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KEY POINTS
 Hepatic dysfunction is commonly encountered in patients with severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) infection. Presence of preexisting chronic liver
disease and/or cirrhosis has been associated with poorer outcomes in patients infected
with SARS-CoV-2.
 Adenovirus typically causes a self-limited viral illness. In immunocompromised individuals, it can cause severe infections involving the respiratory tract, gastrointestinal tract,
heart, pancreas, liver, conjunctiva, meninges, and brain.
 Herpes simplex virus (HSV) hepatitis occurs as a part of disseminated HSV infection usually seen in immunocompromised patients and pregnant women. It is associated with high
mortality if not identified and treated early, especially in pregnant women.
 Patient with acute Q fever from Coxiella burnetii may develop acute hepatitis, which is
typically granulomatous hepatitis, ranging in severity from mild to severe.
 Flaviviruses such as dengue, Zika, and yellow fever, and Filoviruses such as Ebola virus
and Marburg virus, can cause significant liver injury mimicking acute hepatitis.
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INTRODUCTION

Hepatotropic viruses (A–E) are the most common causes of infectious hepatitis. Less
commonly, nonhepatotropic viruses such as coronavirus, adenovirus, and herpes
simplex virus (HSV), and bacteria such as Coxiella burnetii, may cause acute hepatitis.
Hepatic injury may range from mild increase in aminotransferase level to severe acute
hepatitis, or even acute liver failure. Clinical presentation of a patient with hepatitis
from nonhepatotropic viruses may not be easily distinguishable from those with hepatotropic viral hepatitis. A high index of suspicion and knowledge of the clinicopathologic manifestations of important nonhepatotropic viruses and bacteria that can cause
acute hepatitis is crucial in early diagnosis and appropriate management. This article
discusses the hepatic manifestations of coronavirus, with a focus on severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) (coronavirus disease 2019 [COVID19]), adenovirus, HSV, and C burnetii.
COVID-19 HEPATITIS
Virology and Transmission

Coronaviruses are single-stranded, positive-sense, single-stranded, enveloped RNA
viruses that belong to the family Coronaviridae and the subfamily Orthocoronaviridae.
They infect both humans and animals.1 Coronaviruses are likely transmitted through
respiratory droplets, either through direct contact or indirectly through fomites.2,3
The COVID-19 virus is highly resilient and may remain viable for 2 hours to 14 days
depending on environmental factors.3,4
Epidemiology

In December 2019, a series of patients developed severe and unexplained pneumonia, which was subsequently diagnosed as caused by a novel coronavirus named
SARS-CoV2 or COVID-19. The infection spread rapidly throughout the world and, in
March 2019, the World Health Organization (WHO) declared COVID-19 as a
pandemic. As of September 16, 2020, the WHO has reported a worldwide number
of 29.4 million cases and 931,000 deaths.5 The mortality is approximately 3.8% and
rapid viral transmission is attributed to a high asymptomatic carrier rate.1
Mechanism of Infection

The angiotensin-converting enzyme-2 (ACE-2) receptor plays a pivotal role in
acquiring infection from the COVID-19 virus. SARS-CoV-2 binds to the susceptible
ACE-2 receptor to enter the host tissue. ACE-2 receptors are abundantly expressed
in type 2 alveolar cells of the lung. ACE-2 receptors are also highly expressed in the
gastrointestinal tract, especially in the enterocytes of the small intestine and smooth
muscles of the gastric and colonic mucosa. In the liver, ACE-2 receptors are predominantly expressed in cholangiocytes (w60%) but much less so in hepatocytes (2%–
3%).6 In addition, ACE-2 receptors are not expressed in sinusoidal endothelium but
are expressed in the endothelium of small vessels in the liver.
Clinical Features

COVID-19 is typically a self-limiting viral disease in immunocompetent patients with
mild symptoms such as fever, cough, fatigue, myalgia, and sore throat; however, severe infections, especially in immunocompromised patients, can quickly progress to
bilateral pneumonia, severe multiorgan failure, and death.2 The most common gastrointestinal symptoms in patients with COVID-19 are nausea, vomiting, and diarrhea. In
a study by Han and colleagues,6 patients presenting with gastrointestinal symptoms
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experienced a longer time interval between symptom onset and viral clearance and
were more likely to be viral positive (73.3% vs 14.3%, P 5 .03) than those who had
predominantly respiratory symptoms.
Hepatic Manifestations in COVID-19

Increased liver enzyme levels have been noted in patients infected with SARS-CoV-2,
with the incidence ranging from 14.8% to 53%.7 In general, it has been observed that
hepatic dysfunction is more common in patients with severe COVID-19 compared with
patients with mild illness. Presence of hepatic dysfunction in patients with COVID-19
has been associated with poor outcomes. Note that, although ACE-2 receptors in the
liver are predominantly in cholangiocytes, a cholestatic pattern of injury with increase
in alkaline phosphatase level is infrequent. Instead, a hepatocellular pattern of injury
with increase in aminotransferase levels is commonly seen. Aspartate aminotransferase (AST) levels are usually higher than alanine aminotransferase (ALT) levels. Severe acute liver injury with significant increase in aminotransferase levels to more
than 1000 U/L has been reported but is less common. Bilirubin level increases are uncommon and, if present, are usually mild, although higher levels of bilirubin may be
seen in patients with severe COVID-19. Serum albumin level may be lower, especially
in severe COVID-19 illness. Severe liver injury is uncommon in children and, even in
severe illness, AST and ALT levels are only mildly increased (less than 2–3 times the
upper limit of normal) in children. No cases of acute liver failure from COVID-19
have been reported to date. Patients with cirrhosis and COVID-19 infection may
also present with new-onset hepatic decompensation. A substantial number of these
patients have no respiratory symptoms at the time of diagnosis.
Mechanisms of Liver Injury

There seem to be several mechanisms for liver injury in patients with COVID-19
(Fig. 1).8 Direct viral cytopathic effect on hepatocytes has been proposed.8 However,

Fig. 1. Mechanisms of liver injury in patients with COVID-19 infection. GI, gastrointestinal;
IL, interleukin. (From Sun J, et al. COVID-19 and liver diease. Liver Int 2020;40(6):1278-81;
with permission.)
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immune-mediated damage to hepatocytes during an inflammatory cytokine storm is
an important mechanism of hepatic dysfunction in patients with severe COVID-19
illness. Several drugs, including antibiotics and antiviral agents that have been used
empirically in the management of patients with COVID-19, are potentially hepatotoxic.
Thus, drug-induced liver injury is an important contributor to increased liver enzyme
levels in this setting. Often, it is not possible to determine whether increased liver
enzyme levels are caused by the viral illness or medications. In addition, patients
with severe COVID-19 infection may develop sepsis and septic shock, which can
also contribute to increased aminotransferase levels.
Diagnosis

Diagnosis of COVID-19 involves a combination of clinical diagnosis through history/
physical examination, and real-time reverse transcription polymerase chain reaction
(PCR) with nasal or oral swabs. Interestingly, the virus can also be isolated from stool.9
The COVID-19 virus has been shown to remain in stool long after a negative respiratory sample.9
To date, it has been uncommon for patients with COVID-19 virus infection to have
abnormal liver enzyme levels as the sole clinical manifestation. However, this is
possibly because asymptomatic patients with incidentally diagnosed abnormal liver
enzyme levels are not routinely tested for COVID-19. It may be reasonable to check
for COVID-19 in patients with unexplained abnormal liver enzyme levels in the absence
of other symptoms, although data are lacking in this regard. Patients with cirrhosis and
new-onset hepatic decompensation should be considered for COVID-19 testing.
In patients with SARS-CoV-2 infection and abnormal liver enzyme levels, it is important to rule out other causes of abnormal liver enzyme levels such as viral hepatitis,
autoimmune liver disease, and vascular disorders of the liver. Cholestatic increases
in liver enzyme levels are uncommon; thus, an increase in alkaline phosphatase or
gamma-glutamyl transferase levels would require thorough work-up for intrinsic liver
diseases. In patients with chronic liver disease and COVID-19 virus infection, increase
in liver enzyme levels must not be diagnosed and treated as flares of viral hepatitis or
autoimmune hepatitis. Appropriate tests, including serology and liver biopsy, may be
required for an accurate diagnosis.
Liver Histology

The first reported postmortem biopsy in a patient with COVID-19 showed moderate
microvascular steatosis as well as mild lobular and portal inflammation (Fig. 2).10
This pattern of liver injury seems to be nonspecific and may be seen with direct viral
cytotoxic effect, immune-mediated injury, or drug-induced liver injury. Subsequent
studies have reported similar findings of mild lobular infiltration but have also noted
macrovesicular steatosis and focal necrosis.11 Mild sinusoidal dilatation suggestive
of hepatic vascular injury has also been observed. Interestingly, no evidence of significant biliary injury has been noted in histology specimens.
COVID-19 and Chronic Liver Disease

Patients with underlying chronic liver disease (CLD) are likely to be at increased risk for
severe COVID-19. Up to 11% of patients with COVID-19 have preexisting CLD. A
meta-analysis of observational studies has revealed that the prevalence of CLD in patients infected with SAR-CoV-2 is around 3%, although some studies have shown
prevalence as high as 11%.7,12 In patients with preexisting CLD, severe COVID-19
may cause worsening of liver disease, resulting in hepatic decompensation, acuteon-chronic liver disease, and death. In patients with preexisting untreated chronic
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Fig. 2. Liver histology in a patient infected with COVID-19 showing atypical small lymphocytes infiltrating portal triads (CD20 immunostain). (From Tian S, et al. Pathological study
of the 2019 novel coronavirus disease (COVID-19) through postmortem core biopsies.
Mod Pathol 2020;33:1007-14; with permission.)

hepatitis B, immunosuppressive drugs that may be used for COVID-19 treatment may
cause reactivation of hepatitis B infection, which can lead to acute liver injury or failure.
In a meta-analysis by Kovalic and colleagues,12 underlying CLD was significantly
associated with a higher mortality and more severe COVID-19 than in patients without
CLD. It seems that the more advanced the CLD, the higher the mortality with COVID19. However, further studies are needed to determine the prognosis of patients with
CLD who develop COVID-19.
Although liver-related mortality seems uncommon in patients with SARS-CoV-2
infection, even in severe cases, the COVID-19 pandemic may indirectly increase the
risk of liver-related morbidity and mortality. The pandemic could lead to deferral of
care for liver-related illness and may delay referral to advanced care centers for management of CLD.
COVID-19 and Hepatocellular Carcinoma

Patients with hepatocellular carcinoma (HCC) are at increased risk for COVID-19–
related complications because of the presence of underlying CLD or cirrhosis and
an associated immunosuppressed state. In addition, patients with HCC may be on
immunotherapeutic treatments, which may worsen their immune response to
COVID-19.
COVID-19 and Liver Transplant Recipients

The effect of SARS-CoV-2 infection on posttransplant immunosuppression in liver
transplant recipients is not well known. High doses of immunosuppression used in
the first few days after liver transplant may increase the risk of developing severe
COVID-19. In addition, immunosuppression may also prolong viral shedding. A retrospective study on the outcomes of solid organ transplant recipients with COVID-19
revealed a 24% mortality.11 Data from the European registry of liver transplant recipients on 103 patients with COVID-19 showed a 16% mortality with no deaths in patients less than 60 years old.12 Despite the increased mortalities noted in liver
transplant recipients with COVID-19, further data are required to conclusively determine whether posttransplant immunosuppression increases the risk of severe
COVID-19 illness. Preemptive decrease in immunosuppression is thus not recommended at this time and may cause more harm (acute cellular rejection) than benefit in liver
transplant recipients.
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Treatment of COVID-19 in Patients with Liver Disease

Randomized clinical trials have not yet identified an effective treatment of patients with
COVID-19 and liver disease. No specific treatment is currently recommended for patients with increased liver enzyme levels. Patients may receive experimental drug therapies in the setting of mildly increased liver enzyme levels; however, liver enzymes
must be checked and closely monitored for all patients admitted with COVID-19.
Checking hepatitis B surface antigen and core antibody status and initiation of appropriate antiviral therapy, especially in patients with hepatitis B surface antigen positivity,
is crucial for patients who may receive corticosteroids or other immunosuppressive
therapies.
Prognosis

Individuals at higher risk of COVID-19 complications include elderly patients and those
with underlying chronic comorbidities, such as diabetes, cardiovascular disease, and
cirrhosis. More intensive monitoring and individualized treatment is suggested for this
group of patients with COVID-19.11
Prevention

Because patients with underlying liver disease may be susceptible to more serious
complications, they are generally advised to follow general COVID-19 prevention
guidelines, including social distancing, wearing face masks, and frequent hand
washing or sanitizing.
ADENOVIRUS HEPATITIS

Human adenovirus infection is common but liver dysfunction from adenovirus infection is rare. It is most often a self-limiting disease in immunocompetent patients and
typically causes mild upper respiratory, gastrointestinal, or ocular infections.13 In
immunosuppressed individuals, especially in children, it can lead to significant
morbidity and mortality. Acute fulminant hepatitis from adenovirus infection has
been described.14
Virology and Transmission

Human adenovirus is a double-stranded, nonenveloped DNA virus. Infection can be
acquired via exposure to infected individuals or by reactivation of latent virus.13 Transmission occurs via the respiratory route, exposure to infected tissue or blood,
conjunctival inoculation, fomites, or a fecal-oral route.15 In immunocompromised individuals such as recipients of solid organ transplants or stem cell transplants, patients
on chemotherapy, or those with congenital immunodeficiency syndromes, adenovirus
can cause severe infections, which can be localized or disseminated, involving the
respiratory or gastrointestinal tracts, heart, pancreas, liver, conjunctiva, meninges,
and brain.13,14 Severe infections have also been reported in neonates who are not
immunocompromised.16
Epidemiology

Adenoviruses are classified into subgroups (A–G) based on hemagglutination properties, DNA homology, and oncogenic potential in rodents. These subgroups are further
divided into 67 serotypes.17 There are 51 known serotypes, of which serotypes 1, 2, 3,
5, and 7 are most commonly associated with human disease.18
There is no seasonal variation in incidence of adenovirus infections.15 They are
endemic in children and in individuals living in close places.15 Outbreaks of
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adenoviruses tend to occur in hospital or institutional settings.19 Prevalence is higher
in children compared with adults,20 allogenic stem cell transplant recipients versus
autologous grafts,21 patients with T cell–depleted grafts,22 and patients with acute
graft-versus-host disease.23 The incidence in solid organ transplant recipients is unclear; however, adenovirus has been isolated from 3.8% to 18% of bone marrow
transplant recipients,24 8% to 18% of liver transplant patients,25 and 12% of kidney
transplant recipients.26 The incidence in pediatric liver transplant recipients seems
to be 2% to 4%.27 Pediatric liver transplant patients are at increased risk for infection,
which is partly related to the higher likelihood of primary infection in younger patients.
Disseminated adenovirus infection can occur in immunocompromised patients with a
case fatality rate as high as 60%.28
In immunocompromised hosts, the source of adenovirus infection is uncertain but
there are 3 possibilities.28 It is most likely caused by reactivation of latent adenovirus
infection.18 The second possibility is exogenous infection, which occurs via nosocomial transmission or community outbreak.29 The third possibility is transmission via
transplanted organ. A study showed that 67% of liver transplant recipients who
were seronegative before transplant and received organs from seropositive donors
developed adenovirus hepatitis.30
The proportion of infection caused by primary versus reactivation in immunosuppressed individuals is not known.31 The overall survival rate of adenovirus hepatitis
is approximately 15%32,33 but mainly depends on severity of illness and degree of
immunosuppression. Recipients of liver transplants have a higher likelihood of survival
than recipients of bone marrow transplant (49% vs 10% survival).14
Clinical Features

The spectrum of illness ranges from asymptomatic viremia to pneumonia, enterocolitis,
hepatitis, hemorrhagic cystitis, meningoencephalitis, and disseminated disease.34,35
Adenovirus hepatitis is an uncommon manifestation of adenovirus infection. Common
presenting symptoms include fever, malaise, and diarrhea. Jaundice and hepatomegaly are less common presenting symptoms.14
Adenovirus infection is defined as the presence of adenovirus as detected by diagnostic tests in the absence of clinical symptoms or signs.36 Adenovirus disease is
defined as the presence of organ-specific clinical signs and symptoms and the detection of the virus in the biopsy specimen or bronchoalveolar specimen or cerebrospinal
fluid.37 Disseminated disease is defined by the involvement of 2 or more organs other
than viremia.38
In liver transplant recipients, hepatitis is the most common presentation. However,
it can affect respiratory, gastrointestinal, and urinary tracts.39 Risk factors in solid
organ transplant recipients include age, allograft type, and degree of immunosuppression. Children less than 5 years of age who have received an organ transplant
are at increased risk, likely because of higher exposure and being immunologically
naive.40 Similarly, intestinal transplant seems to have the highest risk compared with
other allografts, which is likely related to the intense immunosuppression needed
because of a large amount of lymphoid tissue.36,40 High rates of infection during
the first month or after rejection, and resolution of infection with reduced immunosuppression, suggest the degree of immunosuppression as an independent risk factor.40,41 Risk factors for a progressive disease include early posttransplant infection,
intense immunosuppression, and persistent infection of 1 site.36,39 Asymptomatic
viremia is common in adult solid organ transplant recipients (6.5%–22.5%). Risk
of progression to adenoviral disease is low but not exactly known,38 and routine
screening is not recommended.35
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Diagnosis of Adenovirus Hepatitis

Diagnosis is based on history, physical examination, laboratory testing, serology,
PCR, histology, and imaging studies. In cases of adenovirus hepatitis, serum AST
levels are typically higher than ALT levels.14,42 Schaberg and colleagues16 reported
the consistent increase of serum AST levels more than serum ALT levels can be a
clue to the diagnosis of adenovirus infection, although this may not always be the
case.42
Serology has a limited role in immunosuppressed individuals because of a lack of
sensitivity and the presence of serum antibodies from previous exposure.34 Presence
of adenovirus on PCR in the right clinical setting along with clinical and laboratory features of hepatitis favors a high likelihood of adenovirus hepatitis. The definitive diagnosis of adenovirus hepatitis may require a liver biopsy.34 Histopathology is
characterized by focal coagulative necrosis, which can be seen in up to 98% of cases;
inflammatory changes; and glassy intranuclear inclusions within hepatocytes, with a
smudged appearance (Fig. 3).16 Intranuclear inclusions stain strongly with immunohistochemical stain for adenovirus.16 Other histologic findings include focal portal lymphohistiocytic infiltrates and rarely granulomas.16,43 Most cases do not have
associated inflammation.16 When present, it may be difficult to determine whether
an inflammatory reaction is against the viral infection or whether it represents acute
cellular rejection because most patients are liver transplant recipients and immunosuppression is withdrawn to treat the viral infection.

Fig. 3. Liver histology in a patient with adenovirus hepatitis. Dotted circle showing adenovirus intranuclear inclusions (hematoxylin-eosin, original magnification 600).
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Imaging findings on computed tomography (CT) scan or ultrasonography (US)
include heterogeneous involvement of the liver parenchyma, and well-defined areas
of low attenuation that could be mistaken for metastasis. CT scan sometimes shows
an intrahepatic rim-enhancing lesion resembling an abscess.14,44,45 US can be normal
in affected patients and hence a CT scan may be necessary for identifying areas of
attenuation14 from which targeted liver biopsy can be performed to confirm diagnosis.
Treatment

There are currently no proven effective treatments available for adenovirus hepatitis.34
Ribavirin, cidofovir, and intravenous immunoglobulin (IVIG) have been tried,14,34 but
their efficacy is unclear and requires further study. Reduction in immunosuppression
is associated with better outcomes. In 1 study, patients receiving only antivirals
without IVIG or without reducing immunosuppression did not survive.14
Prevention

The Centers for Disease Control and Prevention recommend contact and droplet precautions to prevent nosocomial spread.19 A live oral vaccine (containing types 4 and 7)
has been approved for those in the United States military46 but is contraindicated in
transplant recipients. It is also not recommended before transplant because it offers
immunity against only 2 serotypes.
Adenovirus and Hepatocellular Carcinoma

Adenovirus has been studied extensively for its potential role in the treatment of HCC.
Oncolytic virotherapy is a novel tumor gene therapy treatment strategy using viruses
to induce tumor lysis. Adenovirus has been extensively studied to target tumor cells,
including HCC, because of its high transduction efficiency and ability to insert large
therapeutic genes in cancer cells.47 Oncolytic adenovirus therapy is also being studied
in combination with immunotherapy in the treatment of HCC and has been shown to
be effective in in vitro studies.
In summary, early diagnosis, prompt testing including testing via serum PCR,
reducing immunosuppression, and starting empiric antiviral therapy pending diagnostic confirmation can be lifesaving. Patients refractory to medical treatment require
liver transplant.14
Herpes Simplex Virus and Hepatitis

HSV infection is a common infection in adults. HSV-1 is associated with herpes labialis, whereas HSV-2 infection is associated with genital lesions. HSV hepatitis occurs
as a part of disseminated HSV infection. HSV hepatitis is a rare condition that is usually
seen in immunocompromised patients and pregnant women. It is associated with high
mortality if not identified and treated early.
Virology and Transmission

HSV is a linear double-stranded enveloped DNA virus surrounded by an icosahedral
capsid.48 Transmission occurs via direct contact with mucosal surfaces or skin during
intimate or close contact with the infected individual.49 HSV-1 infections are transmitted by respiratory droplets or saliva and are generally limited to the oropharynx.
HSV-2 infections are transmitted via sexual contact.50
Epidemiology

HSV infection is widely prevalent in adults. In the Western world, most adults are
infected with HSV-1 compared with HSV-2. HSV predominantly causes cutaneous
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lesions. HSV can persist in neurons and may cause recurrent infections. Reinfection
by a different strain of the virus can also occur. Some strains are more virulent than
others and have a greater tendency to cause hepatitis.51
Disseminated or isolated HSV-1 or HSV-2 hepatitis is sometimes seen in immunocompromised patients, typically recipients of organ transplants (especially liver transplants), those on immunosuppressive therapy, or those with immunodeficiency
diseases such as human immunodeficiency virus (HIV). Pregnant women in the second and third trimesters are also at risk of a disseminated disease mainly because
of low T-cell counts and low immunoglobulin (Ig) G levels at 27 to 33 weeks caused
by hemodilution.52–54
Clinical Features

Both HSV-1 and HSV-2 serotypes can cause hepatitis.55 HSV hepatitis has been
documented in liver, kidney, pancreas, lung, and heart transplant recipients.56,57
The source of infection in most cases is the reactivation of latent HSV in the recipient
or new primary infection. Transmission from donor graft has also been identified.58
HSV hepatitis presents with nonspecific symptoms, often causing a delay in timely
diagnosis and treatment. In addition, the typical mucocutaneous vesicular rash seen in
HSV infection is only present in 18% to 50% of individuals with HSV hepatitis. Thus, its
absence should not exclude HSV from the differential diagnosis. Typical presenting
symptoms include fever, right upper quadrant pain, nausea, and/or vomiting. Hepatomegaly may be noted on examination. Laboratory tests usually reveal increased
aminotransferase levels without significant increase in bilirubin level in patients with
disseminated HSV. In patients with fulminant hepatitis, AST/ALT level can be more
than 50 to 100 times the upper limit of normal. Leukopenia, thrombocytopenia, and
coagulopathy with or without disseminated intravascular coagulation may be present.
Acute kidney injury may develop quickly, and patients may progress rapidly into multiorgan failure resulting in death. Factors associated with higher mortality include male
gender, age greater than 40 years, immunocompromised status, degree of AST level
increase, coagulopathy, and encephalopathy.54,55
Although uncommon, HSV hepatitis may lead to acute liver failure. Less than 1% of
all acute liver failures and less than 2% of all viral-related acute liver failures are caused
by HSV hepatitis.55 Patients developing HSV hepatitis and acute liver failure have a
very high mortality, as high as 70%, especially in the absence of liver transplant.55
Diagnosis

Diagnosis is based on physical examination findings, serology, PCR, and liver biopsy if
needed. Physical examination should include skin and pelvic examinations for
herpetic lesions. Serology involves detecting IgG and IgM antibodies; however, its
use is limited by poor sensitivity and specificity. PCR from blood samples to identify
HSV DNA has high sensitivity and specificity. However, test results are often not available for 48 to 72 hours. Liver biopsy is a confirmatory test but has a higher risk of
bleeding, especially in acute liver failure. If liver biopsy is deemed necessary, a transjugular approach is preferred to percutaneous because of its lower risk of
bleeding.59,60
Histopathology is characterized by irregular zones of hemorrhagic or coagulative necrosis, scattered acidophilic bodies, and destruction of the reticulin network. There is a
lack of inflammatory cells in the parenchyma or in the region of the portal vein. Hepatocytes infected with the virus typically have Cowdry type A bodies with ground-glass
appearance, with chromatin squeezed to the margins (Fig. 4). Multinucleated giant cells
are not common.54
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Fig. 4. Liver histology in a patient with HSV hepatitis (A) showing Cowdry type A inclusions
(B) (hematoxylin-eosin, original magnification 400).

CT imaging may reveal small, diffuse, hypodense liver lesions (Fig. 5). These lesions
reflect the focal areas of necrosis. These lesions are not specific for HSV hepatitis and
can be found in candida or histoplasma hepatitis, infection, sarcoidosis, and
lymphoma.
Herpes Simplex Virus in Chronic Liver Disease and Hepatocellular Carcinoma

HSV infection has not been shown to result in CLD or liver cirrhosis, or to predispose to
HCC. Similar to adenovirus, oncolytic HSVs have been studied against HCC and been
found to be effective in vitro.61 Further studies are needed to evaluate the role of HSV
in the treatment of HCC.
Herpes Simplex Virus Hepatitis in Liver Transplant Recipients

HSV hepatitis in liver transplant recipients tends to occur in the very early postoperative period. Onset is usually 20  12 days.62 This short interval might suggest reactivation of the virus in the recipient caused by immunosuppression or possibly acquired
from the donor. HSV hepatitis in recent liver transplant patients is associated with
significantly increased mortality. Early detection and timely diagnosis improve survival.63 HSV hepatitis may not be recognized promptly because evaluation for more
common causes, such as acute cellular rejection or biliary complications, is prioritized.
Empiric treatment with acyclovir should be initiated as soon as the diagnosis is suspected.64 Prophylaxis against HSV is associated with a low incidence of clinical disease and has been recommended for HSV-1 and HSV-2 seropositive solid organ
transplant recipients not receiving cytomegalovirus (CMV) prophylaxis that has activity
against HSV.65
Treatment

There are no established guidelines for treatment of HSV hepatitis. Because of its high
mortality and rapid deterioration to acute liver failure, it is advised to start treatment as
soon as possible because the disease is curable. It has been reported that early treatment with acyclovir reduces mortality and the need for liver transplant. Keeping a high
level of suspicion in populations at risk and starting early acyclovir until HSV is
excluded as the cause of liver failure is critical. Experts recommend treating for 2 to
3 weeks, and up to 4 weeks in some cases.55
Resistance to acyclovir has been reported in 0.27% of immunocompetent and 7%
of immunocompromised individuals.66 Cidofovir and foscarnet have successfully been
used for treatment in these cases.67 In patients refractory to antiviral therapy, urgent
liver transplant is indicated. Liver transplant recipients are at risk of recurrent HSV
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Fig. 5. CT findings of multiple hypodense lesions in the liver in patients with HSV hepatitis
(A) Axial view; (B) Coronal view. (From Tripuraneni V, et al. Fulminant herpes simplex viral
hepatitis: ultrasound and CT imaging appearance and a review of the imaging literature.
Clin Imaging 2014;38:191-4; with permission.)

infection, which necessitates long-term acyclovir therapy; however, this can result in
increased acyclovir resistance.66,68,69
Plasma exchange has been attempted for treatment of acute liver failure from HSV
hepatitis.70 The rationale is that it helps to remove HSV virions and infectious particles,
decreasing viral burden and allowing time for the immune system to develop a stronger response. More studies are needed to further elaborate the role of plasma exchange in severe HSV hepatitis.
HEPATITIS CAUSED BY COXIELLA BURNETII

C burnetii is an intracellular gram-negative bacterium that causes a zoonotic disease
known as Q fever.71 Farm animals, such as cattle, sheep, and goats, and pets are the
main reservoirs.72 Transmission occurs through contact with livestock via inhalation of
contaminated aerosols and dusts, or through ingestion of raw milk or unpasteurized
goat cheese.72,73 The disease has an incubation period of 2 to 3 weeks.74
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Q fever has a variable clinical presentation. Many infections are subclinical and the
infected are usually asymptomatic. About 50% of patients infected with Q fever
become symptomatic. Acute Q fever usually manifests as flulike illness with symptoms
of fever, chills, headache, fatigue, and muscle pain. Hepatitis and pneumonia may be
seen in patients infected with Q fever.75 Q fever can also cause acute acalculous
cholecystitis. In less than 5% of patients, Q fever can present as chronic illness, which
is usually manifested as endocarditis.74
Patients with acute Q fever may develop acute hepatitis, which may range in severity
from mild to severe. About 85% of patients with acute Q fever have increased aminotransferase levels.76 Most patients only have mild to moderate increases in aminotransferase and alkaline phosphatase levels. Significant hyperbilirubinemia is uncommon
but, if present, may indicate severe illness.73 Chronic Q fever can result in chronic granulomatous hepatitis.77 These patients usually have hepatosplenomegaly.
Diagnosis of C burnetii hepatitis requires a high index of suspicion because the
symptoms of Q fever are nonspecific. A triad of fever, hepatitis, and atypical pneumonia should raise a high suspicion of Q fever.78 Serologic testing to detect antibodies to C burnetii using immunofluorescence assay is commonly performed to
confirm the diagnosis of Q fever. The test may be negative in the first 2 weeks of
acute illness because antibodies usually develop 2 to 3 weeks after infection.
Quantitative PCR estimation of C burnetii is rapid and sensitive and may identify
Q fever within 2 weeks of infection. However, PCR testing may not be easily accessible, and the specificity of the test may vary based on the gene target used for
testing. Liver biopsy can assist in diagnosis in patients with acute hepatitis. Liver
biopsy reveals inflammation predominantly with lymphocytes and neutrophils.
Fibrin ring granulomas are classically associated with Q fever (Fig. 6).76 Though
not specific to Q fever, presence of fibrin ring granulomas should induce the physician to pursue the diagnosis of Q fever vigorously. Epithelioid granulomas with
multinucleated giant cells may also be seen in liver biopsy specimens.
Acute infections are mostly subclinical and hence do not require treatment. In patients with acute illness, treatment with oral doxycycline 100 mg every 12 hours for
14 days should be initiated immediately following definite diagnosis.77
VIRAL HEPATITIS CAUSED BY FLAVIVIRUSES

Flaviviruses are positive, enveloped, single-stranded RNA viruses. They are primarily
found in ticks and mosquitoes and occasionally infect humans. Although infections

Fig. 6. Liver histology in a patient with C burnetii hepatitis showing fibrin ring granuloma.(A) Fibrin ring granuloma (hematoxylin-eosin, original magnification 250). (B) Accentuated fibrin ring granulomas (PTAH, phosphotungstic acid hematoxylin, original
magnification 40).
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from flaviviruses are not endemic in North America, North American travelers to areas
endemic to flaviviruses may acquire the infection and should be advised of measures
to minimize the risk of acquiring these infections.
Dengue

Dengue viruses belong to the genus Flavivirus and have 4 known serotypes. It is transmitted by a mosquito, either Aedes aegypti or Aedes albopictus.79 Dengue can cause
4 spectra of disease ranging from asymptomatic infection, classic dengue fever,
dengue hemorrhagic fever (DHF), and atypical infection. Only 1 of 4 patients infected
with dengue virus becomes symptomatic. Severe dengue illness is uncommon but,
when present, can be life threatening. Children (especially infants), pregnant women,
and those with prior history of dengue infection are at increased risk for severe illness.
Similar to other viral illness, fever, myalgia, and arthralgia are the most common symptoms. Severe illness can cause vomiting, hematemesis, hematochezia, bleeding from
the gums and nasal cavity, and altered mental status.
Dengue can infect various cell types, including liver cells.80 It can also present as
acute hepatitis with right upper quadrant pain, hepatomegaly, jaundice, and increased
liver enzyme levels.81 Hepatic involvement is usually mild. Other laboratory findings
usually include leukopenia with atypical lymphocytes, thrombocytopenia less than
100,000/mm3, and evidence of hemoconcentration.79 Although rare, it can cause
fulminant hepatitis,82 and, in patients with DHF, it can cause severe hepatic dysfunction.83 Treatment is mainly supportive because no specific treatment is available.
Zika Virus

Zika virus, belonging to the genus Flavivirus, is also transmitted by the Aedes mosquito.84 Most infections are asymptomatic. In 20% of cases, it causes a mild, selflimited infection characterized by fever, sore throat, conjunctivitis, and skin rash
that resolves in 1 to 2 weeks.85 Occasionally, Zika virus infection has been associated
with Guillain-Barré syndrome, transient hearing loss, retinal lesions, severe abdominal
pain, and cardiovascular complications.86 Very rarely, it can cause severe liver injury
and coagulopathy.87 Treatment is usually supportive.
YELLOW FEVER

Yellow fever virus is endemic to the tropical and subtropical areas of Africa and South
America. Infection is transmitted through the bite of mosquitoes of the Haemagogus,
Sabethes, and Aedes genera.88 Incubation period is 3 to 6 days. Yellow fever infection
is most often a mild, self-limited disease with fever, myalgia, loss of appetite, nausea,
or vomiting. However, a small percentage of patients develop a severe form within
24 hours of recovery from initial symptoms, and this is associated with jaundice; coagulopathy; uncontrolled bleeding from eyes, nasal/oral cavity, or gastrointestinal tract;
acute kidney injury; and shock. Yellow fever virus can also, rarely, result in acute liver
failure.89 It can also cause late-relapsing hepatitis after the resolution of the acute syndrome.90 About 50% of patients with severe yellow fever infection succumb to the disease. Travelers to areas endemic to yellow fever should be offered yellow fever
vaccine at least 10 days but preferably 30 days before travel. The vaccine is effective,
and a single dose is enough to develop immunity.
VIRAL HEPATITIS CAUSED BY FILOVIRUSES

Marburg virus and Ebola virus belong to the Filovirus family and can cause an increase
in liver enzyme levels during acute syndromes. Treatment is supportive.91
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OTHER RARE INFECTIONS OF THE LIVER

Human herpesvirus 6 (HHV-6) and varicella-zoster viruses (VZV) typically produce a
milder form of self-limited hepatitis in immunocompetent patients and possible fulminant hepatitis in immunocompromised patients.92 Early clinical suspicion and testing
are necessary to decrease mortality. Diagnosis of HHV-6 is seldom made in a timely
fashion because it cannot be detected on blood samples and needs tissue biopsy.
VZV hepatitis is usually associated with maculopapular eruptions and vesicles that
provide a clue to the diagnosis of VZV infection. Serum PCR is also usually positive
for VZV hepatitis, unlike HHV-6. Two forms of zoonotic viral hepatitis causing viral
hemorrhagic fever are naviruses and bunyaviruses. Hepatitis ranges from uncommon
and mild in the Argentine, Bolivian, and Venezuelan subtypes to moderately severe in
Lassa fever.93,94 When severe, bunyavirus hepatitis is associated with rapid hepatocellular destruction leading to extensive necrosis.95 Brucellosis is an uncommon
nonbacterial hepatitis that most commonly presents as granulomatous disease on
biopsy.96
CLINICS CARE POINTS

 In patients with SARS-CoV-2 infection, the elevation in liver enzymes is most commonly from
the infection itself or from the medications used to help manage the infection. However,
alternative etiologies such as viral or autoimmune hepatitis and vascular disorders of the liver
must be considered especially in patients with chronic liver disease.
 Pre-emptive decrease in immunosuppression in post-liver transplant patients with SARS-CoV2 infection may not be necessary and may increase the risk of acute rejection.
 In patients suspected to have herpes simplex virus hepatitis, empiric treatment must be
started at the earliest due to the high risk for mortality from progression to acute liver
failure especially in pregnant women.
 Symptoms of Q fever are often non-specific and the triad of fever, pneumonia, and hepatitis
may not always be seen. Fibrin ring granulomas on liver histology should strongly raise the
suspicion for Q fever. Serologic testing may be negative in the first 2 weeks of infection and
quantitative PCR estimation may be needed.
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