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Abstract  12 

Introduction: Newcastle disease (ND) is a highly lethal and contagious disease 13 

affecting a diverse range of avian species, caused by the Newcastle disease virus 14 

(NDV). This study aims to evaluate the cytotoxic effects of NDV on mouse spleen 15 

cells and to assess the activation of specific immune responses against NDV 16 

mediated by helper T cells. 17 

Material and Methods: Newcastle disease viruses evaluated in this study were 18 

collected from broiler farms with disease symptoms in Alborz province. Newcastle 19 

disease virus isolates are replicated by inoculation in the allantoic cavity of ten-day 20 

old embryonated eggs. Varying concentrations of the virus were introduced to the 21 

leukocytes in the first and second groups, while the third group served as a control, 22 

receiving no NDV. Following incubation, the gene expression levels were quantified 23 

using Real-time RT-PCR, and the cytotoxicity of the virus on the cells was assessed 24 

through the MTT assay. 25 

Result: The expression levels of the genes gata3, t-bet, interleukin-4, and interferon-26 

gamma did not exhibit significant changes in the group of spleen cells exposed to 27 

lower viral concentrations. The evaluation of cytotoxic effects of NDV on spleen 28 



 

 

cells revealed no cytotoxic impact in the first passage of the NDV treatment group; 29 

however, cytotoxic effects were noted during the second passage, although these 30 

results were not statistically significant (p>0.05). 31 

Conclusion: NDV is capable of activating both cellular and humoral immune 32 

responses by stimulating the activation of type 1 and type 2 helper T lymphocytes. 33 

Moreover, it exerts influence over the survival and proliferation of leukocytes. 34 

Keywords: Helper T Cells, Immunity, Newcastle disease virus. 35 

1. Introduction  36 

Newcastle disease (ND) is a highly contagious avian disease transmitted through the 37 

respiratory tract, causing substantial economic losses in the global poultry industry. 38 

Newcastle disease virus (NDV) strains are classified as velogenic, lentogenic or 39 

mesogenic. In addition, NDV has beneficial clinical effects in cancer patients [1]. 40 

Studies suggest that NDV disrupts the innate immune response by degrading 41 

phospho-STAT1, MDA5, and MAVS via the viral V protein [2]. NDV has been 42 

shown to impact dendritic cells (DCs) during the early stage of infection, facilitating 43 

DC activation and the cross-priming of naïve T cells into tumor-specific T cells [3, 44 

4]. A recent study has shown that infection with a velogenic strain of NDV activates 45 

an extrinsic apoptosis pathway in DCs, inhibiting CD4+ T cell proliferation. As a 46 

result, the overall effects of viral infection on adaptive immunity remain 47 

insufficiently explored [5]. 48 

In a number of previous studies, mice have been used as an experimental model to 49 

investigate the effects of Newcastle disease virus on the immune system. Given that 50 

the spleen is the largest lymphoid organ in the body and plays a crucial role in 51 

mounting specific immune responses, and that Newcastle disease virus is capable of 52 

targeting lymphoid organs, including the spleen, the present study utilized mouse 53 

splenic leukocytes to examine the impact of Newcastle disease virus on immune 54 



 

 

responses. Infection with NDV elicits a robust innate immune response through 55 

DCs, yet the immunostimulatory capabilities of infected DCs that prime naïve T 56 

cells remain inadequately characterized [6]. The successful generation of an efficient 57 

adaptive immune response by T cells via DCs necessitates three signals: the antigen-58 

specific T cell receptor (TCR)-peptide-major histocompatibility complex (MHC), 59 

co-stimulatory molecules, and cytokines that promote the polarization of cluster of 60 

differentiation 4-positive (CD4+) helper T (Th) cells [7].  NDV has the ability to 61 

activate a synergistic response involving mucosal, cellular, and humoral immunity 62 

while simultaneously neutralizing host innate immunity through the viral V protein, 63 

leading to apoptosis of DCs which impedes antigen presentation. Recent 64 

investigations have demonstrated that NDV infection results in the generation of 65 

phenotypically mature DCs; however, these cells exhibit dysfunction in stimulating 66 

T cell responses. Furthermore, the specific mechanisms underlying the interaction 67 

between NDV and DCs remain largely unexplored [8].  68 

2. Objectives 69 

This study aimed to evaluate the cytotoxic effects of NDV on spleen cells and the 70 

induction of T-helper cell responses. 71 

3. Material and Methods  72 

NDV was isolated from an infected poultry farm in Alborz province (Iran) in 2022 73 

to evaluate the cytotoxic effects of the virus on spleen cells and the induction of T-74 

helper cell responses. 75 

3.1. Isolation of Newcastle Disease Virus  76 

NDV was isolated from broiler farms in Alborz province, and its pathotype was 77 

evaluated using the Mean Death Time (MDT) and pathogenicity indices. During the 78 

fall of 2022, four-week-old broiler chickens from an industrial poultry farm 79 



 

 

exhibiting high mortality and suspected acute NDV infection were sampled. The 80 

Ross breed chickens were identified based on clinical signs, including lethargy, eye 81 

swelling, and severe greenish diarrhea, along with necropsy findings associated with 82 

NDV. The farms maintained high management standards, featuring adequate 83 

ventilation and provision of necessary equipment, feed, and water. All birds were 84 

offered food and water ad libitum. 85 

Samples were collected from the trachea and lungs of ten freshly euthanized four-86 

week-old chickens under aseptic conditions and immediately transferred to the 87 

virology laboratory at the Faculty of Veterinary Medicine. The samples were 88 

dissected into approximately 2 mm fragments using sterile tools and ground in a 89 

sterile mortar with sterile sand and 10 ml of phosphate-buffered saline (PBS) at pH 90 

7.4. This suspension was placed in sterile 15 ml Falcon tubes, and antibiotics 91 

penicillin (1000 IU/mL) and streptomycin (10 mg/mL) were added. After 92 

centrifugation at 2000 rpm for 10 minutes at 4°C, the supernatants were filtered 93 

through a 0.22 μm syringe filter and transferred to sterile 2 ml microtubes. The 94 

samples were either used immediately or stored at -80°C. One hundred microliters  95 

of samples were inoculated into the allantoic cavity of ten 7- to 9-day-old 96 

embryonated eggs, with three control eggs injected with 100 μl of sterile phosphate-97 

buffered saline (PBS). The puncture in the eggshell was sealed with wax, and the 98 

eggs were incubated for five days in an incubator at 37°C and 50-60% humidity. 99 

Daily viability assessments were conducted; embryos that died within 24 hours post-100 

inoculation were removed due to non-specific causes. Eggs with embryo mortality 101 

after 24 hours were transferred to a refrigerator at 4°C. Eggs with surviving embryos 102 

were also refrigerated overnight. Subsequently, allantoic fluid was collected from 103 

the refrigerated eggs, and the hemagglutination (HA) test was performed on the 104 

samples. 105 



 

 

 106 

3.2. Detection of viral particles in the allantoic fluid of eggs by hemagglutination 107 

test 108 

All strains of the NDV possess the capability to agglutinate red blood cells of avian 109 

species. This phenomenon, known as hemagglutination, results from the binding of 110 

specific antigenic proteins, namely hemagglutinin and neuraminidase, located on the 111 

viral surface to their corresponding receptors on red blood cells. The interaction 112 

between the virus and the red blood cells leads to the aggregation or agglutination 113 

of the cells, which is referred to as hemagglutination. 114 

 115 

The hemagglutination test was conducted to assess the presence of NDV in the 116 

allantoic fluid derived from embryonated eggs, following these procedural steps: 117 

1. Fifty microliters of phosphate buffer were added to the wells of a 96-well plate 118 

with a U-shaped bottom. 119 

2. Fifty microliters of allantoic fluid from the embryonated egg were dispensed 120 

into the first well, and subsequent dilutions were prepared in a series, specifically 121 

at ratios of 1/2, 1/4, 1/8, and so forth. 122 

3. Fifty microliters of 1% chicken red blood cells were introduced into each well. 123 

4. The contents of the plate were mixed thoroughly, and the plate was subsequently 124 

incubated at room temperature (20 °C) for a duration of 40 minutes. 125 

5. The last dilution of the virus that elicited hemagglutination was recorded as one 126 

hemagglutination unit (1 HA). 127 

 128 



 

 

3.3. Detection of NDV in allantoic fluid by RT-PCR 129 

A total of 100 μL of allantoic fluid was mixed with 1000 μL of Trizol and centrifuged 130 

at 12,000 g for 15 minutes at 4°C. The RNA-containing supernatant was transferred 131 

to an RNase-free microtube, followed by the addition of 1000 μL of isopropanol. 132 

After a second centrifugation at 12,000 g for 10 minutes at 4°C, 500 μL of 75% 133 

ethanol was added to the pellet, which was then centrifuged at 7500 g for 5 minutes 134 

at 4°C. The pellet was rehydrated with DEPC-treated water, and the extracted RNA 135 

was dissolved in 20 μL of RNase-free water and stored at -70°C. 136 

Complementary DNA (cDNA) synthesis was performed according to the 137 

manufacturer's instructions using mMULV reverse transcriptase, enzyme buffer, 138 

nucleotides, and oligo dT primers in a 0.2 mL DNase/RNase-free microtube. The 139 

reaction was thermocycled at 25°C for 5 minutes, 37°C for 2 hours, and 85°C for 5 140 

minutes, followed by storage at -20°C. 141 

Polymerase Chain Reaction (PCR) was executed with a mastermix containing Taq 142 

DNA polymerase, buffer, nucleotides, MgCl2, and primers specific to the F gene of 143 

Newcastle Disease Virus in a 25 μL volume. The PCR consisted of 40 cycles with 144 

three stages: Denaturation at 95°C for 1 minute, Annealing at 55°C for 30 seconds, 145 

and Elongation at 72°C for 1 minute, during which the DNA polymerase synthesized 146 

a new DNA strand from the template. 147 

 148 

3.4. Assessment of NDV pathogenicity 149 

Numerous strains of NDV exist, each exhibiting varying levels of pathogenicity. 150 

This disparity in pathogenicity is evident in the severity of the disease manifested in 151 

infected chickens and is utilized to classify the pathotypes of the virus. To evaluate 152 



 

 

the pathogenicity of NDV isolates, we employed the methodologies of assessing 153 

MDT and conducting the intracerebral pathogenicity index (ICPI) test. 154 

 155 

3.5. NDV Intracerebral Pathogenicity Test 156 

For the intracerebral pathogenicity test (ICPI), fresh allantoic fluid was diluted at a 157 

ratio of 1:10 in sterile isotonic saline, without the addition of antibiotics. Using a 158 

sterile tuberculin syringe, 0.05 ml of the freshly diluted allantoic fluid was inoculated 159 

intracerebrally into the caudal brain regions of ten chicks, 24 to 40 hours post-160 

hatching from a specific pathogen-free (SPF) flock. The chicks were monitored for 161 

clinical signs every 24 hours over a period of eight days. Control chicks, which did 162 

not receive inoculation with allantoic fluid, were housed separately from the 163 

experimental group. 164 

 165 

3.6. Maintenance of laboratory mice 166 

Ten female Balb/c mice, aged 6 to 8 weeks, were maintained in an animal facility 167 

with a 12-hour light-dark cycle and a temperature of 22 to 27 °C for three months. 168 

They had unrestricted access to a commercial pellet diet and water, with efforts made 169 

to minimize stress. 170 

 171 

 172 

3.7. Measurement of gene expression levels and cytotoxicity effect in leukocytes 173 

cultured in the presence of NDV 174 



 

 

Balb/c mice were euthanized, and spleen cells were collected. Red blood cells were 175 

lysed, and remaining cells were washed and cultured in RPMI1640 medium 176 

supplemented with 25 mM HEPES and streptomycin. Leukocytes were cultured in 177 

RPMI1640 medium containing 10% fetal bovine serum, 100 international units per 178 

milliliter of penicillin, and 100 micrograms per milliliter of streptomycin. The 179 

cultures were divided into three groups: the first group received 2 HAU virus, the 180 

second group received 8 HA virus, and the third group served as the control group 181 

with no viral addition. All cells were incubated at 37°C in 90-95% humidity with 182 

5% CO2 for 48 hours. Following incubation, RNA was extracted using Trizol buffer 183 

with chloroform and isopropanol, and the quality was assessed via absorbance 184 

measurements at 230, 260, and 280 nm using a Nanodrop spectrophotometer. 185 

Residual DNA was removed using RNase-free DNase enzyme. 186 

cDNA synthesis was conducted with M-MuLV reverse transcriptase, random 187 

hexamer primers, dNTPs, and RNA guard under specified temperature conditions. 188 

For Real-time RT-PCR, a PCR master mix was prepared with Taq DNA polymerase, 189 

SYBR-green I, and specific primers for target genes, including t-bet, gata3, 190 

interferon-gamma (IFN-γ) and interleukin-4 (IL-4), followed by a temperature 191 

cycling program in an Applied Biosystems StepOnePlus device. Melt curve analysis 192 

was performed post-PCR to analyze the data using the ΔΔCT method. 193 

To evaluate the cytotoxic effects of NDV, Balb/c mice were euthanized, spleen 194 

leukocytes were cultured in RPMI1640 medium supplemented with 25 mM HEPES 195 

and streptomycin. The treatment group was exposed to NDV, while the control 196 

group remained uninfected. The cytotoxicity was assessed via the MTT assay after 197 

96 hours of incubation. Percent of cytotoxicity was calculated using the formula: 198 

(Sample optical absorption)/(Control optical absorption)) ×100 - 1) = Cytotoxicity 199 



 

 

3.8. Data Analysis 200 

SPSS statistical program was used to perform statistical calculations. After entering 201 

the data into the SPSS software, they were analyzed using T test and Anova test. The 202 

experiments were repeated at least three times and the average of the results was 203 

used in statistical calculations. The difference was considered significant at the 0.05 204 

level. 205 

 206 

4. Result 207 

Allantoic fluid was harvested from embryonated eggs five days post-inoculation. 208 

The results of HA assay indicated hemagglutination of red blood cells in seven 209 

samples. A summary of the findings from the HA assay is presented in Table 1. 210 

Specifically, two samples exhibited an HA test titer of 8, one sample displayed an 211 

HA titer of 16, and one sample revealed an HA titer of 32. 212 

 213 

Table 1. Hemagglutination test results 214 

Sample Hemagglutination titre 

1 2 HA 

2 - 

3 - 

4 4 HA 

5 16 HA 

6 32 HA 

7 8 HA 

8 8 HA 

9 2 HA 



 

 

 215 

 216 

 217 

We  measured gene expression levels in T helper cells cultured in the presence of 218 

NDV. Mouse spleen leukocytes were divided into three groups: one group exposed 219 

to NDV at the dose of 2 HA unite (HAU), another group exposed to 8 HAU, and a 220 

control group cultured in the abcence of  NDV. All cultures were incubated for 48 221 

hours at 37°C, with 90-95% humidity and 5% CO2. Gene expression levels of t-bet, 222 

gata3, interleukin-4, and interferon-gamma were quantified using Real-time RT-223 

PCR and analyzed with the ΔΔCT method. Results showed no significant changes 224 

in the 2 HAU-exposed group. In contrast, the 8 HAU-exposed group exhibited 225 

increases: t-bet by 2.49 times, gata3 by 3.71 times, IFN-γ by 2.74 times, and 226 

interleukin-4 by 4.53 times (Figures 1 and 2). 227 

 228 

 229 
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 238 

Figure 1. Expression levels of t-bet, gata3, IFN-γ and IL-4 genes in spleen cells 239 

cultured in the presence of 2 HAU of NDV 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 

Figure 2. Expression levels of t-bet, gata3, IFN-γ and IL-4 genes in spleen cells 249 

cultured in the presence of 8 HAU of NDV 250 

 251 

 252 

 253 



 

 

The cytotoxic effects of NDV on mouse spleen cells were assessed following a 254 

defined culturing protocol. Spleen cells were incubated with 8 HAU of NDV at 255 

37°C, with 90-95% humidity and 5% CO2, and subjected to two passages at four-256 

day intervals. The MTT assay, a colorimetric method for evaluating cellular 257 

metabolic activity, was employed to measure cytotoxicity. Cells from both treatment 258 

and control groups were incubated for 96 hours, followed by the addition of 10 μL 259 

of MTT solution (5 mg/mL) and a subsequent 4-hour incubation. After adding 100 260 

μL of solubilizing solution, absorbance was measured at 570 nm. In the first passage 261 

of the NDV treatment group, no significant cytotoxic effects were observed. In the 262 

second passage, cytotoxic effects were noted, but they were not statistically 263 

significant (p>0.05) (Figure 3). 264 

 265 

 266 

                                267 

Figure 3. Results of evaluating the cytotoxic effect of NDV on mouse spleen 268 

cells 269 

 270 

5. Discussion  271 

In this study, we investigated the effects of NDV on splenic leukocytes harvested 272 

from Balb/c mice. The leukocytes were cultured with the NDV strain to assess any 273 



 

 

potential cytotoxic effects over two passages. In the first passage, which lasted four 274 

days, we observed no significant cytotoxicity affecting the spleen cells. However, 275 

during the second passage, an increase in cytotoxic effects became apparent; 276 

although they were noted, these effects did not reach statistical significance. This 277 

observation prompts further investigation to clarify whether the noted changes in 278 

cell viability are a direct outcome of NDV-induced cell death or a result of NDV’s 279 

impact on the proliferation of lymphocytes. Our findings suggest that NDV 280 

possesses the capability to engage both cellular and humoral immune responses, 281 

primarily through the priming of type 1 and type 2 helper T lymphocytes. This 282 

versatility underscores the importance of understanding NDV's mechanisms of 283 

action within the immune system. 284 

Cellular immunity represents a crucial component of specific or acquired immunity, 285 

primarily mediated by T lymphocytes. It plays a significant role in providing 286 

protection against natural NDV infections and contributes to viral clearance. T 287 

lymphocyte subsets, which include cytokine-secreting CD4+ T helper cells and 288 

CD8+ cytotoxic T lymphocytes, constitute the principal cells involved in the cellular 289 

immune response [9-11].  290 

In contrast to humoral immunoassays, such as enzyme-linked immunosorbent assay 291 

(ELISA) or hemagglutination inhibition assays, cell-mediated immunoassays are 292 

more labor-intensive and necessitate more advanced methodologies. These assays 293 

encompass tests for interferon-gamma induction from stimulated lymphocytes, as 294 

well as evaluations of cellular responses to antigen or mitogen challenges through 295 

proliferation, flow cytometry of lymphocytes, and levels of cytotoxicity displayed 296 

by NDV-specific CD8+ T lymphocytes against virus-infected target cells. Evidence 297 

of cellular immunity priming is detectable 2 to 3 days post-infection with NDV, 298 

particularly in turkeys [12]. Recent studies have further confirmed that cellular 299 



 

 

immune responses to NDV can be identified shortly after vaccination with a live 300 

NDV vaccine [13]. 301 

In these investigations, chickens demonstrating specific cellular immunity to NDV, 302 

as assessed by blastocyst microassay with inactivated NDV, were not protected from 303 

lethal NDV challenges in the absence of hemagglutination-inhibiting (HI) 304 

antibodies. Conversely, birds possessing NDV-specific antibodies were observed to 305 

be protected. The findings indicate that antibodies generated against NDV serve as 306 

critical modulators of protection; however, cellular immunity likely aids in reducing 307 

viral shedding by selectively targeting and eliminating NDV-infected cells [14, 15]. 308 

Despite the increasing capability to measure cellular immune responses over recent 309 

years, there remains a scarcity of studies investigating the induction of cellular 310 

immunity by NDV. Type 1 T helper lymphocytes are responsible for producing and 311 

secreting various cytokines, particularly interferon-gamma, which is essential for 312 

cellular immunity. In contrast, type 2 T helper lymphocytes produce and secrete 313 

interleukin-4, among other cytokines, which are pivotal for establishing humoral 314 

immunity mediated by antibodies [16-19].  315 

In the study by Ginting et al. (2019), it was demonstrated that NDV strongly induces 316 

the production of antiviral type I interferons (IFN-α and IFN-β) and type III 317 

interferon (IFN-λ) in cell line cells, whereas in normal cells, it predominantly 318 

induces type III interferon (3). In the study by Xiang et al. (2018), NDV was capable 319 

of infecting and replicating in mature dendritic cells derived from chicken bone 320 

marrow. Infection of chicken dendritic cells with NDV was associated with 321 

alterations in the gene expression profile of these cells (4). In the study by Zhang et 322 

al. (2019), higher NDV replication in chicken tissues correlated with a stronger 323 

immune response, characterized by increased expression of most Toll-like receptors, 324 

as well as certain avian defensins and cytokines (5). Sun et al. (2019) showed that 325 



 

 

the NDV V protein inhibits host type I interferon production via the E3 ubiquitin 326 

ligase RNF5 (6). In the study by Xu et al. (2020), recombinant NDV induced the 327 

maturation of immature dendritic cells derived from human monocytes ex vivo, as 328 

evidenced by the upregulation of costimulatory molecules and antigen-presenting 329 

molecules, as well as the production of type I interferons (7). 330 

NDV infection induces apoptosis in both tumor and normal cells, as demonstrated 331 

by the activation of caspase-3 and Annexin-V staining (3). In our previous study, 332 

NDV increased the expression of BAX, caspase-9, and caspase-3 genes in human 333 

cancer cells and enhanced the rate of cell death in these cells (8). In the study by 334 

Urchenco et al. (2019), passaging NDV in a human cell line led to increased viral 335 

cytotoxicity against human cells (9). In NDV genotype VII (NDV-GVII), an 336 

emerging velogenic NDV strain, viral tropism has shifted from respiratory–enteric 337 

tropism to lymphotropism. This virus targets lymphoid organs, including the spleen 338 

and the bursa of Fabricius in birds, leading to severe lymphocytopenia. In the study 339 

by Rabie, Hemmatzadeh et al. (2021), gene expression profiling of the spleen in 340 

chickens inoculated with this virus revealed that activation of synaptogenesis, 341 

lymphotropic, and autophagy-mediated cell death pathways may contribute to the 342 

pathogenesis of this emerging virus (10). 343 

In the study of Heicappell and colleagues (1986), postoperative injection of NDV-344 

modified tumor cells in mice resulted in prevention of metastatic spread and 345 

increased long-term survival of mice (1). In another study, recombinant NDV strains 346 

derived from the velogenic strain Italien induced syncytium formation and cell death 347 

as well as prolonged survival of tumor-bearing mice (2). 348 

The results from this study revealed that  NDV is capable of activating both cellular 349 

and humoral immunity by stimulating type 1 and type 2 helper T lymphocytes. These 350 

results contrast with those reported by Tan et al., who observed that NDV infection 351 



 

 

in mouse dendritic cells elicited stronger T helper type 1 responses (IFN-γ and IL-352 

12), while T helper type 2 responses (IL-4 and IL-10) remained unchanged [5]. 353 

Nevertheless, our results align somewhat with those of Nan et al., who documented 354 

that NDV-infected mouse dendritic cells induced T helper 2 responses. Importantly, 355 

our findings also demonstrate that T helper type 1 responses are elicited by NDV 356 

[20]. 357 

6. Conclusion  358 

Our findings indicate that NDV can activate both cellular and humoral immunity by 359 

activating type 1 and type 2 T helper lymphocytes. Also, we found that NDV 360 

treatment group did not demonstrate any cytotoxicity in the two passages. 361 

7. CONFLICT OF INTEREST 362 

The authors declare that they have no competing interests. 363 

8. ETHICS STATEMENT 364 

The study did not use any animals or biological samples. All analyses were 365 

performed with publicly available sequence data from online databases. 366 

9. AUTHOR CONTRIBUTIONS 367 

A.K: Conceptualization, Investigation, Formal Analysis, Writing – Original Draft. 368 

H.K: Supervision, Writing – Review & Editing. 369 

A.M.S: Supervision, Writing – Review & Editing. 370 

S.F.B: Supervision, Writing – Review & Editing. 371 

10. CONSENT FOR PUBLICATION 372 

Informed consent for publication was obtained from all participants. 373 



 

 

11. CONSENT TO PARTICIPATE 374 

All authors contributed to the study conception, and approved the final manuscript. 375 

12. ACKNOWLEDGEMENT 376 

We sincerely thank Dr. Alireza Abtin for his supervision and assistance in reviewing 377 

and editing this manuscript. 378 

13. DATA AVAILABILITY STATEMENTS 379 

Data sharing not applicable – no new data generated, or the article describes entirely 380 

theoretical research. 381 

 382 

  383 



 

 

14. References  384 

1. Bonab S, Khansari N. Virotherapy with Newcastle disease virus for cancer 385 

treatment and its efficacy in clinical trials. MOJ Immunol. 2017;5(6):00176 386 

https://doi.org/10.15406/moji.2017.05.00176. 387 

2. Sun Y, Zheng H, Yu S, Ding Y, Wu W, Mao X, et al. Newcastle disease virus 388 

V protein degrades mitochondrial antiviral signaling protein to inhibit host type I 389 

interferon production via E3 ubiquitin ligase RNF5. Virol J. 390 

2019;93(18):10.1128/jvi. 00322-19 https://doi.org/10.1128/jvi.00322-19. 391 

3. Xu Q, Rangaswamy US, Wang W, Robbins SH, Harper J, Jin H, et al. 392 

Evaluation of Newcastle disease virus mediated dendritic cell activation and cross‐393 

priming tumor‐specific immune responses ex vivo. Int J Cancer. 2020;146(2):531-394 

41 https://doi.org/10.1002/ijc.32694. 395 

4. Burke S, Shergold A, Elder MJ, Whitworth J, Cheng X, Jin H, et al. Oncolytic 396 

Newcastle disease virus activation of the innate immune response and priming of 397 

antitumor adaptive responses in vitro. Cancer Immunology, Immunotherapy. 398 

2020;69(6):1015-27 https://doi.org/10.1007/s00262-020-02495-x. 399 

5. Tan L, Zhang Y, Qiao C, Yuan Y, Sun Y, Qiu X, et al. NDV entry into 400 

dendritic cells through macropinocytosis and suppression of T lymphocyte 401 

proliferation. Virology. 2018;518:126-35 402 

https://doi.org/10.1016/j.virol.2018.02.011. 403 

6. Xiang B, Zhu W, Li Y, Gao P, Liang J, Liu D, et al. Immune responses of 404 

mature chicken bone-marrow-derived dendritic cells infected with Newcastle 405 

disease virus strains with differing pathogenicity. Arch Virol. 2018;163(6):1407-17 406 

https://doi.org/10.1007/s00705-018-3745-6. 407 

7. Van Panhuys N. TCR signal strength alters T–DC activation and interaction 408 

times and directs the outcome of differentiation. Front immunol. 2016;7:6 409 

https://doi.org/10.3389/fimmu.2016.00006. 410 

8. Nan F, Nan W, Yan X, Wang H, Jiang S, Zhang S, et al. Newcastle disease 411 

virus suppresses antigen presentation via inhibiting IL-12 expression in dendritic 412 

cells. J Zheijiang Uni Sci B. 2024;25(3):254-70 413 

https://doi.org/10.1631/jzus.B2300134. 414 

9. Ike AC, Ononugbo CM, Obi OJ, Onu CJ, Olovo CV, Muo SO, et al. Towards 415 

improved use of vaccination in the control of infectious bronchitis and Newcastle 416 

disease in poultry: understanding the immunological mechanisms. Vaccines. 417 

2021;9(1):20 https://doi.org/10.3390/vaccines9010020. 418 

10. Hao X, Zhang F, Yang Y, Shang S. The evaluation of cellular immunity to 419 

avian viral diseases: methods, applications, and challenges. Front Microbiol. 420 

2021;12:794514 https://doi.org/10.3389/fmicb.2021.794514. 421 

https://doi.org/10.15406/moji.2017.05.00176
https://doi.org/10.1128/jvi.00322-19
https://doi.org/10.1002/ijc.32694
https://doi.org/10.1007/s00262-020-02495-x
https://doi.org/10.1016/j.virol.2018.02.011
https://doi.org/10.1007/s00705-018-3745-6
https://doi.org/10.3389/fimmu.2016.00006
https://doi.org/10.1631/jzus.B2300134
https://doi.org/10.3390/vaccines9010020
https://doi.org/10.3389/fmicb.2021.794514


 

 

11. Meteab BK, Hamzah DJ. Newcastle Disease Hemato-immune Reaction 422 

Following Immunization. Cent Asi J Med Natu Sci. 2025;6(2):474-81 423 

https://doi.org/10.51699/cajmns.v6i2.2723. 424 

12. Kapczynski DR, Afonso CL, Miller PJ. Immune responses of poultry to 425 

Newcastle disease virus. Dev & Comp Immunol. 2013;41(3):447-53 426 

https://doi.org/10.1016/j.dci.2013.04.012. 427 

13. Zeb MT, Dumont E, Khan MT, Shehzadi A, Ahmad I. Multi-Epitopic Peptide 428 

Vaccine Against Newcastle Disease Virus: Molecular Dynamics Simulation and 429 

Experimental Validation. Vaccines. 2024;12(11):1250 430 

https://doi.org/10.3390/vaccines12111250. 431 

14. Espejo R, Breedlove C, Toro H. Immune Responses in the Harderian Gland 432 

After Newcastle Disease Vaccination in Chickens with Maternal Antibodies. Avian 433 

Dis. 2024;68(3):192-201 10.1637/aviandiseases-D-24-00007. 434 

15. Okafor S, Ihedioha J, Okoye JO. Experimental Velogenic Viscerotropic 435 

Newcastle Disease Virus Infection in Chickens Immunologically Impaired by 436 

Treatment with Cyclophosphamide. Vet Sci & Pract. 2024;19(2):94-103 437 

https://doi.org/10.17094/vetsci.1436625. 438 

16. Ngo C, Garrec C, Tomasello E, Dalod M. The role of plasmacytoid dendritic 439 

cells (pDCs) in immunity during viral infections and beyond. Cell & Molec 440 

Immunol. 2024;21(9):1008-35 https://doi.org/10.1038/s41590-025-02288-3. 441 

17. Swiecki M, Colonna M. Unraveling the functions of plasmacytoid dendritic 442 

cells during viral infections, autoimmunity, and tolerance. Immunol Rev. 443 

2010;234(1):142-62 https://doi.org/10.1111/j.0105-2896.2009.00881. 444 

18. Soto JA, Gálvez NM, Andrade CA, Pacheco GA, Bohmwald K, Berrios RV, 445 

et al. The role of dendritic cells during infections caused by highly prevalent viruses. 446 

Front immunol. 2020;11:1513 https://doi.org/10.3389/fimmu.2020.01513. 447 

19. Reizis B. Plasmacytoid dendritic cells: development, regulation, and function. 448 

Immunity. 2019;50(1):37-50 https://doi.org/10.1016/j.immuni.2018.12.027. 449 

20. Nan FL, Zheng W, Nan WL, Yu T, Xie CZ, Zhang H, et al. Newcastle disease 450 

virus inhibits the proliferation of T cells induced by dendritic cells in vitro and in 451 

vivo. Front immunol. 2021;11:619829 https://doi.org/10.3389/fimmu.2020.619829. 452 

 453 

 454 

https://doi.org/10.51699/cajmns.v6i2.2723
https://doi.org/10.1016/j.dci.2013.04.012
https://doi.org/10.3390/vaccines12111250
https://doi.org/10.17094/vetsci.1436625
https://doi.org/10.1038/s41590-025-02288-3
https://doi.org/10.1111/j.0105-2896.2009.00881
https://doi.org/10.3389/fimmu.2020.01513
https://doi.org/10.1016/j.immuni.2018.12.027
https://doi.org/10.3389/fimmu.2020.619829

