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KEY POINTS

� Hepatitis D virus (HDV) requires hepatitis B virus for replication and is more likely to cause
chronic infection in the setting of HDV superinfection in hepatitis B surface antigen–
positive individuals. Treatment of HDV remains limited, with ongoing need for new
therapies.

� Hepatitis E is an increasingly recognized cause of chronic infection in immunocompro-
mised individuals and is more common in genotypes 3 and 4, with sporadic cases occur-
ring worldwide.

� Human herpesviruses are commonly benign infections in immunocompetent individuals
but cause significant morbidity and mortality in immunocompromised hosts.
INTRODUCTION

The term viral hepatitis refers to liver inflammation that occurs because of a viral infec-
tion. There are 5 hepatotropic viruses (hepatitis A, B, C, D, and E) that selectively infect
the liver. Acute hepatitis caused by these viruses may resolve without intervention or
may develop into chronic infection in some instances. Nonhepatotropic viruses target
different organs in the body but are also known to cause hepatitis, although these in-
fections are typically mild in immunocompetent hosts. The significance of nonhepato-
tropic viruses is most notable in immunocompromised hosts, particularly in transplant
recipients.

HEPATITIS D

Hepatitis D virus (HDV), also called delta virus, was first described in 1977 in a group of
patients infected with hepatitis B virus (HBV) who were found to have more severe
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hepatitis than their counterparts.1 The hepatitis D virion consists of the hepatitis D RNA
genome, hepatitis D antigen (HDAg), and a lipoprotein envelope containing HBV sur-
face antigen (HBsAg) proteins.2 Thus, HDV requires HBV in addition to cellular RNA
polymerases for replication and cannot infect individuals without the presence of
HBsAg, which is required for cell entry, virion assembly and export. Since the wide-
spread availability of the hepatitis B vaccine with worldwide implementation of vacci-
nation programs, a concomitant decrease in HDV alongside HBV would be expected.
However, the prevalence of HDV seems to be increasing and may be attributed to the
higher prevalence of HDV infection in human immunodeficiency virus (HIV) coinfected
individuals and intravenous drug users.3,4 The global burden of disease is estimated to
be 62 million to 72 million, affecting nearly 1% of the general population.4

Clinical Presentation

Infection with hepatitis D can occur under 2 circumstances (Fig. 1). Coinfection occurs
when an individual is exposed to both hepatitis B and D viruses simultaneously with a
similar presentation to acute HBV infection and potential risk of acute liver failure
(ALF). Superinfection occurs when an individual with established chronic hepatitis B
infection (defined by the presence of HBsAg) is exposed to an acute hepatitis D infec-
tion. Although superinfection with HDV is more likely to develop into chronic infection,
95% of individuals with HBV-HDV coinfection ultimately have viral clearance.5 Chronic
HDV infection is the most aggressive form of viral hepatitis with greater rates of hepa-
tocellular carcinoma and more rapid progression to cirrhosis compared with HBV
monoinfection.6–9

Screening for HDV is recommended for individuals with chronic HBV (HBsAg pos-
itivity) and presence of 1 or more of the following risk factors10:
Fig. 1. Typical pattern of HBV and HDV serologies in HDV infection. Coinfection leads to clear-
ance of both viruses in 95% of patients. Superinfection in a patient with preexisting chronic
HBV infection most often leads to chronic HDV infection. HBcAb, hepatitis B core antibody;
HBsAb, hepatitis B surface antibody; IgG, immunoglobulin G; IgM, immunoglobulin M.
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� Individuals with HIV or hepatitis C virus (HCV) coinfection
� Current or past intravenous drug users
� Men who have sex with men
� Individuals with high-risk sexual behavior
� Immigrants from high-prevalence areas11

� Africa (central and West Africa)
� Asia (central and northern Asia, Vietnam, Mongolia, Pakistan, Japan, and Chi-
nese Taipei)

� Pacific Islands (Kiribati, Nauru)
� Middle East (all countries)
� Eastern Europe (eastern Mediterranean regions, Turkey)
� South America (Amazon basin)
� Greenland

� Individuals with high transaminase levels despite low or undetectable HBV DNA
levels

Diagnosis

HDV infection is diagnosed with serum-based tests (Table 1). HDV antigen is typically
only detected in the blood during the early acute phase of infection and is not a reliable
test for diagnosis.12 Acute HDV infection leads to both innate and adaptive immune
responses with production of HDV immunoglobulin M (IgM) and immunoglobulin G
(IgG), respectively. HDV IgM is detectable 1 to 3 weeks after exposure and remains
positive in chronic active infection with levels reflective of disease activity.13 HDV
IgG is a marker of either current active or prior resolved infection. Thus, HDV IgG is
checked first for chronic HDV screening, and HDV RNA is used to confirm active infec-
tion and to follow response to therapy. Because there remains ongoing work to stan-
dardize and improve HDV RNA assays, HDV IgM can be tested in patients with high
clinical suspicion of HDV infection but an undetected RNA level.14
Table 1
Serologies in hepatitis B virus and hepatitis D virus infection

HBsAg
Anti-HBc
IgM

Anti-HBc
IgG

HBV
DNA HDAg

Anti-
HDV
IgM

Anti-HDV
IgG

HDV
RNA

Acute HBV infection 1 1 1a 1 � � � �
Chronic HBV infection 1 � 1 1 � � � �
Acute HBV-HDV

coinfection
1 1 1a 1 �b 1 1a 1

Acute HBV-HDV
superinfection

1 � 1 1 �b 1 1a 1

Chronic HBV-HDV
infection

1 � 1 1 �b 1c 1 1

Resolved HBV and
HDVd

� � 1 � � � 1 �

Abbreviations: anti-HBc, hepatitis B core antibody; HDAg, hepatitis D antigen; anti-HDV, hepatitis
D antibody; IgG, immunoglobulin G; IgM, immunoglobulin M.

a May not be present yet in early infection.
b Present transiently, often not detected.
c Typically remains persistently increased.
d Occurs rarely in superinfection, more common in coinfection.
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Noninvasive markers for fibrosis, including the FIB-4 score, have not been reliable in
patients with chronic HDV infection.15 The greater degree of inflammation in HDV
compared with HBV monoinfection likely alters elastography measurement. A recent
study showed that vibration-controlled transient elastography may have reasonable
accuracy to detect cirrhosis16 but remains to be validated and has not yet been stud-
ied for grading lesser degrees of fibrosis. Thus, liver biopsy is typically still required for
accurate grading of inflammation and staging of fibrosis.

Treatment

Interferon alfa (IFN-a) is currently the only available treatment for chronic HDV infec-
tion. The goal of HDV therapy is to achieve viral suppression with sustained clearance
of HDV after treatment completion. Thus far, no study has been able to achieve this in
the majority of patients treated.17 The Hep-Net International Delta Hepatitis Interven-
tion Trial (HIDIT), a large multicenter initiative, treated patients with peginterferon a-2a
and/or adefovir for 48 weeks of therapy. Six months after treatment completion, 28%
of patients treated with interferon alone had continued undetectable HDV RNA with no
additional benefit derived in those who also received adefovir and no response in in-
dividuals treated with adefovir alone.18 In the follow-up study, HIDIT-II, treating with
peginterferon a-2a with or without tenofovir, only 23% of patients had undetectable
HDV RNA 24 weeks after completing a 96-week course of therapy with interferon
and no additional benefit from concomitant tenofovir therapy.19

The international societies, including the American Association for the Study of Liver
Diseases (AASLD), European Association for the Study of the Liver (EASL), and Asian
Pacific Association for the Study of the Liver (APASL), do not provide specific guide-
lines on indications for chronic HDV treatment.10,20,21 The decision to treat with inter-
feron must be balanced between the suspected degree of inflammation and fibrosis
and whether the trajectory of disease warrants the potential side effects from inter-
feron therapy and expected low response rates. Although the presence of HDV typi-
cally suppresses HBV replication,22 treatment with a nucleoside/nucleotide analogue
(entecavir or tenofovir) is generally recommended for co-infected patients with HBV
DNA levels greater than 2000 IU/mL and all patients with cirrhosis regardless of
HBV replication status (Table 2).
The ability to achieve sustained virologic response (SVR) in the treatment of HDV re-

mains uncertain given the high rates of late relapse. Follow-up of the HIDIT-I study par-
ticipants at a median time of 4.5 years found detectable HDV RNA levels in half of the
patients who had met the initial SVR definition with undetectable HDV RNA 24 weeks
after treatment.23 Likelihood of response may be predicted by HDV RNA and HBsAg
Table 2
Treatment recommendations in chronic hepatitis B virus and hepatitis D virus coinfection

HDV RNA ALT HBV DNA Cirrhosis Treatment

1 1 <2000 IU/mL No IFN alone

1 1 >2000 IU/mL No IFN 1 NA

1 1 <2000 IU/mL Yes IFN 1 NA

1 1 >2000 IU/mL Yes IFN 1 NA

IFN treatment for 48 weeks: Peg-IFN-a-2a (Pegasys) 180 mg weekly; Peg-IFN-a-2b (PegIntron)
1.5 mg/kg weekly.

NA treatment: entecavir (Baraclude) 0.5 to 1 mg daily; tenofovir dipovoxil fumarate (Viread)
300 mg daily; tenofovir alafenamide (Vemlidy) 25 mg daily.

Abbreviations: ALT, alanine transaminase; NA, nucleotide or nucleoside analogue.
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kinetics during treatment.24 Earlier decline of HDV RNA levels by more than 2 log
copies per milliliter and HBsAg level less than 1000 IU/mL by week 24 of therapy indi-
cate a higher likelihood of virologic response after treatment completion.25,26 Because
of the high rates of relapse, ongoing surveillance for HDV RNA is needed, particularly
in the setting of increased transaminase levels after completion of prior therapy. How-
ever, loss of HBsAg after treatment of HDV with IFN is considered a marker of cure for
both HBV and HDV.
In patients with chronic HDV infection who are decompensated and unable to

tolerate IFN because of its side effects, liver transplant may be considered. As with
all patients with cirrhosis, ongoing screening is needed for esophageal varices and he-
patocellular carcinoma. For patients who undergo liver transplant, hepatitis B immune
globulin is administered similar to patients with HBV monoinfection, which results in
clearance of HBsAg and HDV RNA.27

Given the paucity of treatment options, high relapse rates, and poor side effect
profile, there remains a need and ongoing investigation for a treatment option that
may be more efficacious. Novel treatments with promising early data under investi-
gation include myrcludex, an entry inhibitor that blocks both HDV and HBV hepato-
cyte entry; the prenylation inhibitor lonafarnib, which inhibits farnesyltransferase, a
key enzyme required for HDV replication; and pegylated interferon lambda, a type
3 interferon.28
HEPATITIS E

Hepatitis E virus (HEV) is the most common cause of acute viral hepatitis worldwide.
The original hepatitis E outbreak likely occurred in New Delhi in 1955, involving 29,000
individuals based on analysis of stored serum. The virus was initially isolated from the
stool of Soviet soldiers experiencing hepatitis outbreaks during the military conflict in
Afghanistan during the 1980s. HEV was subsequently named in 1990 to distinguish it
from hepatitis A virus, an additional source of waterborne hepatitis epidemics at the
time.29 There are 4 known HEV genotypes. Infections with genotypes 1 and 2 are
limited to humans and cause disease via consumption of contaminated water. HEV
genotypes 3 and 4 cause zoonotic infections, with human disease attributed to con-
sumption of raw or undercooked meat, particularly pork and wild game.30 Thus,
HEV endemic outbreaks are related to genotypes 1 and 2 typically in Asia, Africa,
and Mexico, and sporadic cases caused by genotype 3 and 4 have been observed
in nations worldwide.

Clinical Presentation

Clinical presentation in acute HEV infection depends on the exposed person’s risk
factors. Most healthy individuals are either asymptomatic or have a self-limited
course of acute hepatitis with nonspecific symptoms and spontaneous resolution af-
ter 4 to 6 weeks.31 More severe clinical courses are observed in infants, pregnant
women, and individuals with excessive alcohol consumption or other chronic preex-
isting liver diseases.30,32 Mortality from acute HEV genotype 1 and 2 infections in
developing countries has been largely attributed to ALF in pregnant women.33 In
addition, HEV has been recognized as a cause of acute-on-chronic liver failure
worldwide.34

Chronic HEV, defined by chronic hepatitis with increased aminotransferase levels
and persistent detection of HEV RNA for 6 months after exposure, is rare in immuno-
competent individuals but has been increasingly recognized with genotype 3 HEV in-
fections in immunocompromised hosts, particularly in those with solid organ
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transplants (SOTs), stem cell transplants (SCTs), or HIV. This condition is likely caused
by the impaired and/or insufficient immune T-cell response with an inability to control
the virus in the immunocompromised state.35 An estimated 60% of SOT recipients
infected with HEV do not clear the virus and develop chronic infection with increased
risk of rapid progression to cirrhosis.36 Unlike immunocompetent individuals, HEV
infection in immunocompromised patients typically presents with lower transaminase
and bilirubin levels and minimal symptoms. Both acute and chronic HEV have been
associated with numerous extrahepatic manifestations (Table 3), which may be the
only sign or symptom at presentation.37–41
Table 3
Hepatitis E infection in immunocompetent and immunocompromised individuals

Immunocompetent Immunocompromised

Presentation

Symptoms Self-limited, nonspecific symptoms Typically asymptomatic

ALT Level High >1000 IU/L Moderate 100–300 IU/L

Extrahepatic
Manifestations

Neurologic: Guillain-Barré syndrome, radiculoneuropathy, amyotrophy,
encephalitis

Renal: membranous and membranoproliferative glomerulonephritis,
IgA nephropathy

Hematologic: aplastic anemia, autoimmune hemolytic anemia,
cryoglobulinemia, thrombocytopenia

Pancreatic: pancreatitis
Rheumatologic: polyarthritis
Cardiac: myocarditis
Endocrine: thyroiditis

Diagnosis

Serologies HEV IgM and/or HEV RNA HEV RNA

Liver Biopsy Varies: mixed inflammatory
infiltrate, interface hepatitis,
cholestasis, apoptotic bodies

Varies: minimal inflammation,
mild acute cellular rejection

Differential
Diagnoses

Acute viral hepatitis (HAV, HBV,
HCV, HEV, CMV, EBV)

Autoimmune hepatitis
Drug-induced liver injury

Acute cellular rejection (liver
transplant patients)

Graft-versus-host disease (SOT or
SCT patients)

Drug-induced liver injury
Chronic viral hepatitis (HBV, HCV,

HDV)
EBV and CMV hepatitis

(reactivation)

Treatment None
Consider treatment if extrahepatic

manifestations or high risk; ie,
pregnancy, chronic liver disease

Reduction of immunosuppression
(avoidance of calcineurin
inhibitors)

Ribavirin 600 mg for 3 mo, dose
adjusted for weight and renal
function

Prevention Universal access to clean drinking water
Avoidance of undercooked pork, wild game, and shellfish
Screening of blood donors and/or products
Vaccination (currently not available in most countries)

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; HAV, hepatitis A virus; HCV, hepatitis
C virus; IgA, immunoglobulin A; SOT, solid organ transplant; SCT, stem cell transplant.
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Diagnosis

After initial exposure and an incubation period of 2 to 8 weeks, HEV RNA may be
detectable in the stool and serum for 1 to 2 weeks after onset of symptoms. The diag-
nostic window is narrow because patients typically present after the peak viremic
period has concluded. Anti-HEV IgM is produced early after infection, coinciding
with peak alanine transaminase levels, and may last 4 to 6 months. Anti-HEV IgG is
first present at low titers and increases incrementally over time. Thus, patients who
present early may only have detectable HEV RNA, whereas many patients do not pre-
sent until the early viremic period has already subsided.42 In immunocompetent hosts,
diagnosis of acute HEV infection may require anti-HEV IgM or HEV RNA.
In immunocompromised hosts, levels of anti-HEV immunoglobulin are lower and

frequently undetectable, so diagnosis often requires testing for HEV RNA by polymer-
ase chain reaction (PCR) for confirmation. The World Health Organization has devel-
oped an international standard for nucleic acid amplification techniques to improve
HEV RNA detection and quantification.43 To increase diagnostic rates of HEV, use
of at least 2 of the 3 markers mentioned earlier is suggested to increase yield, partic-
ularly because accuracy and reliability of anti-HEV immunoglobulin assays differ
widely in laboratories and among the particular individuals being tested.42,44 Although
there are distinct HEV genotypes, the body’s immune response and production of
anti-HEV IgG antibodies are cross-reactive to all 4 known genotypes.45

Liver biopsy in acute HEV infection may show a wide range of features, including
mixed inflammatory infiltrate, interface hepatitis, cholestasis, and apoptotic bodies,
which may have similar overlapping features with other viral hepatitis, autoimmune
hepatitis, or drug-induced liver injury.46 Because most cases of acute HEV are self-
limited in immunocompetent hosts, liver biopsy is often not necessary. By contrast,
liver biopsy is often obtained before chronic HEV infection is suspected in immuno-
suppressed hosts because unexplained increase in transaminase levels is the typical
presentation with no other clinical symptoms. In patients with known infection, liver bi-
opsy may be beneficial for staging of fibrosis given the potential risk for accelerated
progression to cirrhosis. HEV RNA may be detected in the liver biopsy specimen
and histopathology ranges from minimal inflammation to clinical features suggestive
of mild acute cellular rejection.47 Given the nonspecific findings on histologic exami-
nation, HEV RNA should be tested in transplant recipients if a liver biopsy shows
chronic hepatitis of uncertain cause or a nondiagnostic biopsy in the setting of persis-
tently abnormal liver chemistries.48
Treatment of Chronic Hepatitis E Virus Infection

The initial step in management of chronic HEV is reduction of immunosuppression, if
possible, particularly using medications with an effect on T cells (ie, calcineurin inhib-
itors and mammalian target of rapamycin inhibitors), which has been shown to be a
sufficient strategy to allow clearance of the virus in one-third of patients.49 The optimal
immunosuppressive regimen still requires further studies, with current recommenda-
tions to minimize immunosuppression as much as possible and favoring use of myco-
phenolate rather than calcineurin or mammalian target of rapamycin inhibitors.50

Interferon has been used for treatment of hepatitis B and C, so it has similarly been
investigated in use for treatment of chronic HEV.51 However, its long list of potential
side effects, including the potential for graft rejection, makes it a poor treatment op-
tion. Ribavirin is used and tolerated well for treatment of chronic HEV in SOT recipients
at a median dose of 600 mg daily (8 mg/kg) for 3 months and longer treatment courses
for 6 to 12 months in those with partial response or relapse after treatment.52 There is
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currently 1 licensed vaccine for hepatitis E (HEV 239, Hecolin) available in China, which
is derived from a 26-KDa protein coded by ORF2 of HEV1.53

HUMAN HERPESVIRUSES

There are 8 viruses in the Herpesviridae family that can cause disease in humans,
including viral hepatitis (Table 4). Initial infections with these viruses are typically
self-limited. The viruses then become latent infections with the ability to reactivate
when there is an immunocompromised or immunosuppressed state.

Herpes Simplex Virus

Herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) are common infections that
cause both oral and genital vesicular lesions. Although immunocompetent individuals
can develop disseminated HSV with hepatic involvement, it is more common in immu-
nocompromised states, including pregnancy, HIV infection, and use of
Table 4
Human herpesviruses

Alternate
Name

Immunocompetent
Host

Immunocompromised
Hostsc Liver Histology

HHV-1 HSV-1 Oral and genital
ulcers

ALF, encephalitis Hepatocyte necrosis,
intranuclear
inclusions,
multinucleated
giant cells

HHV-2 HSV-2 Oral and genital
ulcers

ALF, encephalitis Hepatocyte necrosis,
intranuclear
inclusions,
multinucleated
giant cells

HHV-3 VZV Chickenpox, shingles ALF, encephalitis Hepatocyte necrosis,
intranuclear
inclusions,
multinucleated
giant cells

HHV-4 EBV Infectious
mononucleosisa

Hepatitis, PTLD,
lymphoma

Sinusoidal lymphocytic
infiltration

HHV-5 CMV Mononucleosislike
syndromea

Multisystemic
organ involvementb

Mononuclear portal
and sinusoidal
infiltration, owl’s
eye nuclear
inclusions

HHV-6 Roseola Rare Nonspecific

HHV-7 Pityriasis rosea Rare Nonspecific

HHV-8 KSHV Fever, rash,
lymphadenopathy

Kaposi sarcoma,
Castleman disease

Proliferation of
spindle-shaped cells

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; HHV, human herpesvirus; HSV, her-
pes simplex virus; KSHV, Kaposi sarcoma–associated herpes virus; PTLD, posttransplant lymphopro-
liferative disease; VZV, varicella zoster virus.

a Mononucleosis syndrome is the classic triad of fever, pharyngitis, and lymphadenopathy.
b Hepatitis, pneumonitis, colitis, myocarditis, retinitis, encephalitis, cytopenias.
c Mild hepatitis may occur with all HHV infections but severe hepatitis and ALF typically only

occur in immunocompromised hosts.
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immunosuppressant medications. HSV hepatitis, more commonly caused by HSV-2,
is less likely to manifest with characteristic mucocutaneous vesicular lesions and typi-
cally presents with fever and ALF leading to death or liver transplant in most cases.54

Diagnosis should be made with HSV DNA by PCR rather than serologies (HSV IgG or
IgM) because of the latter’s inaccuracies in acute hepatitis.55 Liver biopsy may be
needed for definitive diagnosis and shows hepatocellular necrosis with intranuclear in-
clusions and immunostaining for HSV. However, immediate initiation of empiric treat-
ment with intravenous acyclovir is recommended given the severity and potentially
rapid progression of disease, including death if treatment is delayed.54

Varicella Zoster Virus

Varicella zoster virus (VZV) is commonly known for causing chickenpox in children at
the time of initial infection, and later becoming latent in the dorsal root ganglia with
reactivation causing shingles in adults. Transmission occurs via aerosolized nasopha-
ryngeal secretions or direct contact with fluid from vesicular lesions. VZV-associated
hepatitis has been rarely reported in the literature but can present similarly to HSV
hepatitis.56 Liver biopsy typically looks similar to HSV hepatitis, although diagnosis
is made by checking serum VZV PCR. Similar to HSV, treatment with acyclovir is rec-
ommended. In immunocompromised hosts, varicella zoster immune globulin may be
considered if known exposure occurs.57 An inactivated zoster vaccine (Shingrix) is
now available and recommended for posttransplant and other immunocompromised
patients.58

Epstein-Barr Virus

Epstein-Barr virus (EBV) is a common infection that causes infectious mononucleosis
with fevers, pharyngitis, and lymphadenopathy. More than 90% of the population has
evidence of prior exposure by 20 years of age.59 Unlike the other herpesviruses, mild
hepatitis with hepatomegaly and increased transaminase level typically occurs with
EBV infection. However, ALF caused by EBV is less common, accounting for 1 in
500 cases of the Acute Liver Failure Study Group and may occur in young and immu-
nocompetent individuals, unlike the other herpesviruses that typically only lead to ALF
in the immunocompromised host.60 After primary infection, the virus becomes latent in
the memory B cells.61 EBV PCR and in situ hybridization of liver tissue can be used to
identify the presence of virus, although confirmation of EBV-related hepatitis also re-
quires the appropriate clinical features, including increased transaminase levels with
serologies (viral capsid IgG/IgM and Epstein-Barr nuclear antigen antibody and EBV
DNA).62 Virtually all cases of EBV hepatitis are self-limited, but rare cases of severe
hepatitis or ALF may require liver transplant.
EBV infection after liver transplant has been associated with posttransplant lympho-

proliferative disorder (PTLD), particularly in cases that occur in the first 18 months after
transplant.63 Risk factors for PTLD within the first year of transplant include primary
EBV infection, use of antilymphocyte antibodies, younger age at transplant, and trans-
plant of the intestine, lung, or heart. Risk factors for PTLD after the first year of trans-
plant include longer duration of immunosuppression and older age at transplant.64

Symptoms of PTLD are similar to other lymphoproliferative disorders, including mal-
aise, fevers, weight loss, and lymphadenopathy. Diagnosis requires biopsy of the
affected organ, which is typically an excisional biopsy of an enlarged lymph node.
Treatment of PTLD first requires the reduction of immunosuppression, but use of
anti-CD20 (anti–cluster of differentiation 20) monoclonal antibodies (ie, rituximab) or
other therapies may be needed in more refractory cases.64
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Cytomegalovirus

Cytomegalovirus (CMV) infection may be asymptomatic or lead to a mononucleosis-
like syndrome, with an estimated 64% of adults having evidence of prior CMV infection
by 50 years of age.65 Mild transaminase level increases are common and may persist
for months after infection.66 In solid organ transplant recipients, CMV infection is asso-
ciated with increased death and graft loss, particularly within the first year of trans-
plant.67 In these cases, CMV hepatitis may be difficult to differentiate from graft
rejection. CMV may also lead to a multisystemic disease with end-organ involvement
including cytopenias, pneumonitis, colitis, retinitis, myocarditis, and encephalitis.
Although CMV IgM may be checked as a marker of acute infection in immunocompe-
tent individuals, serologies are not reliable in immunocompromised hosts. CMV PCR
or immunostaining of liver tissue is needed for diagnosis. Preemptive antiviral therapy
with valganciclovir has been recommended for SOT recipients at risk, particularly
those with no evidence of prior CMV exposure (ie, CMV IgG is negative) who receive
allografts from CMV IgG-positive donors.68 Oral valganciclovir or intravenous ganci-
clovir may be used to treat CMV hepatitis depending on the severity of illness.

Human Herpes Viruses 6 and 7

Human herpesvirus 6 (HHV-6) and 7 (HHV-7) are typically subclinical infections that may
present as roseola or pityriasis rosea, respectively. Reactivation in transplant recipients
has been reported to cause hepatitis, graft rejection, and liver failure alongside extrahe-
patic manifestations including colitis, pneumonitis, encephalitis, and bone marrow sup-
pression.69 Tissue biopsy with viral PCR is available but not standardized, and positive
results do not necessarily confirm causation of clinical disease.70

Kaposi Sarcoma–Associated Herpesvirus

Human herpesvirus 8 (HHV-8), also called Kaposi sarcoma–associated herpesvirus, is
a known cause of Kaposi sarcoma, lymphoma, and multicentric Castleman disease.
Although Kaposi sarcoma is more commonly reported in association with acquired im-
munodeficiency syndrome, there have also been reported cases in transplant recipi-
ents, particularly in liver transplant recipients, who may have graft involvement with
hepatitis.70 Reduction of immunosuppression, including conversion to mammalian
target of rapamycin inhibitors, leads to response in most patients, whereas chemo-
therapy is reserved for those with severe disease with visceral involvement.71
MISCELLANEOUS VIRUSES

Additional viruses have been reported to cause a range of clinical presentations, from
mild to severe acute hepatitis and ALF, including:72

� Adenoviridae
� Arenaviridae: Lassa virus
� Coronaviridae: severe acute respiratory syndrome virus
� Filoviridae: Ebola virus
� Flaviviridae: Dengue virus, West Nile virus, yellow fever virus, Zika virus
� Orthomyxoviridae: influenza virus
� Paramyxoviridae: measles morbillivirus
� Parvoviridae: parvovirus B19
� Picornaviridae: Coxsackie virus, echovirus, poliovirus
� Retroviridae: HIV
� Togaviridae: chikungunya virus
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SUMMARY

Both HDV and HEV are causes of disease worldwide and diagnosis requires high clin-
ical suspicion to test for disease presence. HDV remains difficult to treat with the cur-
rent available therapies and typically leads to chronic disease after superinfection with
an accelerated course to cirrhosis or related complications. HEV leading to chronic
hepatitis is more common in immunocompromised hosts. Although the hepatotropic
viruses (HAV, HBV, HCV, HDV, HEV) may cause disease in all exposed individuals, the
nonhepatotropic viruses (ie, HSV-1, HSV-2, VZV, EBV, CMV) typically have self-limited
courses that may include a mild hepatitis caused by the immune system’s response to
the virus at the time of primary infection. For immunocompromised hosts, the risk of
clinical disease from the nonhepatotropic viruses is typically at the time of reactivation,
with the potential for significant morbidity and mortality.
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44. Norder H, Karlsson M, Mellgren Å, et al. Diagnostic performance of five assays
for anti-hepatitis E virus IgG and IgM in a large cohort study. J Clin Microbiol
2016;54(3):549–55.

45. Emerson SU, Clemente-Casares P, Moiduddin N, et al. Putative neutralization epi-
topes and broad cross-genotype neutralization of Hepatitis E virus confirmed by
a quantitative cell-culture assay. J Gen Virol 2006;87(Pt 3):697–704.

46. Malcolm P, Dalton H, Hussaini HS, et al. The histology of acute autochthonous
hepatitis E virus infection. Histopathology 2007;51(2):190–4.
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