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Abstract: Interferon-p (IFN-B) and immunoglobulin M (Ighl), immunoglobulin G (IgG) are essential in
anti-retrovirus progress. ALV-T is a kind of ubiquitous retrovirus in chicken. To investigate whether natural
Avian Leukosis Virus strain J (AL V-T) infection has effect on the concentrations of serum IFN-B, IgM and Ig(,
two important time points after hatching, 3 and 18 weeks age which represent the early and late stages of ALV-T
infection, respectively were decided to study. The results reveal that the serum IFN-p, IgM and IgG mcrease
at the early stage of AL V-T infection while decrease at the late stage compared with the control chickens which
indicate that AL V-J infection boosts the immune response and up-regulates [FN-P and antibody while long-term
infection suppresses immune function and down-regulates TFN-B and antibody.
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INTRODUCTION

Avian Leukosis Viruses (ALVs) are subfamily of the
retroviruses of the genus alpretrovirus which correlated
with malignancy tumor including myeloid leukosis,
hemangioma and lymphoid have a profound impairment of
immune functions, production performance in host
birds (Payne et al., 1992). ALVs are classified into ten
subgroups and placed in exogenous and endogenous
categories (Coffin, 1992). The T subgroup of Avian
Leukosis Viruses (ALV-T) was relatively novel which
belongs to the exogenous subgroups (Bai et al., 1995,
Rasgon et al., 2005; Payne et al., 1991). It’s notorious for
the highly infectivity, oncogenicity which causes
more adverse damage in mortality, morbidity, disease
condemnations and feed conversions (Payne and Nair,
2012).

For controling virus mfection, host cells secrete
pro-inflammatory cytokines (such as type I interferon) to
restrict virus replication and modulate adaptive immurmty.
TFN-B is the first member of the type I interferon to be
launched, particularly m anti-retroviral immune responses
(Griffin, 2003). The secreted TFN-p induce multiple of
antiviral genes transcription through the JAK/STAT
signaling pathway causing the so-called antiviral state.
Those signaling cascades ultimately result n apoptosis of
infected cells, prevention of viral replication and limitation
of viral spread (Holtzman et af., 2011). Addition, IFN-p3

was sufficient to enhance the primary antibody response
and induce 1sotype switching of IgG mn dendritic cells
causing the adaptive immune responses to retroviruses
(Akhtar ez al., 2010, Gessani et al., 1994).

Antibody response is one of the most predominant
portion of adaptive immune responses. The importance
of antibodies in the immune system to resist the viruses
invading has been highlighted because neutralizing
antibodies restrict spread of virus infection. Besides, the
recent study mdicated that the antibodies can potentiate
the TFN-p response (Le Bon et al., 2001). There are three
distinct immunoglobuling in chicken which were
designated as IgA, [gM and IgG (also known as Ig¥Y in
birds) (Leslie and Clem, 1969) and each of them exhibits a
unique profile of effector functions. IgA mainly presents
on mucosal surfaces (Cerutt et al., 2011) and only
represents <4% of total chicken immunoglobuling while
IgM, IgG constitute the major components of the natural
antibodies in blood (L.ebacg-Verheyden et al, 1974). In
mammal, IgM 15 the fronthine defense antibody generated
in anti-infection with polyreactivity, high valence and IgG
15 the prime antibody of secondary immune response
during the virus infection (Ehrenstein and Notley, 2010).
In additior, IghM may trigger an amplified IgG response
(Baumgarth et al., 2000; Diamond et al., 2003a, b). In
clinical tests, the two antibodies levels are the most
common factors to represent the primary immune
response (Bonilla et al., 2005).
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As the TFN-p and antibodies TgM and TgG are the
most influential components in response to virus
mnfections, previous studies have revealed the induction
of the three factors in retroviruses infection i mamalian
model. Moreover, the three factors may affect one
another, no data is yet available on the production of the
three factors in the same research. Whether ALV-]
mfection can lead the similar changes m avian and the
three factors will vary with infection stages are still
unclear. In this study, researchers quantified the
serum IFN-B concentrations, IgM, IgG levels between
ALV-T-mfected and uninfected chicken at the early
(3 weeks age) and late (18 weeks age) infection stages,
researchers conclude that ALV-T virus infection can
promote immune response but it 1s transient, eventually
ALV-] overcomes this protective immune response
through an unknown mechanism results in immune
response impairment.

MATERIALS AND METHODS

Ethics statement: All research involving in animals and
sample collection were conducted according to the
guidelines approved by the Sichuan Agricultural
University Institutional Animal Care and Use Committee.

Recruitment of case and control animals: Birds used in
this study had been selected from a locally raised
pure-line Chinese breed called HeiKang (HK) a fine
crosshreed of Erlang Moutain chicken? and Heikang
chickens (the second generation) and all the chickens
were raised n poultty farm of Sichuan Agricultural
University. All the cohort populations hatched on the
same day and housed on the deep-litter bedding then
moved to the growing pens at the age of 7 weeks. All
birds accessed to feed and water ad libitum. Before
initiation of the study, researchers extracted blood
samples randomly in the cohort at two phases (3 and
18 weeks age) to detect the natural nfection of ALV-T by
Polymerase Chain Reaction (PCR) Method and collected
serum samples for further study. According to results of
PCR, researchers screened 100 individuals, 50 infected
and 50 non-infected.

DNA isolation: Blood samples collected in EDTA
from wing vein of chickens, randomly. And genomic
DNAs were 1solated from blood by the standard
phenol-chloroform protocel then stored at -20°C for
PCR. Concentration and purity of DNAs were assessed
by UV spectrophotometry using Nanodrop System
(Nanodrop 2000C, Thermo Scientific, USA). All these
processes were performed under sterile condition.
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Oligonucleotide primers: To detect ALV-J, PCR was
employed with primers H5/H7 which were specific for
ALV-T according to the previous study performed by
Smith ef af. (1998). The primers derive from the prototypes
sequence of HPRS-103 strain (GenBank Accession No.
Z46390) and details of the primers sequence are listed in
Table 1.

Polymerase Chain Reaction: PCR was carried out in
a total volume of 10 pL mixture as the following: 20 mM
Tris-HCT (pH 8.3), 100 mM KCT;, 3 mM MgCl,; ANTP
each at 500 uM; 0.5 units of Tag DNA polymerase
(Takara, Dalian, China), primers (20 mM each) and
100-150 ng of genomic DNA. Cycling conditions were
initial denaturation at 94°C for 5 min then the DNA was
amplified during 34 cycles of 94°C for 45 sec, 55°C for
30 sec and 72°C for 1 min. A final elongation step was
conducted at 72°C for 10 mm.

Electrophoresis of PCR products: PCR samples of
10 ul. each were mixed with gel loading buffer
{(0.25% bromophenol blue tracking dye m 40% sucrose).
Electrophoresis was carried out in 1% agarose gels with
ethidium bromide, 0.5 ug mL.™" in 1xTris-Borate-EDTA
buffer (TBE) at 1 20 Volts. The molecular weight marker for
DNA gel analysis was a 1 kb DNA ladder (Takara, Dalian,
China). The electrophoresis results were photographed by
gel documentation system (UVITEC, Cambridge, UK).
Ultimately, DNA sequences from the positive clones
was purified and sequenced by a commercial company
(BGI, Shenzhen, China). Results were blasted against the
sequence of the ALV-J prototype HPRS-103 strain
(GenBank Accession No. AY360088).

Serum isolation: Blood samples were centrifuged at
3000 r min~' for 10 min at 4°C, the serum were carefully
obtained and stored at -80°C until use.

Enzyme-Linked TImmunosorbent Assay (ELISA):
Concentrations of [FN-B, IgM and [gG n serum were
determined by corresponding Quantikine ELISA lkits
(R&D Systems, Minneapolis, MN). All the specimens
were treated in strict accordance with manufacturer’s
wnstructions and absorbance values were measured at
450 nm by Thermo Scientific Varioskan Flash Multiplate
Reader (Thermo scientific, USA). Each specimen was
measured in 10 mimn for 3 times and results were expressed
inng/mL or pg/mlL.

Table 1: PCR primer sequences of the ALV-J

Product
Target Primers Sequence(5'-3" size (bp) Location
ALV-] HS GGATGAGGTGACTAAGAAAG 545 5258-5277
H7  CGAACCAAAGGTAACACACG 5783-5802
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Statistical analysis: Differences of serum TFN-[3, IgM and
TIgG concentrations between the ALV-J infected and
uninfected individuals m two group (3 and 18 weeks
age group) were analyzed with the Student t-test and
expressed as meantStandard Deviation (X+sSD). Values
of p<t0.05, p<0.01 were considered statistically significant
and extremely significant, respectively.

RESULTS AND DISCUSSION

PCR: To screen the natural ALV-T virus mfected birds,
PCR was performed with the most sensitive primers H5/H7
(Smith et al., 1998) which could amplified a 545 base pair
(bp) fragment only from genomic DNAs of infected birds
(Fig. 1). In order to confirm the reliability of PCR results,
PCR productions were sequenced by a commercial
company and blasted against the ALV-T prototype
HPRS-103 strain (GenBank Accession No. AY360088).
Results demonstrated that the 545 bp fragment belongs to
the ALV-J gpR&5.

ELISA: All average absorbance values of serum TFN-J,
IgM and IgG between the two groups m different time
converted into ng/ml or pg/ml to represent their
concentrations and summarized in Table 2. Results show
that in the 3 weels age group ALV-T infected individuals
present much higher average concentration of serum
IFN-B, IgM and IgG than uninfected individuals and fold
change can be 1.544-2.905 times. Differences of these
three immune factor’s concentrations between uninfected

Fig. 1. ALV-J virus mfected birds: 1, 2, 3, 4, 5, 6; control:
7. The 545 bp fragment belongs to the AT.V-T gpg5

and infected individuals are extremely significant (p=<t0.01).
In contrast the uninfected individuals in the 18 weeks age
group have sigmficant higher (p<0.05) levels of IgM and
IgG than mnfected mdividuals. What’s more the infected
individuals have extremely low (p<0.01) level of TFN-{.
Fold change can be 0.486-0.585 times (Fig. 2).

In China, ALV-J was first detected i broiler chickens
(Du et al., 1999). Due to the highly contagious and no
effective prophylactic vaccine, subsequent infections
were expanded rapidly in other chicken species such as
layer chuckens (Xu et al., 2004) and local breeds (Sun and
Cui, 2007). There 1s a long asymptomatic latent period in
ALV-T infected population and ALV-J primarily causes
late-onset myeloma leukosis (Cui et «l, 2003) and
immunosuppression. As ALV-J can decrease production
performance and increase the subsequent mortality, it has
become a new challenge to the poultry industry. Early
infection of ALV-T is dificult to be detected and the
Polymerase Chain Reaction (PCR), a rapid specific and
sensitive method for diagnosis ALV-] used m this
study can only detect the positive individuals as early as
14 days after infection (Smith et al., 1998; Lin et al., 2013).
According to Mitra ef al. (2013) research, blood 1s more
sensitive for ALV detection. In this study, blood DNA
specimens were employed to detect ALV-T by PCR and
sequences of PCR productions can be blasted to the
ALV-]I prototype HPRS-103 strain.

In imnate immune response to retroviral
infections, generation of TFN-p is an inaugural event
following the production of type T TFN (Griffin, 2003).
Human Immunodeficiency Vius (HIV) and Simian
Immunodeficiency Virus (SIV) are the best documented
for the moderate effect of TFN-P in the host immune
response to retroviral mfection. Several studies using
macrophages as cell model had shown that the antiviral
effect of IFN-P militates both at the early and late stages
of the HIV infectious cycle, low constitutive production
of TFN-P can inhibit viral replication and improve innate
immune functions (Cremer ef al., 1999, 2000). Moreover,
with the infection of HIV-1 and SIV, IFN-f levels was
elevated in plasma (Kristina et al, 2005, Boasso and
Shearer, 2008 which illustrate that TFN- is a key mediator
of the host mnate immune response to retroviral mfection.

Antibodies  are  essential  components in
protection against virus infection in adaptive immune

Table 2: Comparisons of the serum IFN-(, IeM and IgG concentrations with AL'V-J infection and uninfection birds at 3 and 18 weeks age

Age (weeks) Groups Sample size IFN-3 (ng mL™") IgM (ug mL™) IeG (ug mL™h
3 ALV 44 01.90+6.24% 16.96+4.934 166.55+17.75"
ALV-T* 41 141.8547.51° 34.76+6.328 483.75+17.398
18 ALV 42 199.53+8.55% 34.98+6.03 486.30+20.00°
ALV 45 081547 43P 20.4844. 99" 236.45+11.63"

Different small letters within the same colurnn shoulder standard mean siginificant difference (p<0.05); Different capital letters within the same column shoulder

standard mean extremnety significant difference (p<0.01)
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Fig. 2: Comparisons of the serum: a) Igh; b) [gG and ¢)
[FN-p concentrations with ALV-I infection and
control birds at 3 and 18 weeks age. Asterisks (*)
and (**) above the bars show significant (p<0.05)
or exstremely significant (p<0.01) differences
compared to the ALV-J infection group with the
same condition

(Diamond et al., 2003a, b). Therein lies two well-studied
antibodies, IgM and IgG. IgM mamly binds to blood
group antigens (Jefferis and Kumararatne, 1990) and can
set up the immune response by promoting phagocytosis,
activing complement (Austen Jr. ef af., 2003) and boosting
the unequivocal imtiation of IgG (Diamond et al,
2003a, b; Boes, 2000). IgG is the secondary class of
secreted Ig (Ratcliffe, 2006) which is the predominant
1sotype present in blood. IgG provides comprehensive
systemic immune protection by directly neutralizing
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receptor binding and complement-mediated lysis of virus
or infected cells (Diamond et al., 2003a, b). At present
IgM and [gG have been used n several applications such
as detection of chronic or virus nfection immune disease
and using as immunotherapeutic agents (Pas et al.,
2013; Lennon et al., 2004; Tbrahim et «ol., 2008). The
study of Dou manifested that maternal antibodies
could provide effective protection against viremia and
immunosuppressive lesions caused by ALV-J] mnfection
(Dou et al, 2013). All of those studies prove that
antibodies are crucial for confronting retroviral infection.

IFN-B, IgM and TgG are key roles in both innate and
adaptive antiviral immune responses. The effect of ALV-J
infection on the activity of IFN-B, IgM and IgG is
uncertan. A previous study has shown that Specific
Pathogen-Free (SPF) chickens infected with ALV-I
engenderd strong immune response at 2 weeks age
while the response decreased quickly after 4 weeks age
(Wang et al., 2011). The result indicates that it is critical
and sensitive for detecting of ALV-J and determining the
serum 1FN-B, IgM and IgG concentration at 3 weeks
age which can represent the early stage of ALV-J
infection. In the study, serum TFN-B concentration of
infected individuals were significantly up-regulated and
~1.5 fold to the control group at the early stage of ALV-T
infection. This observation 1s in agreement with previous
findings that HIV induces low levels of IFN-B in
macrophages (Gessam ef al., 1994) and IFN-P levels in the
brain increase between 7 and 21 days after infected with
SIV (Barber et al, 2004). Harly infection with ATLV-T
usually led to production of antibodies (Payne and Nair,
2012) which quite consistent with the results in the
research that IgM and IgG concentrations of ALV-I
infected group were significantly higher than the control
group at the early stage of ALV-J mfection. To summarize,
the research demonstrates that early infection of ALV-I
launch a strong immune response and enhance the serum
[FN-PB, Igh and [gG levels.

With long-term chronic virus infection such as HIV-1,
immune dysfunction and cogmtive impairment may
happen to the host because of prolonged immune
challenge, neither the cellular nor the humoral arms of the
immmune system can control the infection (De Milito ef al.,
2004). Similar results elucidated in ALV-T infection: ALV-J
caused damage of mnmune organs and decrease of
immune responses. What’s more, pathogenesis of
immunosuppression caused by ALV-J appears to be
associated with both T and B cells (Wang et af, 2011)
which may cause profound damage to the ummune
response. The results mamifest that long-term ALV-I
infection induces the low level of serum IFN-B, Igh and
IgG and the conclusion reaches a consensus with the
study of White Leghorn chickens (Williams and Sellers,
2012).
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A major function of TFN-B is to link innate and
adaptive immunity and IFN-P is a symbol to resent virus
mvading (Le Bon and Tough, 2002). Results of present
studies suggest that IFN-P 1s implicated in the production
of several immunomodulatory cytokines. Because of the
strong immunomedulatory effects of dendritic cells and B
cells, IFN-p potently affects adaptive immune responses
mainly via inducing antibody production and increasing
the antibody-secreting cells (Core et al., 2006). In
return, antibodies potentiate the TFN-p response by
increasing expression of three IFN-P-regulating miRNAs
(Witwer et al., 2010). Previous research results manifest
that there are interactions between IFN-P and antibodies
and are consistent with our findings that increase of
serum [FN-p accompanied up-regulation of Ighf and IgG
at the early stage of ALV-J infection while serum IFN-J3
levels decreased with a descending of IgM and IgG
siunultaneously at the late stage of ALV-T infection.

CONCLUSION

The results indicate that early ALV-T infection

up-regulates the serum IFN-B, IgM and TIgG
concentrations. Conversely, late ALV-T infection
down-regulates  the three factors significantly.

Furthermore, the concentrations of IFN-B, IgM and IgG
present highly consistency in the two different stages of
ALV-] infection which mdicates that there may be
mnterplay among IFN-f, IgM and IgG.

ACKNOWLEDGEMENTS

Yue Ym and Xi Lan contributed equally to thus
research. The researchers would like to thank Lin Ye and
Yao Zhang for farming the experimental chickens and
sample collecting. This research was supported by
Scientific Research Fund of Sichuan Provinecial Education
Department (Grant No: 10ZB033) and China Agriculture
Research System (CARS-41).

REFERENCES

Alkhtar LN., H. Qm, M.T. Muldowney, L.L. Yanagisawa,
0. Kutsch, I.E. Clements and E.N. Benveniste, 2010.
Suppressor of cytokine signaling 3 inhibits antiviral
TFN-beta signaling to enhance HIV-1 replication in
macrophages. I. Immunol., 185: 2393-2404.

Austen It W.G., L. Kobzik, M.C. Carroll, H.B. Hechtman
and F.D. Moore Tr., 2003. The role of complement and
natural antibody in intestinal schemia-reperfusion
myury. Int. J. Immunopathol. Pharmacol., 16: 1-8.

934

Bai, I, LN. Payne and M.A. Skinner, 1995 HPRS-103
(exogenous avian leukosis virus, subgroup J) has an
env gene related to those of endogenous elements
EAV-0 and E51 and an E element found previously
only in sarcoma viruses. I. Virol.,, 69: 779-784.

Barber, S.A., D.S. Herbst, B.T. Bullock, L. Gama and
TE. Clements, 2004. Immate unmune responses
and control of acute simian immunodeficiency
virus replication in the central nervous system.
T. Neurovirol., 10: 15-20.

Baumgarth, N., O.C. Herman, G.C. Jager, L.E. Brown,
L.A. Herzenberg and I. Chen, 2000. B-1 and B-2
cell-derived immunoglobulin M antibodies are
nonmredundant components of the protective
response to mfluenza virus infection. J. Exp. Med.,
192: 271-280.

Boasso, A. and G.M. Shearer, 2008. Chronic imnate
immune of HIV-1
immunopathogenesis. Clin. Immunol., 126: 235-242.

Boes, M., 2000. Role of natural and immune Ighl
antibodies in immune responses. Mol. Tmmunol.,
37:1141-1149.

Bonilla, F.A., IL. Bemstem, D.A. Khan, Z K. Ballas
and I. Chinen et al, 2005, Practice parameter for
the diagnosis and management of primary
immunodeficiency. Ann. Allergy Asthma Immunol.,
94: 51-563.

Cerutt, A, K. Chen and A. Chorny, 2011. Immunoglobulin
responses at the mucosal interface. Ann. Rev.
Immunol., 29: 273-293.

Coffin, T M., 1992. Structure and Classification of
Retroviruses. In: Retroviridae, Levy, J.A. (Ed.).,
Plenum Press, New Yorl, pp: 19-49.

Coro, E.3., W.L.W. Chang and N. Baumgarth, 2006. Type
ITFN receptor signals directly stimulate local B cells
early following mnfluenza virus infection. J. Immunol.,
176: 4343-4351.

Cremer, 1., V. Vieillard and E. de Maeyer, 1999.
Interferon-P-induced human immunodeficiency virus
resistance in CD34" human hematopoietic progenitor
cells: Correlation with a down-regulation of CCR-5
expression. Virology, 253: 241-249,

Cremer, 1., V. Vielllard and E. de Maeyer, 2000.
Retrovirally mediated I1FN-p transduction of
macrophages induces resistance to HIV, correlated
with up-regulation of RANTES production and
down-regulation of CC chemokine receptor-5
expression. J. Immunol., 164: 1582-1587.

Cui, 7., Y. Du, Z. Zhang and R.F. Silva, 2003. Comparison
of Chinese field leukosis
subgroup T viruses with prototype strain HPRS-103
and United States strains. Avian Dis., 47: 1321-1330.

activation as a cause

strains of avian



J. Anim. Vet Adv., 13 (15): 930-936, 2014

De Milito, A., A Nilsson, K. Titanji, R. Thorstensson
and E. Reizenstein et al., 2004. Mechamsms
of  hypergammaglobulinemia and  impaired
antigen-specific humoral immunity m HIV-1 infection.
Blood, 103: 2180-2186.

Diamond, M.S., B. Shrestha, E. Mehlhop, E. Sitati and
M. Engle, 2003a. Innate and adaptive immune
respenses determine protection agamnst disseminated
infection by West Nile encephalitis virus. Viral
Immunol., 16: 259-278.

Diamond, M.S., EM. Sitati, I.D. Friend, S. Higgs,
B. Shrestha and M. Engle, 2003b. A critical role for
induced IgM in the protection against West Nile
virus infection. J. Exp. Med., 198: 1853-1862.

Dou, W, H. Li, 7Z. Cheng, P. Zhao and J. Liu et ai., 2013.
Maternal antibody induced by recombinant gp85
protein vaccine adjuvanted with CpG-ODN protects
agamst ALV-J early infection in chickens. Vaccine,
31: 6144-6149.

Du, Y., Z.7Z. Cuiand A.J. Qin, 1999. Subgroup I of avian
leukosis viruses in China. China Poult. Sci., 3: 1-4.

Ehrenstein, M.R. and C.A. Notley, 2010. The inportance
of natural TgM: Scavenger, protector and regulator.
Nat. Rev. Immunecl., 10: 778-786.

Gessani, S., P. Puddu, B. Varano, P. Borghi, I.. Conti,
L. Fantuzzi and F. Belardelli, 1994. Induction of
beta interferon by human immunodeficiency
virus type 1 and its gpl20 protein in human
monocytes-macrophages: Role of beta interferon in
restriction of virus replication. J. Virol,, 68: 1983-1986.

Griffin, D.E., 2003. ITmmune responses to RNA-virus
infections of the CN'S. Nat. Rev. Immunol., 3: 493-502.

Holtzman, M., D. Patel, H. Kim, Y. You and Y. Zhang,
2011. Hypersusceptibility to respiratory viruses as a
shared mechamism for asthma, chronic obstructive
pulmonary disease and cystic fibrosis. Am. I. Respir.
Cell Mol. Biol., 44: 739-742.

Ibralum, E.S. M., AK.M. Shofiqur Rahman, R. Iseda,
K. Umeda, N. van Sa and Y. Kodama, 2008. In vitro
and in vive effectiveness of egg yolk antibody
against Candida albicans (anti-CA TgY). Vaccine,
26: 2073-2080.

Jefferis, R. and D.S5. Kumararatne, 1990. Selective IgG
subclass deficiency: Quantification and clinical
relevance. Clin. Exp. Immunol., 81: 357-367.

Kristina, A., DM. Rocke, B. Chohan, L. Fritts and
C.I. Miller, 2005. Temporal and anatomic relationship
between virus replication and cytokine gene
expression after vaginal simian immunodeficiency
virus infection. J. Virel., 79: 12164-12172.

Le Bon, A. and D.F. Tough, 2002. Links between innate
and adaptive immunity via type I mterferon. Curr.
Opin. Immunol., 14: 432-436.

935

Le Bon, A., G. Schiavoni, G. D'Agostino, 1. Gresser,
F. Belardelli and D.F. Tough, 2001. Type I mnterferons
potently enhance humoral immunity and can
promote isotype switching by stimulating dendritic
cells in vive. Immunity, 14: 461-470.

Lebacg-Verheyden, AM., JP. Vaerman and
I.F. Heremans, 1974. Quantification and distribution
of chicken mmunoglobulins IgA, IgM and IgG in
serum and secretions. Immunology, 27: 683-692.

Lemnon, V.A., DM Wingerchuk, T.J. Kryzer, S.J. Pittock

and C.F. Lucchinetti et al., 2004 A serum
autoantibody marker of neuromyelitis optica:
Distinction from multiple sclerosis. Lancet,

364: 2106-2112.

Leslie, G.A. and W.I. Clem, 1969. Phylogeny of
immunoglobulin - structure  and  function. 3.
Immunoglobuling of the chicken. J. Hxp. Med.,
130: 1337-1352.

Lin, Y., I. Xia, Y. Zhao, F. Wang and S. Yu et al., 2013.
Reproduction of hemangioma by infection with
subgroup J avian leukosis virus: The vertical
transmission 18 more hazardous than the horizontal
way. Virol. T, Vol. 10. 10.1186/1743-422X-10-97.

Mitra, N., R. Verma and A. Singh, 2013. Early detection of
avian oncogenic viruses from blood of apparently
healthy chlickens. Proc. Natl Acad. Sci. India
Sect. B: Biol. Sci., 83: 53-58.

Pas, SD., RHR.A. Streefkerk, M. Pronk, R.A. de Man,
MF. Beersma, A DM.E. Osterhaus and A.A. van der
Eyk, 2013. Diagnostic performance of selected
commercial HEV IgM and IgG ELISAs for
immunocompromised — and  immunocompetent
patients. J. Clin. Virol., 58: 629-634.

Payne, L.N. and V. Nair, 2012. The long view: 40 years of
avian leukosis research. Avian Pathol., 41: 11-19.

Payne, L.N., K. Howes, A M. Gillespie and L.M. Smith,
1992. Host range of Rous Sarcoma Virus pseudotype
RSV (HPRS-103) m 12 avian species: Support for a
new avian retrovirus envelope subgroup, designated
1. 1. Gen. Virol, 73: 2995-2997,

Payne, L.N., SR. Brown, N. Bumstead, K. Howes,
J.A. Frazier and M.E. Thouless, 1991. A novel
subgroup of exogenous avian leukosis virus in
chickens. J. Gen. Virol., 72: 801-807.

Rasgon, N.L., C. Magnusson, AIL. Iohansson,
NL. Pedersen, 3. Elman and M. Gatz, 2005.
Endogenous and exogenous hormone exposure
and nisk of cognitive impaimment in Swedish twins:
A preliminary study. Psychoneuroendocrinology,
30: 558-567.

Ratcliffe, M.TH., 2006. Antibodies, immunoglobulin genes
and the bursa of Fabricius in chicken B cell
development. Dev. Comp. Immunel., 30: 101-118.



J. Anim. Vet Adv., 13 (15): 930-936, 2014

Smith, LM., SR. Brown, K. Howes, 5. McLeod and
L.N. Payne et al., 1998. Development and application
of Polymerase Chain Reaction (PCR) tests for the
detection of subgroup T avian leukosis virus. Virus
Res., 54: 87-98.

Sun, SH. and 7.7. Cui, 2007. Epidemiological and
pathological studies of subgroup T avian leukosis
virus infections mn Chinese local yellow chickens.
Avian. Pathol., 36: 221-226.

Wang, F., X. Wang, H. Chen, J. Liu and Z. Cheng, 2011.
The critical time of avian leukosis virus subgroup
J-mediated immunosuppression during early stage
mfection in specific pathogen-free chickens. J. Vet.
Sci., 12: 235-241.

936

Williams, S.M. and H.S. Sellers, 2012. Response of white
Leghomn chickens to infection with avian leulkosis
virus subgroup I and infectious bursal disease virus.
Avian Dis., 56: 2-6.

Witwer, KW., IM. Swisk, L. Gama and J.E. Clements,
2010. MicroRNA regulation of TFN-B protein
expression: Rapid and semsitive modulation of
the innate immune I
184: 2369-2376.

Xu, B, W. Dong, C. Yu, Z. He and Y. Lv ef af., 2004.
Occurrence of avian leukosis virus subgroup J in

TeSpOnse. Immunel,,

commercial layer flocks in China. Avian Pathol.,
33:13-17.



