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Abstract

The known human tumor viruses include the DNA viruses Epstein-Barr virus, Kaposi sarcoma
herpesvirus, Merkel cell polyomavirus, human papillomavirus, and hepatitis B virus. RNA tumor
viruses include Human T-cell lymphotrophic virus type-1 and hepatitis C virus. The serological
identification of antigens/antibodies in plasma serum is a rapidly progressing field with utility for
both scientists and clinicians. Serology is useful for conducting seroepidemiology studies and to
inform on the pathogenesis and host immune response to a particular viral agent. Clinically,
serology is useful for diagnosing current or past infection and for aiding in clinical management
decisions. Serology is useful for screening blood donations for infectious agents and for
monitoring the outcome of vaccination against these viruses. Serodiagnosis of human tumor
viruses has improved in recent years with increased specificity and sensitivity of the assays, as
well as reductions in cost and the ability to assess multiple antibody/antigens in single assays.
Serodiagnosis of tumor viruses plays an important role in our understanding of the prevalence and
transmission of these viruses and ultimately in the ability to develop treatments/preventions for
these globally important diseases.

Introduction

Viruses are estimated to be the cause of 12% to 25% of human cancers worldwide., 2
Etiological agents of human cancers include the known viruses; (i) Epstein-Barr virus
(EBV); (ii) Kaposi sarcoma herpesvirus (KSHV); (iii) viruses of the family Polyomaviridae;
(iv) Human papillomavirus (HPV); (v) Human T-cell lymphotrophic virus type-1
(HTLV-1); (vi) hepatitis B virus (HBV); and (vii) hepatitis C virus (HCV) (Figure 1).
Although beyond the scope of this review, HIV-1 has also been classified as a carcinogen by
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the International Agency for Research on Cancer.3 HIV-1 immunosuppression increases the
risk of cancers associated with infectious agents. Specifically, Kaposi’s sarcoma, non-
Hodgkin’s lymphoma, and cervical cancer are AIDS defining malignancies; moreover HIV
infection is associated with increased risk for Hodgkin’s lymphoma, anal cancer,
hepatocellular carcinoma and cancer of the conjunctiva, vulva, vagina, and penis. HIV
infected individual have also increased risk of malignancies not hitherto associated with
infectious agents, such as lung cancer and melanoma. It is anticipated that the list of human
tumor viruses will continue to grow. Serological techniques to identify host antibodies
reactive against viral antigens is a powerful diagnostic tool that can be used to aid clinical
management decisions, inform on the epidemiology of disease (Figure 2), and provide
information related to virology and host immunity. Serology is useful for diagnosing current
or past infection of a particular viral agent, although it cannot be relied upon for diagnosing
the diseases, including cancer, associated with that particular viral agent. This is an
especially relevant distinction to make for tumor viruses, as infection with tumor viruses are
far more prevalent than the diseases that they cause. This review will discuss the
serodiagnosis of each of these human tumor viruses, with an aim to present clinical and
epidemiological application of these techniques.

Herpesviruses

EBV

Herpesviridae are a family of large, complex, double-stranded DNA viruses. The subfamily
gammaherpesvirus includes two viruses that are oncogenic to humans: Epstein Bar Virus
(EBV) and Kaposi’s sarcoma-associated herpesvirus (KSHV). Although there exists
preliminary data linking glioblastoma to cytomegalovirus,* other herpesviruses are not
considered carcinogens.

EBV is a gammaherpesvirus with a tropism for B-lymphocytes and epithelial cells. EBV is
highly prevalent around the world: over 90% of adults are seropositive in most populations,
although the age of primary infection can vary widely.> Upon primary infection, the vast
majority of subjects develop a life-long asymptomatic latent infection. However, EBV is
capable of transforming infected cells and is associated with several cancers including; (i)
Burkitt’s lymphoma (BL) and immunosuppression-related non-Hodgkin’s lymphoma; (ii)
Hodgkin’s lymphoma; (iii) extranodal NK/T lymphoma, nasal type; (iv) nasopharyngeal
carcinoma (NPC); and (v) lymphoepithelioma-like carcinoma.® Although evidence is less
comprehensive, EBV is likely to be associated with gastric carcinoma. In most populations,
primary infection with EBV occurring in childhood typically causes no symptoms or
symptoms that are indistinguishable from mild infectious illnesses. However, in adolescence
or adults as well as in some children, infection may result in infectious mononucleosis (IM)
in a variable (35-75%) proportion of cases.® IM is characterized by clinical manifestations
such as fever, fatigue, pharyngitis, and cervical lymphadenopathy, as well as atypical
lymphocytosis. Other agents such as cytomegalovirus and Toxoplasma gondii may cause
infectious mononucleosis, and other upper respiratory infections and systemic infections
may resemble IM clinically. Thus, clinical and hematological findings are not sufficiently
specific to perform a diagnosis.
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The heterophile antibody test is a standard diagnostic test for EBV IM when clinical features
of IM are present.” The test assesses the presence in serum specimens of heterophile
antibodies, IgM antibodies with affinity for horse and sheep red blood cells, by agglutination
of these cells or latex depending on the assay. These antibodies typically appear 3—4 weeks
after infection, during the first weeks of IM symptoms, and disappear 3—6 months after
infection. This test is highly specific, typically 98-100%, but the sensitivity is moderate,
typically 81-95%.8 False negatives are especially seen in younger children, who do not
produce the heterophile antibody. Serological assays assessing seroconversion to specific
EBV antigens should then be employed to aid diagnosis, and are fundamental for diagnosing
asymptomatic EBV infection and to infer the timing of infection.

Indirect immunofluorescence assay (IFA), enzyme immunoassay (EIA), and enzyme-linked
immunosorbent assays (ELISA) techniques can be used to determine the presence of EBV-
specific antibodies. A comparison of six commercially available tests for EBV-specific
antibodies using these techniques has calculated specificities between 86-100% and
sensitivities between 95-100%.8 IFA and ELISA techniques can be used to determine the
presence of 1gG against EBV viral capsid antigen (VCA-IgG), and the results of the two
techniques are comparable at the different time points of infection; acute, convalescent and
previous infection.%-11 VCA-IgM assessed by both methods has been found to decrease over
time.11. 12 Considering that symptoms typically occur six to eight weeks after infection,3
the presence of VCA-IgG and VCA-IgM generally indicate infection with EBV for less than
four months.11 IgG against EBV nuclear antigen (EBNA) develops weeks or months later.14
Thus, acute infection is characterized by the presence of VCA-IgM and not EBNA-IgG,
while post-acute infection is characterized by the presence of EBNA-1gG and not VCA-IgM
(Table 1). IgG against the EBV early antigen (early antigen-diffuse, EA-D) appears
generally after VCA-IgM and before EBNA-1gG, and tends to disappear after convalescence
from the primary infection. However, assays detecting EA-D are not available to all
laboratories.

Disadvantages of the methods described above include that they may be labor intensive and
require a separate assay for each analyte. Multiplex flow immunoassays (MFIs) have
emerged as an alternative that allows the simultaneous detection and identification of
multiple antibodies/antigens in a single reaction.1®> MFIs use unique microspheres in
suspension, each conjugated with a different capture antibody or antigen for incubation with
serum specimens. Addition of a fluorescently labeled reporter molecule whose emission can
be measured allows each analyte to be detected and quantified. A recent evaluation of MFI
has demonstrated,; (i) the simultaneous detection of three EBV serological markers (VCA-
1gG, VCA-IgM, and EBNA-1gG); (ii) quicker assay time compared to EIA (2.3 hours for
100 samples versus 4.5 hours); (iii) the incorporation of internal controls into each reaction;
and (iv) higher-throughput compared to EIA.1® This technology may enable high-volume
clinical laboratories to rapidly and directly test samples for specific EBV antigens.

Serology may find specific limited applications in investigating certain EBV related
malignancies. NPC patients often demonstrate elevated titres of IgA directed towards EBV
early antigens and virus capsid antigens, making these the classic serological markers for
NPC diagnosis. 1gG directed against the EBV BRLF1 gene product Rta has also been
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demonstrated to be elevated in NPC patients compared to healthy volunteers and control
patients,16 indicating that this serological technique may find use in NPC screening.
Endemic BL, associated with falciparum malaria, is the most common childhood
malignancy in equatorial Africa. Its defining feature is the translocation involving
chromosomes 8 and 14, 22, or 2. Seroepidemiological studies of endemic BL have
demonstrated that Ugandan children with elevated titres of antibody reactive to EBV
structural proteins have a greater risk for BL.17 Similarly, patients with Hodgkin’s disease
often demonstrate elevated titres of antibodies reactive to EBV structural proteins before the
onset of lymphoma compared to the general population.18 Serology may also prove useful in
diagnosing chronic active EBV disease (CABV), a lymphoproliferative disorder
characterized by markedly elevated levels of antibody to EBV and/or EBV DNA in
lymphocytes. However, serology is in general unhelpful for diagnosing of EBV related
cancers. Summarizing, serology is useful to diagnose EBV acute and post-acute infections,
however, for most EBV-associated lymphoproliferative diseases and cancers, molecular
techniques play a major role in diagnosis and management.

Kaposi Sarcoma-associated Herpesvirus

KSHV has a broad viral tropism including peripheral blood B-cells, endothelial cells,
keratinocytes, monocytes and epithelial cells!® and is the etiological agent of Kaposi’s
sarcoma (KS), primary effusion lymphoma (PEL), and a type of multicentric Castleman’s
disease.20 Unlike EBV, KSHV is not ubiquitous. KSHV prevalence is 35-60% or higher in
sub-Saharan Africa,2! approximately 10-30% in the Mediterranean region,22 and is low in
the United States and Western Europe, where it is however elevated in men who have sex
with men (MSM).23

Seroepidemiological studies, have used various assays for the detection of KSHV
antibodies. The first serological assays developed for detecting KSHV antibodies were
IFAs.24 IFAs that use uninduced PEL cell lines, where KSHV is primarily latent, detect
antibodies to KSHYV latency-associated nuclear antigen (LANA)/ORF73.2% Induction of
KSHV into the lytic phase was subsequently found to increase the sensitivity of IFAs in
identifying KS patients. Important lytic phase proteins include K8.1, a surface glycoprotein,
and ORF65, a small capsid protein. IFAs have several disadvantages: they are highly
subjective and have variable reproducibility that is difficult to monitor. Currently, EIA and
ELISAs employing a small number of viral peptides or proteins are also used; for instance
our lab has been using ELISA against recombinant K8.1 or ORF7326 in numerous
epidemiological studies conducted in many countries. Comparison of various serological
assays for detecting KSHV has been conducted.?” In this study, sensitivity in identifying
patients with KS varied between 80 and 97%, and between 92 and 100% when investigating
patients with a history of KS. The use of assays in combination has also been investigated to
improve accuracy compared to single assays.

Because KSHYV establishes a lifelong, often-asymptomatic infection, with only occasional
reactivations, PCR assays for the detection of KSHV are of limited diagnostic use. KSHV
saliva shedding is inconsistent, and viral DNA in peripheral blood mononuclear cells is
detected in only approximately 10% of KSHV seropositive asymptomatic individuals.28
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Currently there is no Food and Drug Administration (FDA) approved KSHYV serological
assay, and clinicians who use research laboratory testing should be informed upon the
caveats of the assays that are available. The above serological techniques have been
fundamental in defining KSHV epidemiology but they are not designed for diagnostic
purposes. Serum from KS patients is typically used as the positive control for serological
assays. KS patients generally have high antibody levels to KSHV whereas asymptomatic
infected subjects often have low levels of antibodies. Therefore sensitivity estimates alone
may be too high. Identifying negative controls is also difficult. Blood donors from low
prevalence areas are commonly used as negative controls, however, since a small proportion
of blood donors are likely to be infected with KSHV specificity estimates may be too low.
Another major complication for interpreting KSHV serological data clinically is that
seroreactivity to individual antigens may change over time, as shown by longitudinal studies
utilizing a variety of techniques.2®: 30 For instance, a subject could be reactive to ORF73
many years before demonstrating reactivity to K8.1, or vice versa, and importantly this
pattern is not predictable. In some cases, when subjects are followed longitudinally,
seroreversion (a negative result following a positive result) can occur.2’

These limitations have promoted the development of assays that detect antibody to
additional antigens. KSHV encodes more than 85 proteins, the antigenic potential of which
had not been systematically investigated. These efforts are being facilitated by newer
multiplexed platforms. Luciferase immunoprecipitation system (LIPS) technology has been
applied to KSHYV serology with considerable success.3! A multiplex bead assay has also
been recently developed by our lab.32 Bead-based and other multiplexable assays have
advantages over ELISAs. They have a wider dynamic range, which reduces the need to
dilute samples, and they can semi-quantitatively determine antibody levels.33 This allows
bead assays to be informative clinically, as antibody levels are related to KSHV
replication34 and associated with KS disease risk.3®> Multiplexed bead assays also reduce
sample volume requirement and cost per sample compared to ELISAS.

Future improvements in techniques for serologically diagnosing KSHV will likely lead to
better understanding of; (i) KSHV transmission and prevalence variation; (ii) the risk of
KSHV-related disease in infected individuals; and (iii) the response of treatments for KSHV
and related diseases in clinical settings.

Polyomaviruses

Polyomaviridae are small, icosahedral, non-enveloped DNA viruses that have been found in
a large number of vertebrate species. Murine polyomavirus was discovered while
investigating mouse leukemia,38 and subsequently was shown to induce tumor formation in
mice.37 Subsequently, additional polyomaviridae were discovered; simian virus 40 (S\V40)
was isolated in 1960 from rhesus monkey kidney cells.38 These agents were the first
oncoviruses ever identified in mammals. The first two human polyomaviridae, JCV3° and
BKV40 were isolated in 1971. The first human oncogenic polyomavirus, the Merkel cell
polyomavirus (MCPyV), was identified in 2008.41 MCPyV is the causative agent of Merkel
cell carcinoma (MCC).#2 The polyomavirus family is expanding rapidly: eight novel human
polyomaviridae (HPyVs) have been discovered over the last five years. Besides MCPyV, no
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polyomavirus has been causally associated with human cancers, although limited evidence
exists for the role of JCV in central nervous system tumors and colon carcinoma,*3 44 and
for BKV in prostate cancer.

Human polyomaviridae are widespread (seroprevalence vary from 55 to 80%). Generally
speaking, primary polyomaviridae infections are common amongst children and young
adults, and are often asymptomatic. In the vast majority of cases, they establish life-long
asymptomatic infection in their hosts. However, viral reactivations occur occasionally in
healthy hosts and more frequently in immunologically impaired hosts. Infection with JCV
and BKYV typically occurs in late 4> and early childhood, respectively. BKV infection is
associated with hemorrhagic cystitis in bone marrow transplant recipients and nephropathy
(PVAN) in renal transplant recipients. In patients with AIDS or iatrogenic immune
deficiency, including patients receiving certain recombinant antibodies, JCV infection is
associated with the demyelinating disease progressive multifocal leukoencephalopathy
(PML). BKV DNA in plasma can be used to diagnose PVAN.6 Identification of JCV DNA
in cerebrospinal fluid or brain biopsies is important for diagnosis of PML. Determination of
host antibody response to polyomaviridae viruses is useful to understand epidemiology of
infection and pathogenesis of the associated diseases.

Hemagglutination inhibition assays (HIAs) have been the standard method for determination
of antibody titres for BKV and JCV. The major capsid protein of JCV and BKV (VP1) is
responsible for viral attachment to cells and is capable of erythrocyte agglutination.4’ In
HIAs, serum and antigen are incubated before the addition of human O erythrocytes.
Complete inhibition of hemagglutination indicates the presence of antibodies bound to viral
antigen and indicates a positive response.*8 An English population-based study using HIA
results has demonstrated BKV seroprevalence reaching 91% by 5-9 years of age and JCV
seroprevalence of 50% by 60-69 years of age.48

More recently EIAs are performed for measuring HPyV antibodies; they are more accurate
than HIA, and also more economical for large-scale seroepidemiological studies. Virus-like
particles (VLPs) for BKV and JCV can be used as antigens in an EIA measuring serological
response for specific 1gG or IgM.4® BKV seroprevalence (IgG detection) in healthy blood
donors ranged from 87% in 20-29 years old to 71% in 50-59 years olds.*? JCV
seroprevalence ranged from 50% in the youngest age group to 71% in the oldest age
group.#® Results also indicated that cross-reactivity was not a major concern for BKV and
JCV VLP IgG responses.*? A separate study reported a comparison of the antibody titres by
HIA and EIA for JCV and BKV, with titres being lower for HIA compared to EIA.50
Results from this study also indicated the production of antibodies that were against species-
specific epitopes of the VP1 protein.

Similarly, MCPyV primary infections occur ubiquitously in childhood, so serodiagnosis of
MCPyV is not particularly useful in predicting MCC risk. However, a recent large
longitudinal study utilizing a MCV neutralization assay and an assay detecting 1gG
antibodies to MCV pseudovirions, indicated that MCC was associated both with high levels
of MCV antibodies and with MCV neutralizing activity, particularly in women.>> MCV T-
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antigen antibody screening may prove useful in monitoring MCC, as antibody levels are
associated with disease burden and risk of recurrence.52

SV40 has controversially been hypothesized as playing a role in a variety of human
cancers,3 and SV40 DNA has been detected by PCR in various tumor cells. Human
exposure to SV40 occurred on a wide scale between 1955 and 1963 as a result of inadvertent
contamination of a poliovirus vaccine,>* however it now appears to also be transmitted
interpersonally.®> A case control study has shown that SV40 is unlikely to be associated
with cancer in humans.56 VVLP-based EIAs are employed in SV40 epidemiology; however,
serological cross-reactivity between SV40 and JCV and BKV may complicate
interpretations of assay results,>” as there is protein homology amongst these viruses.
Development of specific assays for detection of SV40 is necessary for determining the
prevalence of SV40 in the human population and for establishing the role of SV40 in
carcinogenesis. Recently, an indirect ELISA using synthetic peptides to SV40 capsid viral
protein 1-3 epitopes has been utilized to screen healthy children and adolescents for
exposure to SV40.%8 Results have indicated that; (i) SV40 infection is not widespread (16%
prevalence of 1gG antibody); (ii) IgM antibodies can be detected in 6-8 month old children,
indicating that seroconversion can occur early in life; and (iii) that SV40 is circulating in the
human population independent of SVV40-contaminated vaccination. One caveat for this is
that serological data for SV40 may be due to cross-reactivity to an, as yet undiscovered,
human polyomavirus that is closely related to SV40. This highlights the need for increased
specificity in serological assays used for detecting closely related viruses.

Human Papillomavirus

HPV are double-stranded, circular DNA viruses that establish infection in keratinocytes of
the skin or mucous membranes. Over 120 HPV genotypes have been identified.>°
Worldwide, HPV is associated with 5.2% of new cancers.2 Most HPV infections do not
cause disease, however HPV infection is the etiological agent of cervical cancer, the second
most common cancer of women.®0 High-risk HPV types, including HPV16 and HPV18, are
associated with cervical cancers®? as well as anal cancer, vulvar cancer, penile cancer,
vaginal cancer and HPV-positive oropharyngeal cancer.? 62 Two prophylactic HPV
vaccines are currently available.%3

Diagnosis of HPV infection relies mainly on molecular techniques. HPV DNA screening by
PCR or hybrid capture, a non-amplification-based nucleic acid detection method, has in
recent years supplemented the Papanicolaou test (Pap test) as screening tools for secondary
prevention of cervical cancer. HPV DNA has been shown to be detectable in cervical cells
from the cervix for less than a year in most infected women.54 Indeed, most HPV infections
clear and precancerous lesions also resolve in a proportion of cases depending on the
severity of the lesion. HPV infection and replication is limited to peripheral epithelial cells,
restricting presentation of viral antigens to the host immune system. This gives rise to a
modest but detectable antibody levels in most infected individuals. Persistent HPV
infections are more likely than transient infections to cause seroconversion,% and are more
likely to cause high-grade cervical lesions and cancers.56 Nonetheless, in practice HPV
serology is not used for risk stratification, nor for diagnosis, although the majority of

Semin Oncol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morrison et al.

Page 8

infected women will develop type-specific HPV antibodies.6” The biology of HPV
infection, however, provides the opportunity for the implementation of a novel vaccinal
strategy, as VLPs give rise to virus-neutralizing antibodies in the serum. Serology is used to
supplement molecular studies of the epidemiology and the pathogenesis of HPV infection,
and to assess the immunogenicity of HPV vaccines. Two types of serological assays are
routinely employed for screening of anti-HPV antibodies, the neutralization assay and
ELISA.

HPV neutralization assays, specifically, secreted alkaline phosphatase neutralization assay
(SEAP-NA), are based on neutralization of either; (i) HPV virions; (ii) pseudotyped virions
consisting of capsids containing reporter genes on their surface; or (iii) pseudovirions (PsVs)
that have encapsidated reporter genes. Neutralization assays have similar sensitivity and
better specificity than standard papillomavirus-like particle (VLP)-based ELISASs,58 and
detect antibodies of all immunoglobulin classes while most ELISAs detect only 1gG. HPV
VLP-based ELISASs use type-specific HPV L1 protein capsids as the antigen.® HPV16
VLP-based ELISAs have a moderate sensitivity of about 50% in detecting current infections
identified by HPV DNA.59 A limitation of ELISA is that it requires a large volume of serum
to test for antibodies to each HPV type. Thus, high-throughput methods to assess multiple
HPV types have been developed. One such multiplexed approach; the competitive Luminex
immunoassay (cLIA) is bead-based and uses pseudovirions of eight mucosal HPV types
(including HPV16 and HPV18) and two cutaneous HPV types.’? Multiplexed approaches
may prove to be useful tools in the continuing investigation of HPV epidemiology.

HPV serology has been instrumental for the development and optimal deployment of HPV
vaccines. Results from studies in which both HPV DNA and serology were determined
indicated that 81-87% of subjects within the HPV vaccine eligible age group (initially
females 9-26 years old) are both HPV16 DNA negative and seronegative worldwide,
indicating that the majority of women in the initial target population might obtain protection
through vaccination. Serology is also relied upon to investigate immunological correlates of
vaccinal protection. HPV type-specific L1 VLP-neutralizing antibodies reach a maximum
titre 7 months after the last injection of the vaccine. Titres then decline up to month 24,
thereafter remaining stable.”! Three years post-vaccination, antibody titres are 2-20 fold
higher than controls.”! A recent study compared cLIA, SEAP-NA, and VLP-based ELISA
in a large vaccine trial (HPV16/18): although all three assays detected 100% seroconversion
for HPV16 after the third vaccine dose, the assays differed in range and sensitivity, and
demonstrated notable differences after one vaccine dose and for HPV18.72 Continued
monitoring of antibody levels by serology in immunized individuals will need to be
conducted into the future for assessment of vaccine efficacy; however, in this and other
applications, it is important to be cognizant of differences that exist between these assays in
several technical and biological aspects.

Retroviruses

HTLV-1—HTLV-1, the first human retrovirus discovered, is a single-stranded RNA human
type C retrovirus. HTLV-1 is prevalent in Japan, Taiwan, Papua New Guinea, central
African coastal regions, and the Caribbean. HTLV-1 has tropism for CD4 T-cells and
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infection is associated with the development of adult T-cell leukemia (ATL),”3 as well as
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP), a chronic,
progressive demyelinating disorder.”# It is estimated that 10-25 million people are infected
with HTLV-1, however disease is observed in less than 5% of cases.” A related virus,
HTLV-2, has so far no proven etiological role in the development of any human disease.
Discrimination of HTLV-1 from HTLV-2 is clinically relevant. Several countries have
begun serological screening of HTLV-1 and -2 in blood donors.”8

A variety of serological techniques are used to detect HTLV-1 antibodies. EIAs based on
viral lysates were among the first developed and frequently resulted in false-positives.’”
EIAs based on recombinant proteins or synthetic HTLV-1 peptides perform better, but often
still require confirmatory tests to determine false-positives and discriminate between
HTLV-1 and —2.76 Confirmatory tests may include IFA techniques, western blots, or line
immunoassay. Typically, assays detect antibodies to HTLV-1 proteins encoded by gag (core
proteins p19 and p24), env (envelope proteins gp46, and gp61/68), and tax (p40X) genes.”8
More recently, an HTLV-1/2 ELISA with high specificity and sensitivity has been
developed that may be useful in screening for blood transfusions, tissue transplants and
clinical diagnosis.”® Importantly, this technique can discriminate between HTLV-1 and -2.

At present there are two FDA approved tests for the detection of antibodies to HTLV-1/2 in
human plasma/serum. One, approved in 2008, is a chemiluminescent immunoassay. This
test cannot distinguish between HTLV-1 and —2. The other, approved in 2012, is an ELISA
utilizing purified HTLV-1 and HTLV-2 viral lysates as well as recombinant HTLV-1 p21E
antigens. In the U.S., donors of leucocyte rich blood products must be screened for
HTLV-1/2. In low seroprevalence populations (such as U.S. blood donors) the positive
predictive value of any assay is low, so most positive results turn out to be false positives.
As such, confirmation assays should follow positive screening tests. U.S. Public Health
Service guidelines indicate that positive result tests should be confirmed by western blot or
radioimmunoprecipitation assay and these confirmatory tests should include HTLV-1 or -2
type-specific peptides/probes.80 Both assays are highly specific (approximately 99%) and
sensitive (approximately 100%). In indeterminate cases, PCR can be used to diagnose
infection. PCR is also the method of choice for quantifying the viral load, which is used as a
marker for prognosis and disease progression in infected patients.

HTLV-1 remains a poorly recognized infection. Improvements in serological techniques for
diagnosing HTLV-1 infection in a disease setting, conducting epidemiological studies, and
for screening of blood will be invaluable for improving our understanding of this virus.

Hepatitis viruses

Hepatitis B Virus—HBYV is a partially double-stranded DNA virus of the family
Hepadnaviridae, and is a major cause of cirrhosis, chronic hepatitis, and hepatocellular
carcinoma. HBV has a prevalence of 2-20% of the general population in Africa, Asia, South
America and Southern Europe.8! Acute infection can be asymptomatic, or result in acute
hepatitis with varying degree of severity, from mild to fulminant disease. Following
resolution of the acute infection, the virus is cleared in the majority of cases. The risk of
HBYV infection becoming chronic is greater when infection occurs during childhood or
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prenatally. Chronic infection can be asymptomatic, or evolve into chronic hepatitis of
variable severity, cirrhosis, or hepatocellular carcinoma. HBV viral genes encode for several
transcripts including; (i) surface antigen (HBsAQ); (ii) e antigen (HBeAg); and (iii) core
antigen (HBcAg). Host antibodies against HBV antigens can be detected for the diagnosis of
HBYV infection: acute, post-acute and chronic infections are characterized by different
pattern of serological reactivity. Host immune response also plays a major role in HBV-
related liver damage, both in the course of acute and chronic hepatitis. Fulminant hepatitis,
occurring in 0.1-0.5% of patients, is due to immune-mediated lysis of infected
hepatocytes.82 Early diagnosis of HBV is critical for beginning treatment before advanced
liver disease develops.

A recombinant HBV vaccine is available; the Advisory Committee on Immunization
Practices (ACIP) of the Centers for Diseases Control and Prevention (CDC) recommends
that all infants be immunized starting at birth. Immunization of adult at higher risk is also
recommended (Table 2a). The U.S. Preventive Services Task Force (USPSTF) recommends
against routinely screening the general asymptomatic population for chronic hepatitis B
virus infection. However, testing is recommended for certain categories (Table 2b). HBV
serological tests can be used to determine if an individual is susceptible to HBV infection,
has immunity to HBV infection due to vaccination or prior infection, or has acute or chronic
HBYV infection. Susceptible individuals are characterized as HBsAg, anti-HBc, and anti-HBs
negative. The serological hallmark of current HBV infection is the presence of HBsAg,
which is the first serological marker to appear after infection. Acutely infected individuals
are positive for HBsAg, anti-HBc IgG and IgM and negative for anti-HBs. Anti-HBc 1gG is
not a neutralizing antibody. Presence of neutralizing antibodies against the HBsAg, anti-
HBs, is suggestive of immunity against HBV developed after recovery from acute HBV
infection. Such individuals are also HBsAg negative and anti-HBc 1gG positive. Because
anti-HBV vaccines are composed of recombinant HBsAg, individuals who have responded
successfully to HBV vaccination are also anti-HBs positive and HBsAg negative, but are
anti-HBc negative. The failure to clear HBsAg and to develop anti-HBs is associated with
chronic HBV infection. Chronic infection is also serologically characterized as anti-HBc
1gG positive, and anti-HBc IgM negative. Chronic carriers of HBV comprise a large
reservoir for infecting additional cases, and are at risk of developing HBV associated liver
diseases. HBCcAg is not detectable in serum. IgM anti-HBc is the first antibody to appear
after HBV infection, typically within one month after the appearance HBsAg. Detection of
IgG anti-HBc is indicative of prior exposure to HBV, regardless of the current HBsAg
status. This is referred to as occult infection, and is frequently seen in patients who have
hepatitis C virus-related chronic hepatitis.83 It has been suggested that the absence of
HBsAg is due to a rearrangement in the HBV genome that interferes with the expression or
production of an antigenically modified S protein.84

Positive serology for HBeAg is indicative of an active replication cycle of HBV and an
increased risk of transmission. It should be noted that a proportion of HBeAg negative
patients continue to have HBV replication and liver damage. The seroconversion from
HBeAg positivity to anti-HBe positivity typically parallels a decrease in serum HBV DNA
levels. This is indicative of a less active viral replication, a decrease in infectivity, and
disease remission.
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Interpretation of HBV serological markers is summarized in Table 2c. Serology is also
useful for identifying patients in various stages of HBV infection. There are three phases for
the natural history of chronic hepatitis B virus patients who acquire virus early in life; (i) the
immune tolerance phase; (ii) the immune clearance phase; and (iii) the inactive or low
replication phase. A fourth phase, when it occurs, can be termed the reactivation phase.82
The immune tolerance phase is typically seen in children and young adults and is associated
with high levels of HBV DNA and detectable HBeAg. These patients have minimum
disease progression and normal liver enzyme levels. After 20-30 years of infection, the
immune clearance phase begins. This phase is characterized by high levels of HBV DNA
and detectable HBeAg. Immune-mediated cytotoxicity to infected hepatocytes causes
elevated alanine aminotransferase levels. During the third phase, HBV replication greatly
diminishes or ceases. This phase is characterized by low levels of HBV DNA, absence of
HBeAg, normal alanine aminotransferase levels, and normal or minimal change in liver
pathology. The infection can then clear, or persist in the inactive phase, or progress to
reactivation phase. Reactivation of HBV may be spontaneous® or due to
immunosuppression, 88 and is characterized by moderate levels of HBV DNA, negative
HBeAg, elevated alanine aminotransferase levels, and chronic liver inflammation and
fibrosis. Annually, 2.2-3.3% of asymptomatic HBsAg carriers will reactivate HBV
replication following HBeAg seroconversion.87

HBYV serological testing may also play a role in stratifying patient’s response to anti-HBV
therapy. HBeAg seroconversion is useful for assessing the efficacy of anti-HBV therapy in
patients with chronic hepatitis. HBeAg serology was found to be a better measurement than
HBYV DNA serum levels for predicting HBeAg seroconversion to anti-HBe in patients
treated with peginterferon alpha-2a.88 In a separate small study, low pretreatment HBsAg
levels were found to be a better measurement than HBV DNA to predict positive responses
to peginterferon and lamivudine combination therapy.8°

Finally, serology is useful in typing HBV, although the clinical significance of HBV
serotypes is not yet well established. There are four major HBV serotypes (adr, adw, ayr,
and ayw) and nine minor serotypes, defined by their antigenic determinants of HBsAg. The
relation between HBV serotypes and genotypes has been determined, and there are eight
established genotypes (genotypes A through H) with distinct geographical distributions and
clinical significance.%? Genotype information may be used to assess the risk of disease
development in certain populations. For instance, in Taiwan genotype C (serotype adw?2,
adrqg+, adrg—, ayr) is associated with development of severe liver disease while genotype B
(serotype adw2, ayw1) is associated with development of hepatocellular carcinoma in non-
cirrhotic patients.%! In India, genotype D (serotype ayw2, ayw3) is associated with
hepatocellular carcinoma in young patients and with more severe liver disease than genotype
A (serotype adw2, ayw1).92 Genotype information may also be used to predict response to
antiviral treatments. For instance; (i) genotypes A and B patients demonstrate a better
response to interferon therapy than genotypes C and D;%3 (ii) genotype B patients
demonstrates a better response to lamivudine therapy than genotype C:%* and (iii) serotype
adw patients are associated with a greater risk of developing resistant to lamivudine therapy
than serotype ayw.
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Hepatitis C Virus—HCV is an enveloped single-stranded RNA virus of the family
Flaviviridae. HCV infection is of global concern. Regional variations in infection
prevalence exist. North Africa/Middle East and Central/East Asia are regions of high
prevalence, greater than 3.5% of the population,® with Egypt having the highest prevalence
at 14%.%7 HCV transmission is primarily parenteral.?8 Risk factors for HCV transmission
vary between developed and developing countries. In low prevalence areas (developed
countries), injecting drug use is the main mode of transmission. In high prevalence areas
(developing countries), unsafe medical practices cause a substantial proportion of HCV
transmissions, as much as 40% of all HCV infections.%° Together with HBV, HCV is a
leading cause of chronic liver disease, cirrhosis, and hepatocellular carcinoma. It is
estimated that over 350,000 people worldwide die of HCV-related liver disease each
year.190 The U.S. Preventative Services Task Force (USPTF) recommends screening for
HCV in persons at high risk for infection (Table 3a) and adults born between 1945 and
1965.

ElAs are the serological assays of choice for identifying anti-HCV antibodies in serum.
Third generation anti-HCV EIAs have a specificity of greater than 99% and have excellent
sensitivity when used for HCV-infected immunocompetent patients.101 HCV serological
assays are mainly applied in diagnostic screening and epidemiological studies. They also
assist in discriminating acute from chronic infection, and in resource limited settings, may
find a role in HCV genotyping, although molecular techniques remain fundamental both in
clinical practice and molecular epidemiology.

The majority of acute HCV infections are asymptomatic. Positivity for HCV RNA in the
absence of anti-HCV antibodies is indicative of acute HCV infection. Interpretations of
results for HCV infection, based on CDC guidance,192 are summarized in Table 3b. Patients
suspected of having acute HCV infection should be tested for anti-HCV antibodies and HCV
RNA. Diagnosis of acute HCV infection may also include documentation of recent
seroconversion of HCV antibodies (within the last 6 months).103 If a patient with acute
hepatitis is positive for both HCV RNA and anti-HCV antibodies it can become difficult to
differentiate between acute HCV infection and chronic HCV infection with superimposed
acute process of different etiology.

Resolved infection (15% of cases) is characterized by the presence of anti-HCV antibody
and absence of HCV RNA.194 |t should be noted that this pattern cannot be differentiated
from a false positive EIA result, however, EIAs results should be in any case confirmed by
recombinant immunoblot assay. Aviremic, seropositive patients should be retested after a
few weeks to confirm that HCV RNA is truly negative and not just temporarily
undetectable. Chronic infection is mostly asymptomatic until the development of cirrhosis or
end-stage liver disease and is characterized by anti-HCV antibody positivity and HCV RNA
positivity. Benign persistent disease with normal/mildly elevated liver enzymes occurs in
approximately 70% of cases.10°

HCV has been classified into six main genotypes (a seventh has been proposed) and a large
number of subtypes. HCV genotype determination must be performed and should occur
before treatment begins, as it determines the indication, the duration and the dose of anti-
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viral therapy, and the monitoring of virological response. Genotype can be determined by a
number of molecular approaches including PCR with genotype-specific primers,
hybridization techniques, or restriction fragment length polymorphism techniques. In 2013,
the FDA approved the first real time PCR HCV genotyping test, which distinguishes types
1, 1a, 1b, 2, 3, 4, and 5. Although clinical practice relies on molecular techniques, when
these are not accessible or affordable serology might become a reliable, fast, and
inexpensive alternative for subtyping HCV.196 Epitopes encoded by the NS4 region of the
HCV genome has shown utility for serologically discriminating HCV genotypes.107 A
comparison of two serological methods for determination of HCV genotype has shown
sensitivity of 75% and 89% relative to results obtained with a standard genotyping assay.198
Both of these assays had good concordance with the standard genotyping assay. However,
for these two assays cross-reactivity amongst HCV genotypes might be responsible for
mistyping in 6-8% of the patients. Mixed serological reactivities might also be due to a
mixed infection or the recovery from one genotype infection with current viremia from
another genotype infection. Serology for determination of HCV genotype may come into
more routine use, but molecular assays for genotyping remain standard. Molecular methods
remain also the gold standard for assessing treatment efficacy, with sustained virological
response being assessed by the absence of HCV RNA in serum 24 weeks after the end of
treatment.

Conclusion

Viral infections remain a substantial cause of cancer worldwide, and particularly in
developing countries with the least resources to deal with this burden. In developing
countries approximately 23% of new cases of cancer are attributable to an infectious agent,
compared to 7% in more developed countries.199 Improved serological diagnosis of these
viruses will be critical for; (i) diagnosing infection with high specificity and sensitivity; (ii)
conducting studies aimed at investigating prevalence, epidemiology, and transmission; and
(iii) developing therapeutics to prevent disease burden and monitor treatment. The
serological assays for each of the tumor viruses discussed within this article have their own
unique technical challenges and challenges in diagnosis application in the clinical setting.
Serological assays have evolved over the years from IFA techniques to EIAS/ELISAS to
newer multiplexable techniques. With these innovations has generally come increased
specificity and sensitivity as well as reproducibility; cost per analyte/sample and processing
times have also decreased. Improved serological techniques have given greater insight into
host immune response to these viruses over the course of infection and disease. Serological
techniques will continue to remain important for conducting epidemiological work and
surveying the global health burden associated with tumor viruses. Tumor viruses are a
potentially preventable cause of cancer. Prophylactic vaccines against HBV and HPV are
now commercially available. Serological techniques may be used to determine suitable
target populations for vaccination and assess vaccine efficacy, in particular by determining
virus-neutralizing antibody concentrations over time. There are no therapeutic vaccines for
virus-associated malignancies. However, tumor viruses are attractive candidates for such
vaccines, particularly if viral oncogenes are selectively expressed in tumor tissue.
Serodiagnosis will likely also play an important role, along with molecular techniques, in
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identifying potential new tumor viruses and in assessing the association of a putative tumor
virus with a specific cancer.
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Figure 1. Timeline of tumor viruses and serology
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Figure 2. Seroprevalence of tumor viruses
(A) Worldwide HBV and (B) HCV prevalence derived from CDC and WHO data. (C)

Worldwide HTLV-1 prevalence, modified with permission from.110 (D) Worldwide KSHV
seroprevalence based on sources cited in a 2012 IARC monograph.3 (E) Estimated HPV
DNA prevalence, modified with permission from.111 Unfortunately, for large parts of the
world seroprevalence information for many of these viruses is missing. KSHV is a case in
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point wherein large parts of Eastern Europe, Northern Asia and the Middle Eastern region
have limited data.
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Table 3

a. Recommendations for testing for HCV infection.

Injection-drug users and intranasal drug user

Children of HCV infected mothers

Patients undergoing hemodialysis

Incarcerated individuals

Individuals who received an unregulated tattoo or had other percutaneous exposure

b. Interpretation of HCV infection results.

Anti-
HCV
Ab

Neg

Neg

Pos

Pos
Pos

Pos

HCV .
RNA Interpretation
No HCV
Not :
antibody
Assessed detected
Acute
i Infection
Not Presumptive

Assessed  HCV infection

Current HCV

Pos infection

Neg False Positive
Resolved

Neg Infection

Further Action

If recent exposure is suspected, test for HCV RNA

Provide with appropriate counseling, care and treatment

Test for HCV RNA to identify current infection

Provide with appropriate counseling, care and treatment
Test with another HCV antibody assay to assess false positives

Follow up with appropriate counseling in certain situations™

Page 27

*
If the subject is suspected to have recent HCV exposure within the past 6 months, or has clinical evidence of HCV infection, or if there is concern
with the handling/storage of test specimens.
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