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ABSTRACT SC9-2 is a recombinant Marek’s dis-
ease virus (MDV) strain lacking the meq oncogene.
Previous study demonstrated that SC9-2 virus pro-
vides good protection against challenge with a very
virulent MDV rMd5, but it induces immunosup-
pressive effects in specific pathogen-free (SPF)
chickens. In the present study, SC9-2 was serially
passaged on chicken embryo fibroblast (CEF) cell
cultures. The pathogenicity and immune efficacy of
SC9-2/10th and SC9-2/40th against rMd5 were
evaluated. Animal experimental results showed that
SC9-2/10th and SC9-2/40th showed no lethality or
tumorigenicity in SPF chickens. Body weight of
chickens inoculated with SC9-2/40th were signifi-
cantly higher than that of the chickens inoculated
with SC9-2/10th but lower than that of the unin-
oculated controls. The severity of bursa and thymus
atrophy (BTA) and spleen enlargement in SC9-2/
40th-inoculated chickens were also weaker than the
SC9-2/10th-inoculated ones but stronger than the
uninoculated controls. Chickens inoculated with
SC9-2/40th and SC9-2/10th showed similar antibody
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levels induced by H9N2 subtype avian influenza vi-
rus/Newcastle disease virus inactivated vaccines,
both of which were lower than the uninoculated
controls. Replication of SC9-2/40th was significantly
lower than SC9-2/10th in feather follicle epithelium
(FFE) of infected chickens. The immune protection
index of SC9-2/40th was also lower than that of
SC9-2/10th, but the difference was not significantly,
and both of which were significant higher than that
of the commercial MDV vaccine CVI988/Rispens.
The results of our studies demonstrated that SC9-2/
40th showed weaker severity of BTA, spleen
enlargement, and body weight loss and lower repli-
cation level in FFE than SC9-2/10th in SPF
chickens. However, SC9-2/40th was able to confer
better immune protection as compared with
CVI988/Rispens vaccination in SPF chickens. In
conclusion, serially attenuation of SC9-2 in CEFs
reduced the lymphoid organ atrophy and replication
in SPF chickens, and the immune protective efficacy
of attenuated viruses was still superior than
CVI988/Rispens.
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INTRODUCTION

Marek’s disease virus (MDV) is one of the most conta-
gious alphaherpesviruses and causes Marek’s disease
(MD), which is characterized by the development of
T-cell lymphoma and the lymphocytic infiltration of pe-
ripheral nerves, skin, and visceral organs in chickens
(Churchill and Biggs, 1967; Schat and Nair, 2008).
Marek’s disease viruses are classified into 3 serotypes,
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but only gallid herpesvirus type 2 (GaHV-2) is
oncogenic, causing tumors in chickens, wherease the
other 2 serotypes are nononcogenic (Witter and Schat,
2003; Witter et al., 2005). The 3 MDV serotypes
possess similar genomic organization but differential
gene compositions (Lee et al., 2000; Kingham et al.,
2001; Spatz and Schat, 2011; Su et al., 2012). Viral IL-
8, meq, and pp38 genes, which play an important role
in pathogenesis, are unique to GaHV-2 (Cui et al.,
1991, 2004; Parcells et al., 2001; Reddy et al., 2002;
Lupiani et al., 2004; Brown et al., 2006). Meq is a 339-
amino acid long protein encoded within the EcoR I Q
fragment of GaHV-2 and has been shown to be consis-
tently expressed in all MDV tumors and latent cells
(Qian et al., 1995; Liu et al., 1997).

It has been demonstrated that meq-null MDV, con-
structed by knocking out of both copies of meq gene
based on cosmid or bacterial artificial chromosome
(BAC) clone of MDV, lost its tumorigenicity and pro-
vided perfect protective efficacy against challenge with
MDV in chickens (Lee et al., 2008; Li et al., 2011; Su
et al., 2015). However, the meq-null MDV induced
lymphoid organ bursa and thymus atrophy (BTA) and
body weight loss in specific pathogen-free (SPF)
chickens (Lee et al., 2012). GX0101 is a field MDV strain
isolated in China and has a unique genomic structure
with a reticuloendotheliosis virus (REV) long terminal
repeat (LTR) insert (Cui et al., 2010; Su et al., 2013).
SC9-2 is a meq-null MDV strain constructed by knock-
ing out both copies of meq gene and the BAC bone of
GX0101 BAC clone using homologous recombination
technique (Su et al., 2016). Our previous studies also
demonstrated that SC9-2 virus provided protection su-
perior to CVI988/Rispens, but it induced immunosup-
pressive effects in SPF chickens (Su et al., 2016).
Published report suggests that attenuation of virulent
MDV by cell culture passage on chicken kidney cells,
duck embryo fibroblast, or chicken embryo fibroblast
(CEF) is an effective way to decrease the viral pathoge-
nicity (Churchill et al., 1969; Dudnikova et al., 2009; Lee
et al., 2012). To eliminate the immunosuppressive effects
of SC9-2, serially passages were carried out on CEF cell
cultures in the present study. The pathogenesis of SC9-
2/10th and SC9-2/40th viruses, as well as their protective
efficacy against challenge with very virulent (vv) MDV
rMd5, were then evaluated in SPF chickens.
MATERIALS AND METHODS

Ethics Statement

Thestudyprotocol andall animal studieswere approved
by theShandongAgriculturalUniversityAnimalCare and
Use Committee (SACUC Permission number:
AVM01736-1) and performed in accordance with the
“Guidelines for Experimental Animals” of the Ministry of
Science and Technology (Beijing, China). Any bird
deemed to have reached the humane endpoint was culled.
Cell Cultures and Viruses

Specific pathogen-free chickens and chicken embryos
for preparation of CEF cells were from SPAFAS Co.
(Jinan, China). Chicken embryo fibroblast cell cultures
were used for virus propagation and continuous cell cul-
ture passages. The meq-null MDV strain SC9-2 was pre-
served in our lab and stored in liquid nitrogen (Su, et al.,
2016). Recombinant Md5 virus (rMd5) was generated
from cosmids derived from the vv MDV Md5 strain as
previously described (Reddy et al., 2002). The commer-
cial MDV vaccine CVI988/Rispens was obtained from
Beijing Lingyu Company (Rispens, et al., 1972a,b).
Attenuation of SC9-2 Virus

The CEF-passed SC9-2 construct at passage 9 was
serially passaged in CEF cell cultures. Marek’s disease
virus SC9-2 was inoculated in the CEF monolayer cell
culture at a multiplicity of infection of 0.3. When plaque
formation was advanced 4w5 D postinfection (D.p.i.),
cells were washed with 2 mL PBS, digesting with 1 mL
of 0.25% trypsin, and then resuspended with Dulbeco’s
modified Eagle medium supplemented with 5% fetal
bovine serum. Cell containing virus were then inoculated
in new monolayers of CEF for the passage of MDV SC9-
2. Samples of infected cells were cryopreserved starting
at 10th until 40th, and these viruses were designated
as SC9-2/10th or SC9-2/40th. The titer of MDV was
measured by counting the plaques on the CEFs. Briefly,
the virus was serially diluted, inoculated on the CEFs,
and incubated for 5 to 7 D at 37�C in a humidified atmo-
sphere containing 5% CO2. Plaques on the CEFs were
counted, and the virus titer was finally calculated.
Experimental Design 1

To compare the pathogenic properties of SC9-2/10th

with SC9-2/40th, 148 1-day-old SPF chicks were
randomly divided into 4 equal groups (37 in each group)
and reared separately in isolators. When the chicks were
1-day-old, in each group, chicks were inoculated intra-
abdominally (i.a.) with 2000 PFU of SC9-2/10th, SC9-
2/40th, or GX0101 viruses, whereas control ones were
inoculated with uninfected CEF cultures.
Effect of SC9-2/10th and SC9-2/40th on
Immune Organs

At 14 D.p.i., 12 chickens per group were used to eval-
uate lymphoid organ BTA. The whole body weights of
each chicken were measured prior to euthanasia, and
all thymus lobes, bursa and spleen from each chicken
were weighed after collection. The relative weights of
the thymus, bursa, and spleen to the whole body were
determined.



Table 1. Comparisons of the relative immune organ weights of the chickens
challenged with different viruses (n 5 12).

Virus Bursa wt/Body wt1 Thymus wt/Body wt1 Spleen wt/Body wt1

SC9-2/40th 0.27 6 0.05a 0.29 6 0.08a 0.22 6 0.05a

SC9-2/10th 0.22 6 0.05b 0.20 6 0.06b 0.26 6 0.05b

GX0101 0.15 6 0.09c 0.12 6 0.09c 0.32 6 0.04c

Control 0.36 6 0.10d 0.45 6 0.14d 0.14 6 0.04d

a-dThe numbers in the table indicate the mean 6 standard deviation. The different
superscript letters represent significant differences (P , 0.05).

1Immune organ weight/body weight ! 100.
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Effect of SC9-2/10th and SC9-2/40th on Body
Weight

Body weight measurements of the chickens in the
different groups were performed at 7, 14, 21, and
28 D.p.i to evaluate the effect of SC9-2/10th or SC9-2/
40th virus on growth rate.
Kinetics of Replication of SC9-2/10th and
SC9-2/40th in Feather Follicle Epithelium

Feather Follicle Epithelium (FFE) samples were
collected from 5 chickens of each group on 7, 14, 21,
and 28 D.p.i., and DNA from FFE were prepared using
standard procedures as previously described (Abdul-
Careem et al., 2006). The MDV-specific primers were
designed to be specific for the unique molecular marker
of REV LTR in GX0101. Absolute quantification of vi-
rus copies of SC9-2/10th or SC9-2/40th in chickens was
carried out using the real-time quantitative PCR as pre-
viously described (Su et al., 2015). The chicken ovo gene
(GeneBnk NO. Y00407) was cloned into the pMD18 T
vector to construct the plasmid pMD18-T-ovo. The
plasmid GX0101 BAC or pMD18-T-ovo was diluted to
109 copies per 2 uL and serially diluted to 10 copies per
2 uL by 10 times gradient dilution. The Ct value of
GX0101 BAC and pMD18-T-ovo from 109 to 101 copies
were detected, and the standard curve was established
on the ABI PRISM 7,500 sequence detection system.
Each reaction system contains 0.5 uM MDV-specific
primers, 0.2 uM LTR probe, 10 uL 2 ! TaqMan Gene
Expression Master Mix buffer, and 2 uL of DNA
(approximately 200 ng). The reaction volume was
brought up to 20 uL by the addition of water. An ABI
PRISM 7,500 sequence detection system (Applied Bio-
systems) was used to amplify and detect the reaction
products under the following conditions: 50�C for
2 min and 95�C for 10 min, followed by 40 cycles of
94�C (15 s), and 60�C (1 min).
Antibody Responses to NDV and AIV-H9
Inactivated Vaccines

To compare the immunosuppressive effect of SC9-2/
10th or SC9-2/40th virus on the antibody response to vac-
cinations, all chickens from each treatment were vacci-
nated with NDV and AIV-H9 inactivated vaccines as
previously described after 6 D.p.i. (Sun et al., 2007).
On 28, 35, and 42 D postvaccination, sera from chickens
of each group were randomly collected to measure hem-
agglutination inhibition antibody titers to NDV and
AIV-H9. First, 2-fold series dilution of the collected
sera were reacted with 4-hemagglutining unit virus of
NDV or AIV-H9 respectively. The 1% red blood cell of
chicken suspension was then added as an indicator of
the hemagglutination inhibition titers.
Compare the Pathogenic Properties of SC9-
2/10th and SC9-2/40th

After inoculation with viruses, all chickens were eval-
uated daily for symptoms of MD and were euthanized
and examined for gross lesions, when they showed clin-
ical evidence of MD. All surviving chickens were sacri-
ficed for necropsy to evaluate the presence of gross
lesions after 13 wk of observation. Cumulative mortality
and gross tumor rate were used for comparing the path-
ogenicity of SC9-2/10th and SC9-2/40th.
Experimental Design 2

To evaluate the vaccine efficacy of SC9-2/10th,
SC9-2/40th as compared with that of the commercial
CVI988/Rispens in SPF chickens when challenged
with rMd5, 100 one-day-old SPF chickens were
randomly divided into 4 equal groups (25 in each group)
and reared separately in isolators. On day 1, 2000 PFU
of SC9-2/10th or SC9-2/40th were inoculated i.a. into
each chicken in groups 1 or 2, and chickens in group 3
received 2,000 PFU of CVI988/Rispens. No vaccine
was inoculated for group 4. Five days later, each chicken
in groups 1, 2, 3, and 4 was challenged i.a. with
1,000 PFU of vv MDV strain rMd5. Chickens, which
inoculated with uninfected CEF cultures in the experi-
ment 1, were the control ones as group 5. During 90 D
after the challenges, all dead chickens were recorded
and necropsied. At the end of the experiment, all surviv-
ing chickens were killed and necropsied. Vaccinal immu-
nity to MD was expressed as a protective index
calculated as the percentage of gross MD in nonvacci-
nated challenged control chickens minus the percentage
of gross MD in vaccinated, challenged chickens divided
by the percentage of gross MD in nonvaccinated chal-
lenged control chickens ! 100.
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Statistics Analysis

Statistical analysis was performed with the GraphPad
Prism (version 5.0). Differences between groups were
examined for statistical significance by one-way
ANOVA with Tukey’s multiple comparison tests.
RESULTS

Effect of SC9-2/10th and SC9-2/40th on
Immune Organ

As shown in Table 1, the relative thymus and bursa
weight of chickens in SC9-2/40th group were signifi-
cantly higher than those of chickens infected with
SC9-2/10th or GX0101 on 14 D.p.i (P , 0.05), but the
relative spleen weight of chickens from the SC9-2/40th

group were significantly lower (P , 0.05). When
compared with the chickens in the control group, the
relative thymus and bursa weight of chickens were lower,
and the relative spleen was higher in chickens of all virus
inoculated group (P , 0.05).
Effect of SC9-2/10th and SC9-2/40th on Body
Weight

Compared with the uninoculated controls, GX0101 vi-
rus infection had an obvious inhibitory effect on the
growth rate of the infected chickens (Figure 1). The
body weights of chickens in the SC9-2/40th inoculation
group were significantly higher than both of the SC9-
2/10th inoculation group and the GX0101 inoculation
group (P, 0.05). However, the body weights of chickens
infected with SC9-2/40th were lower than the uninocu-
lated controls (P , 0.05).
Figure 1. The body weights of chickens in each group. Body weights
of the chickens in different groups were measured at 7, 14, 21, and 28 D
postinfection with SC9-2/10th or SC9-2/40th to evaluate the effect of vi-
rus infection on growth rates.
Virus Copies of SC9-2/10th and SC9-2/40th in
FFE

Virus copies in FFE were assessed with quantitative
PCR at different time points postinoculation with
MDVs (Figure 2). As shown, the genome copy numbers
of the SC9-2/40th virus from FFE of infected chickens
peaked at 14 D.p.i. and that of the SC9-2/10th virus
peaked at 21 D.p.i. The genome copy numbers of SC9-
2/40th virus were lower than those of the SC9-2/10th vi-
rus (P , 0.05), except at 14 D.p.i.
Comparison of the Effect of SC9-2/10th and
SC9-2/40th on Antibody Responses

As shown in Table 2, the GX0101-infected chickens
exhibited weaker humoral immune responses to the inac-
tivated NDV and AIV vaccines as compared with those
of the control ones at 28, 35, and 42 D postimmunization
(P , 0.05). The SC9-2/40th-infected chickens showed
similar antibody levels as compared with those of the
SC9-2/10th inoculation ones, and both of which were
higher than those of the GX0101-infected ones
(P . 0.05, Table 2). However, the SC9-2/40th-infected
chickens showed lower antibody levels compared with
the uninoculated controls (P , 0.05).
Pathogenicity of SC9-2/10th and SC9-2/40th

Virus in SPF Chickens

During 13 wk postchallenge with MDVs, no chicken in
the SC9-2/10th or SC9-2/40th virus inoculation group
died, and no MDV-specific clinical symptom or tumor
was observed (Table 3). On the other hand, 64% of
chickens died in the GX0101 challenge group, and 20%
of chickens developed tumors among the liver, kidney,
and other organs.
Figure 2. Virus copies of MDV SC9-2/10th or SC9-2/40th in SPF
chickens. Virus copies of SC9-2/10th or SC9-2/40th virus in chickens as
determined by the viral genome copy numbers in the feather follicle
epithelium with real-time qPCR of the REV LTR fragment. indicated
that the viral genome copy numbers were different between the 2 groups.
Abbreviations: SPF, specific pathogen-free; MDV, Marek’s disease
virus; REV, reticuloendotheliosis virus; LTR, long terminal repeat.
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Table 2. Influences of SC9-2/10th and SC9-2/40th viruses infection on HI antibody titers to NDV and
AIV-H9 after vaccination (log2).

Virus

28 dpv1 35 dpv 42 dpv

AIV-H9 NDV AIV-H9 NDV AIV-H9 NDV

SC9-2/40th 9.18 6 1.0a 4.82 6 1.18a 9.32 6 0.57a 5.14 6 1.36a 9.85 6 1.23a 5.45 6 1.46a

SC9-2/10th 9.00 6 1.5a 4.53 6 1.33a 9.27 6 0.65a 5.00 6 0.85a 9.63 6 1.21a 5.54 6 1.51a

GX0101 7.67 6 1.0b 3.44 6 1.24b 8.11 6 1.36b 4.22 6 1.09b 8.3 6 1.34b 4.30 6 1.16b

Control 9.81 6 1.25c 5.57 6 1.54c 10.23 6 0.94c 6.19 6 1.25c 10.57 6 1.36c 6.42 6 0.98c

a-cThe numbers in the table indicate the mean 6 standard deviation. The different letters represent significant
differences (P , 0.05). The same letters indicate the differences were not significant (P . 0.05).

Abbreviation: HI, hemagglutination inhibition.
1dpv, days postvaccination.
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Protective Efficacy of SC9-2/10th and SC9-2/
40th Virus Against Challenge With rMd5 in
SPF Chickens

The protection efficacy of SC9-2/10th, SC9-2/40th, and
CVI988/Rispens against challenge with the MDV rMd5
were compared in SPF chickens. As shown in Table 3,
the unvaccinated chickens challenged with rMd5 had
100% mortality. The mortality rate of SC9-2/10th and
SC9-2/40th vaccinated birds were 4 and 8%, respectively.
In addition, the CVI988/Rispens vaccinated, and rMd5
challenged chickens showed 32%MD lesions and mortal-
ity. Therefore, the SC9-2/10th and SC9-2/40th virus pro-
tected 96 and 92% of the chickens against challenge with
rMd5, respectively, whereas CVI988/Rispens protected
68% of the animals. Based on MD incidences, the protec-
tion index of CVI988/Rispenswas 68 following viral chal-
lenge with rMd5 virus, whereas those of the SC9-2/10th

and SC9-2/40th were 96 and 92, respectively (Figure 3).
DISCUSSION

Marek’s disease is one of the major tumor disease in
poultry. Although MD has been effectively controlled
by vaccines, virulence of field isolates of MDV has
continued to evolve toward greater virulence and even
vv plus MDV under the immune pressure of vaccines
(Read et al., 2015; Ralapanawe et al., 2016). The
increased virulence of field MDV led to the upgrading
of vaccines from a no pathogenic herpesvirus of turkey
to the attenuated CVI988/Rispens. However, it has
Table 3. Pathogenicity of SC9-2/10th or SC9-2/40th virus and
protective efficacy of that against rMd5 in SPF chickens.

Virus Challenge MD mort. MD lesi. PIa

SC9-2/10th - 0/25 (0) 0/25 (0) -
SC9-2/40th - 0/25 (0) 0/25 (0) -
GX0101 - 16/25 (64) 25/25 (100) -
SC9-2/10th rMd5 1/25 (4) 1/25 (4) 96a

SC9-2/40th rMd5 2/25 (8) 2/25 (8) 92a

CVI988/Rispens rMd5 8/25 (32) 8/25 (32) 68b

- rMd5 25/25 (100) 25/25 (100) -
Control - 0/25 (0) 0/25 (0) -

a,bIndicates significant difference (P , 0.05) in PI among the 2
experimental groups.

MD mort: MD mortality/%, MD lesi: MD lesions/%.
Abbreviations: SPF, specific pathogen-free; MD, Marek’s disease.
aPI 5 protection index.
been shown that the widely held “gold-standard”
vaccine CVI988/Rispens does not confer adequate
protection against MDV (Kreager, 1998; Yu et al.,
2013; Zhang et al., 2015; Cui et al., 2016).
Unfortunately, more than 10 strains of candidate
recombinant vaccine viruses have been investigated,
but none showed a better protection against MD than
the CVI988/Rispens virus (Witter and Kreager, 2004).

The meq-null recombinant MDV SC9-2 was demon-
strated to provide superior protection against MDV
than CVI988/Rispens but induced lymphoid organ
BTA and body weight loss in SPF chickens in our previ-
ous studies (Su et al., 2016). Considering that attenua-
tion of MDV is an important tool used in generating
new candidate vaccines, SC9-2 virus was serially
passaged in CEF cell cultures for 40 passages in the pre-
sent study. Our study found that both the severity of
BTA and spleen enlargement in SC9-2/40th inoculated
chickens were significantly weaker than the SC9-2/10th

inoculated ones, whereas the body weight of chickens
inoculated with SC9-2/40th were significantly higher.
Chickens inoculated with SC9-2/40th and SC9-2/10th

showed similar antibody levels induced by AIV/NDV
inactivated vaccines, both of which were lower than un-
inoculated controls. This clearly suggests that although
SC9-2/40th virus still showed slightly immunosuppres-
sive effect, it was much weaker as compared with the
parental GX0101 in SPF chickens. The effect of attenu-
ated virus on the antibody responses induced by
Figure 3. A plot of survival patterns of chickens vaccinated with
SC9-2/10th, SC9-2/40th, and CVI988/Rispens followed by challenge
with rMd5. Chickens were inoculated with 2000 PFU of the indicated
viruses at 1-day-old, followed by challenge with rMd5 5 D later and
were then maintained in separated isolators for 13 wk. Abbreviation:
MDV, Marek’s disease virus.

mailto:Image of Figure 3|tif
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inactivated vaccines should also be taken into account
when MDV are serially attenuated and to be used as
safe vaccines. In addition, replication of SC9-2/40th

was significantly lower than SC9-2/10th in FFE of the
infected chickens. It is probably that the horizontal
transmission capacity of SC9-2/40th was weaker than
SC9-2/10th. Previous studies have shown that attenua-
tion of MDV by serial passages decreased virus titer
in vivo and reduced propensity for contact spread
(Schat et al., 1985). It has been reported that the meq-
deleted strain rMd5DMeq, constructed using cosmid
clone technology, lost the ability to replicate in lympho-
cytes after serially passaged in duck embryo fibroblast
cell cultures for 40 passages (Lee et al., 2012). The capac-
ity for the virus to induce lymphoid organ BTA and
body weight loss in MDV maternal antibody negative
chickens were also lost. Data in their paper suggest
that there is an association between viral replication
in vivo and lymphoid organ BTA, which is consistent
to our results. Although the SC9-2/40th virus showed
decreased lymphoid organ BTA and viral replication as
compared with those of SC9-2/10th, it still induced the
lymphoid organ BTA as compared with uninoculated
control in chickens. The reason for the difference be-
tween SC9-2/40th and passage 40 of rMd5Dmeq in terms
of the immunosuppressive efficacy and viral replication
may be the parental virus GX0101, which is a vv virus
with a high transmission capacity but weaker pathoge-
nicity than rMd5. Our published report suggests that
the REV LTR insert in the genome significantly
increased the replication and horizontal transmission of
GX0101 virus (Sun et al., 2010). The LTR deleted virus
GX0101DLTR-induced slighter thymic atrophy as
compared with the parental virus GX0101. Previous
studies on RM1, which also contain an REV LTR,
demonstrated that the recombinant virus causes more
severe thymic atrophy than the parental virus JM strain,
which is consistent to our studies (Witter et al., 1997).
Therefore, there is also a close relationship between
LTR and thymic atrophy induced by the recombinant
viruses. Destruction of B and T cells account for early-
MDV-immunosuppression in the lymphoid organs,
resulting BTA, but not for the late-MDV-
immunosuppression (Faiz et al., 2016). The mechanisms
involved and the factors influencing the late-MDV-
immunosuppression involving the efficacy of other vac-
cines are poorly understood (Faiz et al., 2017). The
reason for the relative constant antibodies induced by
inactivated vaccines remains to be determined.

We also evaluated the protection efficacy of SC9-2/
40th or SC9-2/10th against challenge with vv rMd5
strain. Our results showed that SC9-2/40th provided
protection superior to CVI988/Rispens in SPF chickens
(Table 3). The protection index of SC9-2/40th was
slightly lower than that of SC9-2/10th, but the difference
was not significant. The results indicate that attenuation
of SC9-2 virus for 40 passages on CEF has no influence
on its protective efficacy. Whether the protective effi-
cacy could be influenced after further passages needs
further research. CVI988/Rispens virus has been atten-
uated by cell culture passage to generate a safe vaccine,
which had been used worldwide for controlling MD in
the field (Rispens, et al., 1972a,b). However, direct
attenuation of virulent viruses by cell culture passage
is indeed a long process and remains much uncertainty
(Spatz et al., 2008). Our and other studies supported
that deletion of major pathogenic gene in MDV using a
gene knockout system combined with attenuation of
MDV in cell culture may be an effective tool for gener-
ating new candidate vaccines.
In conclusion, serial passage of SC9-2 on CEF cells

decreased the severity of BTA, spleen enlargement,
and body weight loss caused by the virus, whereas there
was no change in the protective efficacy. Passage 40 of
SC9-2 provided protection superior to CVI988/Rispens
in the SPF chickens. The immunosuppressive effect of
SC9-2 may be eliminated by further attenuation of this
virus on cell cultures to generate a safe and effective vac-
cine against MD.
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