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Summary. - Marck's disease (MD) is a lymphoproliferative disorder induced by a herpesvirus. Several 
factors, including those virus-encoded and host-dependent, affect the course of the disease. Existing vaccina­
tion program is based on the use of attenuated strains of MD virus (MDV) serotype 1 and on strains of non-
oncogenic serotype 2 (MDV2) and serotype 3 (herpesvirus of turkeys - HVT) viruses. Failures resulting in 
disease progress have been reported and indicate need for production of new, more effective vaccines. It is 
likely that future development of MD vaccines will rely on recombinant molecules technology. 

M a r e k ' s  d i sease  

M D  is  a lymphoprol iferat ive disease that  occurs  world­

wide  a n d  causes  s ignif icant  economic  losses in commercia l  

chicken flocks.  T h e  d isease  is n a m e d  a f t e r  J .Marek,  t he  

Hungarian veterinary pathologist  born  in  Horná  Streda (now 
in Slovak Republic) w h o  f i r s t  described it. Its pathology is 
rather more  complex and embraces  disorders o f  (a) the 
lymphoid system, as  revealed b y  lymphoma development 
and immunosuppression, (b) the nervous system, as ex ­

pressed by  the  peripheral  and  m o r e  rarely central  neuro­

pathies, (c)  t he  cardiovascular system, epitomized b y  athero­

sclerotic lesions;  a n d  (d)  epithelial lesions, as  revealed in 

the  feather  foll iclcs (Payne, 1985). 

Etiological causc  o f  M D  w a s  discovered in late sixties 

b y  in vitro p r o p a g a t i o n  a n d  s u b s e q u e n t  i so la t ion  o f  a 

herpesvi rus  f r o m  M D  tumour  cells (Churchil l  and  Biggs ,  

1967). T h e  isolation o f  M D V  a n d  its characterization as  an  

herpesvirus  also ended  the  dispute  on  the  etiological rela­

t ionship be tween M D  a n d  avian lymphoid leukosis, which  

is caused b y  retroviruses.  Together wi th  Epstein-Barr  vi rus  

(EBV) ,  M D V  is t hus  o n e  o f  a f e w  herpesviruses  capable o f  

inducing tumours  in  their  natural  hosts .  T h e  discovery o f  a 

herpesvi rus  a s  the  causative agent  o f  neoplast ic  transfor­

mat ion  h a s  been  o n e  o f  the  hal lmarks  o f  cancer  research 

because  MDV-infectcd birds provide a n  excellent mode l  to  

s tudy biological ,  gene t i c  a n d  immunolog ica l  aspec ts  o f  

lymphoma development .  Ano the r  s ignif icant  breakthrough 

in this a rea  o f  research was  the  introduction o f  e f f ic ien t  

vaccines that were  based on  non-oncogenic strains o f  closely 

related herpesvirus  o f  turkeys ( H V T )  o r  on  at tenuated and 

non-oncogenic  strains o f  MDV. These  f ind ings  have  been  

the  f i r s t  example  o f  prevention o f  cancer  induced  by  tu­

m o u r  virus.  

Despite  t he  introduction o f  vaccines, precise  mechanisms,  

o f  M D V  oncogenicity remains  unclear.  Fur thermore ,  new, 

highly oncogenic strains o f  M D V  were  isolated that  a re  ca­

pable  t o  induce disease in HVT-vaccinatcd chickens.  In ad­

dition to  pathogenesis  a n d  oncogenici ty o f  M D V  strains, 

there  are  also other  factors  that  can  a f fec t  t umour  develop­

men t  (e.g. hos t  age,  sex, genotype,  haplotype etc.). These  

questions have st imulated fu r the r  studies o f  M D V  onco­

genicity, pathogenesis and  immunology and  have demanded  

preparation o f  new, m o r e  effect ive vaccines  against  M D .  

R e l a t e d  s t r a i n s  o f  M D V  a n d  H V T  

First oncogenic  M D V  strains were  isolated in late six­

ties (Churchill  and  Biggs,  1967; So lomon  et al., 1968). 

Shortly, an antigcnically related herpesvirus  ( H V T )  was  iso­

lated f r o m  healthy turkeys (Kawamura  et al., 1969; Witter 

et al., 1970). T h e  exis tence o f  a third related g r o u p  o f  vi­

ruses  w a s  demonstrated by Biggs and  M i l n e  (1972).  It is 

now generally accepted that M D V  and H V T  isolates can  b e  

divided into three serotypes (Schat,  1985). A l l  oncogenic  

M D V  f o r m  serotype 1, whi le  nononcogenic  viruses  be long 

to  serotype 2. H V T  isolates arc c lass i f ied as  serotype  3 (Ta-' 
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ble  1). This  classif ication w a s  f i rs t  proposed b y  von Billow 
and B i g g s  (1975) according to immunofluorescence assays  
and w a s  further confirmed by other immunochemical meth­

o d s  [agar gel precipitation a n d  indirect fluorescent antibody 

assays (Schat  a n d  Calnck,  1978); virus-neutralization tests 

(King  et al., 1981); two-dimensional  gel pat terns o f  virus-

spec i f ic  polypept ides  (van Z a a n e  et al., 1982a,/?)]. Dur ing 

the  last decade  d i f ferences  between serotypes were fur ther  

con f i rmed  by modern  immunological methods  using m o n o ­

clonal  ant ibodies  (e.g.  L e e  et al., 1983) and by  methods  o f  

molecular  biology. 

Tahle 1. Strains of related herpesviruses from chickens and turkeys 

Virus 

type 

Serotype Oncogenicity' Representative 

isolates 

MDV-1 1 Very high 

High 

Moderate 

Low 

RB-1B, Ala-8, Md/5, Mdl  1 

GA,  HPRS-16, JM 

HPRS-I7,  Conn-A 

Cu-2, CVI988 

MDV-2 2 None HPRS-24, SB-1, HN-I 

HVT 3 None FCI26,  WTHV-1, HPRS-26 

MDV - Marck's  disease virus; HVT - herpesvirus of turkeys. 

"Very high: causes Marck 's  disease in vaccinated, genetically susceptible 

and non-vaccinated, resistant chickens; High: causes high incidence in 

susceptible, but low o r  none incidence in resistant chickens; Moderate: 

causes moderate o r  low incidence in genetically susceptible birds; Low: 

causes minimal lesions, often only in very susceptible chickens. 

It  is no t  known what  is t he  cause  o f  dif ferent  oncogenic 

potential o f  various serotype 1 M D V  strains. Two-dimen­

sional gel pattern analysis o f  the  virus-induced polypeptides 

did no t  ident ify any  dif ferences  between GA-5 ,  K,  Cu-2  and 

C V I  9 8 8  strains (van Z a a n e  et al., 1982a).  A repeated pas­

sage  o f  serotype I viruses  in cell cul ture  lead to  an attenua­

tion resulting in loss o f  oncogenicity (Churchill  et al., 1969a; 

Nazcrian,  1970). T h e  attenuation has  a l so  been described 

fo r  HVT, where  it resulted in inability to  replicate  in vivo 

(Witter a n d  Offenbecker ,  1979). 

Molecular  biology o f  M D V  and H V T  

Genetic structure of MDV and HVT 

G e n o m e s  o f  both M D V  and  H V T  consist  o f  linear dou-

blc-stranded D N A .  M D V  DNA is approx.  175 kbp  and that 

o f t h c H V T i s  150 k b p  long (Cebrian  etal., 1982; Lee  etal., 

1971). B y  isopycnic sedimentat ion analysis it w a s  predicted 

that  M D V  D N A  consists  f r o m  4 6 %  guan ine  p lus  cytosine 

residues (Lee  et al., 1971). Based  o n  thei r  biological prop­

erties, especially o n  their  lymphotropism,  M D V  and  H V T  

are  c lass i f ied  a s  gammaherpesv i ruses  (Roizman ,  1992).  

However, electron microscopy studies revealed that  genomes  

o f  M D V  and  H V T  contain inverted repea t  nucleot ide se­

quences  similarly a s  in case  o f  a lphaherpesviruses  (Cebrian 

et al., 1982). These  observat ions were  fu r ther  con f i rmed  b y  

restriction endonuclease mapp ing  o f  M D V  (Fukuchi  et al., 

1984) and H V T  (Igarashiera/ . ,  1987) DNAs .  Col l inearpar ts  

o f  M D V  and  H V T  g e n o m e s  share  extensive homology  (70-

8 0 % )  a s  demons t ra ted  by  low-str ingency hybridizat ions 

(Gibbs  et al., 1984; Igarashi  etal., 1987). 

Recent  sequencing data  o f  s o m e  M D V  a n d  H V T  genes  

fur ther  con f i rmed  that  MDV- a n d  HVT-encoded proteins 

display higher  homology  t o  those  encoded  b y  alphaherpes­

viruses,  such a s  herpes  s implex virus  type  1 (HSV-1) and  

varicella zos ter  v i rus  (VZV) ,  than  t o  gammaherpesv i rus  

proteins. Buckmaster  et al.(1988) sequenced  small ,  ran­

domly obtained par ts  o f  M D V  and  H V T  genomes .  In this 

way they identif ied and  localized 35  M D V  and 2 4  H V T  

genes  that encode  proteins wi th  evident  homology  t o  V Z V  

proteins.  In addit ion,  ident i f ied  g e n e s  w e r e  f o u n d  t o  b e  

col l inear  wi th  their  V Z V  homologues .  Ful ly  sequenced  

genes  include those encoding  proteins involved in nucleic  

acids metabol ism [e.g. H V T  a n d  M D V  thymidine kinase  

(Scott et al., 1989)], proteins regulat ing g e n e  expression 

[US1  h o m o l o g u e s  in M D V  a n d  H V T  (Brunovsk i s  a n d  

Velicer, 1992; Zelnik  et al., 1993); M D V  homologues  o f  

ICP4  (Anderson  et al., 1992), V P  16 ( Y a n a g i d a e / a / . ,  1993; 

Koptidesová  et al., in press), and ICP27 (Ren et al., 1994)], 
and homologues o f  HSV-1 structural proteins: MDV and 
H V T  glycoproteins g B  (Ross  et al., 1989; Yoshida et al., 
1994a; g C  (Coussens and Velicer, 1988; Binns and Ross,  
1989; Bandyopadhyay, 1989), g D  (Ross  et al., 1991, Zelnik 
etal., 1993), g H  (Scott et al., 1993), g E  and g l  (Brunovskis 
and Velicer, 1992; Zelnik et al., 1993), MDV gK. (Ren et 
al., 1994) and g L  (Yoshida et al., 1994/;). In addition there 
were sequenced and identified open reading f rames  (ORF) 
functions o f  which arc unclear. Some o f  them have homolo­

gous  counterparts within alphahcrpcsvirus family [e.g. US2,  

US3-encoded protein kinase,  U S  10, U L 4 9  (Brunovskis  a n d  

Vel icer ,  1992; Sakaguchi  et al., 1992; Zelnik  et al., 1993; 

Yanagida et al., 1993)]. O n  the  o ther  hand, there  were  also 

identif ied genes  encoding proteins  that  d o  n o t  display sig­

n i f i c a n t  h o m o l o g y  w i t h  p r o t e i n s  c o n t a i n e d  i n  r e c e n t  

databases [e.g. m e q  protein (Jones  et al., 1992); p p 3 8  gene  

(Cui  et al., 1990, Ross  et al., 1993a); S O R F 3 ,  (Sakaguchi  

etal., 1992; Zelnik  etal., 1993)]. Fur thermore ,  there  we re  

sequenced o ther  par ts  o f  M D V  D N A  that d o  not  contain 

evident ORFs ,  bu t  have important  funct ions  dur ing  virus  

replication [e.g. origin o f  replication ( C a m p  et al., 1991) 
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anda-repeat like sequences (Kishieŕal.,  1991)]. Struc­

ture o f  M D V  a n d  H V T  D N A s  a n d  sequenced genes  

mapp ing  a n d  collinearity wi th  homologous  HSV-1 

genes is presented in F ig  1. 

Ano the r  approach  o f  sequenc ing  MDV-encoded  

f ragments  has  been  the  ident i f icat ion o f  MDV-spe-

c i f i c  c D N A  clones in  libraries prepared  from tumour  

cell lines. I t  h a s  been  noted  that  t ranscript ion o f  M D V  

D N A  in t ransformed cells  is  restr icted mainly  t o  in­

verted repeat  regions (TRL / IRL  and  TRS / IRS ,  respec­

tively) (Schat  et al., 1989; P e n g  etal., 1992; Li  etal., 

1994; Ohashi  et al., 1994a,b\  Cantel lo  et al., 1994). 

Because  some  o f  these regions are  also clearly affected 

b y  attenuation (Bradley  et al., 1989; Fukuchi  et al., 

1985; Rossetal., 1993a;  Wilson and  Coussens,  1991), 

i t  h a s  been  speculated tha t  they  a re  tumour-associ­

ated. However,  there  a r e  a l so  o ther  regions o f  M D V  

g e n o m e  affected b y  attenuation,  e.g.  s ignif icant ly  r e ­

duced  expression o f  M D V  g C  (Wilson  et al., 1994). 

However,  s o m e  o f  these  transcripts,  especially those  

that  a re  antisense in  respect  t o  M D V  I C P 4  transcript,  

migh t  b e  ra ther  latency-associated (Li  et al., 1994, 

Cantello  et al., 1994). 

Al though the  informat ion  o n  p r imary  s t ructure  o f  

M D V  a n d  H V T  genomes  is  widen ing  rapidly a n d  sev­

e r a l  d i f f e r e n c e s  b e t w e e n  o n c o g e n i c  M D V  a n d  

nonpathogenic H V T  were  described, t h e  evidence  f o r  

virus-encoded fac tors  that  a r e  responsible  f o r  M D V  

oncogenic potential  h a s  n o t  b e e n  c o n f i r m e d  a n d  is  

missing. Similarly, t he  relationship between oncogenic 

t ransformat ion a n d  latency is a l so  unclear,  t hough  it 

is believed t o  b e  synergistic. 

Proteins encoded by MDV and HVT 

Early studies o n  M D V  and  H V T  structural  proteins 

were  d i f f icul t  d u e  t o  cell-associated na ture  o f  bo th  

viruses. This  means  that  i t  is impossible  t o  obtain a 

suff ic ient  quanti ty o f  pu r i f i ed  enveloped viral  part i­

cles f o r  biochemical  analysis .  Wi th  the  availability o f  

Fig. 1 
Genetic s t ructure  and  mapping of MDV a n d  H V T  genes 

Genes encoding HSV-1 homologous proteins are indicated by a r ­

rows. Nomenclature of  HSV-1 genes refers to McGeoch  et al. 

(1988). Small vertical lines above MDV and below HVT struc­

ture outlines characterize BamHI restriction sites and letters specify 

restriction fragments as described for MDV by Fukuchi et al.(1984) 

and for HVT by Igarashi et al. (1987). Genes encoding experi­

mentally identified glycoproteins are shown in green boxes. 

Phosphoproteins in blue and red coloured boxes identify genes 

that are dispensable for virus growth. 

UL54HCP27 
UL53-gK 

UU8=VP1« UL48-VP1Ó 

UL44-gC 

£2 

2 ~  

£ L  

o 

CD 

0 

UL3 
UL2 
ULl 
pp24 

meq 

O 

JL27=gB 

UL23-TK 

UL3 

UL2 
ULl=gL 



5í. ZELNÍK, V.: REVIEW 

antibodies dircctcd against virus-specific polypeptides 
and recent sequencing data, a number o f  MDV- and H VT-en-
coded proteins lias been characterized. 

Two viral enzymes  involved in DNA metabolism have 
been characterized. It was  demonstrated that MDV induces 
increased levels o f  DNA polymerase and thymidine kinase 
(TK) activities in infected cells. The virus-induced DNA 
polymerase w a s  partially purif ied and characterized (Boezi 
et al., 1974). There arc data on properties (Kit et al., 1973) 
and DNA sequence (Scott et al., 1989) o f  both MDV- and 
HVT-encoded thymidine kinases. 

B y  a g a r  immunoprecipitation as say  Churchill  et al. 
(1969a)  identified three major  MDV antigens (A, B, C). 
A antigen is a heterogenous glycoprotein with isoforms o f  
Mr 52 K to 72  K (van Z a a n c e t a l . ,  1982/?). It is an abundant 
antigen which can b e  found in sera o f  infected birds, in-
fccted cell culture f luids and also associated with the plasma 
membrane o f  infected cells  (Isfort  et al., 1986). Interest­
ingly, its expression is s ignif icantly reduced af ter  30  - 5 0  

passages  in vitro (Churchill  et al., 1969a; Wilson et al., 

1994). G e n e  encoding  the  M D V  A antigen was sequenced 

and  it was  demonst ra ted  that its a m i n o  acid (aa) sequence 

displays homology  t o  11S V-1 g C  (Cousscns  and Vcliccr, 

1988; Binns  a n d  Ross ,  1989). I IVT g C  homologue  was also 

sequenced (Bandyopadhyay,  1989; Cousscns  et al., 1990) 

and  w a s  demonst ra ted  to  cross-react  strongly with M D V  

g C  ( A  antigen).  M D V  and  H V T  B antigens also contain a 

n u m b e r  o f  cross-rcacting determinants .  T h e  f i rs t  sequenced 

and  character ized as  HSV-I  g B  homologue  was  M D V  B 

antigen ( R o s s  etal., 1989; Chen  and  Vcliccr, 1992; Ni ikura  

et al., 1992).  Monoc lona l  an t ibodies  ( M o A b s )  dircctcd 

against  M D V  g B  identif ied 3 glycosylated fo rms  in infcctcd 

ccll lysates: g p  100, g p 6 0  and g p 4 9  (Niikura  et al., 1992; 

Yanagida  et al., 1992); t he  latter two glycoproteins arc  be­

lieved t o  b e  the  clcavagc products  o f  gplOO (Sitholc  et al., 

1988). M D V  g B  glycoprotein is an  important  immunogen 

a s  j u d g e d  by protect ion agains t  M D  o f c h i c k e n s  immunized 

with recombinant  fowlpox v i rus  expressing the M D V  g B  

(Nazcrian  et al, 1992). MDV serotype 2 g B  shares  8 3 %  

and  I I V T  (serotype 3 )  g B  8 2 %  identity on  aa  level with 

M D V  serotype  I g B  (Yoshida  el al. 1994a). T h e  size differ­

ences  between M D V  g B  and I IVT g B  complexes were  dem­

onstrated to  be  d u e  t o  different  carbohydrate  modif icat ions  

(Yoshida et al., 1994a). 
A m o n g  other  characterized M D V  polypeptides arc  the 

pp38/24 complex a n d  s o m e  proteins encoded within M D V  

and I I V T  U s r eg ions .  T h e  pp38/24  complex  was  thought  to  

be  MDV-spccif ic  a n d  tumour-associated.  A s  the pp38  gene  

is located within B a m H I - H  f r agmen t  a t  junct ion o f  U, and  

IRj (Cui  et al., 1991; Ross  et al., 1993a) , the s a m e  N-tcr-

minai  encod ing  sequences  can also b e  found  in BamHI-D.  

These  N-tcrminal  identical aa give rise to U j /TR ,  junct ion-

encoded p p 2 4  component  that, o f  course,  does  no t  share  C-

terminal identical aa  sequences  wi th  pp38  ( Z h u e t a l . ,  1994). 

T h e  funct ion o f  pp38/24  complex  is unknown  and its role 

in oncogenic t ransformation h a s  no t  been  conf i rmed .  Re­

cently, a pp38  homologue was  identif ied in M D V  serotype 2 

( O n o  et al., 1994). Interestingly, similarly a s  in case  o f  H V T  

pp38  homologue  (Smith,  G.D. personal  communicat ion) ,  

M D V  serotype 2 p p 3 8  shares  homology  with M D V  sero­

type  1 pp38  a t  its C-terminus,  whilst  N- tcrminal  par ts  d o  

not  display any homology with each other. 

B y  immunoprecipi tat ion with  polyclonal  sera directed 

against individual £.co//-expressed polypeptides Brunovskis 

a n d  Vcliccr (1992)  ident i f ied and  characterized s o m e  o f  the  

M D V  U s-encoded proteins. In this way they  identif ied M D V  

homologues o f  HSV-1 U S  1, U S  10, US2,  protein kinase (PK), 

and  g l  and  g E  glycoproteins.  Sequence  o f  three  o ther  MDV-

spcci f ic  O R F s  was  reported (SORF1 ,  S O R F 2  and  SORF3) ,  

but  their products  have not  ye t  been  ident i f ied in infected 

cells. P K  encodcd within M D V  U s  was  expressed in baculo-

virus, and  M D V  P K  purif ied either f r o m  MDV-infectcd cells 

o r  obtained f r o m  recombinant  M D V  PK-car ry ing  baculo-

virus was  demonstrated t o  phosphoryla te  protamine,  s imi­

larly a s  it was  reported f o r  P K s  encoded  by  HSV-1 and  

pscudorabics vi rus  (PRV) ( S a k a g u c h i e / a / . ,  1993). Further­

more,  in this s tudy a PK-delet ion mutan t  was  isolated and  it 

was  demonstrated that M D V  P K  is non-essential  f o r  v i rus  

growth  in vitro. A n  alternative approach to  the  in vitro ex­

pression (the  in vitro transcription fol lowed b y  the  in vitro 

translation) and  characterization o f  H V T  U s-encoded pro­

teins was  described by  Zcln ik  et al. (1994) .  M D V  and  H V T  

homologues  o f  glycoprotein  g D  g e n e s  tha t  a r e  in o ther  

a lphahcrpesviruses  o n e  o f  the  m a j o r  targets o f  neutralizing 

antibodies and  have an essential ro le  dur ing  v i rus  penetra­

tion, were  also sequenced (Ross  et al., 1991; Zelnik  et al., 

1993) and  characterized by expression  in vitro (Zelnik  et 

al., 1994). However, product  o f  M D V  g D  gene  has  not  been 

identified in infcctcd cells (Brunovskis  etal., 1992). In ad­

dition, gD-delction M D V  recombinant  v i rus  w a s  isolated 

a n d  demonstrated to  have similar//?  vitro a n d  in vivo growth 

characteristics a s  the  parental  M D V  (Parcells  et al., 1994), 

sustaining thus hypothesis  that  low o r  n o n e  expression o f  

MDV g D  m i g h t  be  the  cause  o f  cell-associated nature  o f  

MDV. 

Recently ident i f ied M D V  meq  g e n e  that resembles  fos /  

j u n  oncogene and  encodes  bas ic  leucine-zipper protein is 

the best  candidate  o f  tumour-associated ant igens a m o n g  u p  

t o  date  analyzed MDV-spccif ic  proteins.  This  theory is sup­

ported by the  fact  that  meq  protein is specif ical ly  expressed 

in t ransformed cells  but  not  in lytically infected chick e m ­

bryo  f ibroblast  (Jones  et al., 1992). Characterist ics o f  pro­

teins cncodcd by  M D V  a n d  H V T  genes  a r c  summar ized  in 

Tabic 2 .  
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Although a number o f  MDV- and HVT-encoded proteins 
were  characterized, sequenced and identified in infected 
cells, information on their activities and functions during 
infection is progressing more slowly. In case o f  polypeptides 
that are homologous to alphaherpesvirus proteins o f  known 
function, there can b e  made  some preliminary deductions 
on their role during viral  infection. However, as  it  w a s  dis­

cussed above f o r  g D  homologues ,  funct ion  o f  homologous  

proteins m i g h t  d i f fer  be tween viruses.  

R e c e n t  M D V  vacc ines  

M o s t  o f  recently used a n d  commercia l ly  available M D V  

vaccines are  based  o n  attenuated strains o f  serotype 1 and  

o n  non-pathogenic  strains o f  serotype 2 and  3 viruses.  Pro­

tective immuni ty  against  M D  w a s  f i r s t  obtained by  vacci­

nat ion o f  chickens  w i th  at tenuated M D V  (Churchill  et al., 

1969b). However,  m e r e  introduction o f  H V T  a s  a live vac­

c ine  (Okazaki  et al., 1970) resulted i n  s ignif icant  reduction 

o f  M D  inc idence .  A p a t h o g e n i c  i so l a t e s  o f  s e r o t y p e  1 

(Rispens  et al, 1972) a n d  serotype 2 o f  M D V  (Schat  and 

Calnek,  1978) were  later used, mainly  in combinat ion wi th  

fo rmer  vaccines.  A l l  these  vaccines utilize cross-reactivity 

o f  their  polypeptides w i th  oncogenic  M D V  immunoreact ive 

determinants  (Ikuta  etal., 1983), their  homologous  genomic  

structure (Gibbs  et al., 1984; B u c k m a s t c r e /  al., 1988; O n o  

et al., 1992) and  similar tropism in  infected chickens (Calnek 

etal, 1970; Wit ter  e r a / . ,  1972). I t  was  noted that  the  use  o f  

two  (o r  three)  vacc ine  s trains provides  bet ter  protect ion 

against  M D V  chal lenge  w h e n  combined  as  a polyvalent  

vaccine than  w h e n  used alone. This  effect ,designated pro­

tective synergism,  c a n  b e  af fec ted  b y  serotype a n d  v i rus  

strain o f  vaccines (Witter, 1992). The re  are  also other  fac ­

tors inf luencing effectiveness o f  M D  vaccine.  A s  mentioned 

in previous  paragraphs ,  d i f ferent  oncogenic M D V  strains 

can  have  d i f ferent  tumorigenic  potential ,  b u t  reasons f o r  

these  d i f ferences  are  unknown.  A m o n g  various hos t  fac tors  

(genotype,  sex,  a g e  etc.) the  m a i n  o n e  seems t o  b e  the  B -

haplotype where  B 2 a n d  B ' 3  l ines o f  15.B-congcnic chick­

ens develop less protect ion against  M D  than  B15 chicken 

l ine (Bacon  a n d  Witter, 1993). Interestingly, it i s  possible to  

vaccinate chick embryos  be fo re  hatching  (in ovo vaccina­

tion; Sha rma  a n d  Burmester ,  1984) wi th  protection similar 

t o  that obta ined b y  conventional vaccination o f  o n e  day-old 

chickens (Mi les  et al, 1992). 
Temporary B- lymphocyte  dysfunct ion  and  reduced re­

sistance t o  infection in chickens w a s  no ted  f o r  monovalent  

a n d  m o r e  f o r  po lyvalen t  live vaccines  (Friedman  et al., 

1992). Ano the r  disadvantage is  the  cell-associated nature  

o f  M D V  a n d  HVT.  S ince  it is impossible  t o  p roduce  su f f i ­

cient amoun t s  o f  cel l - f ree  vaccine virus fo r  immunizat ion,  

infected cells o r  their  lysates are  used  f o r  product ion  o f  

vaccines.  Such  preparat ion a re  unstable  a n d  m u s t  b e  s tored 

and  transported a t  ve ry  low temperatures .  Li t t le  is known 

about  t he  status o f  vaccine v i rus  i n  infected  birds .  T h e r e  a re  

indications that H V T  D N A  persists in C D 4 +  a n d  C D 8 +  cells 

o f  s o m e  lymphoid tissues (spleen and  thymus)  in latent fo rm,  

where  the  gene  expression (namely  g B  gene)  is  restricted 

(Holland  et al., 1992). 
The  only, recently available way  to  control M D  incidence 

is the vaccination. Taking in account all above mentioned fac­

tors, it i s  clear that the  induction o f  protection against M D  in 

chickens is rather more  complex process involving several 

factors. There are fears that new more  virulent oncogenic M D V  

strains might  emerge and that they would be  able to  cause dis­

ease even in genetically resistant vaccinated birds. It is there­

fo re  important  to  understand no t  only the  basis  o f  M D V  

oncogenicity but  also the mechanism o f  protection against it. 

Novel  a p p r o a c h e s  t o  M D  vacc ines  

Recombinan t  molecules  technology m i g h t  represent  an­

other  approach t o  preparat ion o f  M D  vaccines. The re  are  

two  general  strategies: (a)  attenuation o f  an  oncogenic  M D V  

strain b y  gene  deletion(s), a n d  (b)  live vi rus  vectors express­

ing  immunogenical ly  impor tant  M D V  genes.  A s  there  w a s  

n o t  ye t  ident i f ied a M D V  genomic  region tha t  is clearly and  

signif icantly associated wi th  oncogenicity, a t tempts  t o  at­

tenuate  M D V  b y  gene  delet ions m i g h t  lead t o  lower v i ru­

lence bu t  no t  t o  complete  loss o f  oncogenicity. Fur thermore ,  

viruses  with reduced  replication  in vivo m i g h t  n o t  reach  the  

s ame  level o f  protection that  can  b e  achieved wi th  recently 

used  vaccines.  Recently, two  M D  viruses  we re  descr ibed 

wi th  deletions in  their  genomes .  Cantel lo  et al. (1991)  iso­

lated M D V  with  E.coli L a c Z  g e n e  expression cassette re ­

placing the  M D V  U S 2  gene.  Inser t ional  mutagenes is  w i th  

L a c Z  gene  expression cassette al lows visual  selection o f  

recombinant  viruses  (blue/white p laques  a f t e r  staining). A-

similar strategy w a s  used  b y  Sakaguchi  et al. (1993)  t o  pro­

duce  delet ion in  ne ighbour ing  pro te in  k inase  g e n e  ( U S 3  

homologue  in alphahcrpcsviruses) .  Both  vi ruses  have  been  

described t o  g r o w  well in cell  culture,  however, in forma­

t ion about  their  growth  characteristics  in vivo and  abou t  t he  

attenuation o f  their  oncogenic potential  is miss ing .  Isola­

tion o f  M D V  gD-delct ion mutan t  vi rus  w a s  also reported 

(Parcells  et al., 1994), b u t  as  the  insertion o f  t he  L a c Z  g e n e  

was carried out at the g D  locus o f  attenuated, highly passaged 

(presumably nonpathogenic)  GAat t85  strain o f  MDV, it  is 

impossible t o  m a k e  any  conclusions  abou t  e f f ec t  o f  the  g D  

deletion o n  pathogenesis  o f  wi ld  type  M D V  
There  are  three factors  that  a re  important  f o r  t h e  prepa­

ration o f  subgenomic  vaccines based  o n  live viral  vectors  
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Tabic 2. Properties of  some characterized proteins encoded by MDV and H V T  

Protein HSV-I Properties'1 Reference 
homologuc" Mr(o) Mr(p) other 

MDV gB UL27, g B  100 K 98 K gp Ross etui. (1989) 

Protein HSV-1 Properties'" Reference 
homologue' M((o) Mr(p) other 

HVT gB 

60 K 
49 K 

Chen & Vclicer (1992) 

UL27, g B  100 K 98 K gp Yoshida et al. (1994) 
60 K 
49 K 

MDV UL3 UL3 

MDV UL45 UL45 

MDV UL46 UL46 

MDVUL47 UL47 

MDV gC UL44, gC 57 K 56 K gp Binns & Ross (1989) MDV 
65 K Coussensetui. (1988) UL49.5 UL49.5 

HVT gC 

MDV gD 

HVT gD 

MDV gE 

HVT gE 

MDV gH 

HVT gH 

MDV gl 

HVT gl 

MDV gK 

MDV gL 

MDV 1CP4 

MDV ICP27 

MDV PK 

HVT PK 

MDV TK 

HVTTK 

UL44, gC 

US6, gD 

US6, gD 

US8, gli 

US8, gĽ 

UL22, gH 

UL22, gH 

US7, gl 

US7, gl 

42 K gp Bandyopadhyay(1989) MDV UL49 UL49 

24 K 

64 K 

92 K 

10 K 

32 K 28 K 

Zclnik e! al. (1994) 

US3, PK 

US3, PK 

UL23.TK 

UL23, TK 

53 K 44 K 

39 K 

Zclnik et al. (1993) 
Zelnik el al. (1994) 

Scott el al. (1989) 

40 K NEVG Scott el al. (1989) 
Ross e!  ul. (19936) 

Yoshida el al. (19946) 

Yanagida eí a/. (1993) 

Yanagida el al. (1993) 

Yanagidaet al. (1993) 

Yanagida et al. (1993) 

Yanagida et al. (1993) 
Koptidesová et al. 

56 K 45 K g p  Ross et al. (1991) 
N D Zclnik et al. (1994) 

47 K 44 K gp Zelnik et al. (1993) 
Zclnik etal. (1994) 

62 K 54 K gp Brunovskis e/a/. (1992) 
72 K complcx Vcliccr (1992) 

with g l  

64 K 55 K gp Zclnik et al. (1993) 
Zclnik etal. (1994) 

91 K gp Scott et al. (1993) 

91 K gp Scott et al. (1993) 

45 K 38 K gp Brunovskisc/u/. (1992) 
complcx 
with gE 

47 K 40 K gp Zclnik et al. (1993) 
44 K 

27 K 

23 K 19 K 

31 K 31 K 

MDV US 1 USI 

HVT US 1 USI 

MDV US2 US2 

HVTUS2 US2 

MDV US 10 US10 

HVT US 10 US10 

MDV VP 16 UL48, VP 16 55 K 49  K 
49 K 

24 K 20 K 1E Brunovskis & Velicer 
(1992) 

Zelnik etal. (1993) 
Zelnik el al. (1994) 

30 K 30 K NEVG Brunovskis & Velicer 
(1992) 
Cantello et al. (1992) 

Zelnik et al. (1993) 
Zelnik et al. (1994) 

40 K gp Rcn et al. (1994) 

25 K 18 K gp Yoshida et al. (19946) 

UL53, gK 

ULI, gL 

IE 175, ICP4 155 K IE Anderson et al. (1992) 

UL54, ICI'27 55 K 55 K IE Rcn et al. (1994) 

MDV mcq NH 

MDV pp38 NH 

MDV SORF3NH 

HVT SORK3 NH 

24 K 24 K pp Brunovskis & Velicer 
(1992) 

24 K 24 K NEVG Morgan et al. (1992) 
Zelnik etal. (1993) 
Zelnik et al. (1994) 

Yanagida el al. (1993) 
Koptidesová et al. 

Jones et al. (1992) 40 K 40 K 

41 K 32 K IE Cui etal. (1990) 
38 K 

41 K 

41 K 41 K 
53 K 45 K NEVG Ross et al. (1991) 
45 K Sakaguchi ct a/. (1993) 

Ross et al. (1993u) 

Brunovskis & Velicer 
(1992) 

Zclnik el al. (1993) 
Zclnik et al. (1994) 

"Nomenclature of HSV-I eneoded proteins as proposed by McGeoch et 
al. (1988); NH identifies MDV- and HVT-cncoded proteins sequences of 
which do not display significant homology to known herpesvirus proteins. 
•"Abbreviations: gp - glycoprotein, pp - phosphoprotcin, IE - immediate 
early protein, Mr(o) - relative molecular mass observed in protein analysis, 
M (p) - relative molecular mass predicted from nucleotide sequence, ND 
- protein not detected in lysates of  productively infected cells, NEVG -
gene not essential for virus growth. 

MDV UL2 UL2 Yoshida et al. (19946) 
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expressing heterologous antigens: (a) the recombinant v i ­

rus  mus t  replicate well  in vivo, (b)  t he  choice o f  expressed 

antigen should  ensure  a n  e f f ic ien t  i m m u n e  response,  a n d  

(c) the  protect ion against  chal lenge wi th  relevant pathogen 

and the  expression o f  this  antigen should b e  suitably con­

trolled (choice  o f  promoters ,  enhancers  etc.). T h e  bes t  can­

didate f o r  induction o f  the  protective immunity against M D V  

is glycoprotein gB,  because  it  is t he  m a i n  antigen that in­

duces  neutralizing ant ibodies (Ikuta  et al., 1984; Ni ikura  et 

al., 1992). Recombinan t  fowlpox vi ruses  expressing either 

M D V  g B  o r  p p 3 8  genes  we re  constructed (Yanagida  et al., 

1992) and  used  in protection experiments.  Whereas  fowlpox 

virus expressing p p 3 8  g e n e  fa i led  t o  elicit neutralizing anti­

bodies  a n d  t o  p ro tec t  aga ins t  M D V  chal lenge,  fowlpox  

recombinant  v i rus  expressing g B  g e n e  protected chickens 

o f  cross lines 15I 5 and  7 against  chal lenge wi th  G A ,  M d 5  

and R B I  B strains similarly as  d id  H V T  (Nazerian  et al., 

1992). However,  w h e n  d i f ferent  lines o f  chickens were  vac­

cinated wi th  the  gB-fowlpox  recombinant  v i rus  and  t h e  ex­

per iment  w a s  prolonged,  the  incidence o f  M D  increased to  

50  - 60%,  whils t  protect ion with  t h e  H V T  remained a t  t he  

s ame  level (Ross  a n d  Zelnik,  1993). Together wi th  the  fact  

that M D V  a n d  H V T  g B  a a  sequences share 82% identity 

(Yoshidaeŕ  al., 1994a), this experiment indicates that expres­

sion o f  single g B  antigen is not  sufficient  to  induce a protec­

tive immunity in all chicken lines and that there are other fac ­

tors involved in  induction o f  a protection against M D .  

Recent  progress  in  recombinant  molecules  technology 

together w i t h  apathogenic  propert ies  o f  H V T  allowed con-

s t r u c t i o n  o f  r e c o m b i n a n t  H V T  v i r u s e s  t h a t  e x p r e s s  

heterologous antigens.  I t  is obvious  that  n e w  genes  intro­

duced to  H V T  g e n o m e  c a n  b e  " a n y "  ones,  no t  j u s t  those  

improving protect ion against  M D V  Morgan  et al. (1992) 

descr ibed isolat ion o f  r ecombinan t  H V T  express ing  the  

Newcas t le  d isease  v i rus  fus ion  protein that  protects chick­

ens  f r o m  b o t h  Newcas t le  d isease  a n d  M D .  T h e  insertion 

site used  in  this  case  w a s  H V T  U S  10 homologue  a n d  its 

delet ion d i d  n o t  alter s ignif icant ly  protective abilities o f  

HVT.  Ross  et al. (1993  b) demonstrated u se  o f  H V T  T K  

g e n e  a s  possible  insertion site b y  insertion o f  M D V  glyco­

protein g B  g e n e  in  this  locus.  W h e n  a low dose  o f  vaccine 

was  administered the  protection against  M D V  h a s  improved 

as  compared  t o  w i l d  type  HVT,  demonstrat ing s o m e  advan­

tage o f  insertion the  g B  gene  f r o m  oncogenic  M D V  strain 

into H V T  genome .  However,  the  inactivation o f  t he  H V T  

T K  g e n e  expression resulted in a lower  in vivo replication. 
T h e r e  a re  a l so  o ther  potent ial  insert ion si tes in  H V T  

g e n o m e .  Desp i t e  a n  unusual  genet ic  a r rangement  o f  re ­

combinant  shor t  g e n o m e  segment ,  i t  was  demonstrated that  

a cluster o f  three H V T  genes  (US1,  U S  10 and  S O R F 3 )  is 

n o t  essential f o r  v i rus  growth  in vitro and  in vivo (Zelnik 

a n d  Ross ,  unpubl i shed  data).  

For  easier and  faster  identif ication o f  non-essential  genes  

or in te rgen ic  regions in H V T  and  M D V  genomes ,  Marshal l  

et al. (1993)  developed me thod  o f  posi t ive select ion o f  re ­

combinant  viruses  us ing  E. coli xanthine-guanine phospho-

ribosyltransferase gene  expression cassette. Mapp ing  o f  non­

essential  loci  c a n  b e  accomplished b y  retrovirus insert ions 

a f te r  co-cultivation o f  M D V  o r  H V T  w i t h  re t iculoendo-

theliosis virus ( R E V )  o r  avian leukosis v i rus  (AĽV) (Isforť 
et al., 1992). It i s  obvious that retroviral sequences inte­

grate  into herpesvirus  g e n o m e  in  regions tha t  would  n o t  

interfere wi th  vi rus  growth.  These  insert ions preferent ial ly 

take  place at  junc t ions  o f  un ique  a n d  repea t  (U L /R L and  U s /  

R s )  regions (Jones  et al., 1993). Interestingly, a s  another  

c o m m o n  site o f  such r a n d o m  integrations w a s  ident i f ied 

the  g D  gene  (Isfort  et al., 1994), providing thus  fu r the r  evi­

dence  o f  unusual  propert ies  o f  M D V  a n d  H V T  g D  genes.  

Herpesviruses  a s  vectors  

O n e  o f  t he  possible  ways  to  improvement  o f  recent  M D  

vaccines m i g h t  b e  the  insertional mutagenes is  o f  vaccine 

virus strains. Several aspects o f  construction o f  recombinant  

H V T  viruses can  b e  learned f r o m  other herpesviruses,  where  

insertion/deletion mutagenes is  is well  descr ibed a n d  used 

f o r  analysis o f  gene  funct ion,  t ropism o f  v i ruses  in  infected 

organisms,  attenuation o f  pathogenic  v i ruses  a n d  gene  ex­

pression regulation. Several approaches  t o  insertion muta ­

genesis  o f  herpesviruses  we re  described.  M o s t  o f  t h e m  in­

volve mutagenesis  o f  c loned vira l  f r agmen t s  fol lowed by. 

the  introduction o f  m o d i f i e d  f r agmen t s  into viral  g e n o m e  

by  homologous  recombinat ion.  T h e  insertional mutagenesis  

us ing  mini-phage a n d  t ransposon sequences  (Jenkins  et al., 

1985; Weber  et al., 1987) and  the  l inker insert ion ( D e  W i n d  

et al., 1990) of fe rs  a r a n d o m  introduction o f  fore ign se­

quences  into cloned v i rus  g e n o m e  f ragments .  O n  t h e  o ther  

hand, site directed mutagenesis  techniques  uti l ize t h e  inser­

tion o f  reporter  g e n e  expression casset te  a t  spec i f i c  viral  

loci.  Viral T K  gene  (Longnecker  a n d  Roizman ,  1987),  E.coli 

L a c Z  gene  (Goldstein and  Weller, 1988; M a c L e a n  et al., 

1991), E.coli B-glucuronidase g e n e  (Jones  etal., 1991) a n d  

f i ref ly  luciferase gene  (Kovács and Mettenleiter, 1991) are 
those most  widely  used al lowing further selection and char­

acterization o f  recombinant  viruses.  

Al though the  work  o n  u s e  o f  H V T  a s  a vec tor  f o r  expres­

sion o f  he tero logous  ant igens  h a s  s tar ted on ly  recently,  

recombinant  H V T  viruses  m i g h t  play an  impor tan t  ro le  i n  

control not  only  o f  M D  b u t  a lso in protect ion o f  c o m m e r ­

cial  f locks  f r o m  other  avian pathogens.  Especial ly in t he  

case  o f  M D ,  improved recombinant  H V T  viruses  a r e  ex­

pected t o  b e  more  ef f ic ient  than subgenomic  vaccines based  

o n  other  vectors. 



60 ZELNÍK, V :  REVIEW 

R e f e r e n c e s  

Anderson, A.S., Francesconi.A., and Morgan, R.W. (1992): Com­
plete nucleotide sequence of the Marek's disease virus 
ICP4 gene. Virology 189, 657-667. 

Uacon, L.D., and Witter, R.L. (1993): Influence of B-haplotype 
on the relative efficacy of Marek's disease vaccines of 
different serotypes. Avian Dis. 37, 53-59. 

Bandyopadhyay, P.K. (1989): Characterization of a highly tran­
scribed DNA region of herpesvirus of turkeys. Gene 79, 
361-367. 

Biggs, P.M., and Milne, B.S. (1972): Biological properties of a 
number of Marek's disease isolates. In P.M.Biggs, G.de 
The and L.N.Payne (Eds): Oncogenesis and Herpes­
viruses. IARC Scientific Publication No.2, International 
Agency for Research on Cancer, Lyon, pp. 88-94. 

Binns, M.M., and Ross, N.L.J. (1989): Nucleotide sequence of 
the Marek's disease virus (MDV) RB-1B A antigen and 
the identification of the MDV A antigen as the herpes 
simplex virus-1 glycoprotein C homologue. Virus Res. 
12, 371-382. 

Boezi, J.A., Lee, L.F., Blakeslcy, R.W., Kocnig, M., and Towle, 
I I.C. (1974): Marek's disease hcrpcsvirus-induccd DNA 
polymerase. J Virol. 14, 1209-1219. 

Bradley, G., Lancz, G., Tanaka, A., and Nonoyama, M. (1989): 
Loss of Marek's disease virus tumorigcnicity is associ­
ated with truncation of RNAs transcribed within BamHI-
H. J. Virol. 63, 4129-4135. 

Brunovskis, P., Chen, X., and Veliccr, L.F. (1992): Analysis of 
Marek's disease virus glycoproteins D, I and E. Proceed­
ings of 19th World's Poultry Congress. Vol. I. Ponsen & 
Looijen, Wagcningcn, pp. 118-122. 

Brunovskis, P., and Veliccr, L.F. (1992): Gcnctic organization of 
the Marek's disease virus unique short region and iden­
tification of Us-cncodcd polypeptides. Proceedings of 

19th World's Poultry Congress. Vol. 1. Ponsen & Looijen, 
Wageningcn, pp. 74-78. 

Buckmastcr, A.E., Scott, S.D., Sanderson, M.J., Boursnell,M.E.G., 
Ross, N.L.J., and Binns, M.M. (1988): Gene sequence 
and mapping data from Marek's disease virus and herpes­
virus of turkeys: implications for herpesvirus classifica­
tion. ./. Gen. Virol. 69, 2033-2042. 

von Biilow, V., and Biggs, P.M. (1975): Differentiation between 
strains of Marek's disease virus and turkey herpesvirus 
by immunofluorescence assays. Avian Pathol. 4, 133-
146. 

Calnek, H. W., Ubertini, T., and Adldinger, U.K. (1970): Viral an­
tigen, virus particles, and infectivity of tissues from chick­
ens with Marek's disease../. Natl. Cancer Inst. 45, 341 — 
351. 

Camp, U.S., Cousscns, P.M., and Silva, R.F. (1991): Cloning, 
sequencing, and functional analysis of a Marek's dis­
ease virus origin of DNA replication../. Viml. 65, 6320-
6324. 

Cantcllo, J.L., Anderson,A.S., Franccsconi, A., and Morgan, R.W. 
(1991): Isolation of a Marek's disease virus (MDV) re­
combinant containing the LacZ gene of Escherichia coli 

stably inserted within the MDV US2 gene. J. Virol. 65. 
1584-1588. 

Cantello, J.L., Anderson, A.S., and Morgan, R.W. (1994): Identi­
fication of latency-associated transcripts that map anti-
sense to the ICP4 homolog gene of Marek's disease vi­
rus. J. Virol. 68, 6280-6290. 

Cebrian, J., Kaschka-Dierich, C., Berthelot, N., and Sheldrick, P. 
(1982): Inverted repeat nucleotide sequences in the 
genomes of Marek disease virus and the herpesvirus of 
the turkey. Proc. Natl. Acad. Sci. USA 79, 555-558. 

Chen, X., and Velicer, L.F. (1992): Expression of the Marek's dis­
ease virus homolog ofherpes simplex virus glycoprotein 
B in Escherichia coli and its identification as B antigen. 
J. Virol. 66, 4390-4398. 

Churchill, A.E., and Biggs, P.M. (1967): Agent of Marek's dis­
ease in tissue culture. Nature 215, 528-530. 

Churchill, A.E, Chubb, R.C., and Baxendale, C.W. (1969a):'The 
attenuation with loss of oncogenicity of the herpes-type 
virus of Marek's disease (strain HPRS-16) on passage 
in cell culture. J. Gen. Virol. 4, 557-564. 

Churchill, A.E., Payne, L.N., and Chubb, R.C. (19696): Immuni­
zation against Marek's disease using a live attenuated 
virus. Nature 221, 744—747. 

Cousscns, P.M., and Veliccr, L.F. (1988): Structure and complete 
nucleotide sequence of the Marek's disease herpesvirus 
gp57-65 gene. J. Virol. 185, 80-89. 

Cousscns, P.M., Wilson, M.R., Camp, H., Roehl, H., Isfort, R.J., 
and Velicer, L.F. (1990): Characterization of the gene 
encoding herpesvirus of turkeys gp 57-65: comparison 
to Marek's disease virus gp 57-65 and herpes simplex 
virus glycoprotein C. Virus Genes 13, 291-307. 

Cui, Z., Yan, D., and Lee, L.F. (1990): Marek's disease virus gene 
clones encoding virus-specific phosphorylated poly­
peptides and serological characterization of fusion pro­
teins. Virus Genes 3, 309-322. 

Cui, Z., Lee, L.F., Liu, J.-L., and Rung, H.J. (1991): Structural 
analysis and transcriptional mapping of the Marek's dis­
ease virus gene encoding pp38, an antigen associated 
with transformed cells. J. Virol. 65, 6509-6515. 

De Wind, N., Zijdcrveld, A., Glazcnburg, K., Giclkens, A., and 
Berns, A. (1990): Linker insertion mutagenesis of herpes­
viruses: inactivation of single genes within the Us region 
of pscudorabics virus../. Virol. 64, 4691^1696. 

Friedman, A., Shalem-Mcilin, E., and Heller, E.D. (1992): Marek's 
disease vaccines cause temporary B-lymphocytc dysfunc­
tion and reduced resistance to infection in chicks. Avian 
Pathol. 21, 621-631. 

Fukuchi, K., Sudo, M., Lee, Y.S., Tanaka, A., and Nonoyama,M. 
(1984): Structure of Marek's disease virus DNA: detailed 
restriction enzyme map. J. Viml. 51, 102-109. 

Fukuchi, K., Tanaka, A., Schierman, L.W., Witter, R.L., and 
Nonoyama, M. (1985): The structure of Marek disease 
virus DNA: the presence of unique expansion in non­
pathogenic viral DNA. Proc. Natl. Acad. Sci. USA 82. 
751-754. 

Gibbs, C.P., Nazerian, K., Velicer, L.F., and Rung, H.-J. (1984): 
Extensive homology exists between Marek disease 



ZELNÍK, V.: REVIEW 61 

herpesvirus and its vaccine virus, herpesvirus of turkeys. 
Proc. Nail. Acad. Sci. USA 81, 3365-3369. 

Goldstein, D.J., and Weller, S.K. (1988): Herpes simplex virus 
type 1-induced ribonucleotide reductase activity is dis­
pensable for virus growth and DNA synthesis: isolation 
and characterization o f  an ICP6  lacZ insertion mutant. J. 
Virol. 6, 196-205. 

Holland, M.S., Silva, R.F., Mackenzie, C.D., and Bull, R.W. (1992): 

Detection of  latent turkey herpesvirus in chicken T cell 

subsets. Proceedings of 19th World's Poultry Congress. 

Vol.1. Ponsen & Looijen, Wageningen, pp. 242-245. 
Igarashi,T.,Takahashi, M., Donovan, J., Jessip, J., Smith, M., Hirai, 

K., Tanaka, A., and Nonoyama, M .  (1987): Restriction 
enzyme map of  herpesvirus o f  turkey DNA and its co-
linear relationship with Marek 's  disease virus DNA.  Vi­

rology 157,  3 5 1 - 3 5 8 .  
Ikuta, K., Ueda, S., Kato, S., and Hirai, K. (1983): Most virus-

specific polypeptides in cells productively infected with 

Marek 's  disease virus or  herpesvirus of  turkeys possess 

cross- reactive determinants../. Gen. Virol. 64, 961-965. 
Ikuta, K., Ueda, S., Kato, S., and Hirai, K.  (1984): Identification 

with monoclonal antibodies of glycoproteins o fMarek ' s  
disease virus and herpesvirus of  turkeys related to virus 
neutralization. J .  Virol. 49, 1014-1017. 

Isfort, R.J., Stringer, R.A., Kung, H.-J., and Velicer, L.F. (1986): 
Synthesis, processing and secretion of  the Marek's  dis­
ease herpesvirus A antigen glycoprotein../. Virol. 57,464— 
474. 

Isfort, R., Jones, D., Kost, R., Witter, R., and Kung, H.-J. (1992): 
Retrovirus insertion into herpesvirus in vitro and  in vivo. 

Proc. Natl. Acad. Sci. USA 89, 991-995. 

Isfort, R., Qian, Z., Jones, D., Silva, R.F., Witter, R., and Kung, H-
J. (1994): Integration of  multiple chicken retroviruses 
into multiple chicken herpesviruses: herpesviral gD as a 
common o f  integration. Virology 203, 125-133. 

Jenkins, F.J., Casadaban, M.J., and Roizman, B. (1985): Applica­

tion o f  the mini-Mu-phage for target-sequence-specific 

insertional mutagenesis o f  the  herpes simplex virus 

genome.  Proc. Natl. Acad. Sci. USA 82, 4773^4-777. 
Jones, T.R., Muzithras, VP., and Gluzman, Y. (1991): Replace­

m e n t  mutagenes i s  o f  the  human  cytomegalovi rus  

genome: U S  10 and US11 gene products are nonessen­

tial. J .  Virol. 65 ,5860-5872.  
Jones, D., Lee, L., Liu, J.-L., Kung, H.-J., andTillotson, J.K. (1992): 

Marek disaease virus encodes a basic-leucine zipper gene 
resembling t h e f o s / j u n  oncogenes that is highly expressed 
in lymphoblastoid tumors. Proc. Natl. Acad. Sci. USA 

89, 4042^1046. 
Jones, D., Isfort, R., Witter, R., Kost, R., and Kung, H.-J. (1993): 

Retroviral insertions into a herpesvirus are clustered at 
the junctions of  the short repeat and short unique se­
quences. Proc. Natl. Acad. Sci. USA 90, 3855-3859. 

Kawamura,  H. ,  King  Jr., D.J., and Anderson,  D.P. (1969): A 
herpesvirus isolated from kidney cell culture o f  normal 
turkeys. Avian Dis. 13, 853-863. 

King, D., Page, D., Schat, K.A., and Calnek B.W. (1981): Differ­
ence between influences of  homologous and heterologous 

maternal  antibodies o n  response to  serotype-2 and 
serotype-3 Marek 's  disease vaccines. Avian Dis. 25, 7 4 -
81.  

Kishi, M., Bradley, G., Jessip, J., Tanaka, A., and Nonoyama, M.  
(1991): Inverted repeat regions o f M a r e k ' s  disease virus 
DNA possess a structure similar to  that of  the a sequence 
o f  herpes simplex virus D N A  and contain host cell 
telomere sequences. J. Virol. 65, 2791-2797. 

Kit, S., Jorgensen, G.N., Leung, W.C., Irkula, D., and Dubbs, D.R. 
(1973): Thymidine kinases induced by avian and human 
herpesviruses. Intervirol. 2, 299-311. 

Koptidesová, D., Kopáček, J., Zelník, V ,  Ross, L.J.N., Pastoreková, 
S,, and Pastorek, J.: Identification and characterization 
of a cDNA clone derived from the Marek's disease tu­
mour cell line RPL1 encoding a homologue o f  alpha-
transducing factor (VP16) of  HSV-1. Arch. Virol, (in 
press). 

Kovács, F.Sz., and Mettenleiter, T.C. (1991): Firefly luciferase as 
a marker for herpesvirus (pseudorabies virus) replica­
tion in vitro and in vivo../. Gen. Virol. 72, 2999-3008. 

Lee, L.F., Kieff, E.D., Bachenheimer, S.L., Roizman, B., Spear, 
P.G., Burmester, B.R., andNazerian, K.  (1971): Size and 
composition o f M a r e k ' s  disease virus deoxyribonucleic 
acid. J. Virol. 7, 289-294. 

Lee, L.F., Liu, X., and Witter, R.L. (1983): Monoclonal antibod­
ies with specifici ty fo r  three different  serotypes of  
Marek's  disease viruses in chickens. J. Immunol. 130, 
1003-1006. 

Li, D.-S., Pastorek, J., Zelník, V ,  Smith, G.D., and Ross, L.J.N. 
(1994): Identification of novel transcripts complemen­
tary to the Marek's  disease virus homologue of  the ICP4 
gene of  herpes simplex virus. J. Gen. Virol. 75, 1713— 
1722. 

Longnecker, R., and Roizman, B. (1987): Clustering of  genes dis­
pensable for  growth in culture in the S component of the 
HSV-1 genome. Science 236, 573-576. 

MacLean, Ch. A., Efstathiou, S., Elliott, M.L., Jamieson, F.E., and 
McGeoch, D.J. (1991): Investigation of  herpes simplex 
virus type 1 genes encoding multiply inserted membrane 
proteins. J. Gen. Virol. 72, 897-906. 

Marshall, D.R., Reilly, I D . ,  Liu, X., and Silva, R.F. (1993): Selec­
tion of  Marek's  disease virus recombinant expressing 
the Escherichia coli gpt gene. Virology 195, 638-648. 

McGeoch, D.J., Dalrymple, M.A., Davison, A. J., Dolan, A ,̂ Frame, 
M.C., McNab, D., Perry, L.J., Scott, J.E., and Taylor, P. 
(1988): The complete DNA sequence of  the long unique 
region in the genome of  herpes simplex virus type 1. J. 
Gen. Virol. 69, 1531-1574. 

Miles, A.M., Williams, C.J., Womack, C.L., Murray, D.L., and 
Gildersleeve, R.P. (1992): Commercial broiler studies of  
Marek's  disease vaccination in ovo. Proceedings of 19th 

World's Poultry Congress. Vol. 1. Ponsen & Looijen, Wa­
geningen, pp. 320-322. 

Morgan, R.W., Gelb, J., Schreurs, Ch.S., Liitticken, D., Rosen-
berger, J.K., and Sondermeijer, P.J.A. (1992): Protection 
of  chickens from Newcastle and Marek 's  diseases with a 
recombinant herpesvirus o f  turkeys vaccine expressing 



62 ZELNÍK, V.: REVIEW 

the Newcastle disease virus fusion protein. Avian Dis. 
36, 858-870. 

Nazcrian, K. (1970): Attenuation of Marek's disease virus and 
study of its properties in two different cell cultures. J. 
Nail. Cancer Inst. 44, 1257-1268. 

Nazerian, K., Lee, L.F., Yanagida, N., and Ogawa, R. (1992): Pro­
tection against Marek's disease by a fowlpox virus re­
combinant expressing the glycoprotein B of Marek's dis­
ease virus. J. Virol. 66, 1409-1413. 

Niikura, M., Matsuura.Y., Endoh, D., Onuma, M., and Mikami.T. 
•(1992): Expression of the Marek's disease virus (MDV) 
homolog of glycoprotein B of herpes simplex virus by a 
recombinant baculovirus and its identification as the B 
antigen (gp 100, gp60, gp 49) of MDV J. Virol. 66, 2631 -
2638. 

Ohashi, K., O'Connell, P.M., and Schat, K.A. (1994a): Charac­

terization of Marek's  disease virus BamHI-A-specific 

cDNA clones obtained from a Marek's disease lympho-

blastoid cell line. Virology 199, 275-283. 
Ohashi, K „  Zhou, W., O'Connell, PH.,  and Schatt, K.A. (1994b): 

Characterization of a Marek's disease virus BamHI-L-

specific cDNA clone obtained from a Marek's disease 

lymphoblastoid cell line. J. Virol. 68, 1191-1195. 
Okazaki, W., Purchase, H.G., and Burmester, B.R. (1970): Pro­

tection against Marek's disease by vaccination with a 
herpesvirus of turkeys. Avian Dis. 33, 458-465. 

Ono,  M.,  Katsuragí-Iwanaga, R., Kitazawa, T., Kamiya, N., 
Horimoto,T.,Niikura, M., Kai, C., Hirai, K., and Mikami, 
T. (1992): The restriction cndonucleasc map of Marek's 
disease virus (MDV) serotype 2 and collinear relation­
ship among three serotypes of MDV. Virology 191, 4 5 9 -
463. 

Ono, M., Kawaguchi, Y., Maeda, K., Kamiya, N., Tohya, Y., Kai, 
C., Niikura, M., and Mikami, T. (1994): Nucleotide se­
quence analysis of Marek's disease virus (MDV) serotype 
2 homolog of MDV serotype I pp38, an antigen associ­
ated with transformed cells. Virology 201, 142-146. 

Parcclls, M.S.,  Anderson, A.S.,  and Morgan,  R.W. (1994): 
Characterizaton o f  a Marek's disease virus mutant con­
taining aLacZinsertion in the US6 (gD) homologucgcne. 
Virus Genes 9, 5-13.  

Payne, L.N. (1985): Pathology in Marek's disease. In L.N. Payne 
(Ed.): Marek 's Disease: Scientific Basis and Methods of 
Control, Martinus Nijhoff Publishing, Boston, pp. 4 3 -
76. 

Peng, F., Bradley, G., Tanaka, A., Lancz, G., and Nonoyama, M. 
(1992): Isolation and characterization of cDNAs from 
BamHI-II gene family RNAs associated with the tumor-
igenicity of Marek's  disease virus. J. Virol. 66, 7389— 
7396. 

Ren, D., Lee, L.R, and Cousscns, P.M. (1994): Identification and 
characterization of Marek's disease virus genes homolo­
gous to ICP27 and glycoprotein K of herpes simplex vi-
rus-l .  Virology 204, 242-250. 

Rispcns, B.H., Vanvlotcn, M.J., Mastenbroek, N., Maas, H.J.L., 
and Schat, K.A. (1972): Control of Marek's disease in 
the Netherlands. I. Isolation o f  an avirulcnt Marek's dis­

ease virus (strain CVI988) and its use in laboratory vac­
cination trials. Avian Dis. 16, 108-125. 

Roizman, B. (1992): The family Herpesviridae: an update. Arch. 
Virol. 123, 425-449. 

Ross , L.J.N., Sanderson, M., Scott, S.D., Binns, M.M., Doel, T., 
and Milne, B. (1989): Nucleotide sequence and charac­
terization of the Marek's disease virus homologue o f  
glycoprotein B of herpes simplex virus. J. Gen. Virol. 
70, 1789-1804. 

Ross, L. J.N., Binns, M.M., and Pastorek, J. (1991): DNA sequence 

and organization of genes in a 5.5 kbp EcoRI fragment 

mapping in the short unique segment o f  Marek's disease 

virus (strain RB1B). J. Gen. Virol. 72, 949-954. 
Ross, L.J.N., Binns, M.M.,  Sanderson, M.,  and Schatt, K.A. 

(1993n): Alterations in DNA sequence and RNA tran­
scription of the BamHI-H fragment accompany attenua­
tion of oncogenic Marek's  disease herpesvirus. Virus 
Genes 7 ,33 -51 .  

Ross, L.J.N., Binns, M M., Tycrs, P., Pastorek, J., Zelník, V., and 
Scott, S. (19936): Construction and properties of a tur­
key herpesvirus recombinant expressing the Marek's dis­
ease virus homologue of glycoprotein B of herpes sim­
plex virus. J. Gen. Virol. 74, 371-377. 

Ross, L.J.N., and Zelník, V. (1993): Properties of  herpesvirus of 
turkeys (HVT) recombinants. 3.European Laboratories 
Without Walls Meeting on Recombinant Viral Veterinary 
Vaccines, Lyon. 

Sakaguchi, M., Urakawa, T., Hirayama, Y., Miki, N., Yamamoto, 
M., and Hirai, K. (1992): Sequence determination and 
genetic content of  an 8.9-kb restriction fragment in the 
short unique region and the internal inverted repeat of 
Marek's disease virus type 1 DNA. Virus Genes 6, 3 6 5 -
378. 

Sakaguchi, M., Urakawa, T., Hirayama, Y., Miki, N., Yamamoto, 
M., Zhu, G.-S., and Hirai,K. (1993): Marek's disease 
virus protein kinase gene identified within the short 
unique region of the viral genome is not essential for 
viral replication in cell culture and vaccine-induced im­

munity in chickens. Virology 195, 140-148. 
Schat, K.A. (1985): Characteristics o f the  virus. In L.N.Payne (Ed.): 

Marek 's Disesase: Scientific Basis and Methods of Con­
trol. Martinus Nijhoff Publishing, Boston, pp. 77-80. 

Schat, K.A., and Calnck, B.W. (1978): Characterization o f  an ap­
parently nononcogenic Marek's disease virus. J. Natl. 
Cancer Inst. 60, 1075-1082. 

Schat, K.A., Buckmaster, A., and Ross, L.J.N. (1989): Partial tran­
scription map of Marek's disease herpesvirus in lytically 
infected cells and lymphoblastoid cell lines. Int. J. Can­
cer 44, 101-109. 

Scott, S.D., Ross, N.L.J., and Binns, M.M. (1989): Nucleotide and 
predicted amino acid sequences o f  the Marek's  disease 
virus and turkey herpesvirus thymidine kinase genes; 
comparison with thymidine kinase genes of other herpes­
viruses. J. Gen. Virol. 70, 3055-3065. 

Scott, S.D., Smith, G.D., Ross, L.J.N., and Binns, M.M. (1993): 
Identification and sequence analysis of the homologues 
o f  the herpes simplex virus type 1 glycoprotein H in 



ZELNÍK, V.: REVIEW 63 

Marek's disease virus and the herpesvirus of turkeys. J. 
Gen. Virol. 74, 1185-1190. 

Sharma, J.M., and Burmester, B.R. (1984): Disease control in avian 
species by embryonal vaccination. U.S.Patent No.4,458, 
630. 

Sithole, I., Lee, L.F., and Velicer, L.F. (1988): Synthesis and 
processing of the Marek's disease herpesvirus B antigen 
glycoprotein complex. J. Virol. 62, 4270^-279. 

Solomon, J.J., Witter, R.L., Nazerian, K., and Burmester,B.R. 
(1968): Studies on the etiology of  Marek's disease.I. 
Propagation of the agent in cell cultures. Proc. Soc. Exp. 
Biol. Med. 127, 173-177. 

Weber, P.C., Levine, M., and Glorioso, J.C. (1987): Rapid identi­
fication o f  nonessential genes of herpes simplex virus 

type 1 by Tn5 mutagenesis. Science 236, 576-579. 
Wilson, M.R., and Coussens, P.M. (1991): Purification and char­

acterization of infectious Marek's  disease virus genomes 
using pulsed field electrophoresis. Virology 185, 6 7 3 -
680. 

Wilson, M.R., Southwick, R.A., Pulaski, J.T., Tieber, VL., Hong, 
Y., and Coussens, P.M. (1994): Molecular analysis of 
the glycoprotein C-negative phenotype o f  attenuated 
Marek's  disease virus. Virology 199, 393-402. 

Witter, R.L., Nazerian, K., Purchase, H.G., and Burgoyne,G.H. 
(1970): Isolation from turkeys of a cell-associated herpes­
virus antigenically related to Marek's  disease virus. Am. 
J. Vet. Res. 31, 525-538. 

Witter, R.L., Nazerian, K., and Solomon, J.J. (1972): Studies on 
the in vivo replication o f  turkey herpesvirus. J. Natl. 
Cancer Inst. 49, 1121-1130. 

Witter, R.L., and Offenbecker, L. (1979): Nonprotective and tem-
perature-sensitive variants of Marek's  disease vaccine 
viruses../. Natl. Cancer Inst. 62, 143-151. 

Witter, R.L. (1992): Influence o f  serotype and virus strain on 
synergism between Marek 's  disease vaccine viruses. 
Avian Pathol. 21, 601-614. 

Yanagida,N., Ogawa, R., Li,Y., Lee, L.E, and Nazerian, K. (1992): 
Recombinant fowlpox viruses expressing the glyco­

protein B homolog and the pp38 gene of Marek's  dis­
ease v i rus . / .  Virol. 66, 1402-1408. 

Yanagida, N., Yoshida, S., Nazerian, K., and Lee, L.F. (1993): 
Nucleotide and predicted amino  acid sequences o f  
Marek's  disease virus homologues o f  herpes simplex 
virus major tegument proteins. J. Gen. Virol. 74, 1837— 
1845. 

Yoshida, S., Lee, L.F., Yanagida, N., and Nazerian, K. (1994a): 
The glycoprotein B genes of  Marek's  disease virus 
serotypes 2 and 3: identification and expression by 
recombinant fowlpox viruses. Virology 200, 484—493. 

Yoshida, S., Lee, L.F., Yanagida, N., and Nazerian, K.( 19946): 
Identification and characterization of Marek's disease 
virus gene homologous to glycoprotein L of  herpes 
simplex virus. Virology 204, 414-419. 

van Zaane, D., Brinkhof, J.M.A., and Gielkens, A.L.J. (1982a): 
Molecular-biological characterization of Marek's disease 
virus. II. Differentiation of  various MDV and HVT 
strains. Virology 121, 133-146, 

van Zaane, D., Brinkhof, J.M.A., Westenbrink, F., and Gielkens, 
A.L.J. (19826): Molecular-biological characterization of 
Marek's disease virus. I. Identification of  virus-specific 
polypeptides in infected cells. Virology 121, 116-132. 

Zelnik, V., Darteil, R., Audonnet, J.C., Smith, G.D., Riviere, M., 
Pastorek, J., and Ross, L.J.N. (1993): The complete se­
quence and gene organization o f  the short unique region 
of herpesvirus o f  turkeys. J. Gen. Virol. 74, 2151-2162. 

Zelnik, V,  Ross, L.J.N., and Pastorek, J. (1994): Characterization 

of proteins encoded by the short unique region of herpes­

virus of turkeys by in vitro expression. J. Gen. Virol. 75, 
2747-2753. 

Zhu, G.-S., Iwata, A., Gong, M., Ueda, S., and Hirai, K .  (1994): 
Marek's  disease virus type 1-specific phosphorylated 
proteins pp38 and pp24 with common amino acid ter­
mini are encoded from the opposite junction regions be­
tween the long unique and inverted repeat sequences of 
viral genome. Virology 200, 816-820. 


