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Pathotyping of recent Indian field isolates of Marek's disease virus serotype 1
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Summary. – A study was undertaken to assess the virulence of Marek's disease virus (MDV) serotype 1 
field isolates obtained from poultry flocks of southern part of India. Five representative MDV serotype 1 strains 
were isolated from eighty-six blood samples collected from fifteen farms. Three out of five isolates which were 
free from avian leukosis virus (ALV) and reticuloendotheliosis virus (REV) were adapted in chicken embryo 
fibroblast (CEF) culture and designated as Ind/TN/11/01, Ind/KA/12/02 and Ind/TN/12/03. Pathotyping as-
say was conducted in two trials. In the first trial, non-vaccinated chickens were challenged (trial I), while in 
second trial, two types of vaccinated chickens along with non-vaccinated controls were challenged (trial II). 
Birds inoculated with field isolate Ind/TN/12/03 had very low body (75.34±3.04 g 15 days post infection (dpi)) 
and bursa Fabricii weight (1.64±0.06 at 15 dpi) when compared to those inoculated with the other two isolates 
(Ind/TN/11/01 and Ind/KA/12/02) and uninoculated controls (body weight 111.33±1.30 g and bursa Fabricii 
weight 4.33±0.11 15 dpi). Incidence of early mortality syndrome (53%) and lymphoma (86%) induced by Ind/
TN/12/03 was comparable with very virulent strains published elsewhere. In protection test, the percentage 
of Marek's disease (MD) incidence induced by Ind/TN/12/03 was 57.5% and 25% in monovalent and bivalent 
vaccine inoculated birds respectively compared to uninoculated control (100%). Based on the above findings 
in pathotyping experimental trials with a supportive evidence of histopathological observations, isolate Ind/
TN/12/03 was considered as very virulent MDV and other two isolates were considered as virulent MDVs.
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Introduction

Marek's disease (MD) is one of the most common lym-
phoproliferative diseases of chickens which result in mono-
nuclear cell infiltration of one or more of the visceral organs 
and nerves (Witter and Schat, 2003). Marek's disease has 

a tremendous economic impact, firstly because of continu-
ing losses due to the disease and secondly because of cost of 
vaccination (Suresh et al., 2013). This avian herpes virus is 
commonly termed as Marek's disease virus and it belongs to 
the family Herpersviridae, the subfamily Alphaherpesvirinae, 
and the genus Mardivirus (Marek's disease like viruses). 
Marek's disease virus has been divided into three serotypes 
based on their biological properties, by using the type spe-
cific monoclonal antibodies (Bullow and Biggs, 1975) as 
serotype 1, 2 and 3. Serotype 1 includes oncogenic MDV, 
serotype 2 includes non-oncogenic MDV (SB1) and serotype 
3 includes herpesvirus of turkey (HVT) (Witter and Schat, 
2003). Serotype 1 MDV strains are further classified into 
four pathotypes based on induction of lymphoproliferative 
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lesions in vaccinated chickens as mild (m) MDV, virulent 
(v) MDV, very virulent (vv) MDV, very virulent plus (vv+) 
MDV (Witter et al., 2005). Soon after the isolation of MDV 
serotype 1 (MDV-1), the first vaccine became available based 
on either highly passaged attenuated MDV-1 (Churchill et 
al., 1969) or the serologically related herpesvirus of turkey 
(HVT) serotype 3 of MDV like viruses (Okazaki et al., 1970). 
The major potential disadvantage inherent in MD vaccines 
is their inability to prevent the infection and shedding of 
the virus, although vaccines can effectively reduce tumor 
formation by the virus in MDV infected birds. Due to the 
inability of vaccines to confer sterile immunity, MDV has 
increased its virulence against the selection pressure imposed 
by vaccination (Schat and Baranowski, 2007) and that has 
been evidenced by the emergence of virulent pathotypes in 
vaccinated flocks. Vaccine failure can be due to challenge 
from highly virulent MDV pathotypes, especially in areas 
of chicken density (Bublot and Sharma, 2004). Determina-
tion of the pathotypes for MDV has a number of useful 
applications; the most frequent application is to investigate 
the cause of excessive MD losses in vaccinated flocks. An-
other application is the detection of new pathotypes and 
to document further evolution of MD viral strains having 
greater virulence. Evaluation of number of MDV isolates for 
the pathotyping gives a clear picture of the isolatable virus 
population for each pathotype intern to find a suitable vac-
cine candidate. It also needs to be studied, to improve the 
pathotype assay to fit local laboratory conditions. 

Materials and Methods

Experimental birds. Day-old layer birds were obtained from 
Lohmann Franchise in India and housed in isolators immediately 
after hatch. All animal procedures were performed in accordance 
with CPCSEA regulations, with the approval of the institutional 
animal ethical committee.

Isolation of serotype 1 MDV. Eighty-six blood samples were 
collected from 15 commercial layer and broiler breeder farms 
throughout Tamilnadu and parts of Karnataka states of India in 
which Marek's disease outbreak occurred in spite of vaccination 
with monovalent and bivalent vaccines. EDTA blood samples from 
individual farms were pooled. Primary cell cultures were prepared 
from the 10/12-day-old embryonated duck/chicken eggs according 
to the protocol of supplemental assay methods (2005), Centre for 
Veterinary Biologicals, USDA. Lymphocytes that were positive for 
132 bp repeats in PCR were collected aseptically from the blood 
samples by using ficoll-plaque assay and co-cultivated with duck 
embryo fibroblasts (DEF) as described by Tian et al. (2012). The 
co-cultivated monolayers were observed every day for five to seven 
days. After three blind passages, the presence of MDV serotype 1 in 
DEF was verified by PCR by detection of 132 bp repeat sequence. 
The DEF harvests which were positive for 132 bp repeats having 

no contamination of avian leukosis virus (ALV) and reticuloen-
dotheliosis virus (REV) screened by multiplex PCR kit (Gopal et 
al., 2012) were used for further passages in CEF monolayer until the 
appearance of typical plaque formation. The infected monolayers 
were observed every day for the formation of plaques up to 7 days. 
Once the plaques appeared, 1/10th portion of the cell monolayer was 
scrapped using small pipette and transferred to fresh culture. Even 
if the plaques were not observed after seventh day of incubation, 
1/10th portion of the cell monolayer was collected and transferred 
to another monolayer for the next passage. Since, it is cell associ-
ated virus we didn't use freeze-thaw disruption. Fresh culture was 
prepared for every challenge (Handberg et al., 2001). The inoculum 
was titrated by counting the plaque forming units (PFU).

Pathotyping trial. Pathotyping of the field isolates was carried out 
considering the basic facts of ''best fit'' pathotyping assay (Witter et 
al., 2005; Dudnikova et al., 2007) which involved three groups of 
chickens; non-vaccinated, FC126-vaccinated (HVT) and bivalent-
vaccinated (SB1+HVT) with slight modification to suit local 
condition. For convenience, the assay was conducted in two trails. 
First, non-vaccinated chickens were challenged (trial I). In second 
trial, two types of vaccinated chickens along with non-vaccinated 
control were challenged (trial II). The field isolate identified as very 
virulent in the first trial (trial I) alone was used in protection test 
(trial II). To assess the pathotypes of field isolates 150 of one-day-old 
unvaccinated layer chicks were randomly divided into two major 
groups. The group (A) was designed to analyse decrease in body 
weight and relative bursa Fabricii weight. Ninety birds were divided 
into three groups with 25 birds inoculated by three field isolates 
and 15 birds with negative control. The birds were inoculated with 
1,000 PFU of challenge virus of respective isolate via intra-abdom-
inal route (200 µl/bird) except negative controls which received  
200 µl/bird of sterile saline buffer at day 1. The bursa and body 
weight were measured 10 and 15 dpi. Relative bursal weight was 
the bursal weight divided by the body weight x 1,000. The group 
(B) was designed to compare the lymphoma incidence among the 
isolates. The remaining 60 birds were divided into four groups com-
prising 15 birds each inoculated by three field isolates along with 
one negative control. The birds were intravenously inoculated with 
1,000 PFU of challenge virus with respective isolates (200 µl/bird) 
and negative controls received 200 µl/bird of saline buffer at day 6. 
The incidence of lymphoma was assessed after 16 weeks, with daily 
examination for clinical signs. All the dead birds were observed 
for gross MD lesions. At the termination of the experiment, all 
remaining birds were sacrificed and necropsied. Presence of early 
mortality syndrome (EMS) based on mortality between 8 and 18 
days post inoculation without MD lesions and gross MD lesions in 
visceral organs were recorded. The spleen, liver, heart and kidney 
were examined microscopically. To assess the protective efficacy of 
monovalent and bivalent vaccines, the isolate behaving like very 
virulent in the first trial was used for the trail II. Hundred and 1-day-
old layer chickens were separated into three groups. Two groups of 
40 chickens were vaccinated with one dose of HVT and HVT plus 
SB1, which were obtained from the commercial vaccine market. 
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Remaining 20 birds were maintained as unvaccinated control. The 
vaccine strain CVI988 (Rispens) was not used as it is not available 
in India. Six days later, all the birds from each group, including an 
unvaccinated control, were challenged with approximately 1,000 
PFU/bird of Ind/TN/12/03 (local very virulent isolate). Chickens 
were observed for 16 weeks after challenge. About five new growing 
feather tips from each chicken were collected 20 and 30 days post 
challenge (dpc), and after DNA extraction PCR for MDV serotype 
1 was done. The bursa and body weight measurement was done 
after 6 weeks. The body weight and spleen weight was measured 
on 12th and 16th week. Birds that died during experimental period 
or that were killed at the end of the experiment were examined for 
gross lesions. Suspected lesions were microscopically confirmed. 
Pathotypes were identified by the comparison with appropriate 
reference strains described by earlier workers. Pathotype of each 
field virus was identified by comparing its pathogenicity with refer-
ence strain that it most closely resembled, especially in the most 
critical parameters. This was usually done by visual inspection of 
the data (i.e. the ''best fit'' method).

Histopathological examination. The formalin fixed tissues were 
processed by paraffin embedding. The sections were cut into thick-
ness of 5–6 microns with automatic microtome (Rotary Microtome 
RM 2125, Leica, China) and were stained with haematoxyline and 
eosin (H & E) staining (Bancroft and Stevens, 1996). The H & 
E stained slides were analysed under microscope and histopatho-
logical changes were recorded.

Statistical analysis. The trial data were analysed by CRD using 
SPSS version 17, the difference between means compared by using 
Tukey test.

Results

Virus recovery

Five representative MDV serotype 1 strains were isolated 
from 5 of 15 farms by culturing in DEFs (33.33%). Three 
out of five MDV isolates were free of ALV and REV. They 
adapted to CEFs very well and could cause typical cytopathic 
effect (CPE) (MDV serotype 1 plaques) after 2–4 passages 
(Fig. 1). The MDV isolates of two farms were discarded 
because of the contamination of ALV or REV. The isolates 
were designated as Ind/TN/11/01, Ind/KA/12/02 and Ind/
TN/12/03.

Pathotyping trial I

One-day-old layer chicks were inoculated with three isolates 
and observed for body and bursa Fabricii weights to compare 
the pathogenicity. There was a severe reduction not only in body 
weight but also in relative bursal weight 10 and 15 dpi (Table 1). 
The reduction in body and relative bursal weight induced by 

Ind/TN/12/03 was more severe than those induced by Ind/
TN/11/01 and Ind/KA/12/02 strains. The body and bursal 
weight in all the three isolates was lower when compared with 
uninoculated controls but changes in Ind/TN/12/03 isolate 
infection were found to be more prominent. 

Table 2 summarizes the incidence of early mortality syn-
drome (EMS) and MD lymphoma in chickens inoculated 
with all the three isolates. The body weights 30 and 50 dpi 
and overall mortality were also recorded (Table 2). Chickens 
infected by all the three isolates had decreased body weight 
when compared to uninoculated controls but changes in Ind/
TN/12/03 isolate infection were found to be more prominent. 
The incidence of lymphoma, EMS and overall mortality was 
much higher in the isolate Ind/TN/12/03 inoculated group. 
Fig. 2 shows various gross pathological changes induced in 
experimental birds by field isolates.

Pathotyping trial II

The protective capacities of monovalent (HVT) and 
bivalent (HVT and SB1) MD vaccines were studied against 
challenge with highly aggressive Ind/TN/12/03. The presence 
of challenge virus in experimental birds was analysed by 
PCR with DNA extracted from feather tips from vaccinated 
and uninoculated chickens 20 and 30 dpi (Fig. 3). None of 
the chickens vaccinated with HVT alone or combined with 
SB1 were completely protected against challenge with Ind/
TN/12/03. The protective levels of MD vaccines were usu-
ally lower against challenge with Ind/TN/12/03. Changes 
observed in body weights and relative bursal weight along 
with spleen weights at 6th week are summarized in Table 3 
and changes observed in body and spleen weights at 12th and 
16th week are summarized in Table 4. Table 5 summarizes 
the percentage mortality, lymphoma incidence and MD 
percentage in experimental birds up to 16th week. Various 
gross pathological conditions induced in experimental birds 
by isolate Ind/TN/12/03 at 6th, 12th and 16th week respectively 
in protection test are shown in Fig. 4.

Histopathology

Multiple islands of lymphocytic aggregation among 
hepatic parenchyma and in spleen marked infiltration of 
pleomorphic neoplastic lymphocytes was observed in Ind/
TN/12/03 inoculated birds. Distorted myocardium due to 
heavy infiltration of pleomorphic lymphoid cells and marked 
thickening of mucosa and grossly thickened proventriculus 
due to massive infiltration of mononuclear cells was observed 
in Ind/TN/12/03 inoculated birds (Fig. 5). 

Based on the above findings (trial I & II) isolate Ind/
TN/12/03 was designated as very virulent MDV. The other 
two isolates (Ind/TN/11/01 and Ind/KA/12/02), based on 
results from trial I, were considered as virulent MDVs.
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discussion

The term ''pathotype'', although properly used to designate 
classes of organisms that induce different types of pathology, 
where in the case of Marek's disease, applied to designate dif-
ferences in the virulence of isolates measured (primarily) by 
the level of disease induced. The viruses isolated in this study 
designated as Ind/TN/11/01, Ind/KA/12/02 had many features 
of virulent pathotypes and isolate Ind/TN/12/03 behaved like 
very virulent MDVs isolated in the US, Europe and Asia. 

One of the distinguishing features of hypervirulent 
MDV strains, such as the Ind/TN/12/03 strain, is the 
ability to induce rapid-onset of cytolytic disease char-
acterized by marked atrophy of the lymphoid organs 
and high mortality. These findings are in accordance 
with Barrow and Venugopal (1999). Some laboratories 
applied term “very virulent” (vv), if the isolate caused 
significant disease in vaccinated chickens (Powell and 
Lombardini, 1986; Jurajda and Halouzka, 1988). In some 
cases, an isolate was termed vv pathotype only because 
it was derived from vaccinated flocks with excessive MD 
losses (Witter, 1988). These reports are in accordance with 
present study as all the recovered isolates were obtained 
from vaccinated flocks.

Imai and coworkers (Imai and Yuasa, 1988; Imai et al., 
1992) designated isolates as vv by multiple criteria, includ-
ing a comparison with prototype vv strains Md5 and RB1B. 
Liu et al. (1996) typed isolates as vv by comparison with 
the control strain GA. The C12/130 strain was identified as 
having special virulence properties by comparison with the 
prototype strain HPRS-16 (Venugopal et al., 1996), although 
a pathotype designation was not applied in this work. These 
procedures were not used in this study as the prototype 
viruses are not available in India.

Witter et al. (1980) reported that some vv isolates induced 
EMS. However, RB-1B did not cause EMS (Schat et al., 1982). 
In the present study, all the isolates viz. Ind/TN/11/01 (33%), 
Ind/KA/12/02 (40%) and Ind/TN/12/03 (53%) induced 
EMS. Witter (1983) reported that vv MDV caused an EMS 
characterized by death without tumors within a few weeks 
of inoculation. The data showed that some vv MDVs in-
duced high rates of early mortality in some chicken strains, 
although the extent varied according to chicken strains used. 
However, none of the chickens inoculated with KOMD-IC 
died before 57 dpi (Sung, 2002). The possible explanations 
for this discrepancy may be the difference of virus dose, age 
of inoculation, or chicken strain used. In the experiment 
conducted by Sung (2002), 6-day-old chicks were inoculated 
with 100 PFU, where the dose was about five times lower 
than in the study by Witter (1983). In our experiment, all 
the isolates showed EMS with varying degree; however this 
may be due to 10-times higher virus intravenous inoculation 
of 6-day-old chicks.

Incidence of lymphoma was very high (86%) in Ind/
TN/12/03 inoculated group compared to Ind/KA/12/02 
(66%) and Ind/TN/11/01 (50%). There was 93 and 62% 
incidence of lymphoma induced by a very virulent strain 
KOMD-IC and virulent strain JM respectively reported by 
Sung (2002). In our study only the strain Ind/TN/12/03 
produced up to 86% of lymphoma which is more or less 
equivalent to KOMD-IC. Remaining two isolates behaved 
like virulent strain JM. Imai et al. (1992) experienced 100% 
of lymphoma incidence when they studied very virulent 
strains like Md5, MS2 and virulent strain JM; however 
this may be due to the fact that they used MD susceptible 
P2 chickens. Based on these comparisons the isolates Ind/
KA/12/02 and Ind/TN/11/01 were designated as virulent 
pathotypes.

Massive infiltration of pleomorphic neoplastic lym-
phocytes was noticed in the spleen and myocardium result-
ing in damaged heart. Marked thickening of proventriculus 
mucosa due to heavy infiltration of mononuclear cells causes 
the grossly thickened organs in Ind/TN/12/03 inoculated 
birds. These findings were in accordance with Kamaldeep 
et al. (2007).

The major factor in pathotypic classification is the associa-
tion of pathotype with the field disease. Each new pathotype 
appears to be associated with a new wave of MD losses in 
commercial chicken flocks. Also, each pathotype appears 
to be associated with the ability to be protected by specific 
MD vaccines. For example, pathotype strains induced severe 
disease in nonvaccinated chickens, but less severe disease 
in chickens vaccinated with HVT. In contrast, vv pathotype 
strains induced severe disease in HVT-vaccinated chickens, 
but less severe disease in chickens vaccinated with bivalent 
vaccines composed of HVT and selected serotype 2 strains 
such as SB-1 or 301B/1. Hence it becomes inevitable to assess 
the protective efficacy of existing vaccines against vv strain 
Ind/TN/12/03 isolated in this study.

Marek's disease is controlled primarily by the widespread 
use of a number of live attenuated vaccines since the 1970s. 
These include the antigenically related herpes virus of tur-
key (HVT), MDV-2 strain SB-1, as well as the widely used 
CVI988 (Rispens) (Witter, 2001). Nair, (2005) stated that 
even though vaccines have been generally very successful in 
reducing the losses from the disease, vaccination strategy has 
not been very effective in preventing the evolution of viruses 
towards greater virulence. This kind of situation also exists 
in India. This has necessitated the periodic introduction of 
different generations of vaccines to keep up with continuing 
increase in virulence of the MDV and it is justified by isola-
tion of different pathotypes classified as virulent MDV and vv 
MDV in this study. Even though the molecular determinants 
associated with the increasing virulence of these pathotypes 
have been identified, the genome sequence of these viral 
pathotypes indicates changes in parts of their genomes.
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Fig. 1
Plaques induced by MdV serotype 
1 field isolates in chicken embryo 

fibroblasts 
Typical specific MDV serotype 1 plaques 
induced by isolate: (a) Ind/TN/11/01; 
(b) Ind/KA/12/02 in CEF at 3rd passage 
level; (c) Ind/TN/12/03 in CEF at 2nd 
passage; and (d) uninfected chicken 
embryo fibroblast culture.

Fig. 2
Gross pathology induced by MdV 
field isolates in unvaccinated birds 

(trial-I)
(a) Classical paralysis (Ind/TN/12/03), 
(b) unilateral thickening of sciatic 
nerve (Ind/TN/12/03), (c) spleen and 
proventriculus showing enlargement 
and thickening (Ind/KA/12/02), (d) 
thickening of proventriculus (Ind/
TN/12/03), (e) heart with lymphoma 
(Ind/TN/12/03) in 6th week after infec-
tion; (f) enlarged liver with lymphomas 
(Ind/TN/12/03), (g) severe proven-
triculus mucosal thickening (Ind/
TN/12/03), (h) enlarged and congested 
kidney (Ind/TN/11/01) in 12th week 
after infection; (i) enlarged spleen with 
lymphomas (Ind/TN/12/03) in 16th 
week after infection.
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Fig. 4
Gross pathology induced by MdV field isolate 
(Ind/TN/12/03) in vaccinated birds (trial-II)

Spleen with hypertrophic changes in (a) 6th week, 
(b) 12th week, (c) 16th week; (d) liver showing 
focal lymphoma, (e) proventriculus thickening, 
(f) proventriculus thickening and enlargement 
of spleen in 6th week (HVT); (g) liver showing 
focal lymphoma in 12th week (HVT+SB1); (h) 
diffuse enlargement of liver, (j) thickening of 
proventriculus and multifocal lymphoma in 
heart in 12th week (HVT); (i) proventriculus 
thickening, (k) proventriculus thickening and 
enlarged spleen with multifocal necrosis in 12th 
week (HVT+SB1); (l) enlarged spleen in 12th week 
(HVT); (m) enlarged liver with few lymphoma 
in16th week (HVT+SB1); (n) enlarged liver with 
multiple lymphoma, (o) proventriculus wall 
thickening in 16th week (HVT).

Fig. 3  Agarose gel showing the presence of challenge virus dNA in feather follicle by PCR
(a) Agarose gel electrophoresis pattern showing amplified PCR product of 132 bp repeats, meq, pp38 and vIL8 genes from the DNA extracted from feather 
follicle samples collected 20 dpi from vaccinated and Ind/TN/02/03 challenged birds. Lane (M) 1200 bp DNA marker; (1-4) monovalent vaccinated birds; 
(1, 6 &11) 132 bp repeats; (6–9) bivalent vaccinated birds; (2, 7 & 12) meq gene; (11–14) unvaccinated challenged birds; (3, 8 & 13) vIL8 gene; (4, 9 & 
14) pp38 gene; (5 & 10) negative control.
(b) Agarose gel electrophoresis pattern showing amplified PCR product of 132 bp repeats, meq, pp38 and vIL8 genes from the DNA extracted from 
feather follicle samples collected 30 dpi from vaccinated and Ind/TN/02/03 challenged birds. Lane (M) 1200 bp DNA marker; (1–4) monovalent vac-
cinated birds; (1, 6 &11) 132 bp repeats; (6–9) bivalent vaccinated birds; (2, 7 & 12) meq gene; (11-14) unvaccinated challenged birds; (3, 8 & 13) vIL8 
gene; (4, 9 & 14) pp38 gene.
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Table 1. decrease in body and relative bursa Fabricii weight induced by field isolates 10 and 15 dpi

No. Md isolatesA Body
weight (g) (10 dpi)

B/B ratioB

(10 dpi)
Body weight (g) 

(15 dpi)
B/B ratioB

(15 dpi)
1. Ind/TN/11/01 65.40±1.08b 2.14±0.04b 90.36±2.15b 2.05±0.02b

2. Ind/KA/12/02 63.38±0.93b 1.95±0.05b 86.42±2.12b 2.01±0.02b

3. Ind/TN/12/03 53.70±1.01a 1.78±0.05a 75.34±3.04a 1.64±0.06a

4. Uninoculated 73.23±0.73c 3.82±0.06c 111.33±1.30c 4.33±0.11c

Values are expressed as mean ± standard error from 10 and 15 chickens per group at 10 dpi and 15 dpi, respectively. In each column, different super-
script letters are statistically significant at P <0.01. The values carrying different superscript letters (a, b) are significantly different, values carrying same 
superscript (a, a) are statistically not significant. A1-day-old chicks were intra-abdominally inoculated with a 1,000 PFU/chick of MDV. BWeight of bursa 
of Fabricii/body weight x 1,000.

Table 2. Comparison of Md lymphoma incidence in field isolates inoculated chickens

No. Md isolateA No. of birds
Body weight (g)B

EMS(%) Md lymphoma 
incidence (%)C Overall mortality (%)

30 dpc 50 dpc
1. Ind/TN/11/01 15 202.46±2.56b 398.07±5.32b 5/15 (33) 5/1050) 8/15 (53)
2. Ind/KA/12/02 15 195.65±3.52b 387.75±6.28b 6/15 (40) 6/9 (66) 10/15 (66)
3. Ind/TN/12/03 15 178.24±5.07a 363.64±5.04a 8/15 (53) 6/7 (86) 12/15 (80)
4. Uninoculated 15 256.05±2.36 c 513.48±5.87 c Nil 0/15 (0) 1/15 (6)

A6-day-old chickens were intravenously inoculated with 1,000 PFU of MDV isolates/chick. BMean ± standard error. In each column, different superscript 
letters are statistically significant at P <0.01. The values carrying different superscript letters (a, b) are significantly different, values carrying same super-
script (a, a) are statistically not significant.CMD lymphoma examined in 16th week post inoculation.

Table 4. Comparison of body weight and spleen weight in vaccinated (bivalent and monovalent) and unvaccinated birds challenged with isolate 
Ind/TN/12/03 in 12th and 16th week

No. Vaccinated group
Number of birds sacrificed Body weight (g)A Spleen weight (g)B

12th week 16th week 12th week 16th week 12th week 16th week
1. Bivalent (SB1 + HVT) 10 16 707.50±8.34c 961.77±12.49c 1.41±0.15a 1.60±0.05a

2. Monovalent (HVT) 10 12 630.30±9.81b 753.56±14.36b 2.45±0.21b 2.27±0.15b

3. Unvaccinated control 5 02 468.40±17.18a 559.26±18.37a 2.96±0.27b 3.31±0.27c

10-day-old chickens were intravenously inoculated by 1,000 PFU of MDV isolate Ind/TN/12/03 /chick.
A,BMean ± standard error. In each column, different superscript letters are statistically significant at P <0.01. The values carrying different superscript 
letters (a, b) are significantly different, values carrying same superscript (a, a) are statistically not significant.

Table 3. Comparison of body weight, bursa of Fabrici weight ratio and spleen weight in vaccinated (bivalent and monovalent) and unvaccinated 
birds challenged with isolate Ind/TN/12/03 in 6th week

No. Vaccinated group No. of birds Body weight (g)A B/B ratioB Spleen weight (g)c

1. Bivalent (SB1 + HVT) 10 368.33±3.40c 0.46±0.02a 0.64±0.01a

2. Monovalent (HVT) 10 316.46±5.54b 0.67±0.03 b 0.88± 0.03b

3. Unvaccinated control 5 292.05±4.68a 0.90±0.03c 1.11±0.05c

10-day-old chickens were intravenously inoculated by 1,000 PFU of MDV isolate Ind/TN/12/03 /chick. A,B,C Mean ± standard error. In each column, 
different superscript letters are statistically significant at P <0.01. The values carrying different superscript letters (a, b) are significantly different, values 
carrying same superscript (a, a) are statistically not significant.

Table 5. Comparison of mortality and lymphoma incidence in vaccinated (bivalent and monovalent) and unvaccinated birds challenged with 
isolate Ind/TN/12/03 till 16th week

No. Vaccinated group No. of birds Mortality (%) Lymphoma (%) Md (%)
1. Bivalent (SB1 + HVT) 40 10 15.0 25
2. Monovalent (HVT) 40 20 37.5 57.5
3. Unvaccinated Control 20 40 60.0 100
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The isolation of highly oncogenic strains of MDV has been 
reported before (Witter et al., 1980; Raja et al., 2009). Most 
of these isolates were obtained from vaccination breaks in 
broiler breeders and growers. The highly oncogenic RB-IB 
virus (Schat et al., 1981) was isolated from a flock of laying 
birds. This virus was clearly able to cause significant mortal-
ity in HVT-vaccinated, genetically susceptible chickens, not 
unlike results reported by others (Witter et al., 1980; Witter, 
1982). Even though RB-IB is very virulent strain it has not 
been observed to cause the so-called EMS (Witter et al., 
1980). It is contradictory and interesting to note the occur-
rence of EMS in experimental birds caused by the field isolate 
of this study. Ind/TN/12/03 is considered to be a vv strain 
and its nucleotide sequences are also similar to RB1B.

Witter (1997) reported that the percentage of protection 
of HVT against vv MDV is usually lower than that of JM, 
a prototype virulent MDV strain and similarly, while the 
protective level of HVT plus SB1 against vv MDV is lower 
than against Md5, a prototype vv MDV strain. The percent-
age of protection of HVT or HVT plus SB1 was lower against 
challenge with Ind/TN/12/03. So, according to these results, 

Ind/TN/12/03 may belong to vv MDV pathotypes. These 
findings are in agreement with Buscaglia et al. (2004). 

Significant spleen enlargement was noticed in vacci-
nated group when compared to unvaccinated control. This 
indicates that the isolate evaded the vaccine immunity, has 
cytolytic activity in spleen and functions in transfer of virus 
particles from B cells to T cells. These findings correlate with 
that of Jeurissen et al. (1989).

The percentage of mortality in our study induced by Ind/
TN/12/03 was high in unvaccinated control (40%) when 
compared to bivalent group (10%) and monovalent group 
(20%). Dudnikova et al. (2007) observed that very virulent 
plus strain 648A produced 11 and 23% of lymphoma in biva-
lent and monovalent vaccinated group respectively and 90% 
mortality in unvaccinated group. The results are in accord-
ance with Dudnikova et al. (2007) however in unvaccinated 
control group the mortality is lower because only 20 birds 
were used in this group. Ten out of 20 birds were sacrificed 
till 12th week excluding five birds which died between 8 and 
18 days after challenge and most of the mortalities are re-
corded only after 12th week in vaccinated and unvaccinated 

Fig. 5
Histopathology induced by MdV field isolate (Ind/TN/12/03) in unvaccinated birds (a–e) and vaccinated birds (f–i) (trial-I &II)

(a) Liver showing multiple islands of lymphocytic aggregation among hepatic parenchyma (H&E, 100x); (b) spleen showing marked infiltration of pleo-
morphic neoplastic lymphocytes (H&E, 400x); (c) heart showing distorted myocardium due to heavily infiltrating pleomorphic lymphoid cells (H&E, 
400x); (d) kidney revealing massive inter tubular infiltration of pleomorphic lymphoid cells and contracted glomeruli (H&E, 100x); (e) proventriculus 
showing massive infiltration of mononuclear cells in the mucosa resulting in marked thickening of the organ (H&E, 40x); (f) spleen showing characteristic 
nuclear changes of neoplastic lymphocytes (HVT)(H&E, 400x); (g) spleen showing minimal infiltration of pleomorphic lymphoid cells (HVT+SB1)(H&E, 
400x); (h) proventriculus showing massive infiltration of pleomorphic cells (HVT) (H&E, 100x); (i) proventriculus showing mild mucosal degeneration 
with heavy infiltration of lymphocytes causing thickening of the organ (HVT+SB1)(H&E, 40x).
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groups. Moreover, even if 648A is a very virulent plus strain 
and EMS were not observed in vaccinated groups.

This method of pathotyping is based on reduction in body 
and relative bursa Fabricii weight, percentage of lymphoma 
incidence, over all mortality patterns and magnitude of 
pathogenesis in vaccinated flocks induced by field isolates 
and prototype reference viruses by earlier workers. This 
method is useful to laboratories where prototype reference 
strains of MDV are not available and can be done by using 
local chicken strains.
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