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Synopsis:
Many microbes, toxins, autoimmune, and neoplastic diseases may cause liver inflammation;
however, five main viruses whose main pathogenesis is liver disease are referred to as hepatitis
A, B, C, D, and E viruses. These viruses cause a significant burden of global illness. With the
exception of hepatitis A virus, all may cause chronic infection potentially leading to cirrhosis and
hepatocellular carcinoma. Excellent serologic and nucleic acid detection methods are available for
determining the precise etiology, and in some cases, the duration of infection. Diagnostics are
critical for identifying those needing treatment and for monitoring the treatment success.

Keywords
viral hepatitis; viral diagnostics; hepatitis A; hepatitis B; hepatitis C; hepatitis D; hepatitis E

INTRODUCTION

The word hepatitis is derived from “itis” meaning inflammation and “hepar”, the Greek
word for liver. Many conditions including alcohol ingestion and medications may cause
liver inflammation. Although many viral and bacterial infections cause hepatitis (e.g.,
cytomegalovirus, Epstein Barr virus, influenza, yellow fever virus), five viruses primarily
infect the liver and are named after the clinical disease, hepatitis A through E. A sixth,
hepatitis G virus was initially thought to cause hepatitis, but subsequent studies did not
confirm this hypothesis.! This virus will not be discussed in this review.
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Symptoms of hepatitis are not specific to a single hepatitis virus, and thus clinical
presentation does not distinguish between different viral etiologies. Hepatitis virus infection
may be mild or asymptomatic. In symptomatic cases, acute hepatitis is associated with flu-
like illness, fever, fatigue, loss of appetite, abdominal pain, nausea, vomiting, jaundice, dark
urine, clay colored stools, and rarely, fulminant hepatitis. Chronic hepatitis is frequently
asymptomatic or mildly symptomatic. Over time, chronic viral hepatitis may lead to
persistent inflammation, leading to fibrosis with resultant cirrhosis, liver failure, and
hepatocellular carcinoma.

The transmission mode for hepatitis A and E is primarily through contaminated water or
food (fecal-oral), though transfusion-related hepatitis A virus (HAV) has occurred. Hepatitis
B and C are transmitted through sexual and parenteral exposure, and vertically from mother
to child. Hepatitis D is only transmitted with hepatitis B virus (HBV) as described below.

Microbial diagnostic testing is increasingly utilizing molecular testing for nucleic acid
testing (NAT; e.g. using the polymerase chain reaction [PCR]) or microbial proteins using
mass spectrometry due to their more sensitive and specific detection of pathogens. However,
in viral hepatitis, serologic tests remain the mainstay of diagnosis. In some circumstances
serology requires concurrent NAT methods. Understanding hepatitis transmission modes,
natural history and viral kinetics, and the limitations of testing is required for choosing
appropriate diagnostic tests for viral hepatitis.

HEPATITIS A VIRUS

Hepatitis A virus (HAV) is a positive sense, single strand RNA virus classified as a member
of the Hepatovirus genus within the family Picornaviridae. Viral RNA is directly translated
into a single polyprotein cleaved by viral proteases into structural and nonstructural protein
products. Although there are seven HAV genotypes, there is a single serotype. HAV is
transmitted by ingesting contaminated food or water, and it enters the bloodstream through
the oropharynx or intestinal epithelium. It is delivered to the liver where it replicates

in hepatocytes and Kupffer cells. Although classically thought of as a non-enveloped

virus, recent data show that a pseudo-enveloped particle is released from cells into the
bloodstream or into the biliary tree. Virus released into the biliary tree is transported to the
gastrointestinal tract for excretion, and the pseudo-envelope is removed from the particles by
bile acids.? The excreted non-enveloped particles are highly resistant to environmental stress
and may remain infectious for prolonged periods of time.

Most HAV infections are asymptomatic in young children; however, HAV more commonly
causes disease in older children and adults. The average time from exposure to clinical
illness is 4 weeks (range 2 to 6 weeks), and fecal viral RNA levels rapidly fall at the time

of clinical illness (Fig. 1).3 Anti-HAV antibodies and HAV-specific cytotoxic T cells are
detected at the time of illness. Taken together, these findings suggest that HAV pathogenesis
is immunologically mediated. Illness usually lasts less than 1 month; however, relapsing
hepatitis, and rarely fulminant hepatitis A occur. A variety of extrahepatic complications are
described, including arthritis and vasculitis. Following infection, there is no residual liver
disease, and anti-HAV is protective against reinfection.
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DIAGNOSTIC EVALUATION

HAV viremia begins prior to illness and virus excretion into the stool via the biliary tree
peaks around the time of maximal liver enzyme elevations (Fig. 1). Anti-HAV antibodies
are detected at or shortly after elevation of ALT. Initially, anti-HAV IgM isotype antibodies
are detected, and these typically fall below detection limits within 6 months post infection.
Before IgM levels fall, anti-HAV 1gG is detected. Anti-HAV IgG is protective and persists
for life. Measurement of “total” anti-HAV antibodies identifies both 1gG and IgM isotypes,
and if present, there is lifelong protection against reinfection. Total antibodies will not
distinguish acute versus chronic infection. IgM specific antibody testing is required, and

if positive, testing is diagnostic of acute infection. Since HAV is an acute self-limited
disease, and IgM antibodies are present prior to and during infection, there is no clinical
indication for detecting virus by either antigen or RNA detection methods. As a result, no
commercially available HAV antigen detection or NAT assays are available.

HEPATITIS B VIRUS

Hepatitis B virus (HBV) is an enveloped, partially double-stranded DNA virus within the
family Hepadnaviridae. HBV is classified into 10 genotypes, A to J.# Although genotypes
have distinct geographic distributions and different rates of disease progression,* clinical
use of genotype determination requires further study.5 The infectious HBV virion is
comprised of a lipoprotein envelope (hepatitis B surface antigen or HBsAQ), the viral core
protein or antigen (HBcAg) which assembles into the capsid encapsidating the partially
double stranded, circular DNA genome (Figure 2A). The particle also carries the RNA
dependent, DNA polymerase (RdDp or reverse transcriptase). DNA replication utilizes an
RNA intermediate, explaining why some HIV antiviral drugs are active against HBV. The
core protein precursor (pre-Core) contains a 28-amino acid region at the N-terminus. A
truncated HBcAg containing the pre-core region is called the hepatitis B e antigen (HBeAg).
This can be secreted by infected cells and is a marker of HBV replication and infectivity.’
HBsAg is released into the bloodstream at high concentrations in large spherical or tubular
shaped particles (Fig 2B, C). Specific patterns of viral antigens and antibodies appear during
acute and chronic infection. Therefore, understanding the different HBV antigens is critical
for interpreting diagnostic tests for HBV infection.

NATURAL HISTORY

HBV primarily infects hepatocytes although viral DNA is also detected in peripheral blood
mononuclear cells. Viral DNA is detected in serum using NAT methods within 2 to 5 days
after acquisition.8® DNA detection is highly sensitive, and thus a reliable marker of active
HBYV replication. HBsAg is detected using serologic methods and is detected 1 to 2 weeks
after HBV DNA detection.10 HBsAg detection indicates active HBV replication. Since viral
replication can be determined serologically, HBV DNA is usually not tested until HBsAg is
detected.

Fewer than 15% of patients with HBV infection have clinical hepatitis, and less than half
of these developed jaundice.! Clinical illness correlates with the age and immunological
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maturity, and newborns and children rarely having significant clinical disease. Overall,
approximately 95% of immunocompetent people have self-limited HBV infection, most
recovering completely. The remaining individuals develop chronic infection. The rate of
viremia clearance is inversely related to the magnitude of clinical illness; thus chronic
infection is increased in newborns and immune compromised individuals who rarely have
overt hepatitis.11:12 Vertical transmission from HBV-infected mothers to their children
results in chronic infection in approximately 90% of cases.13

Symptomatic patients may have a pre-icteric or prodromal period followed by clinical
hepatitis that typically occurs 11-24 weeks following exposure.8:° Peak liver enzyme
elevations occur after development of HBV-specific immune responses, supporting an
immune-mediated component of HBV liver pathogenesis. In those with clinical illness,
symptoms generally improve by the time jaundice develops, typically 2 to 6 weeks after
peak serum HBV DNA levels. In acute, self-limited infection, HBV DNA and HBsAg levels
generally fall below detection limits in the first 3-4 months post-infection.®

Serologic Evaluation of Infection

HBYV core antigen and antibody—The first antibodies to appear are directed against
the core protein (anti-HBc; Fig. 3). The first anti-HBc antibodies are IgM isotype, and these
switch to the 1gG isotype over 3 to 6 months. Once anti-HBc 1gG antibodies develop, they
are detected for life in most individuals, and measurement of “total” anti-HBc (detecting
IgG and IgM anti-HBc isotypes) is the best marker for documenting prior HBV infection
regardless of other serologic results. Total anti-HBc does not indicate the timing of infection,
and anti-HBc IgM measurement is needed to determine if the infection is recent (Fig. 3 and
4).

HBYV surface antigen and antibody—In acute self-limited infection, antibodies to
HBsAg are detected after HBsAg clearance and appearance of anti-HBc IgG. Anti-HBs is
generally detected within 6 months after infection and is a marker of protection against re-
infection.14 Current HBV vaccines are comprised of recombinant (non-infectious) HBsAg
particles that elicit anti-HBs (Fig. 2B, C), thus vaccinated individuals have anti-HBs
antibodies detected in serum.1* The presence or absence of total anti-HBc will differentiate
prior infection from vaccination in the HBsAb positive person, as vaccination does not elicit
anti-HBc.13 Since there is a period of time (window) when HBsAg and anti-HBs are both
negative during acute infection, screening for HBV infection should include a total anti-HBc
test (Fig. 3).

Although the patterns in figures 3 and 4 are highly consistent, one serological pattern occurs
that is difficult to reconcile with clinical decision making. Specifically, HBV DNA without
detectable anti-HBc occurs in immunocompromised people with acute hepatitis (13.8%),

in HBV reactivation (41.4%) and chronic hepatitis B (44.8%)1%-18, Approximately half of
these patients develop anti-HBc over time (often at low levels), or HBc is detected using
different anti-HBc assays.18 No mutations have been identified in core protein sequences in
these individuals, thus this scenario appears to represent an immune recognition defect8.
Therefore, it is not advisable to rely on a single anti-HBc negative result to exclude
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HBYV infection in immunocompromised hosts and repeat anti-HBc testing or using different
serologic testing methods should be considered.18

HBV e Antigen and Antibody—HBeAg is a variant of the HBcAg and is released into
the circulation shortly after infection. Development of anti-HBe and loss of HBeAg during
acute self-limited infection is a predictor of clearance. In chronic infection, development

of anti-HBe occurs late in infection, usually after several years. Seroconversion to anti-

HBe indicates a favorable outcome marking transition from high replication rates to low
replication rates associated with inactive hepatitis B. However, some individuals with anti-
HBe demonstrate active liver pathology. Mutations in the pre-core amino acid sequence have
been identified, suggesting that mutation resulted in seroconversion to anti-HBe,19:20

Chronic HBV Infection

Chronic HBV infection is defined as detection of HBSAg on at least 2 separate occasions
measured at least 6 months apart.21:22 Host cellular immune responses to virus-infected
hepatocytes are thought responsible for hepatic inflammation causing liver injury. These
contribute to the development of cirrhosis and hepatocellular carcinoma in chronic HBV
infection. There are 4 phases in chronic HBV which are important in deciding when to treat
HBV. These are summarized as:

i Immunotolerance. Asymptomatic patients with positive HBsAg, HBeAg, and
normal liver enzymes. High HBV DNA (> 20,000 IU/mL).

ii. HBeAg-positive immunoactive disease. Individual may or may not have clinical
liver disease. Positive HBsAg and HBeAg, positive or negative anti-HBe,
elevated liver enzymes (> 2 times the upper limit of normal ALT), and high
HBV DNA (> 20,000 IU/mL).

iii. HBeAg-negative, inactive disease (inactive chronic HBV or low replicative
infection). Positive HBsAg, negative HBeAg (positive anti-HBe), normal ALT,
low HBV DNA (< 2,000 IU/mL). There may be fibrosis from previous
inflammation.

iv. HBeAg-negative immunoreactive disease. Negative HBsAg, HBeAg (positive
anti-HBe), elevated liver enzymes (> 2 times upper limits of normal ALT),
intermediate to high HBV DNA (> 2,000 IU/mL).

Although these phases of HBV pathogenesis do not have unique clinical presentations,
disease is generally asymptomatic in the immunotolerance and HBeAg-negative inactive
disease phase, but more active in the HBeAg-positive immunoactive and HBeAg-negative
immunoreactive disease stages. Since either HBeAg-positive immunoactive disease and
HBeAg-negative immunoreactivation disease may progress to liver failure, initiation of
treatment is recommended in these situations. HBV DNA levels may fluctuate, though they
are persistently elevated (> 20,000 1U/ml) in individuals with detectable HBeAg. HBV DNA
can differentiate inactive carriers from patients with HBeAg-negative chronic hepatitis B23.
Inactive chronic hepatitis B patients typically have HBV DNA < 2,000 1U/mL while those
with immune active hepatitis B have HBV DNA > 20,000 IU/mL.
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DIAGNOSTIC TESTING

Virus detection

HBsAg and HBeAg detection—HBY antigens are detected using solid-phase
immunoassays. HBsAg particles or HBeAg protein is captured to the solid-phase with a
monoclonal or polyclonal sera and a labeled secondary antibody to the specific antigen is
used for detection. These assays use microparticles and are automated. Current detection
methods use enzymatic, chemiluminescence, or fluorescence polarization methods to detect
the antigens.2* HBsAg assays detect a minimum of 0.7 ng/mL of HBsAg, with newer tests
detection limits down to 0.13 ng/mL.2

There are concerns that some assays cannot detect HBsAg variants with mutations in the
major antigenic region that result in conformation changes. Many HBsAg immunoassays
use antibodies directed against the main antigenic determinant (“a” determinant). Mutation
in this region may account for the false-negative results by some assays.26-28 Thus,

acute infection should always include screening for anti-HBc or HBV DNA.2° HBsAg
quantitation is not needed in patients with chronic hepatitis B, although quantitative HBsAg
has been used by some in monitoring patients receiving interferon-based therapies.22

Nucleic Acid Amplification Testing (NAT)

HBV DNA PCR

Quantitative HBV DNA testing is essential for determining the need for HBV treatment
and for evaluating treatment response.22 Highly sensitivity NAT assays are important for
diagnosis of HBeAg-negative chronic HBV and occult HBV, where DNA concentration
may be quite low.3% Current HBV DNA quantification methods utilize real-time PCR. This
has excellent analytical performance, including a low limit of detection and a broad linear
range.30 However, characteristics vary among different commercial platforms. The World
Health Organization (WHO) has generated an HBV DNA standard and results should be
provided in international units (1U).31 Nevertheless, quantitative results may vary and the
best practice for following DNA levels is to use the same assay from the same laboratory
whenever possible.30

Serology

Anti-HBc, anti-HBs, and anti-HBe—Commercial detection of anti-HBc, anti-HBs, and
anti-HBe antibodies utilizes enzyme linked immunosorbent assay (ELISA) methodologies.
Several versions of each test are available using different detection methods and
instrumentation. The two most commonly used methods employ a competitive approach
(anti-HBc and anti-HBe) or a solid-phase, sandwich type approach (anti-HBs).14:32

Genotype testing

Currently, commercial testing of HBV genotypes is not recommended for clinical care with
the exception of testing before interferon-based therapy, or when knowledge of the HBV
genotype may aid risk stratification of disease progression.21:22
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prasidthrathsint and Stapleton Page 7

Resistance testing

Since transmission of resistance mutations is rare in North America, resistance testing

is not recommended in treatment-naive patients prior to starting therapy.33 Antiviral
resistance may be useful for patients with past treatment experience, those with persistent
or virological breakthrough while on antiviral therapy as defined by a 10-fold increase

in serum HBV DNA from their nadir during treatment.22 Resistance is determined

by evaluating specific sequence variation within the polymerase gene, and identifying
polymorphisms demonstrated to correlate with antiviral resistance in vitro or in vivo.
Current methods include restriction fragment length polymorphism, hybridization, and
sequencing methodologies, and testing usually requires HBV DNA concentrations > 1,000
IU/mL.

LABORATORY USE IN MONITORING

Baseline studies

Patients with chronic HBV infection should be evaluated to determine the phase of infection
as described above. ALT, HBV DNA, and HBeAg should be measured, and liver fibrosis
quantified to allow prediction of long-term outcomes and inform treatment decisions.

In patients receiving treatment, HBV DNA levels are the primary method to determine
treatment response. Therefore, serial testing of hepatic function, quantitative HBV DNA,
HBeAg, anti-HBe, as well as evaluation of liver fibrosis are needed to guide treatment
decisions.?122 |n addition to HBV testing, laboratory monitoring during antiviral therapy
should include measurement of HBsAg, HBeAg, anti-HBs, anti-HBe, and CBC, renal and
hepatic function every 3-6 months. These tests will potentially identify progression of liver
disease, extrahepatic manifestations of chronic HBV, and treatment toxicities.?! A summary
of serologic and NAT results useful in different HBV clinical situations is shown in Table 1.

HEPATITIS C VIRUS

Hepatitis C Virus (HCV) is a positive-sense, single-stranded RNA virus. Its structure,
genomic organization, and replication cycle support classification as a member of the family
Flaviviridae, but unique enough to classify in a separate genus, Hepacivirus. The RNA
genome is translated into a polyprotein that is cleaved by cellular and viral proteases into
structural and nonstructural proteins. Due to extensive genetic diversity, there are 7 major
genotypes and 67 HCV subtypes globally.3* Genotype distribution varies by geographic
location,34 and globally, genotype 1 is a predominant genotype, followed by the genotype 3,
then genotype 4, respectively.3®

NATURAL HISTORY

Acute HCV refers to the first 6 months following acquisition of infection, regardless

of symptoms.36:37 Infection is usually asymptomatic despite abnormal liver function test
results.38:39 In symptomatic patients, most present with nonspecific flu-like symptoms.36
A minority of infected individuals develop symptoms of acute viral hepatitis including
jaundice, anorexia, and abdominal discomfort.36 Although HCV infection may cause life-
long infection, 15% to 30% of infections resolve spontaneously.*041 These patients lose
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detectable HCV RNA, and in symptomatic patients, this typically occurs within 3 to 4
months following the onset of symptoms.#2 Several variables are associated with HCV
clearance including polymorphisms in the interferon-lambda -2 gene (1L28B), gender, race,
age, and a variety of host immune markers (HLA-B, HLA-C, KIR).4344 The timing of viral
clearance influences the decision to consider therapy for acute hepatitis.*°

Unfortunately, the majority of patients have persistent viremia. Chronic HCV infection is
defined as lasting more than 6 months. Chronic infection is usually asymptomatic and may
progress slowly and silently to chronic liver disease.#? The major liver disease caused by
HCV is fibrosis and severe fibrosis (cirrhosis) develops in 20% to 30% of chronic HCV
infections.#1 Although cirrhosis can develop rapidly, it typically develops over 20 to 30
years. Several factors increase the risk of cirrhosis including alcohol use, male gender,

age of acquisition, and immune suppression (H1V).41:46 HC\/-infected people with cirrhosis
are also at increased risk of hepatocellular carcinoma. Several extrahepatic manifestations
of HCV are also recognized, including arthritis, keratoconjunctivitis sicca, lichen planus,
glomerulonephritis, porphyria cutanea tarda, and type 11 cryoglobulinemia.*? Up to 80% of
HCV infected people have detectable rheumatoid factor in serum; half of these also have
cryoglobulins detected.*”

HCV KINETICS

HCV RNA is not detected in serum during the first 1 to 2 weeks following transmission“8,
yet HCV RNA is the earliest marker of infection.38 Early in infection, HCV RNA levels
range widely (from 2,500 to > 1 million IU/mL). Viremia precedes ALT and bilirubin
elevations. The HCV RNA pattern early in infection often shows a peak, followed by

a reduction in concentration. In patients who spontaneous clear infection, HCV RNA
continues to rapidly fall until viremia is not detectable.4%°0 An alternative pattern is
sometimes seen, where low-level viremia (< 120 copies/mL) may precede an increase and
plateau of HCV viral load (VL).38:°1 The variability emphasizes the need to repeat HCV
RNA testing in situations where the suspicion of early HCV is high. The majority of
people with chronic HCV infection demonstrate fluctuating or high HCV RNA levels.40:50
HCV RNA levels frequently stabilize somewhat, and although there is a large range of
concentrations between individuals, average HCV RNA levels are more than one million
genome copies/mL plasma.>2

Seroconversion is generally slow, ranging from 34 to 70 days in HIV-negative blood product
recipients and intravenous drug users.>3>4 Antibodies are rarely detected before liver
enzymes peak or return to normal values. Thus, infection may be missed if liver enzymes
alone were used as the indication for HCV testing.38 The delay is even greater in HIV-
infected individuals, with median seroconversion ranging from 91 to 158 days.® Antibody
negative, HCV RNA positive infection is uncommon, but occurs in both HIV-infected and
uninfected individuals.?8:7 Although the reasons for variation in viremia and host immune
response patterns are not clear, they likely are influenced by several factors including

the route of entry, the nature of inoculum, the frequency of exposure, and viral-mediated
interference with host immune responses.>8:59
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DIAGNOSTIC TESTING

Diagnostic testing for hepatitis C virus infection relies primarily upon the detection of
antibodies by serologic testing and the direct detection of viral RNA by nucleic acid
detection testing (NAT). Both HCV serology and NAT are validated, and FDA approved
using serum or plasma as the specimen source. There is also a licensed serologic assay
performed using oral fluid.®0

Detection of virus

Serology

Antigen Detection—Detection and quantification of core antigen in serum or plasma
utilizes enzyme-linked immunosorbent assay (EIA). This is used extensively in Europe and
available globally, particularly in resource-limited settings due to target stability, simple
instrumentation and cost.>% Detection of HCV core antigen usually correlates well with
HCV RNA detection and thus may serve as a surrogate marker for viral replication.81.62
However, the assay has inferior sensitivity and specificity compared to HCV RNA testing
when HCV RNA values are below 20,000 IU/mL. Therefore, this method is not commonly
used in the U.S.61.62

Nucleic Acid Detection Testing (NAT)—HCYV can be quantified using target
amplification techniques (transcription-mediated amplification [TMA], or reverse
transcription real time PCR [RT-real time-PCR]) methods with very low limits of detection,
ranging from 1.0 — 1.7 log1g 1U/mL. Quantitative methods are preferred to qualitative
methods for establishing baseline HCV RNA concentration prior to treatment, and for
following response during and following therapy. The American Association for the Study
of Liver Diseases (AASLD) recommends use of FDA-approved, highly sensitive HCV VL
with a limit of detection of less than 25 1U/mL .83

In the past, quantitative units of various assays did not report the same concentration

of HCV RNA in clinical samples. The WHO established an international calibration
standard for HCV RNA and defined international units/mL (IU/mL) to allow comparison
of HCV RNA levels in clinical samples between laboratories and assays. Nevertheless,
some problems remain due to intrinsic variability between instruments and laboratories
including precision, reproducibility, and accuracy.%4 It is important to remember that, since
the methods rely upon logarithmic amplification of viral RNA, viral load changes less than
0.5 logyp 1U/mL (e.g. 3-fold) may reflect differences in laboratory performance.8®

Available HCV serologic assays in the United States include the second- and third-
generation Enzyme Immunoassay (EIA). No single HCV antigen consistently elicits
antibodies in humans, thus the assays use multiple HCV antigens. The first-generation
HCV assay used a region of the non-structural protein NS4 (c100-3) to detect anti-HCV
antibodies (See figure 5). This was refined in second generation tests to use regions of
NS4 (regions termed C200, HC-31), NS3 (protease; ¢33c), and core (c22-3) proteins. This
was further enhanced in third generation tests and the core antigen and NS4 antigens were
changed (c22p, a peptide containing a major epitope residing in the core protein between

Gastroenterol Clin North Am. Author manuscript; available in PMC 2023 August 28.
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amino acids 10 to 35), NS4 HC-31 to NS4 5-1-1p, and the NS5 protein was added. Second-
and third-generation EIA tests have increased sensitivity and specificity and identify early
seroconversion and atypical seroconversion better than first generation tests.56

Although second-generation assays are still available, they may yield false-negative results,
and alternative testing with third-generation EIA or NAT should be considered in patients
with negative EIA 2.0 results, particularly in those with a high index of suspicion.

In addition to the standard EIA tests, there is an FDA-approved, rapid, highly accurate
point-of-care test available. It detects antibody using an indirect immunoassay technique
using a nitrocellulose membrane coated with core, NS3, and NS4 antigens. The clinical
performance is comparable to current laboratory-developed EIA methods, and this test may
prove useful in addressing the problem of under-diagnosis of HCV.50 IgM testing has no
utility in acute hepatitis C as it may is detected at the same time as with IgG and may persist
for up to a year after HCV acquisition.5”

Genotype and resistance testing

As noted above, there are 7 HCV genotypes. Determining the HCV genotype is useful for
determining the best treatment regimen. This was particularly true in the era of interferon-
based (IFN) treatments. In addition, many direct activing anti-HCV (DAA\) therapies are
genotype or subtype specific.58 HCV genotypes are determined using Sanger sequencing,
next-generation sequencing (deep sequencing) or hybridization methods, and can utilize
relatively short regions of the 5” untranslated (5’UTR) genome sequence from samples and
aligning these with reference sequences.®

Due to the error-prone HCV RNA dependent, RNA polymerase (RdRp), HCV amino acid
polymorphisms naturally occur throughout the genome coding region that may be associated
with resistance or reduced susceptibility to a member or even an entire class of DAAS.
These sequence differences may or may not confer resistance to a specific drug in the

class (protease inhibitor, polymerase inhibitor, NS5A inhibitor, etc.). In addition, resistance
mutations may be selected during DAA treatment. The field of DAA HCV therapy is rapidly
evolving, and there are increasing options for pan-genotypic inhibitors. Thus, the use of
genotype and resistance testing is constantly changing. The AASLD provides and updates
recommendation guidelines.83

DIAGNOSTIC APPROACH FOR HEPATITIS C

Currently, there are no validated methods to distinguish acute and chronic HCV
infection.”® Infection duration estimation relies upon prior diagnostic testing results and

an understanding of the mode of transmission, natural history, viral kinetics, and limitations
of different laboratory test methodologies. Since seroconversion may be delayed for many
weeks following exposure, diagnosis of HCV during acute infection requires HCV RNA
detection.?® Further, HCV RNA may be negative or very low titer early in infection, thus
repeat RNA testing is warranted two to four weeks following a negative test in cases where
there is a high index of suspicion.%0
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Detection of HCV RNA without anti-HCV is strongly indicative of acute hepatitis in
immunocompetent patients, particularly when it is followed by seroconversion.®? In clinical
practice, this sequence of events is uncommonly detected. Most individuals with chronic
HCV infection have positive RNA and antibody results, though infection occasionally does
not appear to elicit detectable antibodies.>? Therefore, diagnosis is these patients should rely
on HCV RNA. Table 2 provides a summary of diagnostic tests and interpretations.

LABORATORY MONITORING

From AASLD guideline (www.HCVGuidance.org on March 19, 2018)63

Baseline laboratories

The HCV genotype should be determined in patients with chronic HCV infection, as it
contributes to treatment options and prognosis. Resistance testing is also needed in some
situations. Currently it is recommended for some anti-NS5A DAA therapies as a baseline

in genotypes 1a and 3. However, this is an evolving field, and consultation with AASLD
guidelines is highly recommended prior to treating HCV infection.63 Other laboratory
studies needed prior to initiating HCV DAA therapy include CBC, electrolytes, renal
function, liver enzymes, PT/INR, serologic evaluation for HIV and HBV, and an assessment
of hepatic fibrosis. Methods to assess fibrosis include liver biopsy, imaging, and noninvasive
markers (i.e. fibroscan).”!

During therapy, CBC, creatinine, and liver enzymes are recommended 4 weeks after starting
treatment and as clinically indicated for drug-related adverse effects. Quantitative HCV
RNA testing is recommended 4 weeks after starting and 12 weeks after completing therapy.
Testing may be considered at the end of treatment, and 24 weeks or longer following the
completion of therapy.53

HEPATITIS D VIRUS

Hepatitis D virus (HDV) is a defective RNA virus. Since HDV requires the HBV lipid
envelope (HBsAg, Fig. 2) to assemble into viral particles that are capable of infecting new
cells, it is incapable of reproducing unless there is HBV co-infection.”2 HDV is a member
of the Deltavirus genus and there are 8 genotypes (genotype 1 to 8) which have distinct and
specific geographical distribution.”3

HDV can be co-transmitted with HBV to a person who does not have HBV infection (Figure
6). Alternatively, HDV may superinfect an individual with existing HBV infection (Figure
7).74 Clinically, infection with HDV is indistinguishable from the other viral hepatitis
viruses, though on average hepatitis is more severe.” In acute co-infection, HDV clears

if HBV clears, thus approximately 95% of these infections resolve. HDV appears to be

more aggressive, leading to more rapid cirrhosis and hepatocellular disease in chronically
HBV-infected individuals superinfected with HDV.”® HDV becomes chronic in 70-90%

of superinfections.”® HDV transmission risks are the same as HBV; though infections are
highest in injecting drug users, people exposed to blood or blood products, and individuals
from Mediterranean, sub-Sahara Africa, Middle East, the northern part of South America,

Gastroenterol Clin North Am. Author manuscript; available in PMC 2023 August 28.


http://www.hcvguidance.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prasidthrathsint and Stapleton Page 12

and Central and Northern Asia.”” Guidelines recommend screening for HDV in immigrants
from regions with high HDV endemicity, HBV-infected individuals with unexplained high
ALT, and in those with uncertainty regarding HBV treatment initiation.22

DIAGNOSTIC TESTING

Virus detection:

Hepatitis D virus antigen (HDAg)—Detection of HDAg is an indicator of acute
infection.’® It appears early, but is very short-lived. Serum HDAg can be detected by either
ELISA or radioimmunoassay (RIA), but is less sensitive than measuring HDV RNA.

HDV RNA

Quantitative HDV RNA represents the gold standard for diagnosis of HDV infection, and

is useful for monitoring response to treatment, especially to assess a sustained virologic
response (SVR) which is associated with cure.”9:80 Available assays may not detect HDV
RNA, and if they do, the measured RNA levels may be dramatically lower than actual

levels, especially when measuring the African HDV genotypes (HDV-5 to HDV-8). This

is attributed to sequence diversity causing primer mismatches, and potentially to the
complex secondary structure of genomic RNA.81 New instruments are under development to
improve performance characteristics regardless of the genotype.82 The WHO has developed
an international standard HDV RNA preparation (WHO-HDV-IS) to serve as a quality
control.83 Further, a commercially available automated quantitative real-time PCR method is
available in reference laboratories in the United States.

Anti-HDV antibodies

Serological testing for HDV infection utilizes anti-HDV IgM antibody detection (anti-HD
IgM). Anti-HD IgM is detected during the window period between HDAg and development
of anti-HDV IgG (Figure 6). Anti-HD IgM is indicative of chronic infection when present
at high titer.”8 It rapidly declines in patients with self-limited infection. In contrast, anti-HD
IgM persists in patients with chronic infection.845 Falling anti-HD IgM predicts resolution
of chronic HDV infection. This may occur spontaneously, or be induced by anti-HBV
therapy. Interestingly, anti-HD IgM rises in response to HDV-induced liver damage,®8 and
may be useful if HDV RNA is negative in the face of clinical features suggesting HDV-
related liver disease, given the poor sensitivity of HDV RNA assays.8” Anti-HD IgG appears
several weeks after anti-HD IgM and may persist for life regardless of clinical outcome or
clearance of infection.8°

The AASLD recommends screening by measuring anti-HDV antibodies (IgM and IgG). If
either of these is positive, HDV-RNA testing is indicated to diagnose active infection.22

LABORATORY USE IN MONITORING

Baseline laboratories

Evaluation for treatment follows the same approach used for HBV, and includes liver
enzymes, HBV DNA, and fibrosis evaluation.?2 Anti-HBc IgM can be used to determine
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the status of acute co-infection (anti-HBc IgM positive) versus HDV infection of a chronic
HBYV carrier (anti-HBc IgM negative). This will provide some insight into the potential of
developing chronic HDV infection.

There are no HDV specific antiviral therapies, but treating HBV effectively treats HDV.
IFN-based therapies may have HDV effects. Monitoring HDV RNA during HBV therapy
provides no predictive benefit. If an IFN-based therapy is used, HDV RNA should be
monitored up to 24 weeks after completing treatment to determine if HDV clears regardless
of HBV. Unfortunately, though IFN is the drug of choice for HDV, treatment success rates
are < 60%.22.79.88

HEPATITIS E VIRUS

Hepatits E virus is a non-enveloped RNA virus classified within the Hepeviridae family.
There are at least 4 genotypes, and genotypes 1 and 2 are found exclusively in humans,
while genotypes 3 and 4 are zoonoses found in humans and other animals. There are at
least 2 distinct epidemiological patterns. HEV1 and 2 are associated with large sporadic
and epidemic outbreaks in developing countries. HEV is transmitted by the fecal-oral route,
usually via contaminated water. Autochthonous cases of sporadic hepatitis in the developed
world are associated with HEV3 and HEV4 infection. These are thought to be transmitted
zoonotically by ingesting undercooked animal products (swine, deer, and unidentified
sources) in addition to travelers visiting endemic regions.89-%1 HEV should be considered in
cases of unexplained acute hepatitis regardless of travel history.91 Although it was thought
that HEV only caused acute, self-limited infection, it appears that HEV may cause chronic
hepatitis resulting in rapidly progressing cirrhosis in immunocompromised hosts, including
patients receiving kidney transplantation and those with HIV-1 infection.92-94

DIAGNOSTIC TESTING

Although there are no FDA approved tests at present, many commercial and reference
laboratories have quantitative HEV RNA and serology for HEV available.

Detection of virus

HEV RNA—HEV RNA is detected using NAT methodologies, though no serologic method
is available for HEV antigen. In patients with acute HEV infection, viremia peaks during
the incubation period and early symptomatic phase (Figure 8).92:96 HEV fecal excretion is
short lived and HEV RNA is not generally detected in serum or feces following biochemical
hepatitis.%® In immunocompromised patients where HEV RNA persists for = 3 months,

it appears unlikely that spontaneous viral clearance will occur.®” Recently, the WHO
developed an international standard RNA preparation for genotype 3a to facilitate accurate
quantification of HEV RNA between laboratories.

Diagnostic Testing

Anti-HEV IgM generally peaks before clinical illness, although levels remain high for
approximately 8 weeks before rapidly falling. In general, anti-HEV IgM levels are below
the level of detection by 32 weeks post illness.%6 However, the sensitivity of the assay is
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highly variable for different genotypes, and validated assays having the best performance
characteristics are recommended.98

Anti-HEV IgG is often present in patients at the time of acute hepatitis. Anti-HEV 1gG
levels peak approximately 4 weeks after symptom onset and remain at high levels for more
than a year.%

Diagnosis of acute HEV is based on the detection of anti-HEV IgM and HEV RNA.%
Screening employs total and IgM-specific anti-HEV. If positive, HEV RNA should be
measured. For individuals with HEV RNA detected, repeat testing is recommended. Chronic
HEV infection is defined as having HEV RNA detected for a minimum of 3 months
duration.®”

Exceptions to the rule

Chronic infection with HEV is rare, but several reports describe persistent genotype 3
HEV viremia in immunocompromised hosts with rapidly progressive liver disease.?3:%4
Further confirmation of these reports in different geographic regions will be important

for understanding the impact of this entity. Chronic HEV viremia without active hepatitis
has been seen in individuals with HIV infection.92 Since anti-HEV IgM and/or IgG may
not be elicited in patients with severe immunosuppression, the diagnosis of HEV may be
challenging.?® Therefore, in immunocompromised patients a combination of IgM and 1gG
serology and NAT detection of viral RNA should be performed. Additional testing through
an independent secondary source, such as the CDC, which offers both ELISA for HEV
antibody, as well as fecal and serum HEV NAT should also be considered.100
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Key points:

Viral hepatitis may be caused by many viruses, although five viruses are
named for their primary manifestation of causing hepatic infection (hepatitis
A, B, C, and E).

Although clinical presentation of viral hepatitis is insufficient to determine
etiology, precise diagnosis of acute hepatitis A and B is feasible by serologic
methods.

Although definitive characterization of infection duration is not possible
for hepatitis C, D, and E, diagnosis of ongoing infection is possible using
serology and nucleic acid amplification methods

Viral hepatitis diagnostic testing is critical for treatment initiation and/or
monitoring treatment response in hepatitis B, C, and D.
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Figure 1.
Schematic of the Kinetics of viral, serologic, and clinical findings in hepatitis A virus

infection.
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HBV virus particles. A. The infectious (Dane) particle contains surface antigen (HBsAQ),

the partially double stranded (ds) DNA genome (ss = single strand), the viral RNA

dependent, DNA polymerase, and the core antigen (HBcAQ). HBsSAg is released into serum
as spherical particles (B) or tubular structures (C). These particles do not carry viral DNA,

HBcAg or the viral polymerase.
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Figure 3.
Viral and serologic findings in acute hepatitis B virus infection. HBsAg = hepatitis B virus

surface antigen. Anti-HBsAg = anti-hepatitis B surface antibodies. Anti-HBc = anti-hepatitis
B core antibodies. “Window” is time between between positive surface antigen and antibody
that will not be detected unless anti-HBc antibodies are measured.
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Figure 4.
Viral and serologic findings in chronic hepatitis B virus infection. HBsSAg = hepatitis B virus

surface antigen. Anti-HBc = anti-hepatitis B core antibodies.
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Figure 5.

Hepatitis C virus genome organization (top), polyprotein structure (middle), and processing
(bottom). The 5" and 3" untranslated regions contain highly structured, stem-loop regions.
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Figure 6.
Schematic of the Kinetics of viral and serologic findings in hepatitis D virus co-infection

with HBV in a self-limited HBV infection. Since hepatitis B surface antigen (HBsAg) serves
as the surface envelope protein for HDV, it must be present when HDV RNA is detected.
Hepatitis delta virus antigen = HDV Ag, HBV serology as in Figure 3.
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Figure 7.

Schematic of the Kinetics of viral and serologic findings in hepatitis D virus superinfection
of a person with chronic HBV infection. Since hepatitis B surface antigen (HBsAQ) serves
as the surface envelope protein for HDV, it must be present when HDV RNA is detected.

HBYV serology as in Figure 4.
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Figure 8.

Viral and serologic findings in acute hepatitis E virus infection.
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Table 1.

Diagnostic test patterns in acute and chronic hepatitis B virus infection

HBsAg | Anti-HBs | Anti-HBc IgM | Total Anti-HBc | HBV DNA Interpretation
+ - + +- + Acute hepatitis B
- + - + - Past infection
- + - - - Vaccination
- - - + +/- Previous infection, occult hepatitis B
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Table 2.

Summary of laboratory result and interpretation

Anti-HCV Ab HCV RNA Interpretation
Negative Detectable « Acute hepatitis C
« Chronic hepatitis C in immunocompromised or exceptional cases
Detected Undetectable « Spontaneous resolved ™
« Treated infection
Detected Detected « Chronic infection
« Acute infection (clinical history of exposure may help to
distinguish)
Negative Undetectable « No evidence of hepatitis C infection ™

*

may require repeat HCV RNA testing to ensure the clearance

Aok

may require repeat HCV RNA testing if high clinical suspicious of early infection within 1-2 weeks of acquisition is suspected.
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