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Infectious bronchitis (IB) and Newcastle disease (ND) are among the most important viral diseases of poultry with

substantial global economic impact . Infectious bronchitis is caused by the IB virus (IBV), a member of the

Gammacoronavirus genus, family Coronaviridae, and subfamily Orthocoronavirinae. IBV is commonly referred to as avian

coronavirus and it belongs in the same family and subfamily as the severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2), which is currently ravaging the world, although the latter is in a different genus—Betacoronavirus.

Newcastle disease (ND) is caused by ND virus (NDV), which belongs to the genus Avulavirus in the family

Paramyxoviridae. Both viruses have genomes made up of single stranded RNA (ssRNA). 

Keywords: infectious bronchitis virus ; Newcastle disease virus ; Vaccine ; Immunity ; Poultry

1. Introduction

Infectious bronchitis (IB) and Newcastle disease (ND) affect poultry birds of all ages and breeds. The extent and severity

of IB is pronounced in young chicks , when compared to older chicken, while ND though seen in chickens of all ages,

has a more protracted course in older birds . Crinion and Hofstad  reported that the severity of IB lesions is more

pronounced in day-old chicks and decreased with increase in age of the chickens.

Humans are susceptible to Newcastle disease virus (NDV). This may cause mild conjunctivitis, reddening of the eye,

excessive lachrymation, edema of the eyelids, sub-conjunctival hemorrhage, and laryngitis when exposed to large doses

of the virus . NDV-associated conjunctivitis usually resolves rapidly, but the virus could be shed in the ocular discharge

for about a week. In some cases, mild, self-limiting flu-like disease could result. Other clinical symptoms such as chills,

headaches, and fever, with or without conjunctivitis, may occur. Both the strains used in vaccines and virulent strains

associated with poultry may infect and cause clinical signs in humans. Laboratory workers and vaccinators are mostly

affected, but the use of personal protective equipment and bio safety cabinet has significantly minimized the exposure of

laboratory workers. Infection is rarely seen in farm workers . There is no evidence to support human-to-human

transmission, but the potential for human to bird transmission exists . Newcastle disease virus does not pose a risk to

food safety.

Infectious bronchitis virus (IBV) poses no risk to human health as there is no evidence to suggest that humans act as

reservoir for active replication of IBV. Also, there is no evidence of transmission from human to human, or human to

animal. Though neutralizing antibodies have been documented in people working with commercial chicken flocks [18], the

significance of the neutralizing antibodies remain unknown. Humans can only transmit IBV to poultry birds by mechanical

means, by carrying virus on clothing from an infected bird or flock to uninfected ones. A reported isolation of an avian IBV-

like virus from humans was later shown to be a human Coronavirus isolate .

2. Immunity and Immune Response against IB and ND in Poultry

2.1. Vaccine-Mediated Immunity against IB and ND

2.1.1. Vaccine-Mediated Immunity against IBV

Live attenuated vaccines against IBV infection induce both humoral and cellular immunity in immunized hosts as

demonstrated by several studies. Vaccination of chickens with live H120 alone or in combination with live CR88 induced

high titers of IgY and IgA anti-IBV antibodies, CD4+ T cells, CD8+ T cells, and granzyme homolog A . LDT3-A and

4/91 commercial live vaccines induced production of antibodies and CD4+ and CD8+ T cells in vaccinated birds .

Ocular vaccination with live attenuated IBV Ark-Delmarva industry vaccine induces IgA anti-IBV antibody as a primary

response to infection while memory response to infection is dominated by IgY . Vaccination of day-old broiler chicks

with Massachusetts (Mass), 793B, D274, or Arkansas (Ark) induces significant high levels of CD4+, CD8+ and IgA

bearing B cells in the trachea of birds . Despite the capacity of live attenuated vaccines to induce both humoral and
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cellular immunity, they face the challenge of risk of spreading live vaccine virus. Therefore, other types of vaccines such

as inactivated vaccines and/or DNA vaccines are considered as alternatives. Inactivated vaccine induces weak cellular

immune response and requires priming with DNA vaccines. Priming with DNA vaccines encoding IBV structural genes and

boosting with inactivated vaccines induce CD4+CD3+ and CD8+CD3+ T lymphocytes and memory B cells marked with

high titers of IgY anti-IBV antibody . More so, IBV-CS vaccine an inactivated IBV vaccine encapsulated in chitosan

nanoparticles induced production of IFN-γ, IgA and IgY against IBV  and this is unlike the conventional inactivated

vaccine, which only elicits limited mucosal immune responses. A combination of live attenuated vaccine and inactivated

vaccine containing a BR-I IBV strain confer effective immune protection against infectious IBV strain through the induction

of IgY anti-IBV antibodies and effector TCD8 cells and granzyme A . It is believed that the induced anti-IBV IgY was as

a result of the development of memory B lymphocytes after administration of live attenuated vaccine a day before re-

vaccination with the oil adjuvanted inactivated vaccine, which upregulated IgY gene expression . Full dose vaccination

with H120 a live attenuated vaccine on a day-old chick showed full protection against IBV marked with high levels of IBV-

specific IgY, IgA and cell-mediated immune genes including, IFN-γ, CD8+ T cells, and granzyme homolog A . This

suggests that for complete protection against IBV full dose vaccination is paramount. However, a study reported delayed

production of IgA and IgY was observed in day-1 > day-7 > day-14-old chicks when vaccinated with live attenuated

Arkansas Delmarva Poultry Industry-type (ArkDPI) IBV vaccine . The authors, therefore, suggested vaccination to be

carried out after day-7 post-hatch as the IgY antibodies from the day-1-old chicks had lower affinity and poor vaccine-

mediated protection against IBV. More so, vaccination with an attenuated ArkDPI vaccine, elicited low systemic and

mucosal antibody responses on day-1-old chicks compared to chickens vaccinated at a later stage in life. According to

Saiada et al. , the populations of (CD)4+, CD8+, and CD4+/CD8+ T-cells increased with age and this pattern does not

change with IBV vaccination. Additionally, ArkDPI vaccines induced greater serum antibodies, B and T-helper cells

(CD3+CD4+) and cytotoxic T cells (CD3+CD8+) on day-7 chicks compared with day-1-old chicks . Another study

showed that vaccinated chickens that presented high monocyte MHC II expression had the weakest vaccine-induced

protection against IBV . In the study, vaccine-induced MHC-II expression correlated with the viral load and response to

IBV infection/vaccine varies among the MHC-B haplotypes, with some haplotypes being more resistant compared to the

others [93]. Therefore, genetics could play a significant role in infection susceptibility/resistance and monocyte MHC II

expression in vaccinated birds could serve as a marker to determine the protective effect of IBV vaccines. The use of DNA

vaccines has been shown to induce both humoral and cell-mediated immune responses and could provide for complete

protection against IBV infection. A chimeric multi-epitope DNA vaccine induced the production of antibodies, CD4+CD3+,

and CD8+CD3+ T-lymphocytes in vaccinated birds . A poly-epitope DNA vaccine consisting of B and T cell epitopes

activated naïve B cells to produce neutralizing antibodies and elicited CD8+ T cells (CTL) response against IBV .

2.1.2. Vaccine-Mediated Immunity against NDV

NDV live attenuated vaccine (G7M) generated by reverse genetics induced high T-cell proliferation, IFN-γ, and antibodies

. VG/GA Newcastle live vaccine induced IgY and IgA anti-NDV antibody responses in vaccinated birds . More so,

VG/GA induced strong type I IFN (IFN-α and IFN-β) response in vaccinated chickens prior or post-NDV infection .

Inactivated NDV vaccine induced high levels of IL-6 and IFN-γ in vaccinated birds . Vaccination with NDV attenuated

vaccine (Nobilis ND LaSota; Cevac Vitapest L) and inactivated vaccine (Nobilis Newcavac) induced the production of anti-

NDV IgY, IgM, and IgA in vaccinated birds . NDV DNA vaccine encapsulated in N-2-hydroxypropyl trimethyl ammonium

chloride chitosan (N-2-HACC) and N, O-carboxymethyl chitosan (CMC) nanoparticles induced IL-2, IL-4, IFN-γ, anti-NDV

IgY and IgA antibodies in immunized birds . NDV DNA vaccine encapsulated in Ag@SiO2 hollow nanoparticles

(pFDNA-Ag@SiO2-NPs) induced IL-2 and IFN-γ in vaccinated birds . More so, high titers of serum antibody were

induced by NDV/LaSota-N-2-HFCC/CMC-NPs vaccine, and this vaccine significantly promoted the proliferation of

lymphocyte and induced high levels of IL-4, IL-2, and IFN-γ in immunized birds . The use of virus-like particle (VLPs) in

vaccine production has proven useful as it could elicit both humoral and cell-mediated immune responses in immunized

host. Moreover, VLPs mimics the structure of the wild-type virus and could be recognized by the host immune system. For

instance, ND-VLPs stimulated the maturation of dendritic cells, upregulated the expression of MHCII, CD40, CD80, and

CD86 and cytokine secretions including- TNF-α, IFN-γ, IL-6, IL-4 and IL12p70 in mice. The induction of IgY response and

the presence of CD4+, CD8+ T cells indicate the efficiency of VLPs in inducing humoral and cellular immune response

.

Considering NDV-IBV co-infection in birds, several studies considered developing NDV-IB chimeric vaccines and these

vaccines have been demonstrated to be useful in combating mixed infections as shown by their ability to elicit both

humoral and cellular immune responses in vaccinated birds. An N-2-HACC-CMC/NDV/IBV NPs and N-2-HACC-

CMC/NDV-IBV NPs antigens (NDV and IBV) encapsulated with chitosan induced higher titers of IgY and IgA anti-IBV and

anti-NDV antibodies in chickens, promoted significantly the proliferation of lymphocytes, induced high production of

cytokines; interleukine-2 (IL-2), IL-4 and interferon-γ (IFN-γ) production in vaccinated chickens. Increased levels of IFN-γ
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and IL-2 in the study was said to be as a result of higher induction of Th1 responses . Chimeric infectious IB-ND-VLPs

vaccine-induced anti-IBV and anti-NDV antibodies, T-cell cytokines, including- IL-4 and IFN-γ and this shows that chimeric

IB-ND VLPs can evoke both Th1- and Th2-type cellular immune responses against IBV and NDV infections .

2.2. Immunopathology in the Hosts Resulting from IBV and NDV

2.2.1. Immunopathology in the Hosts from IBV

IBV causes severe lesions in the kidney , air sac  and trachea  in infected birds. Upon infection, IBV activates the

Endoplasmic reticulum (ER) stress response and induces pro-inflammatory cytokines and apoptosis through its M protein.

IBV M protein upon glycosylation enhances the activation of GRP78, an ER stress marker, which in turn activates

PERK/IRE/CHOP/XBP1 for subsequent trigger of pro-inflammatory cytokines (IL-6 and IL-8) and apoptosis . IBV

distorts eggshell formation by reducing the expression of collagen type I gene in the thymus and CaBP-D28K in the uterus

(genes related to eggshell formation in those regions, respectively) . According to the authors, a marked infiltration of

cytotoxic cells ((CD8+ and TCR-γδ+ T cells), cytotoxic substances (B-NK, perforin and granzyme) and pro-inflammatory

cytokines was observed in the mucosa of the IBV-infected chickens [109]. Pro-inflammatory cytokines—IL-1β, IL-6 and

IFN-γ—are said to play a major role in tracheal lesions in IBV-infected birds and the induction of CD8αα and Granzyme

homolog A gene provides for protective immune response . IBV-Beaudette induced apoptosis in chicken macrophage

HD11 cells by activating caspase-8 and caspase-9 pathway through Fas/FasL and increased expression of Bax/reduced

expression of Bcl-2, respectively . More so, apoptosis is induced by IBV through the upregulation of pro-apoptotic

growth arrest and DNA damage-inducible protein (GADD153) for its downstream function via the ER stress response pro-

apoptotic pathways; protein kinase R-like ER kinase (PERK), eIF2α, activating transcriptional factor 4 (ATF4) pathway and

protein kinase R (PKR) . IBV infection also triggers the expression of p38 mitogen-activated protein kinase (MAPK)

pathway, which also induces production of pro-inflammatory cytokines (IL-6 and IL-8) . MAPK is also responsible for

regulation of apoptosis in IBV and IBV infection induce phosphorylation of MAPK kinases 7 (MKK7) which induce the

activation of JNK. Activated JNK promotes apoptosis in IBV-infected cells through modulation of Bcl2 family proteins or as

a result of cell cycle arrest at the S and G2/M phases in IBV-infected cells . It is important to note that although

apoptosis is a non-specific defense mechanism that interfere with the replication of viruses in infected cells, it may cause

tissue damage as a result of the premature destruction of the infected cells  and induce acute inflammatory responses

and the inflammatory reactions may expose the host to bacterial infections . The level of pro-inflammatory response

depends on the IBV strain and the genetics of the infected host . With the influx of pro-inflammatory proteins, the action

of CD8+ T-cells and NOs produced by macrophages and/or dendritic cells in response to viral infections could induce

severe lesions in infected hosts.

2.2.2. Immunopathology in the Hosts from NDV

Inflammatory responses induced by NDV in infected hosts usually leads to cellular apoptosis and tissue damage. NDV

upon infection induce the secretion of high mobility group box 1 (HMGB1) that promotes the production of inflammatory

cytokine storm. HMGB1 binds TLR2/4 and RAGE leading to downstream NF-κB activation and cytokine production. More

so, the HMGB1-RAGE interaction induced by NDV promotes the activation of ERK1/2 and JNK . Oviductal dysfunction

and reduced egg production observed in birds challenged with velogenic NDV genotype VIId was attributed to the

excessive release of inflammatory cytokines, chemokines, lymphocyte infiltration, apoptosis, and severe pathological

lesions in the oviduct of egg-laying hens . The severity of infection of NDV in bursa of Fabricius was likened to the level

of induction of pro-inflammatory cytokines, chemokines, apoptosis, macrophage infiltrations and oxidative stress (as a

result of lipid peroxidation caused by nitric oxide released by macrophages). Oxidative injury and tissue damage caused

by reactive oxygen and nitrogen species in NDV-infected cells is as a result of influx of phagocytic cells and release of

pro-inflammatory cytokines in infection sites made worse by nutritional deficiency . The severity of the pathological

condition caused by NDV in infected hosts also depends on the NDV strain and is often marked with depletion in IgM+,

infiltration of macrophages, the release of NOs (oxidative stress), infiltration of pro-inflammatory cytokines, chemokines

and subsequently apoptosis . Excessive production of IL-1β magnifies the inflammatory storm in NDV-infected hosts.

NDV activates the oligomerization-domain leucine-rich repeats containing the pyrin domain 3 (NLRP3) inflammasome and

caspase-1 cleavage in infected cells inducing the production and maturation of IL-1β, which magnifies the inflammatory

damage in the host . One of the studies reported that viral RNA alone is capable of inducing high amounts of IL-1β .

According to Li et al. , sphingosine-1-phosphate-1 receptor (S1PR1) overexpression also causes increased virus-

induced IL-1β and excessive production of pro-inflammatory cytokines. Therefore, an appropriate amount of IL-1β is

required to reduce viral replication as excessive amounts may induce inflammatory responses and/or lesions. Moreover,

NDV trigger apoptosis in infected cells by upregulating the unfolding protein response (UPR) signaling (PERK-eIF2α,

ATF6, and IRE1α), reduce anti-apoptotic genes and activate pro-apoptotic and inflammatory response proteins .

ISG12, an interferon-stimulated gene in chickens also stimulates apoptosis in NDV-infected cells to limit viral replication
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. Necrosis and breakdown of collagen in the spleen of infected birds was as a result of the disruption of the

extracellular matrix molecular composition/integrity and the upregulation of matrix metalloproteinase (MMP)-13 and 14 in

NDV-infected cells .

References

1. Bande, F.; Arshad, S.S.; Omar, A.R.; Bejo, M.H.; Abubakar, M.S.; Abba, Y. Pathogenesis and diagnostic approaches of
avian infectious bronchitis. Adv. Virol. 2016, 2016, 1–11.

2. Abdisa, T.; Tagesu, T. Review on Newcastle disease of poultry and its public health importance. J. Vet. Sci. Technol.
2017, 8, 441.

3. Crinion, R.A.; Hofstad, M.S. Pathogenicity of four serotypes of avian infectious bronchitis virus for the oviduct of young
chickens of various ages. Avian Dis. 1972, 16, 351–363.

4. Keeney, A.H.; Hunter, M.C. Human infection with the Newcastle virus of fowls. AMA Arch. Ophthalmol. 1950, 44, 573–
580.

5. Schirrmacher, V.; Ahlert, T.; Pröbstle, T.; Steiner, H.H.; Herold-Mende, C.; Gerhards, R.; Hagmüller, E.; Steiner, H.H.
Immunization with virus-modified tumor cells. Semin. Oncol. 1998, 25, 677–696.

6. Moscoso, H.; Raybon, E.O.; Thayer, S.G.; Hofacre, C.L. Molecular detection and serotyping of infectious bronchitis
virus from FTA (R) filter paper. Avian Dis. 2005, 49, 24–29.

7. Miller, P.J.; Estevez, C.; Yu, Q. Comparison of viral shedding following vaccination with inactivated and live Newcastle
disease vaccines formulated with wild-type and recombinant viruses. Avian Dis. 2009, 53, 39–49.

8. Ignjatovic, J.; Sapats, S. Avian infectious bronchitis virus. Rev. Sci. Tech. Off. Int. Epizoot. 2000, 19, 493–508.

9. Okino, C.H.; Alessi, A.C.; Montassier, M.D.-F.S.; Rosa, A.J.D.-M.; Wang, X.; Montassier, H.J. Humoral and cell-
mediated immune responses to different doses of attenuated vaccine against avian infectious bronchitis virus. Viral
Immunol. 2013, 26, 259–267.

10. Chhabra, R.; Forrester, A.; Lemlere, S.; Awad, F.; Chantrey, J.; Ganapathy, K. Mucosal, cellular and humoral immune
responses induced by different live infectious bronchitis virus vaccination regimes and protection conferred against
infectious bronchitis virus Q1 strain. Clin. Vaccine Immunol. 2015, 22, 1050–1059

11. Fan, W.-S.; Li, H.-M.; He, Y.-N.; Tang, N.; Zhang, L.-H.; Wang, H.-Y.; Zhong, L.; Chen, J.-C.; Wei, T.-C.; Huang, T.; et al.
Immune protection conferred by three commonly used commercial live attenuated vaccines against the prevalent local
strains of avian infectious bronchitis virus in southern China. J. Vet. Med. Sci. 2018, 80, 1438–1444.

12. Orr-Burks, N.; Gulley, S.L.; Gallardo, R.A.; Toro, H.; van Ginkel, F.W. Immunoglobulin A as an early humoral responder
after mucosal avian coronavirus vaccination. Avian Dis. 2014, 58, 279–286.

13. Awad, F.; Hutton, S.; Forrester, A.; Baylis, M.; Ganapathy, K. Heterologous live infectious bronchitis virus vaccination in
day-old commercial broiler chicks: Clinical signs, ciliary health, immune responses and protection against variant
infectious bronchitis viruses. Avian Pathol. 2016, 45, 169–177.

14. Guo, Z.; Wang, H.; Yang, T.; Wang, X.; Lu, D.; Li, Y.; Zhang, Y. Priming with a DNA vaccine and boosting with an
inactivated vaccine enhance the immune response against infectious bronchitis virus. J. Virol. Methods 2010, 167, 84–
89.

15. Lopes, P.D.; Okino, C.H.; Fernando, F.S.; Pavani, C.; Casagrande, V.M.; Lopez, R.F.V.; Montassier, M.D.-F.S.;
Montassier, H.J. Inactivated infectious bronchitis virus vaccine encapsulated in chitosan nanoparticles induces mucosal
immune responses and effective protection against challenge. Vaccine 2018, 36, 2630–2636.

16. Santos, R.M.; Fernando, F.S.; Montassier, M.D.-F.S.; Silva, K.-R.; Lopes, P.D.; Pavani, C.; Borzi, M.M.; Okino, C.H.;
Montassier, H.J. Memory immune responses and protection of chickens against a nephropathogenic infectious
bronchitis virus strain by combining live heterologous and inactivated homologous vaccines. J. Vet. Med. Sci. 2019, 81,
612–619.

17. van Ginkel, F.W.; Padgett, J.; Martinez-Romero, G.; Miller, M.S.; Joiner, K.S.; Gulley, S.L. Age dependent immune
responses and immune protection after avian coronavirus vaccination. Vaccine 2015, 33, 2655–2661.

18. Okino, C.H.; Alessi, A.C.; Montassier, M.D.-F.S.; Rosa, A.J.D.-M.; Wang, X.; Montassier, H.J. Humoral and cell-
mediated immune responses to different doses of attenuated vaccine against avian infectious bronchitis virus. Viral
Immunol. 2013, 26, 259–267

19. Saiada, F.; Eldemery, F.; Zegpi, R.A.; Gulley, S.L.; Mishra, A.; van Santen, V.L.; Toro, H. Early vaccination of chickens
induces suboptimal immunity against infectious bronchitis virus. Avian Dis. 2018, 63, 38–47.

[54]

[55]



20. Zegpi, R.A.; Breedlove, C.; Gulley, S.; Toro, H. Infectious Bronchitis Virus Immune Responses in the Harderian Gland
upon Initial Vaccination. Avian Dis. 2019, 64, 92–95.

21. Larsen, F.T.; Bed’Hom, B.; Naghizadeh, M.; Kjaerup, R.B.; Zohari, S.; Dalgaard, T.S. Immunoprofiling of peripheral
blood from infectious bronchitis virus vaccinated MHC-B chicken lines-monocyte MHC-II expression as a potential
correlate of protection. Dev. Comp. Immunol. 2019, 96, 93–102.

22. Tian, L.; Wang, H.-N.; Lu, D.; Zhang, Y.-F.; Wang, T.; Kang, R.-M. The immunoreactivity of a chimeric multi-epitope
DNA vaccine against IBV in chickens. Biol. Biophys. Res. Comm. 2008, 377, 221–225.

23. Tan, L.; Zhang, Y.; Liu, F.; Yuan, Y.; Zhan, Y.; Sun, Y.; Qui, X.; Meng, C.; Song, C.; Ding, C. Infectious bronchitis virus
poly-epitope-based vaccine protects chickens from acute infection. Vaccine 2016, 34, 5209–5216.

24. Ji, Y.; Liu, T.; Du, Y.; Cui, X.; Yu, Q.; Wang, Z.; Zhang, J.; Li, Y.; Zhu, Q. A novel genotype VII Newcastle disease virus
vaccine candidate generated by mutation of the L and F genes confers improved protection in chickens. Vet. Microbiol.
2018, 216, 99–106.

25. Brujeni, G.N.; Hassanzadeh, M.; Al-karagoly, H.; Tolouei, T.; Esmailnejad, A. Evaluation of humoral immune responses
to enterotropic lentogenic VG/GA vaccine of Newcastle disease in commercial turkey poults (Meleagris gallopavo). Acta
Vet. Scan. 2019, 61, 41.

26. Shafiei, B.H.; Mosleh, N.; Dudras, H. Assessment of type I interferons, clinical signs and virus shedding in broiler
chickens with pre and post challenge Newcastle disease vaccination. Iran. J. Vet. Res. 2020, 21, 84–91

27. Sedeik, M.E.; Elbestawy, A.R.; EL-Shall, N.A.; Abd EL-Hack, M.E.; Saadeldin, I.M.; Swelum, A.A. Comparative efficacy
of commercial inactivated Newcastle disease virus vaccines against Newcastle disease virus genotype VII in broiler
chickens. Poult. Sci. 2019, 98, 2000–2007.

28. Rauw, F.; Nguyen, T.G.; Ngabirano, E.; Marche, S.; Lambrecht, B. Specific antibody-mediated immunity in the
reproductive tract of laying chickens immunized against Newcastle disease with conventional attenuated and
inactivated vaccines. Avian Pathol. 2017, 46, 434–441.

29. Zhao, K.; Han, J.; Zhang, Y.; Wei, L.; Yu, S.; Wang, X.; Jin, Z.; Wang, Y.-F. Enhancing mucosal immune response of
Newcastle disease virus DNA vaccine using N-2-hydroxypropyl trimethylammonium chloride chitosan and N,O-
carboxymethyl chitosan nanoparticles as delivery carrier. Mol. Pharm. 2018, 15, 226–237.

30. Zhao, K.; Rong, G.; Hao, Y.; Yu, L.; Kang, H.; Wang, X.; Wang, X.; Jin, Z.; Ren, Z.; Li, Z. IgA response and protection
following nasal vaccination of chickens with Newcastle disease virus DNA vaccine nanoencapsulated with Ag@SiO2
hollow nanoparticles. Sci. Rep. 2016, 6, 25720.

31. Jin, Z.; Li, D.; Dai, C.; Cheng, G.; Wang, X.; Zhao, K. Response of live Newcastle disease virus encapsulated in N-2-
hydroxypropyl dimethylethyl ammonium chloride chitosan nanoparticles. Carbohydr. Polym. 2017, 171, 267–280.

32. Qian, J.; Xu, X.; Ding, J.; Yin, R.; Sun, Y.; Xue, C.; Ding, C.; Yu, S.; Liu, X.; Hu, S.; et al. Newcastle disease virus-like
particles induce DC maturation throughTLR4/NF-κB pathway and facilitate DC migration by CCR7-CCL19/CCL21 axis.
J. Vet. Microbiol. 2017, 203, 158–166.

33. Zhao, K.; Li, S.; Li, W.; Yu, L.; Duan, X.; Han, J.; Wang, X.; Jin, Z. Quaternized chitosan nanoparticles loaded with the
combined attenuated live vaccine against Newcastle disease and infectious bronchitis elicit immune response in
chicken after intranasal administration. Drug Deliv. 2017, 24, 1574–1586.

34. Wu, X.; Zhai, X.; Lai, Y.; Zuo, L.; Zhang, Y.; Mei, X.; Xiang, R.; Kang, Z.; Zhou, L.; Wang, H. Construction and
immunogenicity of novel chimeric virus-like particles bearing antigens of infectious bronchitis virus and Newcastle
disease virus. Viruses 2019, 11, 254.

35. Benyeda, Z.S.; Szeredi, L.; Mato, T.; Suveges, T.; Balka, G.Y.; Abonyi-Toth, Z.S.; Rusvai, M.; Palya, V. Comparative
histopathology and immunohistochemistry of QX-like, Massachusetts and 793/B serotypes of infectious bronchitis virus
infection in chickens. J. Comp. Path. 2010, 143, 276–283.

36. Bezuidenhout, A.; Mondal, S.P.; Buckles, E.L. Histopathological and immunohistochemical study of air sac lesions
induced by two strains of infectious bronchitis virus. J. Comp. Path. 2011, 145, 319–326.

37. Jackwood, M.W.; Jordan, B.J.; Roh, H.-J.; Hilt, D.A.; Williams, S.M. Evaluating protection against infectious bronchitis
virus by clinical signs, ciliostasis, challenge virus detection, and histopathology. Avian Dis. 2015, 59, 368–374

38. Liang, J.Q.; Fang, S.; Yuan, Q.; Huang, M.; Chen, R.A.; Fung, T.S.; Liu, D.X. N-linked glycosylation of the membrane
protein ectodomain regulates infectious bronchitis virus-induced ER stress response, apoptosis and pathogenesis.
Virology 2019, 531, 48–56.

39. Nii, T.; Isobe, N.; Yoshimura, Y. Effects of avian infectious bronchitis virus antigen on egg shell formation and
immunoreaction in hen oviduct. Theriogenology 2014, 81, 1129–1138.



40. Okino, C.H.; Santos, I.L.; Fernando, F.S.; Alessi, A.C.; Wang, X.; Montassier, H.J. Inflammatory and cell-mediated
immune responses in the respiratory tract of chickens to infection with avian infectious bronchitis virus. Viral Immunol.
2014, 27, 1–9.

41. Han, X.; Tian, Y.; Guan, R.; Gao, W.; Yang, X.; Zhou, L.; Wang, H. Infectious bronchitis virus infection induces
apoptosis during replication in chicken macrophage HD11 cells. Viruses 2017, 9, 198.

42. Liao, Y.; Fung, T.S.; Huang, M.; Fang, S.G.; Zhong, Y.; Liu, D.X. Upregulation of CHOP/GADD153 during coronavirus
infectious bronchitis virus infection modulates apoptosis by restricting activation of the extracellular signal-regulated
kinase pathway. J. Virol. 2013, 87, 8124–8134.

43. Liao, Y.; Wang, X.; Huang, M.; Tam, J.P.; Liu, D.X. Regulation of the p38 mitogen-activated protein kinase and dual-
specificity phosphatases 1 feed-back loop modulates the induction of interleukin 6 and 8 in cells infected with
coronavirus infectious bronchitis virus. Virology 2011, 420, 106–116.

44. Fung, T.S.; Liu, D.X. Activation of the c-Jun NH2-terminal kinase pathway by coronavirus infectious bronchitis virus
promotes apoptosis independently of c-Jun. Cell Death Dis. 2017, 8, 3215.

45. Larsen, F.T.; Bed’Hom, B.; Naghizadeh, M.; Kjaerup, R.B.; Zohari, S.; Dalgaard, T.S. Immunoprofiling of peripheral
blood from infectious bronchitis virus vaccinated MHC-B chicken lines-monocyte MHC-II expression as a potential
correlate of protection. Dev. Comp. Immunol. 2019, 96, 93–102.

46. Qu, Y.; Zhan, Y.; Yang, S.; Ren, S.; Qiu, X.; Rehamn, Z.U.; Tan, L.; Sun, Y.; Meng, C.; Song, C.; et al. Newcastle
disease virus infection triggers HMGB1 release to promote the inflammatory response. Virology 2018, 525, 19–31.

47. Li, R.; Guo, K.; Liu, C.; Wang, J.; Tan, D.; Han, X.; Tang, C.; Zhang, Y.; Wang, J. Strong Inflammatory responses and
apoptosis in the oviducts of egg-laying hens caused by genotype VIId Newcastle disease virus. BMC Vet. Res. 2016,
12, 155.

48. Subbaiah, K.C.V.; Valluru, L.; Rajendra, W.; Ramamurthy, C.; Thirunavukkarusu, C.; Subramanyam, R. Newcastle
disease virus (NDV) induces protein oxidation and nitration in brain and liver of chicken: Ameliorative effect of vitamin
E. Int. J. Biochem. Cell Biol. 2015, 64, 97–106.

49. Kristeen-Teo, Y.W.; Yeap, S.K.; Tan, S.W.; Omar, A.R.; Ideris, A.; Tan, S.G.; Alitheen, N.B. The effect of different
velogenic NDV infections on the chicken bursa of fabricus. BMC Vet. Res. 2017, 13, 151.

50. Wang, B.; Zhu, J.; Li, D.; Wang, Y.; Zhan, Y.; Tan, L.; Qiu, X.; Sun, Y.; Song, C.; Meng, C.; et al. Newcastle disease
virus infection induces activation of the NLRP3 inflammasome. Virology 2016, 496, 90–96

51. Gao, P.; Chen, L.; Fan, L.; Ren, J.; Du, H.; Sun, M.; Li, Y.; Xie, P.; Lin, Q.; Liao, M.; et al. Newcastle disease virus RNA-
induced IL-1β expression via the NLRP3/caspase-1 inflammasome. Vet. Res. 2020, 51, 53.

52. Li, Y.; Xie, P.; Sun, M.; Xiang, B.; Kang, Y.; Gao, P.; Zhu, W.; Ning, Z.; Ren, T. S1PR1 expression correlates with
inflammatory responses to Newcastle disease virus infection. Infect. Genet. Evol. 2016, 37, 37–42.

53. Li, Y.; Jiang, W.; Niu, Q.; Sun, Y.; Meng, C.; Tan, L.; Song, C.; Qiu, X.; Liao, Y.; Ding, C. elF2α-CHOP-BCL-2/JNK and
IRE1α-XBP1/JNK signaling promote apoptosis and inflammation and support the proliferation of Newcastle disease
virus. Cell Death Dis. 2019, 10, 891.

54. Li, X.; Jia, Y.; Liu, H.; Wang, X.; Chu, Z.; Hu, R.; Ren, J.; Xiao, S.; Zhang, S.; Wang, X.; et al. High level expression of
ISG12(1) promotes cell apoptosis via the mitochondrial-dependent pathway and so as to hinder Newcastle disease
virus replication. Vet. Microbiol. 2019, 228, 147–156.

55. Hu, Z.; Gu, H.; Hu, J.; Hu, S.; Wang, X.; Liu, X.; Jiao, X.; Liu, X. Quantitative proteomics identify an association
between extracellular matrix degradation and immunopathology of genotype VII Newcastle disease virus in the spleen
in chickens. J. Proteom. 2018, 181, 201–212.

Retrieved from https://encyclopedia.pub/entry/history/show/15743


