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			Abstract | Newcastle Disease (ND) vaccines are being used for more than 7 decades, the disease is still a major challenge for poultry industry both locally and internationally. ND frequently emerges in highly vaccinated flocks causing high economic losses without specific treatment. Mesenchymal stem cells (MSCs) are a group of pluripotent cells with multiple biotechnology applications, including but not limited to tissue genesis, tissue repair, hematopoiesis, and immune modulation. Therapeutic strategies based on the usage of stem cells includes the cells either themselves or their secretions (secretome), which has recently shown ability to inhibit SARS-CoV2 replication in-vitro. In this study, MSCs were prepared from the bone marrow of native Egyptian Fayoumi chicken. The MSC with the surface marker CD105 (CD105+) were magnetically separated and infected with virulent Newcastle disease virus (vNDV). The virus-induced multiple changes at the cellular and ultrastructural level in the infected cells, and it was able to maximize the production of interferon-gamma (IFNγ) and interleukin 2 (IL2), interleukin 6 (IL6) and interleukin 12 (IL12). In conclusion, our data represent a preliminary step in vNDV immunotherapy where MSCs media could be used for the treatment of vNDV in infected flocks.
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			INTRODUCTION

			 

			The poultry industry represents a cornerstone in the Egyptian economy and a major source of animal protein production. It is associated with a large amount of national consumption that represents over 600 million dollars (FAO, 2013). Excessive usage of antibiotics in poultry has led to the emergence of highly resistant microbial pathogens (Agyare et al., 2018). So, there is an urgent need to develop environmentally friendly materials and complementary treatments such as natural immune modifying cytokines (Umar et al., 2019).

			 

			Improvement of meat and egg quality, and disease resistance to viral diseases as Newcastle disease in the Egyptian chicken traits with traditional breeding programs is very difficult, expensive, and time-consuming. Stem cells represent a potential medicine with multiple applications (Hayretdağ & Coşkunpinar, 2019). In chicken, stem cells were found to be useful for modulating male fertility by transplantation of dispersed testicular cells (Trefil et al., 2006). Chicken-induced pluripotent stem cell was tolerant to NDV (Susta et al., 2016). For other approaches, stem cell therapy provides a novel tool for poultry production in quality and quantity traits (Intarapat & Stern, 2013). Moreover, a new suspension chicken-induced pluripotent cell line was used to produce NDV vaccine (Shittu et al., 2016). 

			 

			NDV or Avian orthoavulavirus-1 is the type species of genus Orthoavulavirus, subfamily Avulavirinae, family Paramyxoviridae. it has a 15.2 kb negative sense non-segmented RNA genome (ICTV, 2022). NDV can be isolated and propagated in embryonated chicken eggs and antigenically identified by hemagglutination (HA) and hemagglutination inhibition (HI) assays (OIE, 2021; Kagami, 2016). There are many sources for MSCs such as bone marrow, cartilage, and adipose tissue (Li et al., 2018; Peng et al., 2008). Stem cells have several properties and they have varying abilities of differentiation and therapeutic properties (Zakrzewski et al., 2019; Li et al., 2012). The comparative efficacy among distinguished resources in MCSs differentiation was subjected to Egyptian poultry for productivity level and transplantation methods of MSCs (Al-Dhamin et al., 2020). Recently, ND vaccines were prepared in suspension chicken induced pluripotent cell line for production (Shittu et al., 2016). Especially, chicken embryonic stem cells (cESCs) and chicken induced pluripotent stem cells (ciPSCs) are used for pharmaceutical protein production (Farzaneh et al., 2017a). On other side, chicken are possible models for studying hematopoiesis and hematopoietic stem cells production (Yvernogeau & Robin, 2017). Chicken stem cells can be isolated and characterized by centrifugation and magnetic cell sorting techniques (Pösel et al., 2012). Moreover, avian fertile eggs and cell lines in biopharmaceuticals and viral vaccine manufacturing have been administered in the biotechnology industrial field (Farzaneh et al., 2017b).

			 

			Chicken interferon-gamma (IFN-γ) has a pleotropic function and is primarily secreted by T lymphocytes and NK cells (Mah & Cooper, 2016).  IFN-γ acts as a macrophage activating factor (MAF) with antiviral activity and represented as Th1 immune responses. It is a major modulator in birds´ macrophage activation and can prevent the virus replication through supporting the antigen presentation mechanism and destroying the intracellular pathogens. IFN-γ enhanced the immunity by cell intermediated and supported the innate and adaptive immune responses (Hamza et al., 2010; OIE, 2021). Interleukin 2 (IL-2) plays a role in fighting the viral diseases by natural killer cells (NK) and cytotoxic T lymphocytes activation to inhibit the virus replication.  In addition, it can induce cellular immunity by enhancing IFN-γ secretion.  In general, cytokines play an immune role in promoting the production of antibodies and increasing the degree of sensitivity of B cells (Susta et al., 2015). Interleukin-6 (IL-6) is secreted by fibroblasts and immune cells as T and B lymphocytes (Tanaka et al., 2014). The immunomodulatory effect of IL-6 is through the differentiating of B cells through its action as B cells growth factor and immunoglobulin regulator (Lam et al., 2014). Interleukin-12 (IL–12) is used as an antiviral enhancer and treatment. Recently, it has been proven that IL-12 enhances the cellular immune response through its actions on the NK cells and T cells to produce IFN-γ and activate T lymphocytes (Majid et al., 2020).

			 

			The immunological effects of neural stem cells on laryngotracheitis virus (ILTV) strains were reported (Shahsavandi et al., 2017).  Stem cells could provide a new approach for poultry treatment and viral therapy as novel tools associated with genetic engineering (Yu et al., 2014). 

			In this study, CD105+ MSC stem cells were isolated from bone marrow of 7-11 wk old-fayoumi chicken then the cells were infected with a cell adapted virulent NDV. The infection process was monitored at the cellular level and the effect of vNDV infection on cytokine production was assessed.

			 

			METHODS

			 

			Ethics statement

			All experiments were conducted in accordance with the ethical research code of Research Ethics Committee in Al-Azhar University, Cairo, Egypt. (Permit no. 2019–07)

			 

			Viruses and Cells

			Locally isolated field strain genotype VII virulent NDV/Ck/Giza/Egypt/MR0/2012 (vNDV), GenBank accession number JX173098, was kindly provided by Prof. Ausama Yousif, Department of Virology, faculty of veterinary medicine, Cairo University, Egypt. According to OIE procedures, the virus was propagated and titrated in SPF ECEs eggs (OIE, 2021; Reed & Muench, 1938). The collected allantoic fluid was verified using HA followed by HI using NDV antibodies, then its virulence was assessed by mean death time (MDT) (Alexander, 2017). The collected fluid was further purified and concentrated using the hemagglutination-elution method and evaluated using plate HA assay (OIE, 2021).

			 

			Chicken embryo fibroblast (CEF) was prepared from 10 days old SPF embryos (SPF farm, Kom-Oshim, Egypt) with the traditional trypsin-based method (Hernandez & Brown, 2010; Vaheri et al.,1973). Log phase cells were used to adapt vNDV by passaging on cell culture. vNDV was titrated on CEF as described by Wambura et al. (2006), and the titer was calculated according to Reed & Muench, (1938).

			 

			Bone marrow-derived mesenchymal stem cells (BM-MSC)

			Animals: Twenty 7-11 wk old Fayoumi commercial roasters and hens (n= 10; each) purchased from EL-Azab complementary poultry project-upper Egypt development authority (Fayoum- Egypt) were used to prepare bone marrow culture and isolate the mesenchymal stem cells (MSC). Birds were quarantined for 2 weeks at the genetic engineering and biotechnology institute (GEBI), University of Sadat City, Egypt. Then they were dissected for their femurs and tibiae.

			 

			Bone marrow culture and mononuclear cell separation: Mesenchymal stem cells were separated from chicken bone marrow as previously described with some modifications (Khatri et al., 2009). Briefly, femurs and tibiae of dissected birds were extracted, their cristae were removed, and bone marrow cells were collected by flushing the pre-ostium cavity with sterile 26G syringe containing phosphate buffer saline (PBS) with 10% EDTA to avoid bone marrow coagulation. Cells were disaggregated by gentle mixing and filtrated through 30 μm pre-separation filters (Miltyni Biotech, Germany). Nine ml of the collected cells were layered on 3ml Ficoll®-Paque Premium (Merck, USA) in 15 ml falcon tubes and centrifuged at 1500 rpm for 20 min at 16 °C. The supernatant was aspirated off, and buffy coat leukocytes were collected from the interphase, transferred to a new 15 ml falcon tube, and washed twice for 5 mins in PBS. Isolated cells were seeded at 1*106 cell/ 75 CM2 vented tissue culture flasks and incubated at 37oC and 5% CO2, medium was changed after 24hr of incubation while non-adherent cells were discarded completely after 3 days of incubation. Adherent cells of 80%confluency were detached by 0.25% trypsin solution and subjected to magnetic separation.

			 

			CD105+ MSCs Magnetic Separation and Cryopreservation: CD105 MultiSort Kit (PE), mouse in combination with the Anti-Sca-1 MicroBead Kit (FITC) (Miltenyi Biotec, Germany) were used to positively select CD105+ mesenchymal progenitor cells from proliferated bone marrow mononuclear cells. The magnetically labeled cells have been separated as positively selected columns at the magnetic field of autoMACS® Pro-Separator (Miltenyi Biotec, Germany). The viability of separated cells was re-assessed by 0.4 trypan blue staining. Most viable cells were diluted in freezing media containing 10% DMSO as a cryoprotectant to 1*10^5 cells/ ml and frozen slowly for 24 hours in -20oC freezer. Finally, cells were transferred to - 80oC for long-term preservation. Cells were seeded in 75 CM2 culture vessels with 1*10^5 cells/ml and incubated at 37°C in 5% Co2 for 2 weeks; the growth medium was renewed every 2 days with continuous monitoring.

			 

			CD105+ MSCs infection with vNDV: Confluent monolayer CD105+ MSC cells were detached using 0.25% trypsin and seeded in 96-well microtiter corning costar plate (Fisher Scientific, USA) with 1*103 cells/ well and incubated at 37 C in 5% Co2 incubator for 24hr. CEF-adapted vNDV was diluted to 1*104 TCID50/ml in DMEM, growth medium was aspirated and replaced with 100µl/ well from the prepared virus (MOI=1). vNDV adsorbed to 90%+ confluent MSC for 1 hr, then the remaining infectious fluid was discarded, cells were washed twice with PBS. Then 200µl of DMEM containing 2% FCS was added to the wells. Cells were incubated at 37oC and 5% Co2 for 24 hours. To obtain complete CPE, cells were infected multiple times with CEF-adapted vNDV at 24hr intervals with the same MOI. CPE development was followed up using an inverted microscope, stereomicroscope, and transmission electron microscope. The extent of CPE is scored as (0 = no CPE or less than 10% of the cell monolayer killed), (1 = 25% cells killed), (2 = 50% cells killed), (3 = 75 % cells killed) and (4 = CPE or 95% cells killed), once complete CPE was achieved. Medium was aspirated from infected and control wells for cytokine quantification.

			 

			Enzyme-linked immunosorbent assay (ELISA): Following CPE appearance in the infected CD105+ MSCs, the conditioned medium was aspirated from infected and control wells. The concentrations of IFN-γ, IL-2, IL-6, and IL-12 in infected MSC media were evaluated using commercial ELISA kits compared to control non-infected MSCs. ELISA kits, providers and countries of origin used to assess the levels of different immune mediators secreted by MSCs: interferon gamma (Fine Test, Wuhan, China), Interleukin 2 (R&D Systems, Minneapolis, USA), Interleukin 6 (Elabscience, Biotechnology, USA), Chicken Interleukin 12 p40 (Biocompare, USA).

			 

			Transmission electron microscopy (TEM) for CD105+ MSCs: The ultrastructure of infected CD105+ MSCs was examined using TEM according to (Amin et al., 2018, 2020). Briefly, cells were centrifugated at 2000×g for 10 minutes. Pelleted cells were fixed in 3% glutaraldehyde in 0.1M sodium cacodylate buffer (pH 7.0) at room temperature, rinsed in the same buffer, and fixed in 1% osmium tetroxide. Then, cells were dehydrated in ascending concentrations of absolute ethanol for 30 minutes. Ultrathin sections were collected on copper grids, stained twice with uranyl acetate and lead citrate and stained sections were examined at 80 kV using a JEOL-JEM 1010 transmission electron microscope in the Regional Center for Mycology and Biotechnology (RCMB), Al-Azhar University, Cairo, Egypt.

			 

			Statistical analysis

			One way analysis of variance (ANOVA) of the IBM SPSS package was used to analyze the means of different cell groups. The significant difference (p-value) was ≥ 0.05. 

			 

			RESULTS

			 

			Virus titer and pathogenicity

			Virulent Newcastle disease virus (vNDV) used in the present study was identified using NDV antisera by HI assay. The virus was able to cause embryonic death within 44-48 hours post-inoculation indicating its velogenic nature. Following virus titration, 8.2 log10 EID50/ml was obtained. Similarly, the CEF cells produced a virus titer of 8-log10 TCID50/ml.

			 

			CEF and vNDV adaptation

			Confluent monolayer CEF cells (fig. 2) were split using 0.25% trypsin, and inoculated with vNDV for adaptation. Three successive passages were conducted to adapt vNDV on CEF that induced full CPE within 24 hr. Then, the adapted vNDV was aliquoted and stored at -80 oC until use.

			 

			BM-MSCs proliferation and maturation

			Separated mononuclear cells from bone marrow were cultured in DMEM with 5% FCS (fig. 1). A week later, cells began to proliferate and increase in density. After another week, cells started to elongate (fig. 3C) and form a monolayer by the third week. Cell morphology was spindle or fibroblastoid in shape (fig. 3D). After four weeks, the number of circular non-elongated cells reduced (fig. 3E). By the end of the fifth week, fully elongated mononuclear cells were obtained (fig. 3F), reached a fixed density of 3*105/ ml after 3rd week of incubation and maintained their viability for 70 days before declining to 1.5*105. By 90 days (fig. 1C), cells began to change in shape and enter the stage of apoptosis. Fetal calf serum (FCS) levels lower than 5% failed to maintain maximum cell viability and count for up to 7 successive passages (fig. 1D), while higher FCS levels were better.

			 

			CD105+ MSC magnetic separation and vNDV infection

			Highly viable and differentiated CD105+ mesenchymal stem cells were obtained after magnetic separation, then were seeded with a density 3*103 cells/ 75 CM2 culture vessel. CEF adapted vNDV was used to infect the CD105+ cells, where five rounds of infection (passages) were applied to induce complete CPE and high cytokine production. [image: Figure%201.PNG]

			Figure 1: A & B) NDV by TEM examination by thin and ultrastructure examinations in 15000 nm and 3000nm magnification power, C) the density of stem cells with the progression in time, D) viability of stem cells and the effect of FCS on MSCs-CD105.

			 

			[image: Figure%202.PNG] 

			Figure 2: A) First trypsinization, B) second trypsinization, C) third separation shows cell elongation, D) CEFs, E) CEFs maturation, F) CEFs propagation, G) CEFs shows a full cells elongation and forming mono layer, H) CEFs after virus inoculation that from infected CEFs cell, magnification power equal 40x.

			 

			Within the first passage, infected MSCs-CD105 showed loss of elongation and degradation into colonies attached to the surface of tissue culture flask, CPE in infected cells

			[image: Figure%203.PNG] 

			Figure 3: A) Mononuclear cells after separation, B) mononuclear cells after one week shows cell proliferation and cell shape was rounded. C) mononuclear cells after two weeks from separation shows the onset of cell elongation and beginning of the appearance of the bumps entertainment, D) mononuclear cells after three weeks from separation shows a full cells elongation and forming mono layer from MSCs cell which attached on surface and cells was spindle or fibroblastoid, E) mononuclear cells after four weeks from separation shows a full cells elongation and forming monolayer from MSCs cell which attached on surface and cells was spindle or fibroblastoid, F) mononuclear cells after five weeks from separation shows a full cells elongation and forming mono layer from MSCs cell which complete attached and conformation shapes on surface and cells was spindle or fibroblastoid. G) full differentiation to MSCs-CD-105 showed by elongation and connective conjunction between cells like a colonies attached on down surface to adhesive propriety in tissue culture flask, H) Un infected MSCs-CD105 showed by elongation and connective or conjunction between cells like a colonies attached on down surface to adhesive propriety in tissue culture flask with normal growth without any CPEs in MSCs-CD105, I) after inoculation of the virus and attacking cells for beginning of the emergence of the immune and internal response to the virus as first passage infected MSCs-CD105 by NDVs, J) attacking stem cells, and the emergence of giant cells caused by the virus as second passage at infected MSCs-CD105 by NDVs, K) the middle stage of infection with the virus and the spread of infection to most cells as third passages and formation of dendritic shaped cells in MSCs-CD105, L) tourth passage showed complete cythopatic effect (CPE) plaque formation in MSCs-CD105 monolayer, M) the final stage of infection with the virus and the deterioration of the cytological and physiological status of stem cells as fifth passages lysis and degradation, N) restore validity, O) MSCs-CD105 after death by inhibition with NDVs and restore proliferation to generate new resistances cells to NDVs, magnification power equal 40x.

			 

			caused lysis and morphological changes. MSCs - CD105 appeared as rounded cells and fusion of cells led to some cells containing many nuclei (syncytium) scored (1 CPE) that constituted 25% of studied plate area (fig. 3I). This is an immune reaction of cells to the virus to limit its spread from infected cells to protect uninfected cells (Chen et al., 2018). In the second passage, MSCs started to die through changes in cell morphology, these changes in the shape of virus-infected cells are considered one of the most important characteristics of virus infection. They are used in laboratory diagnosis of the virus (Wu et al., 2018) and the CPEs scored 2 that constituted 50% of studied plate area (fig. 3J). 

			 

			In the third passage, the formation of dendritic-shaped cells was observed in MSCs-CD105 monolayer, this effect was shown under inverted microscopy and the CPEs scoring 3 that constituted 75% of studied plate area (fig. 3K), moreover confirmed by TEM assay. In the fourth passage, a gradual change appeared in the internal parts of the cell, such as the size and shape of the nucleus on the monolayer CPEs scored 3 that constituted 85% of studied plate area (fig. 3L). In the fifth passage, a complete cytopathic effect (CPE) of vNDV on CEF has been shown as plaque formation in MSCs - CD105 monolayer, the CPEs scored 4 that constituted 95% of studied plate area (fig. 3M) (Table 1). 

			 

			Table 1: CPEs scoring in several passages of infected MSCs-CD105 by vNDVs.  
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							First passage
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							damage 25%

						
							
							Figure 3I

						
					

					
							
							Second passage
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							damage 50%

						
							
							Figure 3J

						
					

					
							
							Third passage
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							damage 75%

						
							
							Figure 3K

						
					

					
							
							Fourth passage
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							damage 85%

						
							
							Figure 3L

						
					

					
							
							Fifth passage

						
							
							4

						
							
							damage 95%

						
							
							Figure 3M

						
					

				
			

			

			 

			Stereomicroscope and TEM results

			Stereomicroscope analysis enabled visualization of cellular 

			[image: Figure%204.PNG] 

			Figure 4: Micro-photos for vNDV effect on MSCs-CD105 during inhibition process, A) single cell shown, a complete external membrane without any damage without virus treatment, B) the beginning of a decrease in the terminal arms of cells immediately after treatment with the virus, C) the beginning of cells are vesicles, D) nods appearing on the outside of the cells, E) swelling and increase in cell size and giant cell formation, F) increasing in swelling, G) beginning in explosion, H) unstable cell, I) cell lysis and degradation, magnification power equal 100x.

			 

			changes during the infection process at the level of cell surface. From the beginning, vNDV infection caused the disappearance of the limb stem cells (Fig. 4). The cell began to increase in size and inflate in the middle area until it became circular in shape, followed by the appearance of small bumps on the outer edges, which led to increase in the cell size and enlargement. The appearance of zigzags on the surface of the cell after shiny surface was attributed to virus replication in the cell, which led to increase in cell size until cell explosion. The virus has been released so it can infect other cells.

			 

			Stereomicroscope examination showed that vNDV was able to inhabit MSCs-CD105. Not all cells died; there were some highly resistant MSCs-CD105 able to grow under infected vNDV conditions, which showed elongated and fibroblast shape and grew although vNDV is present (fig. 3N) (fig. 3O).

			 

			TEM enabled the visualization of internal cellular changes during vNDV infection. In general, there was a disruption in the cellular membranes, and the appearance of vacuoles in most parts of the cell and destruction in general cell organelles. Changes in the shape of the nucleus were also evident; its size was enlarged after infection with the virus by constriction shapes in nucleus and cytoplasm organelles. Moreover, nuclear changes appeared during cell division. This effect is caused by the virus attacking in the cytoplasm or the nucleus as phagocytes.  In addition to cell fibrosis by formation of fibers in the string forms in more than one sector. Apoptotic cells containing nuclear fragments were also noticed. The ultra-structural cellular alterations were observed as dilatation of endoplasmic reticulum, damaged mitochondria, dilatation of nuclear envelope, cytoplasmic vacuolization, and nuclear attribution (Fig. 5).

			 

			[image: Figure%205.PNG] 

			Figure 5: Micrographs for TEM examination by thin and ultrastructure examinations in infected MSCs-CD105 with vNDVs after 24 hours in 15000 nm and 3000nm magnification power.

			 

			Evaluation of cytokine production

			Compared to non-infected cells, and PBS as a blank. Infected MSCs -CD105 cells produced approximately double to triple amount of the cytokines IFN-γ, IL-2, IL-6, and IL-12. The concentrations had increased significantly compared to the normal MSCs-CD105 (Table 2) (Fig. 6).

			 

			The difference between negative control (PBS), positive control (MSCs-CD105, uninfected) and treated group was determined by one-way ANOVA at statistic software SPSS. This high percentage observed in infected-MSCs-CD105 compared with uninfected MSCs-CD105 was due to virus infection that stimulated MSCs - CD105 to increase secretion as an immunomodulation effect. These have been observed varyingly in the cytokines secreted from MSCs

			Table 2: Cytokine production levels of IFN-γ, IL-2, IL-6 and IL-12 by PBS, bone marrow mesenchymal stem cells (BM-MSCs-CD105) and infected (BM-MSCs-CD105) by vNDVs, measured by ELISA, the data shown are averages ± standard deviation, letters indicate significant differences, one way ANOVA, P<0.05.
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							0c

						
							
							0c

						
							
							0c
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							42.95 ± 2.55b

						
							
							38.76 ± 4.29b

						
							
							344.05 ± 15.71b

						
							
							138.67 ± 9.72b

						
					

					
							
							Infected-MSCs

						
							
							152.51 ± 3.29a

						
							
							90.46 ± 1.66a

						
							
							786.28 ± 5.95a

						
							
							439.79 ± 22.47a

						
					

				
			

			

			 

			as highest value for IL-6 and relatively lower elevation in IL-2 in untreated cells and induced cells. Nevertheless, IL-

			12 and IFN-γ were secreted a moderately levels in untreated cells and induced cells.

			 

			Cytokine levels increased after virus inoculation on MSCs-CD105. This in-vitro study revealed that induced bone marrow mesenchymal stem cells could produce high levels of interleukin 6 and 12 and a medium amount of interferon-gamma, and a small amount of interleukin 2 (Bouffi et al., 2010).
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			Figure 6: Means of cytokine production levels of IFN-γ, IL-2, IL-6 and IL-12 and evaluated by ELISA in PBS, bone marrow mesenchymal stem cells (BM-MSCs-CD105) and infected BM-MSCs-CD105 by vNDV.

			 

			DISCUSSION

			 

			Stem cells are one of the biotechnology tools that can be applied to treat incurable diseases.  According to virus effect on stem cells, cellular changes can be diagnosed. Stem cells have an immune effect on the virus, where keeping normal cellular organelles after infection. Different types of primitive cells were extracted from poultry and the embryonic cells were most common for virus propagation such as CEF. Multiple Avian orthoavulavirus-1 genotypes are present and NDV genotype VII is one of the velogenic strains in Egypt (Radwan et al., 2013). Despite vaccination programs, the virus still causes many obstacles and challenges in the Egyptian poultry industry in general (Abdel-Latif et al., 2020) and no doubt that the NDV is one of the most dangerous and destructive viruses. Currently, it’s on the top list of OIE diseases and is considered one of the viruses discovered early in Egypt. The activity and identity of viruses can be measured using HA and HI tests for avian paramyxoviruses (OIE, 2012). The tests showed that the vNDV titer used in the infection had reached 108.2 EID 50/ml. The genotype VII strains are widespread in Egypt in poultry farms, although the vaccination efforts exist in high quality and accuracy (Megahed et al., 2018). Currently, the use and role of the electron microscope plays a role in detection and classification based on the structure and morphology of viruses for understanding their life cycle and pathogenesis (Schramlová et al., 2010). 

			 

			Chicken Interferon gamma (chIFNγ) is a natural compound that helps improve the vaccine effectiveness. It plays an additional role with antibody responses to the hepatitis virus (Nimal et al., 2005) and an additional role in antibody and cellular responses to enhanced in the protection of vNDV (Sawant et al., 2011). ChIFNγ can be used in treatment based on its immune role as another direction of traditional vaccination methods. It was observed that the expression of interferon increased with the increase of the protective role of the virulent NDV in poultry, considering that this cytokine possesses an endogenous antiviral activity (Susta et al., 2013). 

			 

			Transmission electron microscopy (TEM) was an imaging technique that allowed viruses visualization and discovery using high-resolution magnification (Roingeard et al., 2019). It showed that CEFs have immune proteins at the levels in vitro and in vivo by pro-inflammatory cytokines in NDV infected spleen and lung tissues (Kang et al., 2017). CEF also showed an immune response to the NDV by secreting high levels of interferon series, which guarantees the protection against the virus by immune modulation in poultry (Kang et al., 2016). The CPEs showed shapes in Vero cell line through virus infection as changed in monolayer conformation (Ahamed et al., 2004). Furthermore hematopoietic stem cells separated from the bone marrow to give antimicrobial resistance in gram-negative rods (Averbuch et al., 2017). 

			 

			The examination showed the cellular changes induced by the virus, whether at the nuclear or cytoplasmic level, by changing the shape, number and shape of the nucleus and the obvious damage to different parts of the cytoplasm such as mitochondria, Golgi bodies, endoplasmic reticulum and plasma membrane, indicate the toxic impact of virus and the immune effect of the cell and its ability to respond to the virus and the ability of cells to return to normal construction by the capabilities of cells on the immune property and resistance to the virus. 

			 

			The results showed that the serological tests have proved that stem cells have an immunological and therapeutic effect on viral diseases that affect poultry, especially chickens. The study showed an increase in the production of cytokines in infected CD105+ MSC with vNDV, where the proportion of IFN-γ, IL-2, IL-6, and IL-12 increased compared to the uninfected cells, due to a noticeable increase in protecting the infected cells, which showed by CPE distinguished changes in the formation to fibroblast and elongation shape, stopping the virus replications inside the cells by the immunological role of interferon and interleukins, this has been proven by the ability of induced stem cell with antiviral properties (Trevisan et al., 2015). For example, pluripotent cell line had an induced protection against NDV as protective role (Shittu et al., 2016; Susta et al., 2016). Human cytomegalovirus exerts its immunity response through stimulation of CD4 T cell in vaccinated transgenic mice (Reiser et al., 2011), in addition to induced pluripotent stem cells showed more strong resistance to NDV (Susta et al., 2016). Moreover, these stem cells had antimicrobial effect through secretion of peptides and antimicrobial proteins (Alcayaga-Miranda et al., 2017). Besides, stem cells enhance the efficiency of the immune system responses to systemic therapy (Johnson et al., 2017).

			 

			Thin tissue section and ultrastructure have been considered the most important techniques for examining virus effect on the host cell. The recommended research has shown that vNDV infection has reduced poultry production in several levels up to death of the whole herd. Moreover, the vNDV biological and immune response represented in cytokines secretion as interleukin 2, interleukin 6 and interleukin 12, so that interferon-gamma stimulated by an immune response to defend and protect cells against virus infection, this is due to the cellular immune effect of cytokines interleukin and interferon which in turn leads to the immune effect of veterinary vaccines, without the need to know the type and composition of the virus and its sequences overcoming the problem of mutations within viruses, as it is possible to potential use compounds from the immune effect of stem cells in against possible infections with any strain of  vNDVs.

			 

			Vaccines could be also produced through pluripotent cell line to combat the NDV in poultry and stop reliance on embryonated hen’s eggs (Shittu et al., 2016). Moreover, mice-MSCs enhanced innate immune responses when infected by bacterial for a long duration (Johnson et al., 2017). It was found that interleukin-2 is a safe substance to improve the poultry immunity with the vaccination against the NDV and immune response by cytokine production as IFN-γ, IL-2 and IL-12 in peripheral blood mononuclear cells by NDV induction (Lam et al., 2014). The immune effect of IL-2 has been scientifically proven by reducing the number of NDV by decreasing replication and attenuating pathogenicity of virus total number in in-vivo infection in poultry (Dhupkar & Gordon, 2017; Temesgen, 2006). Finally, according to cytological examination results using inverted microscope, stereo microscope, and transmission electron microscopy, serological tests as enzyme linked immunosorbent assay; had provided an evidence of the cytopathic effect of bone marrow MSCs-CD105 infected with vNDV in poultry and its induction to produce higher cytokines like Il2, Il6, Il12, and IFN-γ.

			 

			CONCLUSION

			 

			The current results pointed for the first time to stem cells as a thrilling solution against NDV infection. The use of MSCs and or its secretions (secretome) to protect poultry against disastrous commercial effects of virus infection, through several ways by secreting immune modulating chemicals as interferon-gamma and various interleukins, which can be used in the poultry industry after further in vivo and clinical levels confirmation.
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Abstract | Newcastle Disease (ND) vaccines are being used for more than 7 decades, the disease is still a major
challenge for poultry industry both locally and internationally. ND frequently emerges in highly vaccinated flocks
causing high economic losses without specific treatment. Mesenchymal stem cells (IMSCs) are a group of pluripotent
cells with multiple biotechnology applications, including but not limited to tissue genesis, tissue repair, hematopoiesis,
and immune modulation. Therapeutic strategies based on the usage of stem cells includes the cells either themselves or
their secretions (secretome), which has recently shown ability to inhibit SARS-CoV2 replication in-vitro. In this study,
MSCs were prepared from the bone marrow of native Egyptian Fayoumi chicken. The MSC with the surface marker
CD105 (CD105+) were magnetically separated and infected with virulent Newcastle disease virus (vNDV'). The virus-
induced multiple changes at the cellular and ultrastructural level in the infected cells, and it was able to maximize the
production of interferon-gamma (IFNy) and interleukin 2 (IL2), interleukin 6 (IL6) and interleukin 12 (IL12). In
conclusion, our data represent a preliminary step in YNDV immunotherapy where MSCs media could be used for the

treatment of vNDV in infected flocks.
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