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1 | INTRODUCTION

Marek’s disease (MD) causes huge economic impact by directly caus-
ing significant levels of mortality due to visceral lymphomas. In addi-

tion, the sub-clinical immunosuppression induced by virulent strains

Abstract

Marek’s disease (MD) is a re-emerging viral disease of chickens and a serious eco-
nomic threat to the poultry industry worldwide. Continuous surveillance with molec-
ular investigation is essential to monitor the emergence of virulent Marek’s disease
virus (MDV) strains and to devise any appropriate vaccination strategy and implement
bio-security programmes. In the present study, we investigated the cases of MD out-
breaks in vaccinated poultry flocks. The MD outbreak was confirmed through necropsy
(mainly visceral tumours), histopathology and viral gene specific PCR. The pathotypes
of the field MDV strains were assessed by molecular analysis of three virulence-
associated genes, meq, pp38 and vIL-8. The Meq sequence of the field strains analyzed
in this study lacked the 59 aa unique to mild strains, indicating that they are potentially
virulent strains. Mutation at position 71 and the presence of five proline rich repeats
in the transactivation domain, both associated with virulence were observed in these
strains; however, the signature sequences specific to very virulent plus strains were
absent. Phylogenetic analysis of meq oncogene sequences revealed clustering of the
field strains with North Indian strains and with a very virulent plus ATE 2539 strain
from Hungary. Analyses of pp38 protein at positions 107 and 109 and vIL-8 protein at
positions 4 and 31 showed signatures of virulence. Sequence and phylogenetic anal-
ysis of oncogene and virulence-associated genes of field MDVs from vaccinated flock

indicated that these strains possessed molecular features of virulent strains.
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also cause production loss indirectly (Gimeno, 2014). The Marek’s dis-
ease virus (MDV), classified as gallid alphaherpes virus 2 (GaHV-2),
belongs to the genus Mardivirus of the sub-family Alphaherpesvirinae,
family Herpesviridae (International Committee on Taxonomy of Viruses,

2017).MDV has been divided into three serotypes as serotype 1, 2 and
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3 (Bulow & Biggs, 1975). Of these three serotypes, MDV-1 includes all
oncogenic strains, whereas serotypes 2 and 3 include mildly virulent
non-oncogenic strains and avirulent strains, respectively (Witter et al.,
2005). The virulence of the MDV-1 has been shifted from mild (m) to
virulent (v), very virulent (vv) and very virulent plus (vv+) over a period
due to mutations and positive selection (Gimeno & Schat, 2018; Witter,
1997).

Although the disease is effectively controlled by vaccination and
bio-security measures, outbreaks due to emerging virulent strains
were observed in recent times worldwide including India (Nair, 2018).
In India, both monovalent (serotype 3/ HVT) and bivalent (serotype
2 SB1/ SB303 and serotype 3/ HVT) vaccines are currently used in
commercial layers and breeder flock. Despite intensive vaccination,
outbreaks in vaccinated flocks are noticed in different parts of dense
poultry rearing zones (Gupta et al., 2016; Prathiba et al., 2018; Puro
et al., 2018; Suresh et al., 2015). Various factors are involved in the MD
outbreaks in vaccinated flocks including faulty vaccination procedure,
mycotoxin in feed and concurrent immunosuppressive diseases.

Although in vivo pathogenicity studies are mandatory to ascertain
the pathotype of emerging MDV strains (Dudnikova et al., 2007; Wit-
ter et al., 2005), the assays are tedious and complex. On the other hand,
molecular analysis of certain marker genes specifically Meq oncogene
has been proved valuable by recent studies (Mescolini et al., 2019).
The unique oncogene and virulence-associated genes, namely Marek’s
EcoRI-Q encoded protein-Meq (Jones et al., 1992), phosphoprotein-
pp38 (Z. Cui et al., 1999) and vIL-8 (viral interleukin-8) (Parcells et al.,
2001) are associated with oncogenicity and pathogenicity. Their poten-
tial as pathotype markers has been demonstrated successfully by
recent workers in emerging field strains from several countries, namely
China (Tian et al,, 2011), the United States (Padhi & Parcells, 2016),
Colombia (Lopez-Osorio et al., 2017), Japan (Abd-Ellatieff et al., 2018)
and Italy (Mescolini et al., 2019).

In the present study, we investigated the Indian MDV field strains
from MD visceral tumours occurring in vaccinated poultry breeder
flocks and analyzed three virulence-associated genes, namely meq
oncogene, pp38 and vIL-8 of 17 MDVs to ascertain their virulence patho-
type.

2 | MATERIALS AND METHODS
2.1 | Sample collection

Tissue samples were collected between 2017 and 2018 from 13 flocks
of different layer/broiler parent lines/breeds maintained at ICAR-
Directorate of Poultry Research (DPR), Hyderabad, India. The parent
flocks were used in the production of layer/broiler chickens or dual
type-coloured varieties suitable for backyard poultry rearing. All the
flocks were vaccinated with HVT @ 0.2 ml/chick with 1500 PFU/dose
by subcutaneous route on day old at in-house hatchery. Deceased
birds from different flocks presented for necropsy showed MD specific
lesions such as enlargement of liver, spleen and visceral tumours. All

tumour-associated organs including liver, spleen, kidney, proventricu-

[ransboundary and Emeriné Disea es?} e
Yy - .

lus and sciatic nerve were collected from MD suspected birds in 10%
neutral buffered formalin for histopathological examination. Another
set was collected and kept frozen at —20°C until use for DNA extrac-
tion and subsequent use in PCRs. Sample details of the present study
are provided in Table S1.

2.2 | Histopathological examination

The tissues in 10% neutral buffered formalin were processed for
histopathological tissue section and preparation of slides as per the
standard protocol. The tissue sections were stained by H and E stain

and visualized under light microscope.

2.3 | Genomic DNA extraction

Tissue samples were used for DNA extraction by standard procedure.
Briefly, the samples were lysed in lysis buffer, extracted with phenol-
chloroform-isoamyl alcohol (25:24:1) twice, followed by precipitation
of DNA with absolute isopropanol, washed with 70% ethanol, dried at

room temperature and resuspended in nuclease-free water.

2.4 | Screening of samples for MDV by PCR

The samples were screened for MDV using extracted genomic DNA by
PCR. PCR targeting BamH1-H region 132-bp tandom repeats by using
M1 and M2 primers described previously by Davidson and Borenstein
(1999) was employed (Table S2). Briefly, the PCR amplification was car-
ried out using 2 ul of template DNA in a total volume of 25 ul reaction
volume containing 2.5 ul of 10x Taq buffer with MgCl,, 1 ul of each
primer (20 pmol), 0.5 ul (10 mMol) of dNTPs and 0.25 ul (5 U/ml) of Taq
DNA polymerase and nuclease-free water. The PCR conditions were
as follows: 94°C for 4 min, 35 cycles of 94°C for 1 min, 55°C for 1 min,
72°C for 1 min and final elongation at 72°C for 10 min. The presence of
434 bp product after amplification in the samples was considered MD
positive, and these samples were used for further amplification of MDV

virulence-associated genes.

2.5 | PCR amplification of MDV
virulence-associated genes and sequencing

Out of 120 MDV suspected tissue samples investigated from 13 flocks,
17 samples from five flocks were found to be MDV positive by 132-
bp repeat PCR. MDV positive samples were used for the amplifica-
tion of MDV oncogene and virulence-associated genes, meq, vIL-8 and
pp38. The primer sequences used are provided in Table S2. The PCR
amplifications of meq and vIL-8 genes were carried out as previously
described with slight modifications (Tian et al., 2011). The PCR ampli-
fication was carried out using 4 ul of template DNA in a total volume

of 50 ul reaction volume containing 5 ul of 10x Taq buffer with MgCl,,
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TABLE 1 Details of nucleotide sequences of Meq, pp38 and vIL-8
of field Marek’s disease viruses (MDVs) submitted to GenBank

Virulence-associated genes

MDV strains Meq pp38 viL-8
GaHV-2/India/Ck/001/17 - MK497159
GaHV-2/India/Ck/002/18 MK388077 MK497160 MT925954
GaHV-2/India/Ck/003/18 MK388078 MK497161 MT925955
GaHV-2/India/Ck/005/18 - MK497162 -
GaHV-2/India/Ck/006/18 MK388079 MK497163 MT925956

GaHV-2/India/Ck/007/18 MK388080 - MT925957
GaHV-2/India/Ck/008/18 MK388081 - MT925958
GaHV-2/India/Ck/009/18 MK388082 - MT925959
GaHV-2/India/Ck/011/18 MK388083 - MT925960
GaHV-2/India/Ck/012/18 MK388084 - MT925961

GaHV-2/India/Ck/013/18 MK388085 MK497164 MT925962
GaHV-2/India/Ck/015/18 MK388086 - MT925963
GaHV-2/India/Ck/016/18 MK388087 MK497165 MT925964
GaHV-2/India/Ck/017/18 - MK497166 -

GaHV-2/India/Ck/018/18 MK388088 MK497167 MT925965
GaHV-2/India/Ck/019/18 MK388089 MK497168 MT925966
GaHV-2/India/Ck/020/18 - MK497169 -

-:Not available.

2 ul of each primer (20 pmol), 1 ul (10 mMol) of dNTPs and 0.5 ul (5
U/ml) of Tag DNA polymerase and nuclease-free water. The PCR con-
ditions for meq and vIL-8 were as follows: 94°C for 4 min, 35 cycles of
94°C for 1 min, 56°C for 1 min, 72°C for 1 min and final elongation at
72°C for 10 min. PCR amplification of pp38 gene was carried out as
per the method of Zhuang et al. (2015). The amplified products were
checked in 1.5% agarose gel and PCR product was purified. The prod-
ucts were sequenced by Sanger sequencing. The obtained sequences
were edited and aligned in EditSeq and MegAlign programme of DNAS-
tar software. The sequences of the field MDV strains were submitted to
NCBI database (Table 1).

2.6 | Sequence and phylogenetic analysis

The nucleotide gene sequences of meq, pp38 and VvIL-8 of all MDV
strains were subjected to blast analysis by using NCBI BLAST
tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and compared with other
MDV strains available in the public domain. A total of 97 sequences
including 54 megq, 25 pp38 and 18 vIL-8 reference gene sequences
of MDV of different pathotypes were retrieved for analysis (Table
S3). The sequences along with those of the present study were
aligned by CLUSTAL W and annotated using MEGA X version 10.0.5
(www.megasoftware.net) (Kumar et al., 2018). The best-fit model was
selected by comparing the Bayesian information criterion (BIC) scores.
Phylogenetic trees were constructed separately for each of three

genes by using the Neighbour-joining method with 1000 bootstrap
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replicates based on the Tamura-Nei model (Tamura & Nei, 1993). All
positions containing gaps and missing data were eliminated.

3 | RESULTS
3.1 | Gross lesions and histopathology

Grossly, in most of the cases presented for necropsy, discrete grey-
ish white nodules of various sizes were observed predominantly in
liver and spleen and less commonly in heart, lungs, proventriculus and
mesentery. Enlargement of liver and spleen were invariably present.
None of the MD suspected carcasses showed enlargement or loss of
striation in sciatic nerve. Histopathological examination of liver and
spleen showed extensive infiltration with pleomorphic cells and lym-

phocytes (Figure S1).

3.2 | Screening of samples by PCR

Out of 120 MD suspected tissue samples investigated from 13 flocks,
17 samples from five flocks were found to be MD positive by 132-bp
repeat PCR and histopathology. The age of the flocks during MD out-
break ranged from 14 to 65 weeks. The outbreak occurred in seven
coloured broiler breeder, six Aseel - (native chicken) breeder parent,
three White Leghorn layer breeder and one Vanaraja, backyard dual

purpose variety.

3.3 | Sequencing of virulence-associated genes and
sequence analysis

At least one virulence-associated gene was amplified and sequenced
for each of the 17 MDV positive samples, a total of 13 meq, 11 pp38
and 13 vIL-8 gene sequences were sequenced. The obtained sequences
were deposited in GenBank with accession numbers. The details are
givenin Table 1.

The meq sequences analysis of the current field MDV strains showed
99.8%-100% and 99.5%-100% similarity at nucleotide and amino acid
levels, respectively. All strains showed a meq gene length of 1020 bp
encoding for Meq protein comprising 339 aa. In the present study, five
proline rich repeats (PPPPs) were observed at positions 152-155, 175-
178,191-194,216-219 and 232-235 in all these strains. The amino acid
mutations in the Meq displayed similarity at several positions includ-
ing 71,77, 80,88, 93,119, 139, 153, 176, 180, 217,277,283, 320 and
326. Two mutations associated with MDV virulence were observed in
all 13 Meq sequences at positions 71 (Alanine) and 80 (Tyrosine). Four
distinctive substitutions including one in the basic region and three in
the leucine zipper domain were observed in all sequences except one
(MK388077) as follows: 80 Y (Tyrosine; D80Y), 88 T (threonine; A88T),
93 R (arginine; Q93R) and 139 A (alanine; T139A) (Table 2).

As for pp38 gene, the identity ranged from 98.6% to 99.9% and

98.6% to 100% at nucleotide and amino acid levels, respectively among
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TABLE 2 Amino acid substitutions in the Meq protein of field Marek’s disease virus (MDV) strains compared with reference strains

Basic region Leucine zipper

Amino acid substitutions

Transactivation domain-Proline rich repeats

Meq  Number
length of PPPP 153 176 217/ 277/ 283/ 320/ 326/
Strain Pathotype (aa) repeats 71 77 80 88 93 119 139 PPPP PPPP180 276* 336 342 379 385
CV1988 Attenuated 398 7 S E D A Q C T P P T P L A | |
CU-2 Attenuated 398 7 S E D A Q C T P p T P L A | T
JM/102W Virulent 399 7 A E D A Q C T P P T P L A | T
Md5 Very virulent 339 4 A K D A Q C T P P T A L A T T
648A Veryvirulent 339 2 A K D A Q R T Q A A A P \% | T
plus
GaHV2/India/Ck/002/18 339 5 A E D T Q C T P P T P L A | T
GaHV2/India/Ck/003/18 339 5 A E T T T C|A P P T P L A | T
GaHV2/India/Ck/006/18 339 5 A E Y|T|R|C]|A P P T P L A | T
GaHV2/India/Ck/007/18 339 5 A E Y[T|R|C|A P P T P L A | T
GaHV2/India/Ck/008/18 339 5 A E |Y|[T|R|C|A P p T P L A | T
GaHV2/India/Ck/009/18 339 5 A E|Y|[T|R|C|A P P T P L A | T
GaHV2/India/Ck/011/18 339 5 A E Y|T|R|C]|A P P T P L A | T
GaHV2/India/Ck/012/18 339 5 A E Y| T|R]|C]|A P P T P L A | T
GaHV2/India/Ck/013/18 339 5 A E |Y|[T|R|C|A P P T P L A | T
GaHV2/India/Ck/015/18 339 5 A E |Y|[T|R|C|A P p T P L A | T
GaHV2/India/Ck/016/18 339 5 A E |Y[T|R|C|A P P T P L A | T
GaHV2/India/Ck/018/18 339 5 A E Y|T|R|C]|A P P T P L A | T
GaHV2/India/Ck/019/18 339 5 A E Y[T|R|C|A P P T P L A | T

Note: Distinctive substitutions in Indian strains are framed.
2Position according to 398 aa long Meq isoform.

the field MDV sequences. Eleven sequences of this study were com-
pared with five reference MDVs at the amino acid level. The analysis
revealed mutation at amino acid position 109 (glutamic acid—glycine).
All the 11 sequences had G320A mutation at the nucleotide level
and conserved glutamine at position 107 in the amino acid sequences
(Table 3).

vIL-8 comprises 134 amino acids encoded by 682 nucleotides from
three exons (1..64,240..375,474..678). The homology of the nucleotide
and deduced amino acid sequences of 13 sequences were 99.5%-
100% and 100%, respectively. The complete nucleotide and amino acid
sequences of five reference MDVs were compared with the sequences
of the present study. All the 13 sequences had two mutations at
nucleotide position 11 (T —C) and 92 (A—G) resulting in amino acid
substitutions at positions 4 (leucine to serine; L4S) and 31 (aspartate
to glycine; D31G) (Table 4).

3.4 | Phylogenetic analysis

Phylogenetic tree of meq gene sequences with other reference
sequences revealed that all the current strains (except one —002 MDV
strain) clustered together with earlier reported Indian strains from
northern part of the country and with vv+ ATE 2539 strain from Hun-

gary (Figure 1). One MDV strain (MK388077) of the present study
clustered closely with two Italian strains (MK139661 and MK139672).
Two Indian MDV strains TNN1 (HM749324) and TNN2 (HM749325)
reported earlier from southern India clustered away from present
strains.

The phylogenetic tree of the pp38 gene showed clustering of the
current 11 MDV field strains with other Indian strains from northern
and southern parts of the country. They also clustered with two Chi-
nese strains DY04 (HQ638161) and XJO3 (HQ638175). The other clus-
ter included vaccine strains, m, v and vv strains (Figure 2).

The phylogenetic tree of the vIL-8 gene showed that all 13
sequences of the present study clustered close to vv and vv+ strains
from the United States and one virulent strain from China. The
sequences of other Indian strains from southern part also fell on the
same cluster. Mild and vaccine MDV strains formed a separate cluster
(Figure 3).

4 | DISCUSSION

MD is one of the re-emerging viral diseases of poultry causing a serious
economic threat to the poultry industry (Schat & Nair, 2013). Although
vaccines provide strong immunity and are highly effective against
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TABLE 3 Amino acid substitutions in the pp38 protein of field Marek’s disease virus (MDV) strains compared with reference strains

Amino acid position

Strain Pathotype 107 109
CV1988 Attenuated

CU-2 Attenuated

MD70/13 Virulent

Md5 Very virulent
GaHV2/India/Ck/001/17 Field strains of this study
GaHV2/India/Ck/002/18

GaHV2/India/Ck/003/18

GaHV2/India/Ck/005/18

GaHV2/India/Ck/006/18

GaHV2/India/Ck/013/18

GaHV2/India/Ck/016/18

GaHV2/India/Ck/017/18

GaHV2/India/Ck/018/18

GaHV2/India/Ck/019/18

GaHV2/India/Ck/020/18

O 0 0 00 OO OO HOLHOLHOLOLHOL =
O 60 m o MmO Mmoo mmmAOeoO 0

TABLE 4 Amino acid substitutions in the vIL-8 protein of field Marek’s disease virus (MDV) strains compared with reference strains

Amino acid position

Strain Pathotype vIL-8 (aa) 4 31
CV1988 Attenuated 121 L D
CU-2 Attenuated 134 L D
JM/102W Virulent 134 L D
Md5 Very virulent 134 L D
648A Very virulent plus 134 L D
GaHV2/India/Ck/002/18 Field strains of this study 134 S G
GaHV2/India/Ck/003/18 134 S G
GaHV2/India/Ck/006/18 134 S G
GaHV2/India/Ck/007/18 134 S G
GaHV2/India/Ck/008/18 134 S G
GaHV2/India/Ck/009/18 134 S G
GaHV2/India/Ck/011/18 134 S| G
GaHV2/India/Ck/012/18 134 S G
GaHV2/India/Ck/013/18 134 S G
GaHV2/India/Ck/015/18 134 S G
GaHV2/India/Ck/016/18 134 S G
GaHV2/India/Ck/018/18 134 S) G
GaHV2/India/Ck/019/18 134 S G
clinical disease, outbreaks in vaccinated flocks are not uncommon. 2020). Moreover, the sub-clinical infection of young chicks with
More virulent and pathogenic MDVs have evolved in recent times immunosuppressive viruses such as chicken infectious anaemia virus
worldwide including India. The disease has shifted to visceral lym- (CIAV), infectious bursal disease virus (IBDV) and fowl adeno-virus
phomas rather than neural form in recent outbreaks (Kannaki et al., (FAV) also contribute to MD outbreaks in vaccinated flocks, because
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FIGURE 1

Phylogenetic tree of Meq gene nucleotide sequences of 13 field Marek’s disease virus (MDV) strains and the 54 reference

sequences retrieved from NCBI database. Phylogenetic tree was constructed with neighbour-joining method with 1000 bootstrap replicates using
the Tamura-Nei model in MEGA 10.0.5 software. Strains of this study were highlighted ()

immunosuppression inhibits the development of immunity after
MD vaccination. Some of the unique genes of serotype | MDVs are
associated with viral oncogenicity and pathogenicity. In the present
study, we investigated the three genes associated with oncogenicity
and virulence, namely meq, pp38 and vIL-8 of 17 MDV field strains from
MD visceral tumours occurred in vaccinated poultry breeder flocks.

The nucleotide similarity of the present MDV strains ranged from
98.5% to 100% for all three virulence-associated genes due to point
mutation at various positions. Although all strains are from the same
location, the variation may be attributed to high mutation capacity of
the field MDVs. Different age groups and genetic background, produc-
tion type (layer breeder, broiler breeder and native breed), other vac-
cines and vaccine immunity could be other factors that might have con-
tributed to the emergence of virulent MDV strains.

Meq gene of vv and vv+ MDV pathotypes encodes for 339 amino
acids containing an N-terminal basic leucine zipper (bZIP) transacti-
vation domain and C-terminal proline rich trans-repression domain.
Dimerization and activation of the transactivation domain contribute
to cell transformation and subsequent tumourigenesis (Liu et al., 1999;
Levy et al., 2003). Meq of mild or vaccine strains such as CV1988, CU-

2 or JM have 59 aa insertion in the C-terminal region known to have

suppression effect on the Meq expression and oncogenicity (Chang
et al., 2002; Shamblin et al., 2004). Meq proteins of all field MDVs
investigated here are of 339 aa length encoded by 1020 bp coding
sequence, indicating that they are potentially virulent strains. More-
over, the amino acid changes at positions 71 and 77 are considered as
a feature of high virulence MDVs (Shamblin et al., 2004). Mutation at
position 71 was observed in all current field strains. However, mutation
at position 77 was not present similar to Chinese and other field strains
(Tianetal.,2011). Mutation at position 77 seems to be a feature of viru-
lent strains of the United States (Tian et al., 2011). The three amino acid
substitutions at positions 119, 153 and 156, unique to vv+ strains such
as 584A and 648A, were not present in the current strains, indicating
that they have not yet evolved as vv+. However, some unique muta-
tions at positions 80 (D80Y), 88 (A88T), 93 (Q93R) and 139 (T139%A)
were observed in the field strains. Unique amino acid substitutions in
meq gene have been recently reported in MDV field strains circulat-
ing in Italy (Mescolini et al., 2019), China (Yu et al., 2013), Colombia
(Lopez-Osorio et al., 2017) and Turkey (Ozan et al., 2021). Geograph-
ically restricted independent evolution of field strains was observed
in vaccinated flocks. In the present study also, three unique amino

acid substitutions are observed in the field MDYV strains. These unique
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FIGURE 2 Phylogenetic tree of pp38 gene nucleotide sequences
of 11 field Marek’s disease virus (MDV) strains and the 25 reference
sequences retrieved from NCBI database. Phylogenetic tree was
constructed with neighbour-joining method with 1000 bootstrap
replicates using the Tamura-Nei model in MEGA 10.0.5 software.
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FIGURE 3 Phylogenetic tree of vIL-8 gene nucleotide sequences
of 13 field Marek’s disease virus (MDV) strains and the 18 reference
sequences retrieved from NCBI database. Phylogenetic tree was
constructed with Neighbour-Joining method with 1000 bootstrap
replicates using the Tamura-Nei model in MEGA 10.0.5 software.
Strains of this study were highlighted ()

mutations are also observed in few other field strains reported from
different regions of this country. Previous studies show the regularity
inthe mutations of meq genes of MDVs from outbreaks of increased vir-
ulence (Zhang et al., 2011). Although GaHV-2 is a DNA virus, the meq
gene of GaHV-2 has high mutation frequency of approximately 10~
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substitutions per year like that of RNA viruses (Padhi & Parcells, 2016
). High mutation frequency combined with positive selection in vacci-
nated flocks could drive the emergence of highly virulent pathotypes.
However, it needs to be ascertained whether these contribute to a con-
tinuing evolutionary drift leading to increased virulence of MDV strains
circulatingin India.

The Number of proline repeats is strongly associated with the level
of MDV virulence (Renz et al., 2012; Shamblin et al., 2004). Negative
correlation exists between their number and the virulence. The num-
ber of four-proline repeats ranges between 2 and 10 in all MDV strains.
Generally, v to vv MDV strains have been shown to possess five ‘PPPP’
repeats in meq gene (Abdallah et al., 2018; Mescolini et al., 2019).
All the current strains had five repeats. Earlier reported MDV strains
from India with v to vv pathotype also possessed four to five ‘PPPP’
repeats (Kalyani et al., 2010; Prathibha et al., 2018). Phylogenetic anal-
ysis revealed that current strains clustered with Indian strains from
northern India and with vv+ ATE 2539 strain from Hungary. Surpris-
ingly, the current strains clustered away from earlier vv strains from
southern India reported a decade ago (TNN1 and TNN2).

The pp38 gene encodes a 38 kDa phosphoprotein that has a role in
cell transformation and virus reactivation from latency (Gimeno et al.,
2005). Minor variations were observed in amino acid substitutions
among the field strains. Glutamine at position 107 which is equivalent
to the mutation at nucleotide position 320 is conserved among virulent
MDVs, while CVI1988 vaccine strain has arginine instead of glutamine.
At nucleotide level, while CVI 988 has G at position 320, all virulent
strains have conserved A at this position. All the current MDV strains
also have conserved G320A mutation resulting in glutamine. The muta-
tion at 107 is considered a reliable biomarker for differentiating field
strains from CV1988 vaccine (Baigent et al., 2016). Glutamate at posi-
tion 109 present in vv and vv+ strains was observed in five out of 11
sequences investigated. Both these positions, namely 107 and 109 can
be considered as virulence indicators as observed earlier in the virulent
strains of the United States and China (Shamblin et al., 2004; Tian et al.,
2011).

The vIL-8 gene consists of three exons and encodes a 134-aa length
peptide that is expressed during cytolytic infection and shows closest
homology to mammalian and avian IL-8 (X. Cui et al.,2004). vIL-8 is con-
sidered important for the switch of infection from cytolytic to latent
infection (Schat & Xing, 2000). This gene was shown to be highly con-
served among different pathotypes; hence, change in virulence can be
strongly speculated with any mutations within the gene. The two-point
mutations at positions 4 (L4S) and 31 (D31G), initially considered as
unique to Chinese MDV strains (Tian et al., 2011), are observed in the
current study as well. These mutations were observed in other field
strains from Japan and India (Abd-Ellatieff et al., 2018; Prathibha et al.,
2018). The phylogenetic tree of the vIL-8 gene revealed the clustering
of present strains with vv and vv+ strains from the United States and
China.

The present study supports the argument that the vaccination pres-
sure imposed the genetic drift of emerging strains towards increased
virulence (Nair, 2018; Padhi & Parcells, 2016; Wozniakowski & Sala-

monowicz, 2014). Sequence and phylogenetic analyses of virulence-
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associated genes from field MDVs from vaccinated flocks indicate that
these strains possess molecular features of virulent strains. Although
vv+ strains are not yet reported in Indian poultry flocks and were not
observed in the current investigation, the rate of evolution of meq gene
in recent times by various reports suggests the rapid evolution in MDV
strains towards high pathogenicity. Meq gene followed by vIL-8 and
pp38 genes could be of additional value in deciphering the pathotype of
MDYV strains. Molecular characterization of virulence-associated genes
would be the most rapid, reliable and affordable method to indicate the
virulence of field strains; however, in vivo pathotyping assays need to
be performed in parallel for confirming the pathotypes. In conclusion,
continuous surveillance is essential to monitor the emergence of vir-
ulent MDV strains and to devise appropriate vaccination strategy and

bio-security programmes.
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