
Introduction

MDV is a member of the family Herpesviridae and is 
allocated to the genus Mardivirus (Cantello et al., 1991, 
van Regenmortel et al., 1999). Based on its virulence for 
chicken, its ability to induce T-cell lymphomas and anti-
genic properties, there are 3 serotypes of MDV, serotype 
1 (MDV-1), serotype 2 (MDV-2), and serotype 3 (MDV-3) 
(Payne, 1985; Schat, 1985). Virulent strains of MDV have 
been categorized according to the protection indices and 
lesion scores in unvaccinated, HVT-vaccinated or bivalently 
vaccinated (HVT/SB-1) chickens (Witter, 1983). The patho-
types described by these analyses represent a continuum, but 
have been generally classified as mildly virulent (mMDV), 
virulent (vMDV), very virulent (vvMDV) and very virulent 
plus (vv+MDV) (Witter, 1997b). Although these classifica-

tions describe a continuum of virulence from a field per-
spective, it is important to note that the distinctive lesions 
appear to be associated with the vvMDV (high incidence of 
visceral lesions) and vv+MDV (high incidence of stunting, 
neurologic lesions and rapid transmission rate) pathotypes 
(Rosenberger et al., 1997; Gimeno et al., 1999). Moreover, 
the diagnosis of MD is problematic because the pathology 
induced is rarely pathognomonic. The affected birds may 
harbor both vaccinal and wild strains of MDV and detection 
of non-vaccinal MDV is not necessarily associated with tu-
mor formation and disease (Silva and Witter, 1996). Usually, 
a clinical MD diagnosis is based on gross and microscopic 
lesions together with the isolation and identification of MDV 
from infected tissues (Sharma, 1985). The virus isolation 
is usually performed by virus propagation in cell culture 
and identification/quantification of the virus by cytopathic 
changes (plaque formation) or by identification of infected 
cells by immunostaining (De Laney et al., 1998). In recent 
years PCR has emerged as an additional diagnostic tool 
offering an advantage of serotype specificity (Davidson 
et al., 1995; Walkden-Brown et al., 2001). Moreover, PCR 
has the ability to differentiate between vaccinal and field 
strains of MDV (Handberg et al., 2001). Sequence analysis 
of different MDV pathotypes revealed that they displayed 
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differences in sequence of some specific genes like MEQ 
gene (Laurent et al., 2004).

MD is controlled by the vaccination and good management 
practices (Calnek and Witter, 1991). Naturally occurring non-
pathogenic strains of MDV-1, MDV-2, and HVT have been 
used individually or together in bivalent vaccines (Hirai et 
al., 1986). In India, the HVT-FC126 (serotype 3) or MDV 
strain SB-1 (serotype 2) are used as the individual vaccines 
to combat MD. Recently, a high mortality and morbidity with 
suggestive lesions of MD have been reported from several 
farms in India. The aim of the present study was to investigate 
the presence and features of the causative agent. 

Materials and Methods

Collection of samples. A total of 173 samples were collected 
from poultry farms in 3 states in India – Tamil Nadu, Karnataka, 
and Maharastra (Table 1). Blood, feathers and organs (liver and 
spleen) were collected and processed in formalin or kept on ice. The 
formalin fixed samples were used for histopathology and the ice 
samples were used for the virus isolation. Necropsy was conducted 
for the dead birds as well as for ailing birds. 

DNA extraction. The total DNA from blood, feather tips and 
organs was extracted. In brief, the samples were mixed with protei-
nase K mixture and incubated at 55°C overnight with shaking. Next 
day, 5 mol/l sodium acetate and phenol/chloroform/isoamylalcohol 
mixture were added and centrifuged. To the aqueous phase, iso-
propanol was added to precipitate DNA. The air-dried DNA pellet 
was dissolved in nuclease-free water and stored at -20°C until use 
(Handberg et al., 2001). 

Detection of MDV genome by PCR. The samples were subjected 
to PCR with primers specific to the partial sequence of MEQ gene 
located in the long terminal repeat region (Liu and Kung, 2000). 
The MEQ gene fragment was amplified by the following primers: 
MEQ FP 5'-GGA TCG CCC ACC ACG ATT ACT ACC-3' and 
MEQ RP 5'-ACT GCC TCA CAC AAC CTC ATC TCC-3'. The 

PCR conditions were as follows, 10 µl 2 x PCR Master mix, 10 pmol 
MEQ FP, 10 pmol MEQ RP, 3 µl DNA template, and sterile distilled 
water to 20 µl. After mixing the contents, the PCR was performed 
by applying 35 cycles of 94°C for 1 min, 58°C for 1 min and 72°C 
for 1 min with initial denaturation at 94°C for 5 mins and a final 
extension at 72°C for 7 mins. The samples were analyzed by 2% 
agarose gel electrophoresis using ethidium bromide. The samples 
positive for MEQ gene produced 400 bp amplicon.

Sequencing MEQ gene amplicons and sequence analysis. The 
samples that amplified MEQ gene specific amplicon (400 bp) were 
used to make bulk PCR product (100 µl) with Pfu DNA polymerase. 
Then these products were gel purified using M/s Gel purification 
kit (Invitrogen) and sequenced by automated sequencer ABI genetic 
analyzer using ABI cycle sequencing kit. Obtained sequences were 
aligned with MEQ gene sequence of MDV strains available in the 
GenBank using CLUSTAL-W 2.0 program. The phylogenetic tree 
was constructed by using MEGA 4.0 program. The MEQ gene 
sequence similarities of examined samples with the corresponding 
sequences of reference strains 571-DQ534531; 637-AY362713; 
686-AY362727; L strain-AY362717; RB1B-EF523390; 549a-
DQ534530; 573-AY362711; 643P-AY362716; CU2-DQ534537; 
Md11-AY510475; 567-AY362709; 595-AY362715; 648-AY362725; 
CVI988-DQ534538; N strain-AY362718; RL strain-AY362720 
were estimated by using DNA STAR program.

In situ hybridization. The 400 bp MEQ gene specific primers 
were used to generate digoxigenin (dig) labeled probes by using 
PCR dig labeling kit (Roche). The liver sections were prepared on 
silane treated glass slides. After de-paraffinization and re-hydration, 
4 µm tissue sections were treated with proteinase K and incubated 
with a hybridization cocktail containing 50 µg/ml dig-labeled probe. 
Hybridization was done at 45°C in a humid chamber overnight. After 
blocking with normal bovine serum (1:100 dilution), sections were 
treated with rabbit anti-dig antibodies conjugated with HRP (1:500) 
(DAKO) for 2 hrs at room temperature and the reaction product was 
stained by diaminobenzidine (Sigma). The section was then counter-
stained with neutral red and mounted for visualization.

Virus isolation. For initial isolation of MDV field viruses, duck 
embryo fibroblast cells (DEF) were used. Further, MDV-infected 

Table 1. Characteristics of samples collected from chicken for isolation of MDV

Place of sample 
collection

Age of the 
birds

(in weeks)

Flock size Total mor-
tality
(%)

Number of sample collected Number of sample positive in PCR

Blood Feathers Spleen and 
liver

Blood Feathers Spleen and 
liver

Karnataka 10 25,000 12 11 46 7 2 8 2
24 25,000 8
36 25,000 6
52 25,000 10

Tamil nadu 30 40,000 15 24 30 2 4 5 1
38 30,000 5
40 30,000 6
42 25,000 9

Maharastra 24 NA NA 28 25 – – – –
28

Total 173 22
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DEF cells were serially passaged in chicken embryo fibroblast 
(CEF) primary cells grown in DMEM supplemented with 10% 
bovine serum and maintained at 37°C. Buffy coat cells positive 
for MEQ gene by PCR (isolates Ind-KA-01-06, Ind-KA-02-06 and 
Ind-KA-03-06) were used for isolation of MDV in cell culture. The 
isolates were serially passaged in CEF for 5 passages. The infected 
cells were observed daily for the appearance of cytopathic effect 
(CPE) characteristics of MDV.

Detection of apoptosis by flow cytometry. The field isolate Ind-
KA-01-06 and HVT (3 ml each) were used for infection of CEF cells 
grown in 25 cm2 tissue culture flasks. Non-infected CEF cells were 
used as control. At 24, 48, and 72 hrs post infection (p.i.), the cells 
were harvested by 0.1% trypsin, washed with cold PBS, and 1 x 
106 cells/ml were taken for further analysis. The cells were treated 
with 0.9 % sodium chloride, followed with 90% ethanol. After the 
incubation of 30 mins at room temperature, the cells were treated 
with propidium iodide (10 µg final concentration) and RNAse. At 
the end of incubation, the samples were run in the flow cytometer 
(FACSCalibur, Beckton Dickinson) to assess the level of apoptosis 
induced by field virus-infected and HVT-infected CEF cells at 24, 
48, and 72 hrs p.i. The samples were examined in triplicates for 
each time point indicated.

Results

Histopathology of MDV-affected birds

Liver and spleen tissues from the dead birds collected in 
formalin were processed for histopathology examination. 
The tissues showed extensive infiltration of pleomorphic 
lymphocytes in both tissues suggestive of MD (Fig. 1). Fur-
thermore, MDV genome was identified in the pleomorphic 
lymphocytes in the liver tissues as dark brown spots using 
in situ hybridization analysis (Fig. 2). 

Detection of MDV genome by PCR

MDV DNA in mixture with total DNA isolated from 
different samples was subjected to PCR analysis. MDV-1 
specific PCR product of about 400 bp was detected in 22 
samples out of 173 samples tested. Thirteen positive samples 
were shown in Fig. 3. 

Sequence analysis of MDV field isolates

From the 22 positive samples containing MEQ gene, 11 
samples were sequenced and submitted to the GenBank. The 
sequence analysis showed 89.2 to 100% nucleotide sequence 
homology among the field isolates for MEQ gene. The phy-
logenetic analysis showed that the field isolate Ind/KA01/06 
grouped to the reference strain RB-1B with nucleotide se-
quence homology of 95.3% with this strain. However, the 
rest of isolates Ind/KA02/06, Ind/TN02/07, Ind/TN03/07, 
Ind/TN04/07, Ind/TN05/07, Ind/TN06/07, Ind/TN07/07, 
Ind/TN09/07, Ind/TN10/07 and Ind/TN11/07 grouped with 
strains 571, 637, 686, L strain, 549a, 573, 643P, CU2, Md11, 
567, 595, 648, CVI988, N strain, and RL strain as they dis-
played nucleotide sequence homology of 91 to 99% (Fig. 4). 
The deduced amino acids sequence of the field isolates also 
showed that the isolate Ind-KA01/06 had a similar amino 
acid sequence with the reference strain RB-1B. 

Fig. 1

Histopathology of liver tissue from MD-affected bird
Infiltration of pleomorphic lymphocytes (magnification 40x), hematoxy-
lin/eosin staining.

Fig. 2

Inclusions in the cytoplasm of lymphocytes in liver tissue from  
MD-affected bird detected by in situ hybridization

Magnification 100x, hematoxylin/eosin staining.
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Fig. 3

PCR amplification of Meq gene of MDV field isolates
Ind-KA01-06 (lane 1); Ind-KA02-06 (lane 2); Ind-KA03-06 (lane 3); Ind-TN01-06 (lane 4); Ind-TN02-07 (lane 5); Ind-TN02-07 (lane 6); Ind-TN03-07 
(lane 7); Ind-TN04-07 (lane 8). Ind-TN07-07 (lane 9); Ind-TN08-07 (lane 10); Ind-KA01CC-06 (lane 11); Ind-TN05-07 (lane 12); Ind-TN06-07 (lane 13); 
100 bp ladder (lane M);

Fig. 4

Phylogenetic analysis of MDV field isolates using Mega program

Isolation of MDV in cell culture

Ind-KA-01-06 and Ind-KA-02-06-infected CEF cells 
showed CPE between day 5 and 7 p.i. The CPE included 
appearance of rounded refractile cells and after prolonged 
incubation each plaque was surrounded by the additional 
refractile cells at periphery. Over prolonged infection, the 
plaques developed clear areas in the centre (results not 
shown).

Level of apoptosis induced by MDV field isolates in CEF 

At 24 hrs p.i., the average apoptosis induced for the unin-
fected cells was 2.2%, whereas for the field MDV-infected 
cells 5.3% and for the vaccine HVT-infected cells 3.8%. At 
48 hrs p.i., the average apoptosis induced for the uninfected 
cells was 8.6%, whereas for the field MDV-infected cells 
11.6% and for the vaccine HVT-infected cells 11.2%. At 72 
hrs p.i., the average apoptosis induced for the uninfected 
cells was 19.2%, whereas the for the field MDV-infected 
cells 40.2% and for the vaccine virus HVT 27.7%.

Discussion

The principal objective of this paper was to identify the 
MDV circulating in India, since outbreaks of the MD were 
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recorded in several layer farms in different states of India 
in spite of regular vaccination at hatchery level. We tried 
to identify the causative agent by molecular technique like 
PCR and in situ hybridization, to type the viral genome of 
MDV prevalent in India, to isolate the virus by cell culture 
techniques, and finally to assess the virulence of MDV by 
the flow cytometry.

The histopathological studies revealed the presence of 
pleomorphic lymphocytes in the liver sections suggestive of 
MD (Calnek and Witter, 1991). In the present study, necropsy 
of dead and ailing birds showed a development of tumors in 
liver and spleen in the age groups of 10–52 weeks. 

The recent publication of the complete genome sequences 
for all three serotypes of MDV provided researchers with 
the information required to develop highly specific PCR 
for two isolates of serotype 1, GA strain (Lee et al., 2000a) 
and Md5 strain (Tulman et al., 2000). Single sequences for 
serotype 3 (Afonso et al., 2001) and serotype 2 (Izumiya 
et al., 2001) have given researchers the data required for 
development of a highly specific PCR. In addition, it is now 
possible to compare the genomes of two MDV-1 isolates to 
look for exploitable sequence differences. The PCR analysis 
showed that out of the 173 samples tested, 22 samples were 
positive for the amplification of the unique MEQ gene of 
MDV (Liu and Kung, 2000) responsible for a formation of 
liver and spleen tumors. The MEQ gene of MDV-1 encodes 
a protein that contains transactivating domains and a basic 
leucine zipper domain (Qian et al., 1995; Liu et al., 1998). 
A 178 bp insertion in the MEQ transactivating domain was 
reported to be specific for CVI 988 vaccine strain (Lee et 
al., 2000b) and could possibly be useful in a differentiating 
between the vaccine and field strains in vaccinated birds. 
The CVI 988 vaccine virus had two distinct copies of MEQ 
gene and whereas one copy contains the insert, the second 
one remains in its original form (Lee et al., 2000). The am-
plification of the complete ORF of MEQ gene of the field 
isolates showed only one band and confirmed that these 
isolates belonged to the wild type MDV-1 rather than to 
vaccine virus CVI 988 that is not used in India.

The phylogenetic analysis of MEQ gene of the field MDV 
isolates showed that the isolate Ind-KA-01-06 grouped with 
the vvMDV strain RB-1B. Since the nucleotide sequence ho-
mology with the isolate Ind-KA-01-06 was 95.3%, the other 
field isolates belonged to the vMDV pathotype, as they had 
nucleotide sequence homology of 91–99 % with the vMDV 
reference strains such as 637, 567, 571, and 573.

The objective of the in situ hybridization study was to 
show that the tumor samples collected from the ailing and 
dead birds harbored a MDV belonging to the oncogenic 
serotype 1. The results showed that the infected pleomorphic 
lymphocytes and liver cells showed the presence of MDV 
inclusion bodies in the cytoplasm. The MDV inclusion bod-
ies have been reported to be present both in the cytoplasm 

as well as in the nucleus of infected cells (Calnek and Wit-
ter, 1991). To show the nuclear viral inclusion bodies by 
in situ hybridization, the probe should be less than 100 bp 
(Nuovo, 2007). In our study, we used a 400 bp probe, what 
could be a cause for the low detection level of nuclear viral 
inclusion bodies.

The primary method for the diagnosis of MDV represents 
virus isolation in chicken kidney cells, DEF or CEF. Field 
strains of MDV-1 are generally isolated using chicken kid-
ney and DEF cultures, while CEF culture is very useful for 
the serotype 2 and HVT isolation. Typically, MDV plaques 
develop in cell culture at 5–14 days p.i. However, it requires 
skilled technical persons to differentiate and identify the 
plaques produced by different serotypes. Hence, to dif-
ferentiate between the virulence of MDV-1 and HVT, we 
used a flow cytometry for detection of the level of apoptosis 
induced by these viruses. The results clearly indicated that 
there was a difference in the level of apoptosis induced by 
the field MDV and by HVT. Hence, the flow cytometry could 
be an ideal tool for assessment of the MDV virulence based 
on its ability to induce apoptosis in primary cells. The use 
of conventional methods for this purpose is time-consuming 
and difficult. 

The present study showed the presence of v/vvMDV-1 
genome in poultry farms in India. 
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