underlying hepatic fibrosis in case the donor had prior
hepatitis B infection. If the graft is found to be suitable for
donation, there is still a risk of viral transmission to the
recipient. Risk of HBV infection in the recipient depends
largely on whether the recipient has immunity against
HBV. Specifically, although infection rates are low in hepa-
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titis B surface antibody (HBsAb) positive/HBcAb+ recipi-
ents, they may be as high as 76% in recipients with both
negative HBsAb and HBcAb [31]. As such, the recipient of
a liver allograft from a HBcAb+ donor will usually receive
oral antiviral medication with or without hepatitis B immune
globulin (HBIG) for prophylaxis. The use of lamivudine for
prophylaxis has reduced the risk of infection to less than 4%,
and the use of newer agents such as tenofovir and enteca-
vir with lower rates of resistance may result in even lower
infection rates among OLT recipients from isolated HBcAb+
donors. The addition of HBIG to oral antiviral agents may
not provide additional benefit in this setting [32].

HCV-seropositive (+) donor livers are used in HCV-
seropositive recipients. Assuming the absence of significant
hepatic fibrosis in the donor liver, the use of HCV+ donors
for HCV+ recipients can be considered and does not appear
to affect patient survival, graft survival, or severity of HCV
recurrence following transplantation [33].

Experience with HIV-seropositive (+) donors in organ
transplantation is limited at this time. In 2013, the USA
enacted the HIV Organ Policy Equity Act which allowed
for the transplantation of HIV+ organs into HIV+ recipients.
Initial reports of liver transplantation with HIV+ donors sug-
gest good short-term outcomes.

Surgical Approaches to Liver Transplantation

The abdomen is typically opened with a bilateral subcos-
tal incision with midline extension. To begin the recipient
hepatectomy, the falciform and gastrohepatic ligaments
are divided. The liver can then be lifted to expose the porta
hepatis. Subsequently the hepatic artery, bile duct, and portal
vein are sequentially divided. The patient is often placed on
veno-venous bypass during this time. The suprahepatic and
infrahepatic vena cava are clamped, and the recipient’s liver
is removed en bloc with the excluded portion of the vena
cava. The gallbladder is removed along with the liver. Back-
table preparation of the allograft typically occurs during the
recipient hepatectomy. The allograft is then placed into the
recipient, and the vena cava and portal venous anastomoses
are created. The allograft is reperfused, and systemic bypass
is discontinued. After reperfusion of the allograft, the arterial
and biliary anastomoses are completed.

In certain cases, variant anatomy may require altera-
tion in the creation of vascular or biliary anastomoses. An
arterial conduit can be used if the recipient hepatic artery
is insufficient. Roux-en-Y hepaticojejunostomy is consid-
ered in select cases such as when the recipient common
duct is diminutive or large biliary collateral veins are pres-
ent. Patients with primary sclerosing cholangitis typically
require Roux-en-Y hepaticojejunostomy. In the past, T
tubes were used in the case of donor-recipient duct size

mismatch. However, their use has declined significantly
in recent years due to the risk of complications including
bile leak. Many centers will now consider closing a portion
of the larger duct with suture prior to creating the biliary
anastomosis.

An alternative to vena cava exclusion is the piggyback
technique. In this situation, the hepatic artery, common duct,
and portal vein are divided in the typical fashion. However,
instead of clamping the vena cava and removing the liver en
bloc with the vena cava, the surgeon instead dissects the liver
surface off of the vena cava. The hepatic veins are clamped
and divided, and the recipient liver is removed without dis-
rupting the recipient vena cava. Longitudinal incisions are
made in the recipient and donor vena cavas to allow for cre-
ation of a cavo-caval anastomosis. Potential benefits of the
piggyback technique include decreased warm ischemia time,
reduced blood transfusions requirements, and less need for
veno-venous bypass. Piggyback reconstruction may increase
the risk of developing hepatic venous outflow obstruction
and subsequent Budd-Chiari syndrome.

Surgical Complications Resulting in Infection

Multiple surgical complications after LT may predispose
to the development of infection. Hepatic artery thrombosis
(HAT) is the most common vascular complication after OLT,
with a 4% incidence reported in adult recipients [34]. HAT
can be classified as early or late occurring before or after
4 weeks following transplantation. Early HAT may present
in three distinct ways. The most severe presentation is fulmi-
nant hepatic failure, which is marked by acute rise in liver
enzymes, encephalopathy, coagulopathy, and often sepsis.
Other patients with HAT can present subacutely with isch-
emic injury to the bile ducts which predominantly rely on
perfusion by the hepatic artery. These patients will subse-
quently develop biliary complications including strictures,
acute cholangitis, hepatic abscesses, or recurrent episodes
of bacteremia. A final group of patients with HAT may be
asymptomatic and diagnosed incidentally.

HAT can be identified on Doppler ultrasound, although
either radiographic or conventional angiography is often
required to confirm the diagnosis. Patients with HAT and ful-
minant hepatic failure require management of sepsis includ-
ing broad-spectrum antibiotics and prompt retransplantation.
Less symptomatic patients can be taken to the operating
room for hepatic artery revision and possible thrombectomy
or managed non-operatively with catheter-directed throm-
bolysis. Patients who present with biliary complications of
late HAT typically will develop a progressive course marked
by recurrent cholangitis and other complications of biliary
obstruction. In the short term, they can be managed with
endoscopic or percutaneous biliary drainage and antibiot-
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ics during episodes of acute cholangitis. However, many of
these patients will ultimately require retransplantation.

Biliary complications occur frequently with an average
incidence of up to 25% reported in some series. Many types
of complications may occur including anastomotic and non-
anastomotic biliary strictures, bile leak, biliary abscess, obstruc-
tion due to stones or casts, or acute cholangitis. The majority
of biliary complications occur in the first 3 months after trans-
plant, although biliary strictures may present several years post-
LT. Approximately 80% of biliary strictures are at the site of
anastomosis, but later presentations of non-anastomotic stric-
tures may occur as a consequence of DCD organ use, older
donor age, technical factors at the time of arterial anastomosis,
HAT, hepatic artery stenosis, prolonged cold ischemia time,
CMV infection, ABO blood group mismatch, or recurrent pri-
mary sclerosing cholangitis [35-37]. LDLT and split liver recip-
ients are at increased risk for biliary complications as compared
to DDLT recipients due to the cut surface of the liver and poten-
tially more delicate biliary anastomoses. Most biliary structures
are managed with endoscopic retrograde cholangiopancreatog-
raphy (ERCP) or percutaneous biliary drainage. In patients with
persistent anastomotic strictures despite repeated endoscopic
therapy, surgical revision may be considered.

Intra-abdominal hemorrhage can occur in the early post-
transplant period with a reported prevalence as high as 20%.
Preexisting coagulopathy and diminished hepatic synthetic
function are associated with a higher risk of bleeding. Initial
management is typically supportive, but reoperation may be
required in up to 15% of cases if bleeding persists. However,
a source of hemorrhage may be identified in only half of such
cases [38].

Immunosuppressive Regimens in Liver
Transplantation

The alloimmune response after LT is primarily T-cell medi-
ated. The role of donor-specific antibodies and the concept of
antibody-mediated rejection require further study but gener-
ally appear to be rare. Currently, induction immunosuppres-
sion with T-cell-depleting agents, such as thymoglobulin,
is not used routinely after OLT. On Day 1, liver transplant
recipients receive 500-1000 mg of methylprednisolone fol-
lowed by a taper and conversion to prednisone. Initially,
recipients are maintained on a multidrug regimen including
a calcineurin inhibitor (CNI) such as tacrolimus, an antime-
tabolite agent such as mycophenolate, and corticosteroids.
CNIs serve as the backbone of immunosuppression
regimens for most patients after liver transplantation. Most
centers use tacrolimus as the preferred CNI. Direct compari-
sons between tacrolimus and cyclosporine after OLT have
revealed lower rates of acute rejection and improved patient
and graft survival with the use of tacrolimus [39—41]. CNIs

are associated with nephrotoxicity, neurotoxicity, hyperten-
sion, and hyperlipidemia. Alopecia and hyperglycemia are
more often seen with tacrolimus use, while hirsutism and
gingival hyperplasia are more commonly associated with
cyclosporine. Patients with acute liver failure and decom-
pensated cirrhosis with severe hepatic encephalopathy may
be more prone to neurotoxicity from these agents. As such,
introduction of the CNI may be delayed until the patient is
awake. CNIs are metabolized by the cytochrome p450 sys-
tem; therefore, their serum concentration may be affected by
several other commonly used medications. CNI levels and
drug exposure will decrease with concurrent use of certain
antiepileptic medications, rifampin, alcohol, and St. John
wort. In contrast, CNI levels and drug exposure will increase
with the use of macrolide antibiotics, azole and triazole-
based antifungals, verapamil, and grapefruit juice.

In selected patients, mTOR inhibitors such as sirolimus
or everolimus may also be used, often to minimize potential
toxicities from a CNI-based regimen. Everolimus is FDA
approved for use with a low-dose CNI in patients after liver
transplantation, while sirolimus is not approved by FDA for
use in patients undergoing liver transplants, and occasionally
used off-label in select patients. The use of mTOR inhibitors
within the first 30 days after liver transplant is discouraged
due to the risk of hepatic artery thrombosis and impaired
wound healing. Some studies suggest that early initiation
of mTOR inhibitors within 90 days of OLT may lead to
increased preservation of renal function [42-44]. The recom-
mendation for concurrent use of a low-dose CNI is based on
a higher risk of acute rejection for patients on mTOR mono-
therapy. Additionally, mTOR inhibitors do exhibit some anti-
neoplastic activity and have been shown to reduce the risk
of recurrent cutaneous squamous cell carcinoma after renal
transplantation [45]. It is not clear that mTOR inhibitors
improve long-term post-transplant recurrence risk in regard
to HCC [46, 47]. Besides the risk of hepatic artery thrombosis
and impaired wound healing, other common adverse effects
associated with mTOR inhibitors include oral ulcers, edema,
proteinuria, hyperlipidemia, and bone marrow suppression.

Mycophenolate, an antimetabolite agent, is commonly
used in conjunction with a CNI in patients after liver trans-
plantation and allows for more rapid discontinuation of cor-
ticosteroids. In many patients, mycophenolate is withdrawn
within the first year after transplant; however, prolonged
use may be indicated in order to minimize adverse effects
of CNIs, such as nephrotoxicity [48]. Additionally, some
centers maintain patients transplanted for autoimmune liver
diseases on mycophenolate for a longer duration given the
increased risk of acute rejection or recurrent autoimmune
disease after OLT. The use of mycophenolate in pregnancy
is contraindicated based on an increased risk of pregnancy
loss and congenital malformations. Azathioprine may be a
substitute for mycophenolate at some centers.
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Glucocorticoids, usually prednisone, have multiple inhib-
itory effects on hosts’ immune responses mediated by both
innate and adaptive T and B cells. Due to their numerous
side effects, most centers attempt to rapidly taper and wean
patients off prednisone as soon as possible, often within the
first 6 months after transplantation. Long-term low-dose
prednisone has been utilized in patients with pre-transplant
autoimmune liver disease. Since steroids increase HCV rep-
lication, abrupt changes in steroids, such as rapid withdrawal
or bolus dosing for rejection, may be associated with worse
outcomes [49].

Humanized monoclonal antibodies against the IL-2
receptor can be used in order to delay initiation of a CNI,
particularly to avoid the immediate risk of nephrotoxicity
or neurotoxicity. The use of daclizumab has demonstrated
low rejection rates and improved renal function without an
increase in CMV or other infections [50]. In 2009, dacli-
zumab was removed from the market for commercial reasons.
Basiliximab is commercially available and occasionally used
clinically, although published data regarding the use of this
immune modulator in liver transplant recipients are limited.

Management of Rejection in Liver
Transplantation

Acute cellular rejection (ACR) occurs in up to 25% of OLT
recipients, with the majority of cases occurring within the
first month after transplant [51]. Antibody-mediated rejec-
tion is thought to be an uncommon phenomenon in this solid
organ allograft transplant population. The risk of ACR after
1-year post-transplant declines to 10% and is potentially
associated with poor compliance with antirejection medi-
cation. Early ACR does not seem to affect graft survival,
but late ACR has been associated with an increased risk of
developing chronic rejection and graft loss [52]. In many
cases, the initial suspicion for ACR arises when elevated
liver enzymes are discovered. Symptoms including fever or
jaundice are less common, particularly if ACR is identified
early. Liver biopsy is required to make the diagnosis of ACR,
which is defined by a triad of mixed cell portal inflammation,
endotheliitis, and ductulitis [53]. The majority of cases of
ACR can be managed with corticosteroid therapy. Typically
a high dose of methylprednisolone 500-1000 mg daily is
given intravenously for 1-3 days with a subsequent taper.
Patients with refractory ACR can be managed with either
a second course of steroids or less often thymoglobulin.
Thymoglobulin, a polyclonal antibody preparation directed
against lymphocytes, is administered intravenously for up
to 5 days with careful monitoring of white blood cell and
platelet counts. All patients generally receive oral antimicro-
bial prophylaxis for CMV and Pneumocystis jirovecii when
treated for ACR.

Chronic rejection (CR) occurs in less than 5% of OLT
recipients in the modern era. Prior ACR, autoimmune liver dis-
ease, and CMV infection all may predispose to development
of CR. Patients with CR typically present with laboratory evi-
dence of cholestasis and may be jaundiced. As opposed to in
ACR, steroid therapy is not beneficial in the management of
CR. Options for management include increasing the dose of
tacrolimus or the use of additional immunosuppressants such
as mycophenolate mofetil or an mTOR inhibitor. Despite
maximal medical therapy, many patients with CR will ulti-
mately require retransplantation [54].

Infectious Complications in Patients
with Chronic Liver Disease and Cirrhosis

Cirrhosis represents a state of progressive hepatic fibrosis
with marked distortion of the hepatic architecture and devel-
opment of regenerative nodules. The liver plays an impor-
tant role in the hosts’ immunity against bacterial pathogens;
therefore, the development of chronic liver disease and cir-
rhosis renders such patients to an increased risk for infec-
tions. Thus, liver transplant candidates represent a unique
patient population that is highly vulnerable to multiple infec-
tious complications affecting the pre-transplant course. In
addition, chronic liver disease and cirrhosis are associated
with increased morbidity and mortality, due to gastrointes-
tinal and variceal bleeding, severe and recurring ascites,
hepatic encephalopathy, hepatorenal and hepatopulmonary
syndromes, bile secretion impairment, and severe coagu-
lopathy. Infections play an important role in the overall mor-
bidity and prognosis for persons with chronic liver disease
including cirrhosis and may contribute to 30-50% mortal-
ity [55]. Bacterial infections are noted at the time of hospi-
talization or during the course of hospital stay in 25-35%
of patients with cirrhosis [56]. It is estimated that there is a
15% hospital mortality for cirrhotic patients who develop an
infection episode [55]. In patients with cirrhosis, it is esti-
mated that 30% are community-acquired infection, and the
remainder are healthcare-onset infections. Approximately
35-40% of these healthcare-acquired infections will occur
>48 h after hospital admission, which places these patients
at an increased risk for infections due to multidrug-resistant
organisms (MDROs) [56, 57].

Overview of Liver Function and Its
Contribution to Host Defense

The liver is an organ that plays an important role in the
metabolism, synthesis, and the storage of nutrients and pro-
teins. The liver produces the majority of the body’s proteins
and therefore has pivotal synthetic functions such as metab-
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olism and synthesis of amino acids, carbohydrates, fatty
acids, lipoproteins, plasma proteins like albumin, transport
proteins, protease inhibitors, fibrinogen, clotting factors, and
complements. The liver also serves as a center of detoxifica-
tion, removing or degrading toxic components from the cir-
culation. In order for the liver to accomplish these functions,
the hepatocyte must extract nutrients, waste, and toxic prod-
ucts from the blood that circulate through the liver within
its sinusoids. The liver is continuously exposed to dietary
ingredients consisting of exogenous molecules and micro-
nutrients, environmental products, and byproducts of the
gastrointestinal microbiota. The blood from the gastrointes-
tinal and mesenteric circulation enters the liver via the portal
vein and mixes with oxygen-rich blood from the systemic
circulation via the hepatic artery and ultimately drains into
the liver sinusoids. It is estimated that 80% of the hepatic
blood flow within the liver arises from the gastrointestinal
tract through the portal circulation [58]. Therefore, hepato-
cytes are exposed to a mixture of portal venous and arterial
blood. The sinusoids are lined with liver sinusoidal endo-
thelial cells that contain fenestrations to facilitate passage
of the blood to reach the hepatocytes [58]. The hepatocytes
are constantly exposed to foreign and immunogenic antigens
and environmental toxins and those produced by the endog-
enous orointestinal microbiota. This constant exposure could
result in untamed systemic immune activation; however, the
liver plays a critical role in regulation and maintenance of
immunologic and inflammatory homeostasis [58].

In addition to metabolism and synthesis, the hepatocytes
play an important role in host defense. Their contribution to
host immunity includes the production of complement and
antimicrobial proteins, acute phase proteins in response to
infection, and antigen presentation to T cells [58]. The liver
is also a lymphoid organ with unique immunological proper-
ties. The liver-specific macrophages, known as Kupffer cells,
line the luminal surface of the hepatic sinusoids and are an
important part of the reticuloendothelial system (RES). The
Kupffer cells in the liver comprise 90% of the body’s tis-
sue macrophages and make up one-third of the parenchymal
cells in the liver [59]. Both the Kupffer cells and the hepato-
cytes contain pattern recognition receptors (PRR) which can
bind to microbe-associated molecular patterns and damage-
associated molecular patterns that originate from the gastro-
intestinal tract through the portal circulation [60—62]. These
molecular patterns are then phagocytized by the Kupffer cells
or hepatocytes and are removed and cleared from the circula-
tion. These local processes of removal and degradation by
the Kupffer cells and the hepatocytes serve a protective role
to prevent systemic immune activation as a result of antigens
and byproducts from the gastrointestinal tract [58]. These
properties ensure an efficient innate defense against intes-
tinal organisms and toxins and confer a particular capacity
for preservation of immune tolerance. The normal liver is

therefore considered to be immune tolerant or “tolerogenic.”
This is best supported by the observations that liver trans-
plant recipients can reduce and also wean their immunosup-
pressive therapy in up to 20% of the patients, compared to
recipients of other solid organ transplant [63].

On the other hand, with regard to host defense, the
Kupffer cells of the liver play a key role in the removal of
bacteria and their endotoxins from the bloodstream, as well
as producing local inflammatory cytokines. Their presence
within the vascular sinusoids provides an effective first line
of defense against infections via the hematogenous route and
bacterial translocation from the gastrointestinal tract.

Immunologic Dysfunction in Cirrhosis

In patients with cirrhosis, this crucial hepatic immunologic
homeostasis is severely disrupted. Additionally, a milieu of
dysregulated systemic pro-inflammatory cytokine response
can result in further organ damage, especially in cirrhotic
patients with systemic infection or sepsis [57]. The immu-
nopathogenesis seen in cirrhosis is quite complex and is
outlined in Fig. 3.1. In general, the clearance of bacteria
and bacterial endotoxins by the Kupffer cells is impaired in
patients with cirrhosis due to portosystemic shunting. The
immunologic dysfunction associated with cirrhosis is further
augmented by compromised liver synthetic function, mal-
nutrition, stress catabolism, and also lifestyle factors, such
as alcohol consumption. Chronic liver disease and cirrhosis
are associated with alterations and/or deficiencies in all of
the host defense mechanisms. In addition to depressed host
immunity, these patients are at increased risk for exposure
to healthcare-acquired infections due to their frequent need
for hospitalization to manage the many complications asso-
ciated with chronic and end-stage liver disease.

The key host factors that contribute to an increased risk
of infection in patients with cirrhosis include (1) alterations
in the intestinal microbiota and the intestinal mucosal bar-
rier; (2) depression of activity by Kupffer cells and RES; (3)
suboptimum opsonic activity in serum and the ascitic fluid,;
(4) neutrophil dysfunction with decreased phagocytosis and
chemotaxis; and (5) decreased production and abnormalities
in complement pathways, pattern recognition receptors, and
C-reactive protein [57].

In recent years there has been an increased apprecia-
tion of the importance of the normal gut microbiota which
contributes to both the host’s metabolic and immunologic
functions. The majority of the gut microbiota is comprised
of obligate anaerobes within the phylum Firmicutes (spe-
cifically Clostridia spp. and Gram-negative anaerobes such
as the Bacteroides spp.). In the bowel of healthy subjects,
Gram-negative bacteria are present in relatively low num-
bers as compared with the obligate anaerobes, whereas
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Fig. 3.1 Immunologic dysfunction associated with cirrhosis. PRR, pattern recognision receptors. SBP, spontaneous bacterial peritonitis. HRS,

hepato-renal syndrome

with cirrhosis, the proportion of Gram-negative bacteria is
more prominent. Alterations in the composition of the gut
microbiota are well recognized in patients with cirrhosis,
with an increase in colonization by the Proteobacteria that
are predominantly Gram-negative enteric bacteria [64].
Spontaneous infections with Gram-negative bacilli are
common in patients with cirrhosis, and it is proposed that
this is mainly due to bacterial translocation from the gas-

trointestinal tract that has undergone alteration in the gut
microbiota. Bacterial translocation occurs when bacteria
or yeast migrate to the mesenteric lymph nodes and into
the portosystemic circulation [57]. In animal experiments,
oral administration of radiolabeled E. coli was detected
within the intestinal lumen, mesenteric lymph nodes, and
the ascitic fluid in mice with cirrhosis [65], supporting the
possible mechanism of enhanced bacterial translocation
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that may also occur in patients with cirrhosis. Additionally,
Gram-negative bacilli are demonstrated to be more effi-
cient in translocating across bowel lumen when compared
to obligate anaerobes in a murine experimental model [66],
providing further evidence for clinical observations that
Gram-negative enteric bacilli are the most common cause
of infection in patients with chronic end-stage liver disease
and systemic infections due to anaerobes are seldom seen.
Other factors that contribute to the bacterial translocation
of pathogenic bacteria in cirrhosis include intestinal bacte-
rial overgrowth and increased intestinal permeability [64].
Intestinal overgrowth and alterations in the gut microbiota
appear to correlate with the Child-Pugh score; higher preva-
lence of bacterial overgrowth has been observed in patients
with Child-Pugh classes B and C compared with patients
having class A liver disease [67, 68]. Moreover, intestinal
bacterial overgrowth has been associated with a diagnosis
of minimal hepatic encephalopathy and supports the use of
nonabsorbable rifaximin in the treatment and prevention of
hepatic encephalopathy in such patients [68]. It has also been
shown that there is a higher bacterial burden of pathogenic
E. coli in stool cultures in patients with cirrhosis and those
with early-stage hepatic encephalopathy [69]. Normal hosts
have tight junctions between mucosal and epithelial cells,
which limit translocation of bacteria and bacterial products.
Patients with cirrhosis have alterations in tight junction or
desmosome proteins that compromise the physiologic bar-
rier and may result in increased bacterial translocation [70,
71]. Additionally, intestinal bacterial access to the gut epi-
thelial cells may be facilitated by deficiencies in IgA, bile
lipids, and antimicrobial peptides that are notably observed
in patients with advanced cirrhosis [64, 72, 73]. Therefore,
changes in the gut microbiota, coupled with the increased
intestinal permeability, particularly in cirrhotic patients with
ascites greatly enhance the risk for bacterial translocation
due to aerobic Gram-negative bacteria resulting in spontane-
ous bacterial peritonitis and bloodstream infections.
Cirrhosis is associated with both sinusoidal and septal
fibrosis which results in portosystemic shunting. Patients
with cirrhosis have depressed RES-Kupffer cell function,
which can further promote translocation of bacterial patho-
gens and their endotoxins, thus reducing immune surveil-
lance by the Kupffer cells/RES and allowing these pathogens
access to the bloodstream [74]. Toll-like receptors (TLRs) are
expressed on the surface of macrophages including Kupffer
cells and can recognize and bind to bacterial products includ-
ing endotoxins. Alterations in the TLRs and nucleotide-bind-
ing oligomerization domain (NOD) 2 gene via minor genetic
polymorphisms may result in decreased affinity of TLR for
Gram-negative bacilli lipopolysaccharide further enhancing
the risk for bacterial infections in patients with cirrhosis [75,
76]. Furthermore, it has been demonstrated that simultane-
ous variations in the NOD 2 and TLR genes are associated

with increased risk for spontaneous bacterial peritonitis, as
well as an increase in surrogate markers for intestinal perme-
ability in patients with cirrhosis [77]. It appears that genetic
polymorphisms may contribute to the risk of spontaneous
bacterial peritonitis and other bacterial infections in patients
with chronic liver disease and cirrhosis.

Patients with cirrhosis experience both generalized
immunodeficiency and systemic immune activation with the
production of pro-inflammatory cytokines, also referred to
as cirrhosis-associated immune dysfunction (CAID) [77].
There are numerous immunologic deficits that contribute to
CAID and ultimately risk of systemic infection. In patients
with cirrhosis, there is an overall reduction of circulating
immune cells, and this is most notable for neutrophils, naive
T cells, and memory B cells [78]. In addition to reduced
numbers of immune cells, there is a cellular dysfunction,
including reduced phagocytic and chemotactic properties
of neutrophils, reduced phagocytic activity of monocytes,
hypoproliferative response to mitogens by T and B cells, and
reduced natural killer cell cytotoxic activity [79-82]. Stunted
TNFa production and HLA-DR expression have also been
noted in cirrhotic patients with acute decompensation, such
as sepsis, and referred to as “immune paralysis” [83].

Finally, as cirrhosis affects the synthetic function of the
liver, the production of both complement and pattern recog-
nition receptors (PRRs) are diminished [84]. Several impor-
tant soluble PRRs produced by the liver include C-reactive
protein, lipopolysaccharide-binding protein, peptidoglycan
recognition protein, and soluble CD14, which activate com-
plement associated opsonization cascade [85, 86]. Reduction
in complement and PRR synthesis decreases bactericidal
function of phagocytic cells in patients with cirrhosis [87].
Specifically, decreased concentrations of C3, C4, and CH50
result in suboptimal opsonic activity in both serum and ascitic
fluid and have been recognized as an important risk factor
that is associated with increased susceptibility to bacterial
infections [88, 89]. Bactericidal functions of neutrophils are
compromised resulting from decreased circulating cells in
the peripheral blood due to splenic sequestration, decreased
chemotaxis, and phagocytosis [88]. In patients with cirrho-
sis, neutrophils have reduced microbicidal activity owing to
diminished intracellular superoxide production and myelo-
peroxidase activity [90]. Additionally, neutrophil dysfunc-
tion can be further exacerbated by alcohol consumption
further suppressing phagocytosis and increasing the risk of
bacterial infection [91].

In summary, the immunologic and synthetic function of
the liver plays an important role in immune surveillance
and immunologic homeostasis. Patients with advanced
liver disease awaiting liver transplantation are a vulnerable
population due to hepatic structural abnormalities, reduced
production of critical immuno-protective proteins, reduced
circulating immune cells, and impaired function of these
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cells. This overwhelming acquired immunodeficiency in
patients with end-stage liver disease is further augmented by
the frequent exposure to the healthcare setting, placing these
patients at risk for numerous infectious complications prior
to undergoing hepatic allograft transplantation.

Clinical Aspects of Infections in Patients
with Chronic Liver Disease and Cirrhosis

Asaresultof CAID, infectious complications are extremely
common in patients with chronic liver disease and may be
the cause of mortality in up to 50% of these patients [92—
94]. The most common types of infections are spontaneous
bacterial peritonitis (SBP), UTI, pneumonia, bloodstream
infections, and skin and soft tissue infections [95, 96].
The bacteriologic causes of these infections are predomi-
nantly (~75%) due to Gram-negative bacilli (GNB); Gram-
positive organisms and anaerobes account for 20% and 3%,
respectively [97]. It is estimated that 64% of these infec-
tions may be due to drug-resistant bacteria [98]. Infection
in patients with cirrhosis can exacerbate liver failure and
precipitate end-organ damage at other sites [99]. Due to the
dysregulation of the pro-inflammatory cytokine response
in patients with cirrhosis, sepsis carries a mortality rate
of 26-44%. Infection can cause acute decompensation in
individuals with chronic liver failure, which can result in
worsening hepatic encephalopathy. Acute kidney injury
with hepatorenal syndrome, acute lung injury with ARDS,
and severe coagulopathy with gastrointestinal bleeding can
all be precipitated by bacterial infections in patients with
cirrhosis [62].

Spontaneous bacterial peritonitis is a common infec-
tion in cirrhotic patients with ascites. Severe, potentially
life-threatening SBP that requires hospitalization often
noted in patients with advanced liver disease may be asso-
ciated with 31% mortality [59]. SBP is characterized by
the spontaneous infection of ascitic fluid in the absence of
an intra-abdominal source of infection. The pathogenesis
of SBP is caused by bacterial translocation from the intes-
tinal tract in the setting of portosystemic shunting. The
most common organism isolated from peritoneal fluid is
Escherichia coli. In a large series of 519 patients with SBP,
the prevalence of culture-positive organisms included E.
coli (43%), Klebsiella pneumoniae (11%), Streptococcus
pneumoniae (9%), other streptococcal species (19%), other
Enterobacteriaceae (4%), Staphylococcus species (3%),
and Pseudomonas aeruginosa (1%), and 10% were miscel-
laneous organisms [100]. Another study noted that in the
setting of norfloxacin prophylaxis for SBP, viridans group
streptococci were prominent streptococcal isolates followed
by group B Streptococcus, Streptococcus pneumoniae, and
Streptococcus bovis, emphasizing the increasing importance

of streptococcal species breakthrough infection as a cause of
SBP in patients receiving fluoroquinolone prophylaxis [101].
Guidelines and recommendations for the diagnosis, manage-
ment, and prevention of SBP have been published and are
updated by the American Association for the Study of Liver
Diseases (AASLD) [102]. After SBP, UTTs are the next com-
mon site of infection in patients with cirrhosis. As in other
patient populations, urinary catheters are an important risk
factor for such infections, and as expected, GNB are com-
mon causative pathogens.

Patients with cirrhosis are at increased risk for community-
acquired pneumonia (CAP), healthcare-acquired pneumonia
(HCAP), and aspiration pneumonia. As patients with cir-
rhosis have both complement and B-cell defects, they are at
increased risk for infections due to encapsulated organisms
such as Streptococcus pneumoniae, Haemophilus influenzae,
and Klebsiella pneumoniae. Additionally, these patients are
more likely to have concurrent bacteremia and have multilobar
involvement compared with CAP in the general population
[103]. The depressed cellular immune response associated
with cirrhosis also places these patients at increased risk for
legionellosis. These patients require frequent hospitalization,
and therefore they are at increased risk for HCAP. Hepatic
encephalopathy is a risk factor for HCAP, because these
patients have decreased mental status and are at risk for aspi-
ration of oropharyngeal contents that often are colonized by
Gram-negative enteric bacilli. Empiric treatment for HCAP
should include coverage for Pseudomonas aeruginosa and
other drug-resistant GNB, as well as MRSA. Patients with
cirrhosis are at increased risk for aspiration events in the set-
ting of altered mental status due to hepatic encephalopathy
or excessive alcohol consumption, which places them at risk
for lower respiratory tract infections [104]. Additionally, the
periodontal disease that is seen in alcoholic patients provides
a favorable environment for both anaerobes and Klebsiella
pneumoniae colonization, which can lead to lower respira-
tory tract infection during aspiration events [67, 105]. It is
well recognized that patients with chronic alcoholism are at
an increased risk for community-acquired pneumonia due to
S. pneumoniae; a study reported that alcohol abuse was also
a risk factor for CAP and septic shock due to Pseudomonas
aeruginosa and Acinetobacter species [106]. It is impor-
tant to note that the latter two infections are uncommon in
patients with alcoholic cirrhosis unless these patients have
extensive prior healthcare exposure including stays in the
intensive care unit or need for mechanical ventilatory sup-
port; other risk factors include leukopenia or neutropenia.

Bloodstream infections can occur as a result of bacterial
translocation from the gastrointestinal tract; Gram-negative
enteric bacilli, enterococci, and Streptococcus spp. are com-
mon pathogens [58, 107]. It has been reported that bacte-
remia or SBP can complicate gastrointestinal bleeding in
17-45% of the episodes [108]. The management of esopha-
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geal varices involves esophageal variceal ligation (EVL) and
esophageal variceal sclerotherapy (EVS); both of these pro-
cedures may increase the risk for transient bacteremia. In a
meta-analysis, the overall rate of bacteremia following these
procedures was 13%; bacteremia was significantly more com-
mon after EVS (17%) compared with EVL (6%) [109]. The
most common cause of transient bacteremia associated with
EVS and EVL includes alpha-hemolytic Streptococcus and
coagulase-negative staphylococci [110, 111]. As with other
hospitalized patients, invasive procedures such as indwell-
ing central venous catheters place these patients at increased
risk for bloodstream infections due to Staphylococcus aureus
including MRSA and coagulase-negative staphylococci.
Presence of cirrhosis was noted as an independent risk factor
for the development of spontaneous bacteremia due to group
B Streptococcus [112].

Hepatic hydrothorax is another complication of cirrhosis,
and this can evolve into spontaneous bacterial empyema.
Spontaneous bacterial empyema may be seen in 10-20%
of patients with hepatic hydrothorax, and like SBP, these
infections are primarily due to Gram-negative enteric bacilli
[113-115].

Skin and soft tissue infections including necrotizing fasci-
itis have been reported in patients with cirrhosis. In patients
with end-stage liver disease, generalized edema, especially
involving the lower extremities, is not uncommon; fur-
thermore, suboptimal personal hygiene and malnutrition
place these patients at increased risk for relapsing skin and
soft tissue infections. The common causative agents are
Staphylococcus aureus, including CA- and HA-MRSA, and
B-hemolytic Streptococcus including group B Streptococcus;
GNB infections have also been reported [62]. Other rare
causes of skin and soft tissue infections due to Vibrio vulni-
ficus and Aeromonas hydrophila may be seen more often in
patients with cirrhosis compared with the general population.

Specific Pathogens

Patients with chronic liver disease exhibit CAID due to
decreased complement levels, less effective phagocytic
activity and chemotaxis, “bypass” of the reticuloendothelial
system due to portosystemic shunting, and availability of
free iron that promotes growth of particular organisms.

Iron is bound to proteins such as hemoglobin, ferritin,
transferrin, and lactoferrin, which maintain a low level of
free iron that inhibits sustained bacterial growth. The liver
plays a key role in iron metabolism, and this can be sig-
nificantly disrupted in patients with chronic liver disease
and cirrhosis. While this disruption in iron homeostasis is
most notable in hemochromatosis, it has also been reported
in patients with alcoholic liver disease, nonalcoholic fatty
liver disease, and chronic hepatitis C infection. Cirrhosis is

associated with decreased synthetic function, including the
production of hepcidin, an important regulatory peptide for
iron metabolism. In response to infection and inflammation,
there is increased production of hepcidin, which decreases
the availability of free iron, resulting in induced hypofer-
remia. The decreased levels of free iron by hepcidin have
important antimicrobial properties, by creating an environ-
ment that does not support bacterial growth. Animal models
of hepcidin-deficient mice showed increased susceptibility
to infection with Vibrio vulnificus. Therefore, suggesting that
reduced production of hepcidin in patients with chronic liver
disease and cirrhosis contributes greatly to their susceptibil-
ity to specific pathogens [116-118].

Noteworthy pathogens that are more common in patients
with chronic liver disease and cirrhosis, as compared to the
general population, include E. coli, Vibrio spp., Aeromonas
hydrophila, Plesiomonas shigelloides, Yersinia spp.,
Salmonella spp., Listeria monocytogenes, Mycobacterium
tuberculosis, and the invasive molds like Aspergillus fumig-
atus and Rhizopus spp. These organisms are able to take
advantage of the immunodeficiency associated with chronic
liver disease and cirrhosis; additionally high free iron levels
provide favorable growth environment for such organisms
[62,79, 119].

The Vibrio spp., including V. vulnificus, V. cholera, and
V. parahaemolyticus, can cause severe infection in patients
with chronic liver disease and those with cirrhosis. Vibrio
vulnificus is a Gram-negative, halophilic noncholera Vibrio
species that is a common organism isolated from estuarine
and marine environments and has been associated with gas-
troenteritis, skin and soft tissue infections with hemorrhagic
bullae, and bacteremia resulting in severe sepsis and death.
Impaired iron metabolism and increased iron availability
appear to underlie the pathogenicity of V. vulnificus invasive
disease [120-122]. Common coastal sites where V. vulni-
ficus is endemic include the Chesapeake Bay and the Gulf
Coast. Most patients (90%) with V. vulnificus bacteremia
have a history of consuming raw or undercooked shellfish
specifically oysters, whereas skin and soft tissue infections
are associated with the handling of raw seafood or direct
inoculation due to recreational exposure to marine environ-
ment [84, 123, 124]. Gastroenteritis is the most common
clinical manifestation, cellulitis with hemorrhagic bullae,
and less commonly seen necrotizing fasciitis has also been
reported. Patients with chronic liver disease or cirrhosis can
present with primary V. vulnificus bacteremia associated
with multiple hemorrhagic bullae and septic shock. In case
series, V. vulnificus bacteremia carries a mortality of 40%,
with an extremely poor prognosis in patients with septic
shock at the time of presentation [83-86, 125]. Therefore,
it is recommended that persons with chronic liver disease
should avoid consuming raw undercooked shellfish and
exposure to marine water.



3 Infections in Liver Transplantation

53

Aeromonas species are GNB that are isolated predomi-
nantly from fresh water. Aeromonas hydrophila is the most
common species and mainly presents as gastroenteritis. A
rapidly progressive cellulitis or necrotizing fasciitis may
rarely occur in such patients following exposure to fresh
water. Bacteremia due to Aeromonas spp. is more com-
mon in patients with underlying cirrhosis and was associ-
ated with a 36% crude mortality [126]. In the same series,
Aeromonas bacteremia, cirrhosis was the common underly-
ing disease. Aeromonas SBP is an uncommon illness that
may be observed during the summer months and associated
with a diarrheal illness [127]. Plesiomonas shigelloides is
also a GNB which can be acquired by the ingestion of raw
or undercooked shellfish. It has been associated with gastro-
enteritis and in rare instances SBP [128, 129]. It may have
a propensity to cause severe disease in iron overload condi-
tions such as hemochromatosis.

The Yersinia spp., Y. enterocolitica, and Y. pseudotu-
berculosis are Gram-negative enteric bacilli that are also
ferrophilic. Therefore, patients with cirrhosis and hemo-
chromatosis are at risk for these gastrointestinal pathogens,
which can be transmitted by undercooked pork products. In
rare instances, Yersinia enterocolitica bacteremia has been
associated with blood transfusions [130].

Listeria monocytogenes are Gram-positive bacilli that
may be acquired via the ingestion of infected processed and
canned food products or unpasteurized milk and products
made from raw milk such as certain variety of cheese. The
most important risk factor for invasive L. monocytogenes
infection is depressed cellular immunity; availability of
free iron in the hosts has been recognized as an important
determinant of Listeria pathogenicity and virulence. Hence
L. monocytogenes infections have been described in patients
with hemochromatosis and cirrhosis [131-133]. Bacteremia
and meningitis are the common clinical presentations of L.
monocytogenes invasive disease.

Infections due to Mycobacterium tuberculosis, Aspergillus
fumigatus, and Rhizopus spp. can rarely complicate the
course of patients with chronic liver disease and cirrhosis
due to the underlying immunodeficiency coupled with the
alteration in iron homeostasis [62, 79, 80, 82].

Infectious Complications in Liver Transplant
Recipients

Epidemiology

The incidence of infection after liver transplantation (LT) is
particularly high compared to other solid organ transplants,
likely due to the complexity of the procedure, risk of abdom-
inal contamination, and especially due to poor medical sta-
tus of many allograft recipients with end-stage liver disease.

Although mortality has markedly improved post-LT (), it is
estimated that up to two-thirds of all LT patients suffer at
least one episode of infection [134].

The risk of infection post-transplant is primarily deter-
mined by epidemiologic exposures including donor-derived,
recipient-derived, healthcare-acquired, and community-
acquired pathogens — and the patient’s net state of immuno-
suppression. The net state of immunosuppression is based
on multiple factors and includes the level of pharmacologic
immunosuppression, underlying host factors, surgical proce-
dures and other medical interventions, and viral infections
(such as CMV). This is a complex interaction, and it gener-
ally varies predictably over time, based on typical protocols
for antirejection immunosuppressive therapy and prophylac-
tic strategies. Consequently, the risk of infection post solid
organ transplant is traditionally subdivided into three distinct
intervals: from surgery to 1 month post-transplant, 1 month
to 6-12 months post-transplant, and beyond 6—12 months
post-transplant [135, 136].

Pre-transplant Screening for Infections

Pre-transplant screening of both potential donors and
recipients can help prevent infectious complications in
multiple ways: by identifying contraindications to trans-
plant, by detecting latent or occult active infections, and by
stratifying risk for future infections and allowing appro-
priate preventive steps such as prophylactic antimicrobi-
als or vaccination. Historically, screening approaches have
differed widely between organ procurement organizations
within the USA and internationally [ 137, 138]. With greater
experience and ability to diagnose transplant-related infec-
tions, there is now an established subset of infections that
are routinely screened for in most cases. Most transplant
centers’ screening protocols require and perform the fol-
lowing tests in donors and recipients prior to transplan-
tation and include human immunodeficiency virus (HIV)
antibody, HSV (herpes simplex) IgG antibody (at some
centers), cytomegalovirus (CMV) IgG antibody, hepatitis
C virus (HCV) antibody, hepatitis B virus (HBV) surface
antigen (HBsAg), hepatitis B core antibody (HBcAb IgM
and IgG, or total core antibody), hepatitis B surface anti-
body (HBsAD), rapid plasma reagin (RPR), toxoplasma
antibody (especially in heart recipients), Epstein-Barr
virus (EBV) antibody (EBV VCA IgG, IgM), varicella
zoster virus (VZV) antibody, purified protein derivative
(PPD) or interferon gamma release assay (IGRA) for
latent TB infection in recipients, Strongyloides serology
(for recipients from endemic areas), Coccidioides serology
(for recipients from endemic areas), Trypanosoma cruzi
serology (for donors and recipients from endemic areas),
serologies for tetanus, diphtheria, measles, mumps, and
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pneumococcal titers as an aid to pre-transplant immuniza-
tion (at some centers).

Some optional screening measures include West Nile
virus serology or NAT HHV-8 serology and BK serology in
kidney donor and recipients. NAT for HIV, HCV, and HBV
is also performed and is of increasing importance especially
in donors with high-risk social behaviors.

However, screening practices can still vary by transplant
center [139]. Caregivers may choose to expand screening
tests based on epidemiological or clinical factors on a case-
by-case basis. Presurgical testing for LT is generally simi-
lar to protocols for other solid organ transplants; however,
addressing potential latent Mycobacterium tuberculosis
infection (LTBI) in candidate recipients raises some specific
challenges.

Immunocompromised states may confer a weakened
ability to react to tuberculin skin tests (TSTs) and inter-
feron gamma release assays (IGRAs), decreasing the sen-
sitivity of these tests when screening for Mycobacterium
tuberculosis (MTb) [140, 141]. Individuals with cirrhosis
are known to have impaired immune responses, including
altered T-cell-dependent functions, which may affect the
sensitivity of MTb testing [142]. There is no gold stan-
dard for latent MTb diagnosis, and all current tests have
questionable accuracy for immunocompromised hosts.
However, they do have high specificity and, thus, are still
a valuable tool for minimizing the risk of active tubercu-
losis infection for many patients after undergoing trans-
plantation [143-145]. Although there is limited research
on the use of these tests specifically in individuals prior
to transplantation, 2013 guidelines from the American
Society of Transplantation recommend standard TST for
all transplant candidates, with consideration of a second
boosting TST 2 weeks later for those who initially test
negative; this can potentially reveal a positive test for
patients with remote exposure [146]. IGRAs are also rec-
ommended as an alternative to TST and may be prefer-
able for convenience at most transplant centers. The use of
an IGRA for screening for LTBI is favored in the setting
where a patient has received a prior BCG vaccine, as an
IGRA is more specific than a TST in this instance. The
QuantiFERON-TB Gold In-Tube test (QFT) (Cellestis,
Australia) has been compared to the TST for diagnosis of
latent tuberculosis infection in candidates being consid-
ered for LT, and of note, indeterminate QFT results were
more likely in patients with higher MELD scores [145].
There is some evidence that the T-SPOT TB test (Oxford
Immunotec Ltd) may have slightly higher sensitivity than
the QuantiFERON-Gold In-Tube test [147].

Treatment for LTBI also poses a unique challenge for
pre-LT candidates, given the hepatotoxic potential of the
treatment options. Completion of treatment before trans-
plantation is ideal to best minimize the risk of developing

active tuberculosis infection. With careful monitoring, even
compensated cirrhotic individuals can complete the treat-
ment safely [148, 149]. If exposure to MTb is suspected to
be recent (i.e., if the candidate had recent conversion of their
TST or IGRA from negative to positive), early treatment is
especially favored, as risk for MTb activation is highest dur-
ing the initial 1-2 years post exposure [150]. However, for
candidates with advanced decompensated liver disease, it is
usually advisable to defer treatment till after transplant when
the patient is deemed stable from a liver function standpoint,
to minimize the risk of fulminant hepatotoxicity.

There are two standard treatment options for LTBI in pre-
liver transplant candidates: isoniazid for 9 months or rifampin
for 4 months. The risk for hepatotoxicity has not been shown
to be significantly different between the two drugs for this
population [145]. Due to the contraindicated drug interac-
tions between rifampin and many immunosuppressants,
rifampin is not recommended following transplantation.
The coadministration of rifampin with tacrolimus results
in decreased drug exposure of tacrolimus. Twelve weeks of
directly observed therapy with isoniazid and rifapentine is a
third approved regimen for LTBI in the general population;
however, as it has not been studied in the LT population, it is
not recommended in these cases. Additionally, rifapentine is
similar to rifampin in its effect on tacrolimus drug exposure.
A randomized prospective study sought to investigate the
efficacy and safety of 9 months of levofloxacin prophylaxis
in LT candidates; however, the study was terminated early
due to an 18% rate of severe tenosynovitis in the levofloxacin
arm [151].

Timeline for Infectious Complications
from Transplant Procedure to 1 Month After
Transplantation

Bacterial and Healthcare-Acquired Infections

In the first month post-LT, infections are most often health-
care associated and bacterial in origin, similar to the infection
risks for immunocompetent hosts undergoing other hepato-
biliary procedures. A variety of factors are associated with an
increased risk for bacterial infection. These factors include
older age, length of preoperative stay, CMV infection, dura-
tion of surgery, retransplantation, volume of transfused
blood products, preoperative MELD and CTP scores, bil-
ioenteric anastomosis, technical complications (e.g., biliary
leak, HAT), renal replacement therapy, and hyperglycemia
[152]. Intra-abdominal infections are most common due to
the technical nature of the surgery. The bile duct has no natu-
ral collaterals, being supplied only arterially, as opposed to
the liver, which has dual circulation through the portal sys-
tem. The biliary epithelium is thus more vulnerable to hypo-
perfusion during transplantation or resulting from hepatic
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artery thrombosis (HAT). A 30-year review at one center
found a 14% rate of biliary complications post-LT, includ-
ing anastomotic and non-anastomotic strictures, bile leaks,
and cholangitis. Elevated MELD, HAT, and elevated donor
creatinine suspected to reflect altered metabolic factors at
the site of anastomosis, which may impair healing, were all
significant risk factors for anastomotic biliary complications
[153]. Biliary complication may in turn lead to further infec-
tious complications, such as hepatic and intra-abdominal
abscesses. A 10-year retrospective study at a large transplant
center diagnosed hepatic abscess post-LT at a rate of 4.8 per
1000 transplant patient-years [154]. In the same study, HAT
was confirmed to be a significant predisposing factor for
hepatic abscess. Management of infectious biliary complica-
tions warrants antibiotic coverage for enteric Gram-negative
organisms and anaerobes, as well as healthcare-associated
bacteria based on the patient’s history. Source control may
necessitate drainage, endoscopic intervention, surgical repair
or in severe cases, retransplantation.

After intra-abdominal infections, the lungs are the sec-
ond most frequent site of infectious complication post-LT. A
retrospective study of deceased donor hepatic allograft
recipients found an incidence of 10 episodes of ventilator-
associated pneumonia per 1000 days of mechanical venti-
lation. Enterobacteriaceae accounted for 79% of bacterial
etiologic agents. Both intra-abdominal infection and pneu-
monia can be complicated by concurrent bacteremia. A mul-
ticenter retrospective study found bloodstream infections
complicated 29% of LT recipients in the first year after trans-
plantation, with 52% of infections occurring within the first
100 days [155].

Surgical wound infections are third common infectious
complications during this period, followed by urinary tract
infections and other healthcare-associated infections (HAIs)
[150]. Risk factors identified for surgical site infection
include prolonged operative time, large-volume blood trans-
fusion, biliary leak, retransplantation, dialysis, and CMV
infection [156, 157].

Antibiotic resistance has become an increasing problem
for treating HAIs. In 2014, the CDC found that 14% of HAIs
in short-term acute care hospitals were caused by 1 of 6 major
antibiotic-resistant threat bacteria [158]. The most recent sur-
vey of HAIs from the National Healthcare Safety Network
from 2011 to 2014 further showed that resistance patterns
continue to change over time [159]. Antibiotic resistance is
particularly a concern for liver transplant recipients who are
likely to have had prior antibiotic exposures as a result of
numerous hospitalizations associated with the complications
of chronic liver disease in the pre-transplant period. A study
of 300 liver transplant recipients found 88 suffered at least 1
infection in the early 30-day post-transplant period; and of
these, 78 (89%) were due to drug-resistant bacteria [159]. The
multidrug-resistant organisms (MDROs) most commonly

encountered in LT recipients include extended p-lactamase-
producing Enterobacteriaceae (ESBL), MDR Pseudomonas
aeruginosa, carbapenem-resistant Acinetobacter baumannii
(CR-AB), carbapenem-resistant Enterobacteriaceae (CRE),
vancomycin-resistant Enterococcus (VRE), and methicillin-
resistant Staphylococcus aureus (MRSA) [160].

The most common MDROs associated with ESBL pro-
duction are Klebsiella pneumoniae and E. coli. Although
it appears that ESBL-producing organisms may be more
common in kidney transplant recipients, often as an etiol-
ogy for UTIs, LT recipients are also at risk for these organ-
isms and have been reported in 5.5-7% [161-163]. In a
large solid organ transplant cohort, 53% of the Klebsiella
pneumoniae isolates were ESBL producing, and the high-
est risks were seen in kidney transplant recipients, especially
those requiring post-transplant renal replacement therapy
[162]. Infections due to ESBL-producing organisms in solid
organ transplant recipients have been noted to be associ-
ated with mortality that ranged from 5% to 20% [162, 164,
165]. Carbapenems are the preferred treatment of choice for
serious infections due to ESBL-producing Klebsiella pneu-
moniae and E. coli.

Pseudomonas aeruginosa has many resistance mecha-
nisms and therefore demonstrates lack of susceptibility to
a variety of antibiotics in liver transplant recipients. MDR
Pseudomonas was the causative pathogen for healthcare-
associated pneumonia (HCAP) in 18% of LT recipients [166].
Bloodstream infections due to P. aeruginosa have occurred
in up to 10% of LT recipients, and 50% of these isolates
are multidrug resistant. Treatment of MDR Pseudomonas
aeruginosa can be quite challenging in LT; clinicians may
often need to resort to nephrotoxic agents such as the ami-
noglycosides and the polymyxins. The role of cephalosporin
B-lactamase combinations such as ceftolozane/tazobactam
and ceftazidime/avibactam may offer additional options for
MDR Pseudomonas; however, data in the solid organ trans-
plant patient population for these newer antimicrobial drugs
is lacking.

Infections due to carbapenem-resistant Acinetobacter
baumannii have been reported with increasing frequency
in LT recipients, and appear to predominantly occur in the
setting of HCAP and bloodstream infections. Bloodstream
infections due to Acinetobacter baumannii have been
reported to be as high as 24% in LT recipients, with over
50% of these isolates being caused by carbapenem-resistant
A. baumannii [167-169]. Acinetobacter infections in LT
recipients can carry a poor prognosis with inhospital mortal-
ity rates that may exceed 50% [168, 170, 171]. As with MDR
Pseudomonas, treatment options are limited and include the
polymyxins, such as colistin, and addition of aminoglyco-
sides. Other options include minocycline, tigecycline, and
ampicillin/sulbactam, as the p-lactamase inhibitor, sulbac-
tam, has intrinsic activity against A. baumannii.
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Recently, infections due to carbapenem-resistant Entero-
bacteriaceae (CRE) have been identified in solid organ
transplant centers. Although there are multiple patterns of
carbapenem resistance, the majority of cases in the USA are
due to type A carbapenemases — specifically carbapenem-
resistant Klebsiella pneumoniae (CRKP). Rates of CRKP
have been reported between 6.6% and 12.9% in patients
undergoing liver transplantation, although 1 transplant cen-
ter has noted a rate as high as 23% [172—174]. In general, the
most common sites of infections due to CRKP in LT recipi-
ents include surgical site, organ space, HAP, and UTI [172].
Mortality associated with CRKP infections in LT recipients
ranges from 18% to as high as 80% [172, 174-176]. Another
cohort of solid organ transplant patients found that infection
with CRKP was independently associated with higher mor-
tality (HR 5.562 [CI 95% 1.186-26.088]) [177]. In addition
to traditional risk factors associated with CRKP infections
in other patient populations, pre-transplant colonization with
CRKP can place such patients at an increased risk for CRKP
infections following transplantation [175, 176]. Despite this
risk, there are currently no absolute contraindications to
exclude donors that are colonized with CRKP. Treatment
of LT recipients who developed CRE or CRKP infections
is quite complicated, often requires combination antimicro-
bial therapy, and can also be associated with drug toxicity.
Agents that have been used include the polymyxins such
as colistin, aminoglycosides, and tigecycline along with or
without a carbapenem agent. Although fosfomycin can be
considered for treatment of uncomplicated UTIs due to CRE,
the intravenous formulation is not available in the USA. One
case report of complicated extensively drug-resistant (XDR)
Klebsiella pneumoniae bacteremia during early post-trans-
plant period necessitated addition of IV fosfomycin as an
investigational drug to a multidrug regimen [178]. The role
of the newer fp-lactamase agents such as ceftazidime/avibac-
tam and meropenem/vaborbactam is yet to be defined for the
management of serious infections due to CRE and CRKP.

Infection and colonization by vancomycin-resistant
Enterococcus (VRE) have been well characterized in pre-
liver transplant candidates and in patients following liver
transplantation. In the USA, the estimated rates of VRE
colonization, prior to and after transplantation, were 16%
and 22%, respectively [179]. There is wide variation in the
prevalence of VRE colonization in LT candidates and liver
transplant recipients, depending upon the transplant center
and the patient population studied, and ranges from 0% to
44% [180-182]. In a prospective surveillance study, pre-
transplant VRE colonization was found to be associated with
an increased risk for VRE infections after transplantation
and associated with higher morbidity as measured by ICU
stay and length of hospitalization; however, VRE coloniza-
tion did not result in increased mortality. On the other hand,
the acquisition of VRE colonization post-LT was associated

with increased morbidity and mortality compared with LT
recipients with no evidence of VRE colonization [183]. The
risk factors that are associated with VRE infection include
prior antibiotic exposure, prolonged hospitalization, inter-
ventional procedures or complications of the biliary tract,
and surgical re-exploration [161]. Common sites of VRE
infection in the LT recipient include intra-abdominal, organ
space, hepatobiliary, surgical site, bloodstream, and the uri-
nary tract. Mortality due to VRE infections in LT recipients
has previously been reported to be as high as 82%; this was,
however, at a time when limited treatment options for VRE
were available [184]. The use of linezolid and daptomycin,
agents that have activity against such drug-resistant bacterial
strains, has improved patient outcomes, although a 37.6%
mortality has been reported in solid organ transplant recipi-
ents treated with linezolid for VRE infections [185].

Infections due to MRSA have been declining in the LT
population, likely because of improved infection preven-
tion practices such as strict implementation of hand hygiene,
development of bundles for central venous catheter inser-
tion and management, perioperative surgical site antiseptic
policies, the use of daily chlorhexidine washes for select
group of patients, and adherence to contact isolation poli-
cies [186]. A meta-analysis noted that there was 8.5% and
9.4% prevalence of MRSA colonization in pre- and post-
liver transplant recipients, respectively. Additionally, pre-
and post-transplant colonization was associated with six- to
eleven-fold higher probability for subsequent development of
MRSA invasive disease [179]. A single-center study reported
23% MRSA infection in LT recipients over an 8-year period,;
central vascular catheters, surgical wound, intra-abdominal
space, and the lung were the most common sites of infection.
Furthermore, the authors noted a 21% 30-day mortality in
patients with MRSA infections [187]. Vancomycin continues
to be the mainstay of treatment against MRSA; daptomycin
and linezolid are being used with increasing frequency in
select high-risk patients. Ceftaroline, the first cephalosporin
with activity against MRSA, is approved for skin and soft
tissue infections, and bacterial pneumonia, and may offer an
alternative treatment option for MRSA infections in the LT
patient population pending further clinical data.

The growing threat of MDRO infections in LT recipients
can certainly affect patient outcomes. Therefore, emphasis
on infection prevention and antibiotic stewardship is vital
to limit further increases in antibiotic-resistant HAIs in
patients undergoing a transplantation procedure [188]. This
multidisciplinary approach has been shown to decrease sur-
gical site infection rates by 52% in solid organ transplant
recipients [189].

Infection due to Clostridium difficile has become an
important healthcare-acquired pathogen with high morbidity
and risk of death. The combined effect of potent immunosup-
pression and broad-spectrum antibiotic exposure increases
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the risk of Clostridium difficile-associated colitis during the
early post-LT period. In a retrospective study of 1340 solid
organ transplant recipients, the cumulative incidence of C.
difficile colitis was highest (3%) in liver allograft recipients
[190]. In a series of 467 LT recipients, incidence was 8%,
with the majority of cases occurring within the first month
following transplantation [191]. Another single-center retro-
spective study observed an incidence of 14% for C. difficile
infection over a mean follow-up time of 1.8 years after LT;
41% of these cases occurred within 1 week after transplanta-
tion. The authors reported that most patients with C. difficile
colitis had fever, whereas white blood cell count was less
than 12,000 cells per pL [192].

Fungal Infections
In addition to bacterial infections, Candida spp. are a sig-
nificant pathogen in the early post-transplant period. In a
prospective multicenter investigation of invasive fungal
infections following solid organ transplantation, 639 such
cases among nearly 17,000 patients under surveillance were
observed during the 6-year study period. Liver allograft
recipients were at a high risk (41%) among this large cohort
of SOT recipients. Fungemia was prominent (44%) disease
presentation followed by intra-abdominal infection (14%).
Candida albicans and Candida glabrata species constituted
the majority of infections (46% and 24%, respectively) [193].
In the general population, the known risk factors for devel-
oping invasive Candida infection include extended treat-
ment with broad-spectrum antibiotics, presence of central
venous catheter, use of total parenteral nutrition, presence of
severe neutropenia (ANC <500 cells per pL), diabetes mel-
litus, renal replacement therapy, mechanical ventilation, and
intensive care stay. In transplant patients, recent CMV infec-
tion, primary graft failure, early surgical re-exploration, and
colonization with Candida spp. during pre- and early post-
transplant period are additional risk factors of invasive candi-
diasis. In LT recipients specifically, choledochojejunostomy
is associated with a higher risk of invasive candidiasis com-
pared to a choledochocholedochostomy anastomosis, as the
former requires opening of the bowel [194]. Also, prophy-
laxis for spontaneous bacterial peritonitis with fluoroquino-
lones has been found to be an independent risk factor for
invasive candidiasis in patients undergoing LT [195].
Diagnosis of invasive Candida infection is definitive
when cultured from a sterile site; however, routine blood
cultures lack optimal sensitivity, and often diagnosis can be
missed or delayed. Detection of f-D-glucan, a polysaccha-
ride component of fungal cell walls, can be a useful adjunc-
tive test. However, in a multicenter analysis among LT
recipients, f-D-glucan was not a reliable test for the diagno-
sis of invasive fungal disease [196]. Treatment for Candida
spp. infection in liver transplant recipients is similar to the
general population [197]. Source control, including remov-

ing central venous catheters when determined as the source
of fungemia, remains important for successful clearance of
fungemia.

Given the high frequency of invasive Candida infection in
LT population, antifungal prophylaxis after transplant surgery
may be considered among patients at increased risk for fun-
gal disease. A randomized, double-blind, placebo-controlled
trial of fluconazole prophylaxis vs. no antifungal prophylaxis
after LT demonstrated a decreased rate of fungal colonization
and both superficial and invasive fungal infection, although
no difference in mortality was found [198]. Current guide-
lines recommend stratification based on specific risk factors.
Patients are deemed high risk for invasive candidiasis, if they
have >2 of the following conditions: prolonged or repeat
operation, retransplantation, renal failure, >40 units of cellu-
lar blood products, choledochojejunostomy, or Candida spp.
colonization in the perioperative period [188]. In one series
including 30 pre-LT candidates, 81% were found to have
Candida carriage in gastrointestinal tract [199]. High-risk
patients are recommended to be treated with an antifungal
medication. Fluconazole 400 mg daily is sufficient for most
Candida spp. coverage, though, notably, prevalence of non-
albicans Candida spp. have increased and such infections are
associated with higher mortality in the immunosuppressed
host [194]. Duration of antifungal prophylaxis may vary
by transplant center; however, 4-week duration is common.
Prophylaxis may be extended based on ongoing risk factors.
Recipients at low risk for invasive fungal infection may be
observed without antifungal prophylaxis [200].

While Candida spp. constitute the majority of fungal
infections during early post-LT period, Aspergillus spp. infec-
tions are rare, albeit a significant, pathogen. In case series
and retrospective reviews, the incidence of invasive aspergil-
losis (IA) after LT may vary from 1% to 10% [201-203].
A multicenter surveillance network of transplant patients
found an 11% incidence of IA over 5 years post-LT [204].
Multiple factors have been correlated with an increased risk
of IA after transplantation. Retransplantation and the need
for renal replacement therapy have the highest association
[205]. It is theorized that injury to the hepatic reticuloendo-
thelial phagocytes and alteration of platelet-mediated inflam-
mation seen in patients with hepatic dysfunction increase
susceptibility to tissue-invasive Aspergillus spp. infection
[206, 207]. Renal failure may directly impact granulocyte
and macrophage function or may be a marker for other pre-
disposing factors in critically ill patients. Other factors that
increase risk for IA in the initial 90 days post-LT include
urgent transplantation, CMV infection, prolonged intensive
care unit stay, additional surgery, and multiple invasive bac-
terial infections [208].

Historically, IA was most common in the first 90 days
post-LT and may occur within 30 days after transplant sur-
gery in patients at particularly high risk. However, recent
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analysis has found a slight shift in the diagnosis of IA to later
post-transplantation period (>90 days) [209]. This is specu-
lated to be due to improved overall management of trans-
plant patients, ranging from surgical techniques to improved
infection prevention and surveillance protocols. In addition,
CMYV infection is a known risk factor for IA, and prophy-
laxis against CMV may have also contributed to shift the
timing of TA. Recent cases also demonstrated significantly
lower mortality than in the past from >90% down to 60%;
however, IA associated with early retransplantation still car-
ries a high mortality [205, 210].

Clinically, pulmonary IA is the most common manifes-
tation followed by disseminated disease. Diagnosis can be
challenging, as cultures have low sensitivity, since isolation
of Aspergillus spp. in respiratory tract culture samples in
most patients represent fungal colonization. Serum fungal
assays such as galactomannan and f-D-glucan are increas-
ingly utilized to help confirm or rule out IA; however, accu-
racy and reliability of these assays remain uncertain [195].
Positive Aspergillus antigen from bronchoalveolar fluid has
been shown to have high specificity in lung transplant recipi-
ents [211]. A combination of clinical, microbiological, and
radiographic findings along with hosts’ susceptibility for
these infections should be considered in making diagnosis of
IA in patients following LT.

Treatment of A in liver transplant recipients is similar to
the general population, as outlined in the Infectious Diseases
Society of America guidelines [212]. Given the high mortality
and difficulty in ascertaining correct IA diagnosis in highly
susceptible transplant patients, it is recommended to initi-
ate anti-mold therapy when IA is strongly suspected, while
work-up including tissue biopsy is in progress. Voriconazole
is the drug of choice for primary IA; drug interactions may
warrant modified dosing for certain antirejection drugs.
Concomitant reduction of immunosuppression is ideal if fea-
sible. Adjunctive surgery may be warranted in select cases.
Duration is variable, but a minimum of 12 weeks is typically
recommended; however, this should be extended based on
clinical and radiographic treatment response, extent of the
disease, and level of net immune suppression.

While universal prophylaxis for IA is not routinely rec-
ommended following solid organ transplantation, high-risk
LT recipients have been shown to benefit from it [179, 200].
This targeted prophylaxis is correlated with decreased rates
of IA and appears to be cost-effective. One retrospective
single-center review found administering 90 days of vori-
conazole prophylaxis to high-risk patients post-LT had an
institutional cost of 5.6% of the predicted cost for treating TA
[213]. The best choice of prophylactic antifungal is not clear.
Prior studies have investigated echinocandins, liposomal
amphotericin B, and voriconazole [214-216]. Echinocandins
are a common choice, given their ease of single daily dosing,
minimal toxicity, and drug-drug interaction. The most suit-

able choice for anti-mold prophylaxis may vary depending
on the clinical context.

Donor-Derived Infections
Unexpected donor-derived infections are a rare occurrence
with an estimated incidence of 0.2% in solid organ transplant
recipients [217]. As aresult of current screening and prophy-
laxis practices, many viruses such as HIV, CMV, EBV, HBYV,
and HCV are identified early during the procurement period
of the donor, and therefore, appropriate graft acceptance,
infection surveillance, and when applicable treatment can
ensue in the recipient. Unexpected donor-derived infections,
although uncommon, can be an important complication par-
ticularly in the early post-transplant period. In addition to
routine pre-transplant screening of the donor whether living
or cadaveric allografts by history and laboratory screening,
the procuring surgeon should carefully inspect the organ
and donor for signs of infection by thorough physical exam-
ination. Surveillance cultures are typically sent that include
blood, urine, and sputum samples. Peritoneal cultures may
be warranted in cases of enterotomy and ascitic contamina-
tion to guide postsurgical antibiotic coverage [218]. Active
infection in the cadaveric donor is not necessarily an abso-
lute contraindication for transplantation; targeted antibiotics
often can mitigate the risk. However, decisions are made
on a case-by-case basis. Liver transplant recipients are par-
ticularly vulnerable to acquire bacterial infections via the
allograft harvested from a donor with bacteremia; this pos-
sibly is related to the large tissue and vascular volume of
the liver compared to other solid organ transplants [219].
Antibiotic prophylaxis may need to be extended in high-
risk scenarios, such as donors with infective endocarditis
and meningitis [220]. If an active bacteremia is diagnosed
in the donor, the liver may still be used safely, provided
that the donor has received appropriate treatment for the
infection for 48 h and that the recipient receives at least
14 days of targeted treatment against that infection follow-
ing transplantation [217, 221]. Guidelines suggest that for
virulent pathogens that can cause endovascular infections
such as Staphylococcus aureus and Pseudomonas aerugi-
nosa, 2—4 weeks of antibiotic therapy should be considered
although prolonged course of antibiotic therapy in recipients
of such allografts has not been clinically validated [222].
Isolation of bacteria at a distant tissue site, such as in spu-
tum or urine, usually does not necessitate antibiotic therapy
in recipients of such donor allografts, with the exception of
liver grafts from donors with confirmed or suspected bacte-
rial pneumonia or pyelonephritis [222]. In some infections,
such as severe encephalitis of unclear etiology, allografts
are typically excluded outright [223].

In addition to bacterial etiologies, reported donor-
transmitted infections in LT have run the gamut and have
included viruses, fungi, and parasites [224]. Uncommon
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diseases may be challenging to diagnose, and donor ori-
gin among other possible exposure and potential infection
transmission history should be considered for atypical post-
transplant infection. Some less common viral infections that
have resulted in allograft infection transmission include West
Nile virus, lymphocytic choriomeningitis virus (LCMYV),
and rabies; these viruses have been associated with devastat-
ing neurologic morbidity and mortality in recipients of solid
organ transplantation [139, 225, 226].

The most common fungal pathogens that can be trans-
mitted from donor to recipient are Candida species,
Coccidioides immitis, and Cryptococcus neoformans [222].
Candida can be derived from the organ donor, although
transmission of Candida spp. to recipients occurs more
typically from contamination during the organ procurement
and preservation process [227-229]. Although donor trans-
mission of any endemic mycoses is possible, donor screen-
ing for Coccidioides immitis is the only fungal serology
that is routinely obtained in donors from endemic regions.
Prophylaxis with an azole antifungal agent is recommended
for LT recipients whose donor has a documented positive
Coccidioides serology [226]. Recently, reports of infections
due to Cryptococcus neoformans occurring in the early
post-transplant period have raised possibility of potential
donor transmission of the dimorphic fungal infection [226,
230-232]. Donor transmission of Mycobacterium tubercu-
losis has been well documented in the solid organ transplant
population [217, 233]. Patients with active tuberculosis
infection should not be considered for organ donation;
however, latent tuberculous infection in a donor is not con-
sidered contraindication for organ procurement and trans-
plantation. In this setting, treatment of latent tuberculous
infection in the recipient will mitigate the risk of developing
active tuberculosis after LT.

Strongyloides stercoralis and Trypanosoma cruzi, the
causative agents of Chagas disease, are the most common
parasites that have been associated with donor-transmitted
parasitic infections. In the solid organ transplant recipient,
Strongyloides can lead to accelerated intestinal infection
increasing the risk for polymicrobial bacteremia and bacte-
rial meningitis due to enteric Gram-negative bacilli (GNB)
or the rare devastating Strongyloides hyperinfection syn-
drome, which is associated with rapidly progressive respi-
ratory failure and death. As a result, donor screening with
Strongyloides serology should be performed in donors from
endemic regions such as tropics, subtropics, and Appalachia,
USA; if serology is positive, recipients should be treated
with ivermectin [234, 235]. Trypanosoma cruzi donor-
derived infection is more problematic in patients undergo-
ing heart transplantation; donor serologic screening for 7.
cruzi should be considered for liver allograft donors from
endemic regions including Mexico and Central and South
America. If a donor is positive for 7. cruzi serology, there is

no clear contraindication for liver transplantation, as long as
the LT recipient undergoes regular surveillance for parasit-
emia. Preemptive treatment with benznidazole is initiated for
patients with a positive 7. cruzi PCR assay [236, 237].

Stored pre-transplant serum from both donor and recipi-
ent can be used to test and help confirm allograft-transmitted
infection. Close collaboration with the national transplant
authorities, the local organ procurement organizations, and
appropriate public health agencies is vital for tracking these
infections and to notify all other organ recipients from such
donors.

Opportunistic Infections 1 to 6-12 Months
After Liver Transplantation

After the first month, surgical recovery is well underway,
and nosocomial infections become less prevalent. However,
iatrogenic antirejection drug-induced immunosuppression
is still high, and thus opportunistic infections are consid-
ered especially common from 1 month to 6-12 months after
LT. Without prophylaxis, herpesviruses such as herpes sim-
plex virus 1 and 2, varicella zoster virus, and cytomegalovi-
rus, and environmental fungi like Pneumocystis jirovecii are
important pathogens.

Cytomegalovirus (CMV) is the most important viral infec-
tion in LT recipients and contributes to significant morbidity
and mortality in this patient population. CMV can manifest
from asymptomatic viremia, to a syndrome associated with
fevers and pancytopenia, to invasive target organ disease. In
LT recipients, the gastrointestinal tract is the most common
site of CMV involvement and can present as esophagitis,
gastritis, and enterocolitis but can also involve other sites
such as the lungs [238]. CMV has a predilection to involve
the allograft, and therefore CMV hepatitis is an extremely
common manifestation in LT recipients and can sometimes
be confused with allograft rejection [239]. The incidence of
CMYV infection in LT recipients varies depending upon the
risk group studied, with rates of 18-29% overall; however,
it has been reported to be as high as 65% in the high-risk
donor-recipient mismatch (D+/R—) [240-243]. The use
of CMV prophylaxis with ganciclovir or valganciclovir in
LT recipients for at least 3 months post-transplantation has
reduced the incidence in the D+/R— subgroup to 12-30%
[241, 243-246]. Historically, in LT recipients who do not
receive CMV prophylaxis, CMV infection occurs within
3—6 months from the time of liver transplantation, which
correlates with the period of maximal immunosuppression.
However, in the setting of CMV prophylaxis, LT recipients
can experience delayed-onset (also referred to as late-onset)
CMV disease — after CMV prophylaxis has been discontin-
ued — often occurring >6 months from the time of transplant
[247, 248]. Delayed-onset CMV infection in LT recipients is
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more likely to cause tissue-invasive disease as compared to
early-onset disease [248].

As CMYV is an immunomodulatory virus, it has numerous
indirect effects on the liver allograft. CMV can upregulate
alloreactive T cells, and it can precipitate allograft rejection.
In LT recipients, it has been thought to be associated with the
vanishing bile duct syndrome, chronic ductopenic allograft
rejection, cholestasis, and ultimately allograft failure [249—
252]. Chronic CMYV infection, in the setting of immunosup-
pression, may be related to atrophy of the biliary ducts and
the development of allograft arteriopathy that is seen with
chronic allograft failure [253]. It is also postulated that as
CMYV can invade the vascular endothelium, it may be respon-
sible for hepatic artery thrombosis [254, 255]. Finally, CMV
infection can further augment the immunosuppression of
transplant patients and places LT recipients at increased risk
for bacterial, viral, and fungal infections, as well as increased
risk for EBV-associated post-transplant lymphoproliferative
disorder (PTLD) [256-258].

Risk factors for CMV infection include CMV D+/R—
mismatch, lymphocyte-depleting agents such as thymoglob-
ulin and alemtuzumab, high-dose mycophenolate mofetil,
genetic polymorphisms in the toll-like receptor 2 gene,
allograft rejection, and retransplantation [259, 260]. Initial
infection is significantly more likely to cause symptomatic
illness than reactivation [261]. There are two accepted strate-
gies for prevention. Universal prophylaxis with valganciclo-
vir is one approach and has the added benefit of prophylaxis
against other herpesviruses. A duration of 3—6 months of
prophylaxis is typical but may be extended based on clini-
cal factors [262]. Alternatively, a preemptive approach uti-
lizes weekly monitoring for CMV antigenemia or PCR,
with prompt initiation of treatment for early replication; this
strategy may be preferable for avoiding drug toxicity. There
is no definitive recommendation of one approach over the
other, although universal prophylaxis is preferred in high-
risk transplantations — specifically CMV D+/R— allograft
mismatches. A meta-analysis comparing the two in the LT
population found no difference in the incidence of CMV dis-
ease. Using indirect comparison, there was also no differ-
ence in acute cellular rejection or mortality between the two
groups, but a decreased incidence of graft loss with universal
prophylaxis was found [263]. Treatment of CMV infection
with either oral valganciclovir or intravenous ganciclovir in
LT recipients is similar to other SOT recipients. Resistance
to ganciclovir is rare, but more likely in patients with past
prolonged use of ganciclovir [264].

Pneumocystis jirovecii is ubiquitous in the environment
but transforms to a common respiratory pathogen for the
immunosuppressed. Without prophylaxis, the incidence of
infection in LT recipients has been found to vary from 1% to
11% [265]. Clinical presentation in SOT recipients is similar
to individuals with human immunodeficiency virus (HIV),

though the acuity of symptoms is typically thought to be
more severe in non-HIV patients. Treatment approach is also
similar to HIV patients, with trimethoprim-sulfamethoxazole
(TMP/SMX) being the drug of choice and adjunctive ste-
roids a consideration based on hypoxemia [266]. Prophylaxis
against Pneumocystis is routinely recommended for the first
6—12 months in all SOT patients and may be extended as
needed based on ongoing risk [267]. TMP/SMX is the first
choice for prophylaxis and has the added benefit of helping to
prevent other opportunistic pathogens, such as Toxoplasma
gondii, Listeria monocytogenes, Nocardia spp., Isospora,
Cyclospora, and some bacterial agents.

With prophylaxis for the most prevalent infections being
standard, their incidences have overall been reduced, but
can still occur, typically after the prophylactic course has
ended. Endemic fungi and Mycobacterial spp. including M.
tuberculosis are also not uncommon pathogens during this
post-transplant period. During the time of maximal immuno-
suppression (1-6 months after transplantation), reactivation
of endemic mycoses can occur but oftentimes present later
after transplantation and may be due to exogenous infection.
Cryptococcus neoformans is the third most common fungal
infection in solid organ transplant recipients, with an inci-
dence that ranges from 0.2% to 5% [268, 269]. In general,
cryptococcosis is a late infectious complication, occurring
a median of 16-21 months after transplantation, although
in liver and lung transplant recipients, it can present ear-
lier — within 12 months post-transplantation [269-271]. The
most common sites of infection are the lungs and the cen-
tral nervous system, although cutaneous, liver, kidney, and
osteoarticular involvement can also occur. Disseminated and
extrapulmonary cryptococcosis has been reported in 50-75%
of solid organ transplant recipients [271-273]. Liver trans-
plant recipients have a sixfold increase risk for disseminated
disease as compared to other types of transplant recipients
[269]. The diagnosis and management of cryptococcosis in
solid organ transplant recipients have been extrapolated from
other patient populations (such as HIV) and retrospective/
observational experience and are available as practice guide-
lines from the Infectious Diseases Society of America and
the AST Infectious Diseases Community of Practice. Initial
treatment with a lipid preparation of amphotericin B and flu-
cytosine, followed by fluconazole maintenance treatment, is
recommended [269, 274].

The true incidence of endemic mycoses in the solid organ
transplant population is not well defined, but infections due
to Histoplasma capsulatum, Coccidioides immitis/posadasii,
and Blastomyces dermatitidis have been well recognized. All
of these infections can occur as a result of reactivation or as
an exogenous new infection. Histoplasma capsulatum is a
soil-based pathogen which has been well recognized to be
endemic in the Ohio-Mississippi River Valley region of the
USA. Histoplasmosis is a relatively uncommon infection in
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solid organ transplant recipients, with an incidence of <1%,
even in endemic regions. Histoplasmosis usually presents
within the first 2 years after transplant, but there can be wide
variability regarding the time of presentation [275-278]. In
solid organ transplant recipients, it presents as progressive
disseminated histoplasmosis that includes pulmonary and
extrapulmonary manifestations such as hepatosplenomegaly,
pancytopenia, and gastrointestinal and mucosal involve-
ment. Coccidioidomycosis is endemic in the southwestern
states including Southern California, as well as Mexico, and
Central America. Most cases occur within the first year of
transplant, with a reported incidence of 1.4-6.9% in endemic
regions [279]. Due to depressed cellular immunity in solid
organ transplant recipients, severe pneumonia, as well as
dissemination to skin, bones, joints, meninges, and organ
allograft can occur [280-283]. Patients with a prior history
of coccidioidomycosis or a positive Coccidioides serology
prior to transplantation should receive fluconazole pro-
phylaxis after transplantation [280]. The endemic regions
for blastomycosis include the Midwest, south central and
southeastern regions of the USA, and provinces of Canada
along the waterways. Blastomycosis is rare in solid organ
transplant recipients, and an incidence of only 0.14% was
noted over a 16-year observational period [284]. The treat-
ment for the endemic mycoses includes a lipid preparation
of amphotericin B and the azoles, and recommendations
and guidelines for the diagnosis and management have been
established [280].

Overall, a range of opportunistic infections may occur
during this time of high immunosuppression post-LT, war-
ranting a broad differential for patients presenting with
infectious symptoms [285].

Community-Acquired/Late Infections

Beyond 6-12 months, graft function has ideally stabilized,
and immunosuppressive medications can slowly be mini-
mized. This decreases the net state of immunosuppression
and consequently the risk of opportunistic infections; how-
ever, there is always some ongoing risk. Infections during
this phase are typically community-acquired. A 5-year
study at a large transplant center found a prevalence of 183
hospitalizations for infectious complications post-LT, with
145 (79%) occurring in the post-6-month period. The same
study found respiratory infections to be the most frequent
etiology overall for solid organ recipients, accounting for
26.9% of late infections. The next most common etiologies
were sepsis/bacteremia (13.1%), liver/biliary tract (12.4%),
genitourinary (12.2%), CMV (7.5%), and fever of unknown
origin (8%) [286]. Community-acquired infections in post-
transplant patients may also present with more severe clini-
cal manifestations [287]. Less common pathogens, such

as fungi, parasites, and mycobacteria, are also seen in the
post-6-month period, sometimes related to diminished
vigilance for environmental exposure prevention over time.
Infections due to Nocardia spp. are relatively uncommon,
with an overall incidence of 0.7-3.5% in solid organ trans-
plant recipients and only a reported incidence of 0.1% in
LT recipients [288-290]. The median time to the onset of
Nocardia infection in a European cohort was 17.5 months
after transplantation, and infection was associated with
corticosteroid use, tacrolimus use, and elevated calcineurin
trough levels within the preceding month; interestingly, the
use of TMP/SMX was not protective [291]. Recently there
has been an emergence of non-Aspergillus mold infec-
tions in the solid organ transplant patient population. The
occurrence of these mold infections can have a bimodal
distribution, and in one study, 37.8% occurred within
6 months of diagnosis, and 33% occurred >2 years from
the time of transplantation. In that same study, the median
time to development of an invasive mold infection in the
LT recipients was 81 days [292]. The most common non-
Aspergillus molds were the Mucorales, Fusarium spp., and
Scedosporium spp. The most common sites of infection for
these molds were the lungs, sinuses, skin, and dissemina-
tion to the central nervous system. The dematiaceous molds
that include Exophiala, Alternaria, Dactylaria, Curvularia,
Cladophialophora, Verruconis gallopava, and others have
been reported in the solid organ transplant populations as
case reports and small case series [293]. This group of
molds most often manifests as skin and soft tissue infec-
tions but can disseminate to the central nervous system. In
one case series, the median time to onset was 22 months
after transplantation, and the cutaneous presentation was
associated with a good outcome [294].

Viral infections associated with the presence of chronic
immunosuppression can also occur and include late-onset
CMYV infection, EBV-associated PTLD, JC virus infection
associated with progressive multifocal leukoencephalopa-
thy (PML), and HHV-8 infection associated with Kaposi’s
sarcoma. Liver transplant recipients have an intermediate
risk for the development of EBV-associated PTLD as com-
pared to other solid organ transplant recipients. One center
reported an incidence of PTLD in 6.3% of their pediatric LT
recipients and an incidence of 1.2% in the adult LT recipients
[295]. The cumulative incidence of PTLD in LT recipients
has been estimated to be 1-2% over 5 years [296]. The high-
est risk factors for EBV-associated PTLD is due to primary
infection as a result of an EBV D+/R— mismatch, in addi-
tion to a higher level of immunosuppression [297]. While
the majority of cases occur within 1 year of transplantation,
a 0.25% incidence has been noted in LT recipients at 1 year.
Guidelines and recommendations have been established
for the monitoring, diagnosis, and management of EBV-
associated PTLD [298].
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Infection with Mycobacterium tuberculosis (MTb) can
occur during the period of maximal immunosuppression and
well beyond that time period. Treatment of active MTb in
all solid organ recipients poses a challenge for drug dosing,
due to the strong interaction between rifampin (and other
rifamycins) and calcineurin inhibitors or rapamycin. For LT
recipients in particular, the likelihood of drug-induced hepa-
totoxicity is increased, warranting careful medication man-
agement [298]. Substitution of one or more first-line drugs
may be needed, based on the liver function at baseline and
during the course of treatment; frequent lab monitoring and
consultation with a MTb expert is advised [143]. Directly
observed therapy is generally preferred for transplant recipi-
ents and is vital when alternative regimens are employed.
Some experts recommend a minimum 9-month treatment
course for all solid organ transplant patients, due to a con-
cern for increased mortality with shorter courses [299].

Individuals with chronic allograft dysfunction requiring
higher maintenance immunosuppression should be consid-
ered at ongoing high risk for opportunistic disease and thus
continued on appropriate prophylaxis as necessary.

Prophylaxis/Prevention of Infections

As detailed above, there are standard screening recommen-
dations and protocols for prophylaxis against the most com-
mon opportunistic pathogens, particularly P. jirovecii, CMV,
and Candida spp. Vaccination is another crucial prevention
strategy. Despite the clear preventive benefits, vaccination
rates have been suboptimal in LT recipients [300]. Due to
chronic immune dysfunction, patients with advanced liver
disease may have diminished antibody response to vaccina-
tion [301]. Consequently, it is advisable to administer vac-
cines as early as indicated [302]. Live vaccines are generally
contraindicated post-transplant.

National guidelines for perioperative antibiotics recom-
mend piperacillin-tazobactam or cefotaxime plus ampi-
cillin as standard prophylaxis in liver transplantation;
however, individual centers may vary their protocol [303].
A 4-year single-center review found that 53% of surgical
site infections were caused by multidrug-resistant bacteria,
emphasizing the need for a tailored prophylactic approach,
based on patients’ histories and local antibiotic resistance
patterns [157].

Relapse of HBV and HCV Post-liver
Transplantation

HBV reinfection rates of the allograft were previously
reported to range between 80% and 100% in the 1980s.
Based on 2-year graft survival of only 50%, many centers

discontinued offering OLT in this population for a time
[304]. Additionally, in the absence of antiviral therapy, some
patients have developed fibrosing cholestatic hepatitis, a rap-
idly progressive and often fatal condition [305]. However,
the introduction of HBIG and antiviral medications in the
late 1980s has significantly improved post-transplant sur-
vival in such patients.

There are several risk factors for HBV reinfection after
liver transplant. Patients at higher risk include those with
positive hepatitis B e antigen (HBeAg), negative HBeAg but
high HBV DNA level, or history of pre-transplant antiviral
drug resistance. Patients at lower risk include those with cir-
rhosis and low HBV DNA level with or without antiviral
medication, coinfection with hepatitis delta virus (HDV), or
fulminant HBV infection [306].

Subclinical HBV reactivation has been reported in
HBsAg-negative and HBcAb-positive recipients who have
received livers from HBsAg-negative and HBcAb-negative
recipients. However, this low-grade viral replication has not
been associated with the development of positive HBsAg or
active viral hepatitis. Therefore, antiviral therapy is not indi-
cated in this scenario [307].

HCYV infection recurs in the allograft in greater than 95%
of HCV+ liver allograft recipients [308]. Advanced donor
age and high-intensity immunosuppression such as the use
of bolus steroids or thymoglobulin can influence the sever-
ity of HCV recurrence after OLT [309, 310]. Although the
course of HCV recurrence may be variable after liver trans-
plant; up to 20% of patients develop allograft cirrhosis within
5 years of transplantation [311]. HCV+ recipients have dem-
onstrated lower patient and graft survival when compared
to patients transplanted for other indications. HIV coinfec-
tion has also correlated with diminished post-transplant sur-
vival. Fibrosing cholestatic hepatitis is a rapidly progressive
condition that develops in 5-10% of HCV+ liver transplant
recipients, at times within the first year after transplant, and
often leads to diminished survival [312]. Differentiating
recurrent HCV from ACR can be difficult due to overlap-
ping histologic features, but certain findings such as lobular
or interface hepatitis and lymphoid follicles may be more
suggestive of HCV infection.

HBV Prophylaxis

All patients with HBV infection prior to transplantation
should be continued on antiviral therapy after undergoing
OLT. Additionally, patients without HBV infection who
receive livers from isolated HBcAb+ donors should also be
started on antiviral therapy. Most often either entecavir or
tenofovir are utilized, and the choice of a specific agent is
made based on prior treatment history and side effect profiles
of individual antiviral drug.
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The role of HBIG in the current era remains unclear.
Prior to the discovery of potent antiviral agents, HBIG was
often used long-term as standard prophylaxis with reduc-
tion in the risk for HBV recurrence [313]. However, high-
dose intravenous HBIG is expensive and may not provide
additional benefit compared to the use of oral antiviral
agents alone, especially in low-risk patients. In high-risk
patients, HBIG may be discontinued after 1 year following
transplantation.

HCV Treatment Post-liver Transplantation

Ideally, most patients with HCV should be treated with anti-
viral therapy prior to transplant. However, pre-transplant
antiviral therapy may be difficult to tolerate and less effec-
tive in patients with decompensated cirrhosis. Specifically,
the use of protease inhibitors for HCV is generally not rec-
ommended in patients with decompensated cirrhosis.

Currently, there are several options for treatment of gen-
otype 1 HCV in post-OLT patients. Ledipasvir/sofosbuvir
combination therapy after OLT with weight-based ribavi-
rin for 24 weeks has been associated with a 96% SVRI12
rate in patients with Metavir fibrosis stage FO to F3 or those
with compensated cirrhosis. In patients with decompensated
cirrhosis, SVR rates range between 60% and 88% depend-
ing on degree of hepatic impairment [314]. Simeprevir and
sofosbuvir with or without ribavirin for 12-24 weeks has
been associated with SVR12 rates greater than 80% in both
cirrhotic and non-cirrhotic patients [315, 316]. Daclatasvir
in combination with sofosbuvir with or without ribavirin
for 24 weeks after OLT demonstrated a 91% SVR12 rate in
patients with severe recurrent HCV infection. The SVR12
rate was notably lower when daclatasvir was administered
with simeprevir with or without ribavirin for 24 weeks
[317]. The fixed-dose PrOD combination (paritaprevir, rito-
navir, ombitasvir, dasabuvir) with ribavirin for 24 weeks
resulted in a 96% SVR24 rate in patients with mild fibro-
sis, in whom the treatment commenced after transplantation
[318]. CNI troughs must be monitored carefully with the
use of simeprevir or paritaprevir. Newer regimens includ-
ing elbasvir/grazoprevir and sofosbuvir/velpatasvir have
yet to be studied in liver transplant population with HCV
infection.

There are limited data for non-genotype 1 HCV infection
in patients undergoing OLT. Daclatasvir in conjunction with
sofosbuvir with or without ribavirin can be used in patients
with genotype 2 or 3 HCV infection. Patients with genotype
4 HCV can be managed with either ledipasvir/sofosbuvir
given with or without ribavirin or daclatasvir and sofosbuvir
along with or without ribavirin. Sofosbuvir/velpatasvir has
pangenotypic coverage and may be another option, although
data in OLT recipients have yet to be reported.

Other Hepatitis Virus Infections After
Transplantation

Hepatitis A Infection After Liver Transplant

Hepatitis A virus (HAV) is contracted through a fecal-oral
route. Although most patients with HAV experience a self-
limited course, acute liver failure may develop in less than
1% of infected individuals. Patients over 50 years of age
and those with other chronic liver diseases are at higher risk
to develop fulminant liver failure [319]. Accordingly, it is
generally recommended that patients with chronic liver dis-
ease, including cirrhosis, should be vaccinated in the pre-
transplant setting. Despite vaccination, a subset of anti-HAV
IgG+ patients may lose anti-HAV IgG antibodies within the
first 2 years after liver transplantation [320]. Whether loss
of the anti-HAV IgG antibodies correlates with true loss of
immunity and need for booster immunization(s) remains
unclear. HAV vaccine is safe to administer in the post-trans-
plant setting, although serologic response is often lower than
seen in patients vaccinated prior to undergoing allograft
transplantation [321]. Assuring receipt of two vaccine doses
and deferring vaccination to a later time when the patient is
on a lower level of immunosuppression may improve sero-
logic response in patients requiring further vaccine doses
after transplantation [322, 323]. The specific implications
of HAV infection in patients undergoing liver transplanta-
tion are not well described. However, as this patient popula-
tion tends to be older, and may develop chronic liver disease
following OLT, the risk for severe HAV infection may be
greater. Additionally, chronic drug-induced immunosup-
pression may promote HAV replication by subverting hosts’
immune surveillance.

Hepatitis E Infection After Liver Transplant

Infection from the hepatitis E virus (HEV) was previously
thought to be an uncommon disease in Western countries.
Past reports had described a self-limited illness, which is
noted more often in developing regions in Asia and Sub-
Saharan Africa. However, HEV is being increasingly diag-
nosed in Europe and the USA, particularly over the past
decade. Complications such as fulminant liver failure or
severe hepatic decompensation have been described in a
small minority of patients, particularly those who are preg-
nant or have chronic liver disease [324-326].

Traditionally, HEV transmission has been attributed to
consumption of contaminated water and/or food, including
pork products or venison. Due to its perceived rarity, most
Western countries have not routinely tested blood or organ
donors for HEV. However, a case of HEV transmission dur-
ing blood transfusion was described in a patient following
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liver transplantation [327]. Additionally, there have been
reports of potential cases of liver allograft-transmitted HEV
infection with subsequent development of chronic hepatitis
and cirrhosis of the transplanted allograft [328, 329].

In most immunocompetent individuals, HEV tends to
cause an acute infection that resolves spontaneously. In con-
trast, chronic HEV infection defined as persistence of viral
infection for greater than 3 months has been described in
greater than 60% of solid organ transplant recipients fol-
lowing a primary HEV infection during the post-transplant
period [330]. Among solid organ transplant (SOT), recipients
of liver allografts are considered at highest risk for chronic
HEYV infection. Most infections are due to HEV genotype 3.
In such patients, persistent HEV infection after transplan-
tation may increase the risk for rapidly progressive hepatic
fibrosis which may ultimately result in graft failure [331].
Extrahepatic manifestations of HEV infection such as cryo-
globulinemia have also been reported in patients, including
those who have undergone solid organ transplantation [332].

Studies from France have shown that incidence of HEV
in patients undergoing OLT ranges between 2.8 and 4.8 per
100 person years [333, 334]. Due to the variable sensitivity
of HEV-IgM assays and delayed IgG response after trans-
plantation, HEV RNA may be a more useful test for the
diagnosis of chronic HEV infection in such patients [335].
Furthermore, it is important to note that SOT recipients may
still contract new HEV infection despite the presence of pre-
transplant anti-HEV seropositivity [126].

Diagnosis of new HEV infection after transplantation
should prompt a reduction in antirejection drug-related
immune suppression; nearly a third of transplant recipients
may resolve HEV chronic infection with this measure alone
[123]. Specific immunosuppressive medications may cor-
relate with risk of HEV persistence in transplant patients.
In vitro studies have demonstrated increased HEV replica-
tion in the setting of tacrolimus, cyclosporine, and mTOR
inhibitors [336, 337]. However, in one clinical study, liver
or kidney transplant recipients who developed chronic HEV
infection were more likely to have been on tacrolimus rather
than cyclosporine [123]. In contrast, in vitro studies have
demonstrated that mycophenolate mofetil reduces HEV
replication, and this finding has been correlated in a clinical
study where heart transplant patients taking mycophenolate
mofetil were more likely to clear post-transplant HEV infec-
tion [338]. Corticosteroid use does not appear to affect HEV
replication [129].

Patients with persistent HEV infection even after reduc-
tion of immunosuppression are candidates for antiviral
therapy. In solid organ transplant recipients, ribavirin at a
dose of 8 mg/kg given for at least 3 months can lead to sus-
tained virologic response in the majority of patients [339].
Dose adjustments may be necessary based on renal func-
tion and during the course of therapy if patients develop

medication-induced anemia. Smaller studies have demon-
strated that PEG-interferon alpha over a 3—12 month period
may lead to viral clearance, although treatment is associ-
ated with significant adverse effects and may precipitate
graft rejection [340, 341].
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