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Summary. - Marek's disease (MD) is a lymphoproliferative disease of chickens with strong economic
impact on poultry industry. Although successful vaccination has enabled control of the disease, outbreaks
occur in commercial flocks, resulting in substantial economiclosses. Together with vaccination, accurate
and fast diagnosis of MD remain the mostimportant tools for its efficient control. MD diagnosis currently
relies mainly on the identification of its causative agent, Marek's disease virus type 1 (MDV-1). Nucleic acid
amplification techniques have been successfully applied for identification of MDV DNA in field samples
and also for studies of virus-host interactions. In this review we want to summarize recent advances
in the development of standard and quantitative PCR techniques and their use in rapid MD diagnosis,
including differentiation of pathogenic and vaccine MD viruses. PCR protocols have served as a useful
tool for clarification of processes associated with MDV infection in chickens, such as virus spread and
release, and effect of vaccine virus on progress of MD. Here, we also describe a novel multi-species gPCR
methodology for identification and quantification of MDV DNA, enabling its detection in various bird
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species that are the most susceptible to MDV infection.
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Overview of methods for Marek's disease
diagnosis

Primary diagnosis of MD in the field is based on clini-
cal signs and examination of gross or microscopiclesions
in tissues of infected birds. MD infection is then usually
confirmed by virological or immunological methods in
the laboratory to confirm the presence of the causative
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Abbreviations: CEF = chicken embryo fibroblasts; CKC = chicken
kidney cells; DEF = duck embryo fibroblasts; HVT = herpesvirus
of Turkey; LAMP = loop-mediated amplification; LL = lymphoid
leukosis; MD = Marek's disease; MDV = Marek's disease virus;
vv+ = very virulent plus (MDV-1 strains)

agent, Marek's disease virus (MDV-1). Classical MD diag-
nostic methods include identification of MDV-specific
antigens or antibodies and viral nucleic acid detection.
Although modern methods enable direct viral antigen or
nucleic acid (NA) identification in clinical samples, virus
re-isolation isrequired for further detailed analyses of an
MDV isolate. As MDV and its serologically related vaccine
viruses frequently occur in poultry flocks, virological
diagnosis alone does not necessarily explain the cause
of the tumors in the field. Nevertheless, pathological
observations of the disease together with the positive
identification of MDV usually confirm the presence of
MD in a flock.

MDV-1 belongs to the subfamily Alphaherpesvirinae,
classified with its serologically related viruses, Marek's
disease virus serotype 2 (MDV-2) and herpesvirus of
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turkeys (HVT) within the genus Mardivirus (King et al.,
2012). Viruses of all three MDV serotypes serve as live
vaccines against MD; there are used attenuated strains
of MDV-1 (Churchill et al., 1969a; Rispens et al., 1972b) as
well as strains of non-oncogenic MDV-2 (Schat and Calnek,
1978) and HVT (Okazaki et al.,1970; Witter et al., 1970). Vac-
cine viruses do not prevent super-infection of birds with
pathogenic MDV-1; successful vaccination usually leads
to the prevention of occurrence of pathological changes
(Morimura et al. 1998; Baaten et al., 2004). Consequently,
MDV-1persists inthe birds throughout their lives and can
spread horizontally in flocks by virus particles released
from feather epithelium to dust and dander, where they
arerelatively resistant to environmental conditions (Cal-
nek et al., 1970, 2001). Intensive poultry production and
forceful use of vaccines can most likely be accounted for
increased virulence of MDV-1isolates (Davison and Nair,
2005). Use of serologically related herpesviruses as live
vaccines against MD hasrepresented additional challenge
for the development of specific laboratory methods for
pathogenic MDV-lidentification and differentiation from
non-pathogenic vaccine viruses.

Classical methods of MD diagnosis are particularly
complicated as it is a complex disease with varying
clinical signs and pathology that can be attributed to the
presence of different MDV-1 strains in field and is also
dependent onthe genetic background of the host. In addi-
tion, it can be confused with avian lymphoid leukosis (LL)
caused by retroviruses. Although the etiological differen-
tiation between MD and LL was elucidated in the sixties
of the last century (Biggs,1961,1976), confusions still have
occurred as both infectious agents cause lymphoid cell
tumors that are often difficult to differentiate just based
on gross pathological examination. Recently described
sporadic paralysis associated with polyneuropathy in
chickens could be also misinterpreted as MD (Matiasek
et al., 2008; Gall et al., 2018).

Currently, the MD symptoms are classified as “classical”
neural form of fowl paralysis, acute leukosis with lym-
phomatous tumors in visceral organs (Payne et al., 1976)
and more recently characterized acute transient paralysis
(Witter et al.,1999). All these pathological changes are as-
sociated with infiltration of proliferating lymphoid cells
in organs such as peripheral nerves, liver, kidney, spleen,
gonads, heart, proventriculus, skeletal muscle and skin
(Addinger and Calnek, 1973). However, other clinical signs
might be also observed, such as early mortality caused by
severe cytolyticinfection of lymphoid tissues with newly
isolated vv+ MDV-1strains (Calnek,2001; Witter et al. 2005).

Laboratory diagnosis of MD focusses mostly on isola-
tion of MDV-1 and identification and characterization of
its virions, its DNA or antigens, as well as on detection of
MDV-specific antibodies.

Invitroisolation and propagation of the MD causative
agent is a prerequisite for further characterization of the
MDV-1 isolate. However, it is time consuming and good
experimental skills are required for successful adapta-
tion of a field virus for in vitro propagation. Although
chicken embryo fibroblasts (CEF) are common substrate
for MD vaccines production, they are not suitable for pri-
mary MDV-1 re-isolation, and alternative use of chicken
kidney cells (CKC) or duck embryo fibroblasts (DEF) is
more favorable for in vitro propagation of MDV-1isolates
(Churchill and Biggs, 1967; Nazerian et al., 1968; Solomon
et al.,1968; Schat, 2005). Virus adaptation for in vitro cell
cultureis performed by co-cultivation of inoculum (whole
blood, white blood cells, splenocytes or suspension of tu-
mor cells) with culture of DEF or CKC. For re-isolation of
MDV-2, HVT or attenuated strains of MDV-1 from biologi-
cal samples, CEF can be also used as substrate. In general,
virulent field MDV-1 viruses propagate slower in cell
culture; cytopathic effect (CPE) appearing 5-8 days post-
inoculationis characteristic by small to medium plaques
of rounded refractive cells or syncytia. Continuous pas-
sage of the virusin cell culture leads toits adaptation and
faster replication in vitro; however, it is also associated
with attenuation of the oncogenic potential of the virus
(Churchill et al., 1969; Nazerian, 1970) and structural and
gene expression changes in MDV-1 genome (Churchill
et al.,, 1969; Fukuchi et al., 1985; Maotani et al., 1986; Ross
et al., 1993). Indeed, these genetic changes served as the
first genetic markers for differential diagnosis between
virulent and attenuated MDV-1 strains.

Immunological methods for identification of MDV-1
antigens or detection of MDV-specificantibodies in sera of
infected birds have been used widely after successfuliso-
lation and characterization of MD causative agent in the
late sixties of the last century. A conventional method, still
often in use, is agar gel precipitin (AGP) assay, where the
serum is reacted with MDV antigen (Chubb and Churchill,
1969). Presence of either MDV-1 antigens or MDV-1 posi-
tive sera can be tested in the assay. As the source of the
antigen can serve crude lysate of in vitro infected cells or
skin extract or feather pulps (Haider et al.,1970; Adldinger
and Calnek, 1973). In general, feather follicles of infected
birds serve as a good, easily accessible source of MDV-1
antigens and viral DNA (Calnek et al., 1970; Haider et al.,
1970; Davidson et al.,1986); tips of feathers from affected
birds can be stored in cold, dry place for several weeks for
further antigen and DNA analyses.

Direct or indirect immuno-staining assays are other
methods for detection of MDV-specific antigens in
samples. The test is more sensitive and specific when
monospecific seraand, better, monoclonal antibodies are
available. Preparation and use of monoclonal antibodies
enabled detailed analyses of MDV-1 and HVT antigens,
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and detection and differentiation of the viruses (Ikuta
et al., 1982; Lee et al., 1983a). Monoclonal antibodies or
monospecific sera can be used in various immunologi-
cal techniques, however, for diagnostic purposes im-
munofluorescence (Ikuta et al., 1982; Lee et al., 1983a) or
immunoperoxidase staining (Silva et al., 1997) of in vitro
propagated virus isolate seem to be the most straightfor-
ward applications.

Widespread use of the enzyme-linked immunosorbent
assay (ELISA) for diagnostic detection of MDV-specific
antibodies was hampered by high background readings,
as homologous cellular antigens interfere with the assay
and by the nature of MDV as an immnunosuppressive
agent depleting antibody-producing B cells and thus
naturally reducing titters of specific antibodies. ELISA
test utilizing homologous cell system was reported by
Chengetal.(1984). Use of alternative heterologous system
for production of MDV antigen based on CKC reduced the
background and it was found that reliable ELISA readings
canbe observed in sera from birds that were infected with
MDV-1 and were protected against MD compared to sera
from birds that received vaccine virus only or were not
protected against MD (Zelnik et al., 2004).

PCR-based methods for MDV DNA detection

Introduction of the polymerase chain reaction (PCR) in
the eighties of the last century has revolutionized rapid
detection of many infectious agents including MDV-1. As
the complete DNA sequences of MDV-1, MDV-2 and HVT
genomes are available (Tulman et al., 2000; Afonso et al.,
2001; Izumiya et al.,2001; Kingham et al.,2001), manual or
software-assisted design of specific PCR primers is not
problematic and depends on actual requirements and
purposes. Use of quantitative PCR technique is becoming
more popular, however, its common use is hampered by
requirements for special and expensive equipment and
consumables.

As MDV-1is ubiquitous, use of vaccines is widespread
and detection methods are becoming more sensitive,
differentiation between virulent and vaccine viruses has
appeared to be more and more important. Use of MD vac-
cines based on serotypelviruses such as CVI 988 (Rispens
et al., 1972a) further underlined this requirement. Some
of possible ways of virus differentiation were outlined
in previous text, however, many of them, such as virus
plaque morphology or immunological staining, are not
specific enough and include cell culture adaptation of
the virus that is time consuming and requires relevant
experience. These obstacles in virus detection and dif-
ferentiation appeared to be easily solved by introduction
of the first PCR tests in MDV diagnostics.

Data on genetic variability between MDV-1 isolates
provided rather complex information (Spatz et al., 2012).
Nevertheless, visible changes between virulent MDV-1
viruses and their attenuated counterparts were described
earlier in the BamHI-H fragment of the MDV-1 genome as
an expansion of the region (Fukuchiet al., 1985; Maotani et
al.,1986). This expansion is due to multiplication of 132bp
repeatsthat are present in virulent strains in 2 or 3 copies
but in highly passaged viruses their number is variable
and can reach several tens (Ross et al., 1983). This fact
enabled development of a simple PCR test to differenti-
ate between virulent and passaged MDV-1 viruses (Silva,
1992; Becker et al.,1993; Kopadek et al.,1993). For the time
being, PCR analysis of the expansion of 132 bp repeats
during multiplein vitro passage seems to be areliable dif-
ferentiation method suitable also for attenuated CVI988/
Rispens vaccine strains. Variability in the MDV-1-specific
meq gene was also reported, but this polymorphism can-
not be utilized for vaccine and virulent MDV-1 strains
differentiation (Chang et al., 2002). Another CVI 988/
Rispens-specific insertion represented by single 116 bp
repeat was found upstream of the MDV-1long ICP4 ORF
(Majerciak et al., 2001) and can be easily detected by PCR;
however, with the recent data available (Spatzet al.,2012),
this method cannot be applied for differentiation of all
CVI988/Rispens virus variants. PCR methods specific for
MDV-1can definitely distinguish virulent MDV-1linfection
from retroviruses-induced leucosis (Davidson et al.,1995)
or peripheral neuropathy (Gall et al., 2018).

Real-time PCR methodology allowed absolute quan-
tification of MDV-1 in biological samples (Baigent et al.,
2005b; Walkden-Brown et al., 2013) and has proven to be
a valuable method not only for MD diagnostics but also
for clarification of processes related to MDV infection,
focusing on virulent MDV load and spread (Baigent et al.,
2005a,2007; Haq et al., 2012).

Real-time PCR differentiation between virulent MDV-1
isolates and CVI988 vaccine strain was described by Zel-
nik et al. (2008) and further improved and validated by
Baigent et al. (2016). The method is based on H19 epitope
point mutation in pp38 gene (Cui et al., 1999) and could
be applied to monitor kinetics of replication of commer-
cial CVI988 vaccine and virulent MDV in feather tips
and blood of vaccinated and challenged experimental
chickens.

We used real-time PCR technique to study the effect
of hypoxia on MDV-transformed cell lines by analysis of
viral genome replication and expression of transforma-
tion- and reactivation-related viral genes by novel duplex
quantitative PCR method. As two cell lines carrying
latent MDV genome were used in the study, the chicken
lymphoblastoid cell line CU41 and the quail fibrosarcoma
cell line QT35, we introduced novel gPCR methodology
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Table 1. Primers and probes for multispecies quantitative multiplex MDV PCR

Primer / probe Sequence (5'-3')

chgB-Act_Prl
chgB-Act_Pr2
chqB-Act_Probe

GAC GGA CTA CCT CAT GAA GAT CCT
TGA TGT CACGCA CAATTT CTCTCT
JOE- CAG AGA GAG GCT ACA GCT TCA CCACCACA-BHQ1

FAM- CGA CGT TCC GGT GAG TAG TAT TGG ATG G-TAMRA

MI4&-Prl GAT GGC GAT CTG GAAACATGT

MI4-Pr2 CCCCTCCCCGGAATCC

MI4-Probe

MEQ-Pr1 GAG CCG GAGAGG CTT TATGC

MEQ-Pr2 ATC TGG CCC GAATACAAG GA

MEQ-Probe FAM- CGT CTT ACC GAG GAT CCC GAA CAG G-TAMRA

setup comprising primer and probe design that enables
multi-species detection of house-keeping gene, the f-actin
gene, in chicken, duck, quail and turkey. Thus, a single
method could be applied to study MDV genome load and
viral genes expression in both chicken CU41 and quail
QT35 cells. MDV-specific primers and probes targeted the
ICP4 transactivator gene and/or the MEQ oncogene. The
primers and probes are listed in Table 1.

Other nucleic acid amplification methods in MDV
diagnostics

As an alternative amplification method to detect
MDV-1DNA in feather follicles and other biological sam-
ples there was introduced isothermal loop-mediated
amplification (LAMP) methodology (WoZniakowski et
al., 2011; Angamuthu et al., 2012; Wei et al., 2012). These
protocols provide cheaper alternative to PCR methods
and claim to be more sensitive than standard PCR assays.
Differentiation between viruses of three MDV serotypes
is possible by LAMP methodology (WoZniakowski et al.,
2013); however, there is no LAMP protocol available that
could distinguish virulent MDV-1isolates from CVI988/
Rispens vaccine strains.

Rapid real-time recombinase polymerase amplifica-
tion for MDV-1 detection was introduced recently (Zeng
etal.,2019) with sensitivity that is claimed to be sufficient
enough for MDV-1 detection in clinical sample but does
not enable any kind of differentiation between serologi-
cally related avian herpesviruses.

Conclusions

Marek's disease continues to be a serious threat for
poultry production despite widespread vaccination

programs. Sporadic outbreaks of MD occur and can be
accounted for increased virulence of MDV-1 strains,
presence of other infections caused mainly by immune-
suppressive agents and overall management of flock.
Rapid and reliable diagnosis of MD remains an important
topicin control of the disease. Several PCR methods have
been successfully applied for fast, very sensitive and reli-
able detection of MDV-1in biological samples. In addition,
PCR protocols are available to differentiate virulent MDV-1
field isolates from vaccine virus strains of all three MDV
serotypes. Individual laboratories have to rely on their
ownreliable validated method set-up as no general stand-
ard methodologies are available. Sensitive PCR methods
for identification and quantification of MDV-1 DNA have
contributed to studies on virus spread.
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