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ABSTRACT


Vaccine efficacy to stimulate desired humoral and cell mediated immune response can be negatively and positively affected by concurrent helminth infection and uses of immunostimulatory feed additives respectively. This study aimed to assess the impact of Ascaridia galli infection and use of honey on vaccine-induced immunity to Newcastle disease. A randomized control trial experimental design was implemented.  A total of 100 specific pathogen-free brooded chickens divided into nine experimental groups, where three groups (group 1, 3 and 7) experimentally infected with Ascaridia galli, three groups were fed with honey (5,6 and 8), two groups (2 and 4) were vaccinated, non-infected and honey was not fed and one group(group-6) was control. Humoral immunity and cell mediated (Lymphocyte proliferation assay) immune response were evaluated after taking blood samples at 7 days interval.113 and 104.6 mean antibody titers were obtained in Hitchner B1/LaSota vaccinated and with parasite infected respectively and there were significance difference (P<0.05) relative to control group. While 112.8 and 91 average antibody titer was obtained in thermostable-I2 vaccinated only and vaccinated with parasite groups respectively. The results were significantly increased (P<0.05) compared to the non-significant control group (P>0.05). The cell absorbance (average optical density) and the stimulation index of the vaccinated groups also high and significant. Higher mean antibody titer, cell absorbance, stimulation index also obtained in vaccinated and honey fed groups relative to the control group. Ascaridia galli had an effect on the humoral and cell mediated immune responses of the Newcastle disease vaccines. However, more study will acertain if vaccine-induced protective immunity will be impaired by Ascaridia galli-infection and whether or not honey feeding will help to stimulate the immunity. A more detailed study is therefore required on the quantitative assessment of honey for antibody response in chicks.
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[bookmark: _Toc170937941][bookmark: _Toc168523103][bookmark: _Toc168390118]1. INTRODUCTION 


Newcastle disease (ND) is a highly contagious and economically significant avian virus disease that is categorized as a list A disease of poultry by the world organization for animal health (Kalonda et al., 2024). There have been outbreaks of the disease all over the world since it first appeared in 1926 on Java Island, Indonesia (Xiao et al., 2012) and Newcastle-upon-Tyne, England (Kraneveld, 1926), which has caused significant financial losses for the chicken industry (Rabiei et al., 2020). Major disease outbreaks in domestic and commercial chicken flocks in Malaysia have been caused by ND since its identification in 1934 in poultry flocks in Parit Buntar, Perak (Leow et al., 2011). The disease is caused by the orthoavulavirus-1 Newcastle disease virus (NDV), which affects birds (Karamendin et al., 2019).

The Newcastle disease virus is divided into three pathotypes: velogenic, mesogenic, and lentogenic strains based on recommended pathogenicity indices from the World Organization for Animal Health (WOAH) in one-day-old specific pathogen-free (SPF) chicks (intracerebral pathogenicity index(ICPI))and in 9-11 day old SPF embryonated chicken eggs (ECE) (Alexander, 1997). Based on the composition of amino acids found in the F protein cleavage site, the avirulent NDV contains monobasic F cleavage sites while the virulent NDV has polybasic cleavage sites (Dortmans et al., 2012).

Tight biosecurity protocols and an effective immunization campaign are necessary for the effective management of ND. More than 60 years have passed since the development of ND vaccines. However, ND outbreaks continue to happen in private and commercial chicken farms (Ansori and Kharisma, 2020) because of a number of variables that prevent full immunity from being induced following vaccination in field settings. The primary cause of the supper effectiveness of the ND vaccines now in use in the field may be the genotype mismatch between the vaccine strains and field NDV isolates. All commercially available ND vaccines, including B1, LaSota, and V4, are categorized as genotype I or II based on phylogenetic analysis (Mahamud et al., 2022).

Based on a pairwise examination of their F and HN nucleotides (Bello et al., 2020), NDV vaccines have a genetic divergence of at least 10% with isolates of genotype VII. Furthermore, a number of studies have revealed that vaccinations developed using circulating strains, also referred to as genotype-matched vaccines are more effective than genotype I and II vaccinations, particularly when it comes to lowering the amount and length of virus shedding following a challenge (Sultan et al., 2020).

Vaccination is a widely utilized and economical method that helps reduce a variety of infectious diseases. Nonetheless, there is mounting evidence that parasite infections may affect the effectiveness of vaccines and confuse the immune system's reaction to foreign antigens. Decreased humoral and cellular immune responses during the bacillus Calmette-Guérin (Elias et al., 2001), tetanus toxoid vaccination (Nookala et al., 2004), in the presence of helminth-infection in animals (Cooper et al., 2001). Drug-induced helminth infection clearance has been shown to occasionally greatly enhance vaccine-specific responses (Elias et al., 2001).

Since helminth induced immunomodulation lowers host responses, allowing parasite survival and limiting tissue damage, most birds with helminthes are likely ignorant of the infection (Maizels and Yazdanbakhsh, 2003). Immunomodulation may spill-over, changing how the body reacts to unrelated organisms, including vaccines (Elias et al., 2001), viruses (Actor et al., 2003), bacteria (Brady et al., 1999), and mycobacteria (Pearlman et al., 1993).

In view of its antimicrobial and immunomodulatory effect honey is used as feed additives (Hegazi et al., 2013; Eteraf-Oskouei and Najafi, 2019). According to Eteraf-Oskouei and Najafi (2019), honey contains a number of micronutrients, vitamins, and enzymes (glucose oxidase). These components may be responsible for the honey strong inhibitory effect on up to 60 different species of fungi, viruses and bacteria and composed mainly of glucose and fructose, honey also contains the prebiotic fructo-oligosaccharide (FOS). Once fermented in the colon, FOS stimulates the production of bifidobacteria; among the major genera of bacteria that characterize a healthy microflora (Hegazi et al., 2013). There is an increase demand for using natural biological compounds, such as honey as feed additives. There is still a lack of sufficient information about the properties of honey as an additive in chicken feed (Hegazi et al., 2013).

Though vaccination is practiced in central Ethiopia the outbreak of NCD is still occurring even in a vaccinated group (Abel, 2018). This might be attributed to the poor vaccination strategy or vaccination in the presence of helminth infestation. To the best of our knowledge there was limited study to evaluate the effects of A.galli infestation and the immunostimulatory effect of honey on the efficacy of ND vaccines. 

The objectives of this research were:
General objectives
· To evaluate the effect of Ascaridia galli infection on the immune response of NDV vaccines, and to assess the immunostimulatory effect of honey in NDV vaccinated chickens.
Specific objectives
· To determine the humoral and cell mediated immune response of chicken vaccinated against ND in the presence of A.galli infection. 
· To detect the immunostimulatory effects of honey.
· 
1

[bookmark: _Toc168390136][bookmark: _Toc168523121][bookmark: _Toc170937958]3. METHODOLOGY


[bookmark: _Toc168390137][bookmark: _Toc170937959][bookmark: _Toc168523122]3.1. Study Area

The experiment was carried out at NVI research and development directorate facility in Bishoftu town, Ethiopia, located in the East Shewa zone of the Oromia regional state, approximately 47km southeast of Addis Ababa. The town's exact coordinates are 8°45′N latitude and 38°59′E longitude (Tibebu et al., 2021). The long rainy season, which runs from June to September, accounts for 84% of Bishoftu's yearly rainfall, with the remaining portion falling between March and May during the short wet season. The average annual relative humidity in Bishoftu is 61.3%, while the average minimum and highest temperatures are 8.5 and 30.7 °C, respectively (Birhanu et al., 2017).  

[image: ]
[bookmark: _Toc170950649]Figure 3: The map of Bishoftu town (the study area). 


[bookmark: _Toc168390138][bookmark: _Toc170937960][bookmark: _Toc168523123]3.2. Experimental Chickens

The separate house has an area of 50m2 for 100 Lohmans brown chickens of the treatment and control groups with 9 groups with separate pens. Specific pathogens free day old chickens were hatched using a hatchery incubator at Alema hatchery center, Ethiopia. The chickens were brooded together and divided into each separate experimental group. Chicks were kept in a pen with infrared bulbs for heating and teff straw for bedding until day 21. They were fed a commercial starter ration for the first week of the trial, grower for a month, and finisher for the remaining duration. There was always food and water available.

[bookmark: _Toc170937961][bookmark: _Toc168390139][bookmark: _Toc168523124]3.3. Experimental Design

The study design was randomize controlled trial where one hundred (100) chickens divided into nine (9) groups. Briefly, chickens were randomly assigned into one of the nine groups (group1-group 9) with 11 chickens in each group (n=11 and 1 died at first day) among these the final group (9th) was used as negative control group. Following the guidelines established for animal welfare, groups of the chicks were raised in nine different pens. From these, three groups (1, 3 and 7) were parasite infected 3 days prior to vaccination, three groups (5, 6, and 8) were fed with honey since sixth day of age till the end of the experiment (49 day), two groups (2 and 4) were vaccinated only and the remaining one group (group 9) used as control. Except group 7, 8 and 9, the rest six groups were vaccinated with either HB1+LaSota or Newcastle thermostable (NCTH) vaccines through intraocular instillation according to manufacturer guidelines (NVI, Ethiopia). Group 8 and group 7 were only honey-fed and parasite-infected respectively. The negative control (group 9) didn’t get treatments (Table 1). At day 35 of the experimental period all groups were challenged with a highly-virulent NDV field strain (Origin =NVI, Accession number MN909675.1). 

To monitor the antibody response to vaccination, blood were collected from the wing vein at day 3 (for screening test) before challenge and vaccination, sample taking was continued on 7th, 14th, 21th, 28th, 35th and 49th date of the experiment. Each chick in the vaccine groups was vaccinated according to the manufacturer's recommendation (NVI, Ethiopia), received one dose of the vaccine intraocularly (HB1 at the 7th day of age and LaSota was continued at 21 and 42 days of age, NCTH was given at 7th day of age and boost at 21 and 42 days referred from the NVI vaccination guidelines). The chickens were being followed up on a daily basis and examined clinically for signs of any diseases.

[bookmark: _Toc168574016]Table 1: Experimental design of the two vaccines, parasite and the honey feed
	Groups
	Number of birds
	Status/type of group
	Vaccine type
	Route of vaccine

	1
	11
	A.galli infected-vaccinated
	HB1+LaSota
	Intraocular 

	2
	11
	A.galli non-infected- vaccinated
	HB1+LaSota
	Intraocular 

	3
	11
	A.galli infected -vaccinated
	NCTH
	Intraocular 

	4
	11
	A.galli non infected -vaccinated
	NCTH
	Intraocular 

	5
	11
	Honey fed-vaccinated
	HB1+Lasota
	Intraocular 

	6
	11
	Honey fed- vaccinated
	NCTH
	Intraocular 

	7
	11
	A.galli infected
	No
	Intraocular 

	8
	11
	Honey fed 
	No
	Oral 

	9
	11
	No A.galli  infected-Not
 vaccinated-Not honey fed
	No
	-------------



[bookmark: _Toc168523125][bookmark: _Toc170937962][bookmark: _Toc168390140]3.3.1. Parasite infection

Ascaridia galli eggs used to induce infection were obtained from physical removal from, or disruption of the worm’s uterus. The eggs had been isolated from worm uteri and put 600 eggs in a cryovial to embryonated and incubated in 0.1% potassium dichromate for 28 days at room temperature (21-26oC) (Rahimian et al., 2016). A small quantity of medium was added occasionally to maintain a constant volume.

These samples were then subjected to each condition, and after the relevant treatment periods, eggs were monitored for viability and development. Then these eggs were given orally to chickens in treatment groups. Infection was done at 3rd day of age  using a plastic Pasteur pipette with a dose of 500 embryonated A. galli eggs  (Table 2) (Sharma et al., 2017) per bird as described by Permin et al. (1998) and the honey was fed through their routine feed (water) starting from 6th day-old and continued till the end. 

[bookmark: _Toc168574017]Table 2:  Infection with A. galli eggs model (treatment groups)
	Details
	Group 1
	Group 3
	Group 7

	Mode of Inoculation
	Oral
	Oral
	Oral

	Frequency of  Inoculation
	One 
	One
	One

	No of embryonated eggs inoculated
	500
	500
	500

	Storage condition of eggs prior to inoculation
	21°C-26°C
	21°C-26°C
	21°C-26°C

	Clinical signs observation
	Examined
	Examined
	Examined

	Egg counts/groups after 2 weeks of p.i.
	Counted
	Counted
	Counted

	Date of exposure
	3rd day of age
	3rd day of age
	3rd day of age


Key:
P.I=Postinfection

[bookmark: _Toc168390141][bookmark: _Toc170937963][bookmark: _Toc168523126]3.3.2. Vaccines

Three vaccines were used, but two as one (booster), the conventional freeze-dried HB1, LaSota (NVI, Ethiopia) with a titre of 107 EID50 per dose and the freeze-dried thermostable NDV-I2 vaccine, also containing 107 EID50 per dose produced by NVI, Bishoftu, Ethiopia. These vaccines were used after reconstitution into the recommended dilution. Experimental chickens were vaccinated intraocularly (Ellakany et al., 2018). 

[bookmark: _Toc170937964][bookmark: _Toc168523127][bookmark: _Toc168390142]3.3.3. Challenge virus

Virulent NDV field strain was used (ICPI=1.18, Accession no.MN909675.1). The intravenous pathogenicity index of the challenge virus was measured. It was propagated in 9 to 10-day-old embryonated chicken eggs via the allantoic route, titrated, and stored at -70ºC until use. The embryo infective dose (EID50) was determined as described by Reed and Muench (1938). At the end of the experimental days the whole chickens were inoculated through intramuscular route with 0.2ml/route of a 10-1 virus dilution from a 109 ELD50/0.1ml stock suspension. All virus dilutions were carried out with sterile phosphate buffered saline (PBS), pH 7.2 (Carrasco et al., 2016).

After vaccination/experimental infection, birds were monitored daily for presence of any
clinical signs, such as diarrhea, torticollis, incoordination, apathy, tremors, ocular and nasal discharge, abnormal posture and moving difficulties. 

[bookmark: _Toc170937965][bookmark: _Toc168390144][bookmark: _Toc168523129]3.4. Sample Collection

[bookmark: _Toc168523130][bookmark: _Toc168390145][bookmark: _Toc170937966]3.4.1. Blood sample collection

One ml at early age to three ml at later age of chicken blood was collected by using 1ml and 3ml sterile disposable syringe from the wing vein of each bird following the standard methods described by Alders and Spradbrow (1993/4) on day zero, 7th, 14th, 21th, 28th, 35th and 49 days from each group by using Alsever solution anticoagulant for whole blood and without anticoagulant for serum harvesting. The collected blood samples were labelled with individual group number and allow clotting overnight at room temperature to facilitate serum separation and the whole blood was stored at +4°C until peripheral blood mononuclear cell (PBMC) was isolated. 

The sera and PBMC were harvested in the labelled cryovials and stored at -20°C and -80°C until HI, and lymphocyte proliferation (MTT) assay were carried out respectively. The PBMCs were isolated by using Ficoll histopaque-1.077 density gradient centrifugation from the collected whole blood and used for doing cell proliferation assay and cell viability by using MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, a tetrazole) assay at day 0, 7, 21, 35 and postchallenge (49th day).



[bookmark: _Toc170937967][bookmark: _Toc168390146][bookmark: _Toc168523131]3.4.2. Fecal sample collection

The fecal sample was collected from the A.galli infected groups starting from the second weeks of infection. The parasite egg was checked by using McMaster egg counting technique.

[bookmark: _Toc168523132][bookmark: _Toc170937968][bookmark: _Toc168390147]3.4.3. Tissue samples

Postmortem examinations were conducted on chicken found died after being challenged with the velogenic strain of NDV, gross necropsy findings (pathological changes) were recorded. Different tissue samples including brain, trachea, lung, proventriculus, intestine and spleen were collected for virus detection. 

[bookmark: _Toc168390148][bookmark: _Toc170937969][bookmark: _Toc168523133]3.5. Laboratory Analysis

[bookmark: _Toc168523134][bookmark: _Toc170937970][bookmark: _Toc168390149]3.5.1. Haemagglutination inhibition assay

Chicken RBC suspension preparation and HI test

Five milliliters of chicken blood were taken out aseptically using a disposable syringe that had a milliliter of a 25% solution of Alsever as an anticoagulant. After 15 minutes of centrifuging the blood at 1500 rpm, a pipette was used to extract the plasma and buffy coat. A 1% suspension in PBS was ready for HI test following three rounds of washing.

Serum samples were tested for the presence of hemagglutination-inhibiting antibodies to the Newcastle Disease Virus using the HI test. The test sample was serially diluted twice and combined with an equivalent volume of NDV antigen. After adding chicken red blood cells, the dilutions were checked to see if the hemagglutination had completely stopped. Results less than 4log2 are regarded by the OIE as non-protective (negative) (OIE, 2013). OIE guidelines state that if at least 85% of a flock has a protective titer of at least 4log2, then the flock is protected against clinical infection and transmission (OIE, 2013). The HI assay was performed as described by OIE (2012).

In brief, each well of a V-bottomed microtiter plate (Nunc) received 0.025mL of PBS. Serum samples prepared in test wells of plates at two-fold dilutions, to which four Haemagglutination Units of the LaSota antigen were added. The plates were kept at room temperature for half an hour. Next, each well received 0.025ml of a 1% chicken red blood cell suspension that had been prepared in accordance with the guidelines using SPF chickens obtained from NVI. To give the RBC time to settle, the plates were left at room temperature for thirty minutes. To the positive and negative control wells, positive and negative controls were introduced. Based on agglutination evidence, the result was noted. The HI titer of each serum sample was expressed as the reciprocal of the highest serum dilution not showing agglutination (Arnold et al., 2018). Samples considered protective to virulent infection when HI titers were ≥ 4 log2.
[bookmark: _Toc168390150][bookmark: _Toc168523135][bookmark: _Toc170937971]
3.6. Cellular Immunity Test

[bookmark: _Toc168523136][bookmark: _Toc170937972][bookmark: _Toc168390151]3.6.1. Lymphocyte proliferation assay

At the first, second, fourth and 6th weeks post-immunization, lymphocyte proliferation test using MTT colorimetric assay method was used to evaluate cell mediated immunity in the immunized chicks of various groups (9 groups n = 11/group) (Mosmann, 1983). Briefly, using Histopaque-1.077 (Sigma-Aldrich), PBMC was separated from chicken blood using a density gradient centrifuge. In a 96-well cell culture plate, cells were dispersed at a concentration of 2 × 106 cells/ml. Then, 100μL of RPMI-1640 growth media with antibiotic penstrep (0.2%) was introduced to the wells in triplicates to measure the proliferative response specific to the antigen. Lymphocyte activation cocktail (Sigma-Aldrich) at 20 μg/ml in RPMI-1640 done in previous studies (Kapczynski and King et al., 2005) (SI >2) was used as the positive control, and duplicate samples of plain growth media (without LAC) was used as the negative control.

Following a 72-hour incubation period at 37°C and 5% CO2, the plates underwent subsequent 4 hour incubation with 20μL/well of MTT (Belgium, Roche) dye solution. A microplate ELISA reader was used to measure the optical density at 560 nm after the formazan crystal was dissolved by adding 100μl of solubilization buffer to each well. The mean stimulation index, which was determined by dividing the mean optical density of the stimulated cultured cells by the mean optical density of the control plain media, was used to express the lymphocyte proliferative response.

[bookmark: _Toc168390152][bookmark: _Toc170937973][bookmark: _Toc168523137]3.7. Ascaridia galli Egg Detection and Counts

After two weeks post-infection, starting on day 17, fresh excreta sample was taken every week until 12 weeks of age from the birds in each infected group. A modified McMaster floatation method, derived from the MAFF, (1986) approach, was used to estimate the quantity of A. galli eggs in each sample. In short, samples were soaked for half an hour after four grams of excreta and ten milliliters of water were introduced to a fifty milliliter Mc-Master container. The suspension was then poured onto McMaster egg counting chambers after a 50 ml total volume of stirred saturated NaCl solution was added. Using a stereo compound microscope with a 40x magnification, the number of A. galli egg was counted (table 3).

[bookmark: _Toc168574018]Table 3: Examining the presence of A.galli egg after postinfection (P.I.)
	Groups 
	Date of
 Infection
	1st fecal  sampling 
	2nd fecal
samplin
	3rd fecal sampling 
	4th fecal sampling
	6th fecal
sampling
	7th fecal samplin
	Status

	1
	3rd  
	2nd wk 
	3rd  wk 
	4th wk 
	5th wk
	7th wk
	8th wk
	positive

	3
	3rd   
	2nd wk 
	3rd  wk 
	4th wk 
	5th wk
	7th wk
	8th wk
	positive

	7
	3rd  
	2nd wk 
	3rd  wk 
	4th wk 
	5th wk
	7th wk
	8th wk
	positive


Key: wk = week         samplin=sampling   

[bookmark: _Toc170937974][bookmark: _Toc168390153][bookmark: _Toc168523138]3.8. Preparation of Honey and its Administration

Honey was bought from supermarket of Ethiopian origin (Bishoftu) and diluted using distilled water. It was given for the groups classified as honey fed (group 5 (honey with HB1/LaSota), group 6 (honey with NCTH) and group 8 (only honey fed). The 5ml/week honey (Mshelia et al., 2016) was given orally with drinking water for the chickens starting from 6th-day old till the end of the honey experiment. These groups also followed all the sampling procedures applied with seven days interval starting from day 0 till day 49 then HI was done. The serum samples were tested for Newcastle disease virus specific antibodies using a modification of the HI test.
[bookmark: _Toc168574019]Table 4: Preparation of honey and its administration
	Groups of honey fed
	Type of
 Vaccine
	Administration date 
	Dose of honey given
	Route 
	Sampling date

	5
	HB1+lasota
	1d before
 1st vaccination
	5ml/wk
	Oral
	a week post administer

	6
	NCTH
	1d before
 1st vaccination
	5ml/wk
	Oral
	a week post administer

	8
	----
	On 6th day of age
	5ml/wk
	Oral
	a week post administer


Key: d=day                                    wk=week                     NCTH= Newcastle thermostable
[bookmark: _Toc168390154][bookmark: _Toc168523139]
[bookmark: _Toc170937975]3.9. Statistical Analysis

The data collected was stored in a spreadsheet program (excel) and were analysed using R statistical software version 4.2. Repetitive measure linear regressions was used to compare the humoral and cellular mediated response of vaccinated, parasite infected and honey fed chickens challenged with virulent NDV in experimental groups.

[bookmark: _Toc168390155][bookmark: _Toc168523140][bookmark: _Toc170937976]3.10. Ethical Clearance

Ethical clearance for this research was obtained from Addis Ababa University College of Veterinary Medicine and Agriculture Animal Research Ethical Review Committee (Certificate Ref. No:VM/ERC/04/27/16/2024) and NVI Ethical Review Committee (Certificate Ref. No: NVI/2067) (Annex: 8). All animal work was conducted according to animal research ethics.


[bookmark: _Toc168390157][bookmark: _Toc168523141][bookmark: _Toc170937977]4. RESULTS


[bookmark: _Toc170937978][bookmark: _Toc168390158][bookmark: _Toc168523142]4.1. Humoral Immune Response

In order to measure the humoral response of the experimental chickens to the vaccination, serum samples were collected during the experimental period and analyzed for NDV-specific IgY antibodies by HI. At the beginning of the experiment (day 0 screening test), most of the chickens were antibody negative and after vaccinations continue their antibody increased mainly from group 1 to group 6 (P<0.05) compared to control group. These groups were vaccinated and honey also fed for two groups (G5 and G6). All vaccinated birds developed NDV-specific antibodies in serum as a response to the vaccination (both vaccines and the honey).After three weeks of vaccination their antibody titer is highly increased in all vaccinated groups. The antibody titers in parasite infected only chickens were lower than the vaccinated groups. The mean for the vaccinated groups, honey fed and the controls were obtained from the HI antibody titers at log2. Honey fed only groups and parasite infected only groups responded poorly as compared to other vaccinated groups and had a significantly lower antibody titer than others after postchallenge.

[bookmark: _Toc168523143][bookmark: _Toc168390159][bookmark: _Toc170937979]4.1.1. Haemagglutination inhibition assay

At 7, 14, 21, 28, 35, and 49 days of experimental periods, the mean HI titers obtained for day-old commercial layer chickens in all vaccinated and non-vaccinated controls are displayed in (table 5). Positive HI titers for NDV were found in all vaccinated groups G1 to G6. The titers increased over the duration of the immunization course, consistently showing higher titers than the control group (group 9) on all tested days. In which the mean HI titers of G1, G2, G3, G4, G5 and G6 (vaccinated groups) at day 7 ranged from 5.8 to 209.5, and on the day following the challenge, the range was determined to be 104.7 to 197.8 antibody titer, which were significantly highest mean antibody titer recorded in these vaccinated groups compared to the rest groups (unvaccinated groups). However, at 7 and 49 days old, the mean HI titer ranges for G7, parasite-infected chickens, were 8.4 to 64. The mean antibody titer of G8, or the honey-fed alone group was ranges from 6.2 to 64. 
[bookmark: _Toc168574020]  Table 5: Mean HI titer for each group at each date of sampling
	Days
	HB1/Lasota
with A.galli
(G1)
	HB1/Lasota(G2)
	NCTH with A.galli(G3)
	NCTH(G4)
	HB1/Lasota with honey(G5)
	NCTH with Honey
(G6)
	A.galli
(G7)
	Honey(G8)
	Control(G9)

	7
	5.8
	8
	8.4
	12.4
	11.6
	9.6
	8.4
	6. 2
	4

	14
	64
	49.5
	23.3
	64
	49.5
	42.2
	10.9
	13.8
	12.4

	21
	186.2
	197.8
	174.5
	174.5
	52.4
	66.9
	32
	64
	43.6

	28
	128
	98.9
	49.5
	42.2
	52.4
	32
	23.3
	16
	16

	35
	186.2
	128
	128
	186.2
	209.5
	98.9
	64
	32
	32

	49
	110.5
	145.5
	162.9
	197.8
	168.7
	104.7
	64
	64
	52.4





[bookmark: _Toc170950650][bookmark: _Toc166845608]Figure 4: Mean HI- titers (log-2) of each group at all experimental days.
The figure indicates that the mean of each group (all groups) for all experimental periods (the mean of the 6 sampling dates). The vaccinated groups had higher mean antibody relative to unvaccinated groups. NCTH vaccinated and honey fed group (G6) has the highest mean antibody titer. Relative to the parasite infected vaccinated groups (G1 and G3), uninfected and vaccinated groups (G2 and G4) have higher mean antibody titer.

Key: 
G1=group 1           G2=group 2           G3=group 3          G4=group 4            G5=group 5 
G6=group 6           G7=group 7           G8=group 8          G9=group 9

[bookmark: _Toc170937980][bookmark: _Toc168390160][bookmark: _Toc168523144]4.1.2. The effect of parasite on vaccines

The mean antibody titer generated by the two vaccines of Newcastle disease was significantly (P<0.05) increased as compared to the control group and parasite infected only group (Table 6). This indicates that the two vaccines have higher significant effect on the generation of antibodies against NCD though A.galli reduces its full response. From this study it was possible to describe the effect of parasites on the Newcastle disease vaccines, the mean antibody titers of HB1/LaSota and NCTH with the A.galli infestation was relatively lower than the vaccinated(both vaccines) only groups. The mean antibody titer of HB1/LaSota with parasite =104.6<HB1/LaSota without parasite=113.5.Although there was mean antibody difference between two groups (HB1/LaSota vaccinated only and with parasite infected), their mean antibody were significant (P<0.05). 

The mean antibody titer generated by thermostable vaccine against NCD was 112.8 and 91 without and with parasite respectively. The parasite-only infected group had lower mean antibody titer as compared to the vaccinated groups (G1-G6). This indicates that it had an effect on the antibody generation of vaccines against Newcastle disease. A.galli has non-significant (P>0.05) effect on the rise of antibody against NCD. Conversely it reduced the vaccines response (Table 6).

[bookmark: _Toc168574021]Table 6: The mean HI titration for sera collected on vaccinated with/ without parasite
	No 
	Vaccines
	Groups
	Mean
	Coefficient
	P-value

	1
	HB1/LaSota
	Vaccinated only
	113.45
	86.727
	0.0002

	
	
	Parasite infected vaccinated
	104.60
	77.879
	0.0003

	2
	
	Vaccinated only
	112.84
	86.121
	0.0003

	
	
	Parasite infected vaccinated
	91.09
	64.364
	0.0001

	3
	Non- vaccinated
	Parasite infected
	32.667
	7.0
	0.47

	
	
	Control 
	26.72
	Ref
	



Mean NDV titer was significantly increased in the vaccinated groups (vaccinated only and vaccinated with parasite infected groups) compared to the control unvaccinated group (Table 6). The LaSota/HBI vaccinated group has the higher mean 113 (P<0.05) compared to the parasite infected vaccinated group with a mean 104 (P<0.05). Similarly NDV titer was significantly higher in NCTH vaccinated groups with a mean of 112.84 (P<0.05), unlikely the parasite infected vaccinated group has a mean of 91.09 (P<0.05). The parasite infected group doesn’t show any significant mean difference when compared to the control (P>0.05).

The mean NDV titer was increased by 86.7 and 86.1 when chickens were vaccinated with LaSota/HBI vaccine and NCTH respectively. Mean NDV titer was increased only by 77 and 64 in A. galli infected LaSota/HB1 vaccinated and A.galli infected NCTH vaccinated groups respectively, when compared to the control group. Although it was not significant there was some increment of the mean titer in the parasite infected group compared to the control. It has the mean titer of 32.67, but the control has 26.7.

[bookmark: _Toc168523145][bookmark: _Toc170937981][bookmark: _Toc168390161]4.1.3. Effect of honey on NCD Vaccines antibody titer

[bookmark: _Toc168574022]Table 7: The effect of honey on anti-NDV antibody titer
	No
	Vaccine
	Groups
	Mean
	Coefficient 
	P-value

	1
	HB1/LaSota
	Honey+vaccine
	112.84
	86.121
	0.0000

	
	
	Vaccine
	104.60
	77.879
	0.0001

	2
	NCTH
	Honey + vaccine
	115.125
	86.121
	0.0004

	
	
	Vaccine
	59.06
	32.333
	0.000

	3
	Non -vaccinated
	Honey only
	32.667
	5.385
	0.5134

	
	
	Control 
	26.72
	Ref
	



The honey with the vaccinated groups exhibited the highest rise in anti-NDV antibody titer on this experimental activity. The addition of honey as a feed in the vaccine had increased the antibody titer significantly in both HB1/LaSota and thermostable vaccines of poultry (P<0.05) (table 7). The mean antibody titer in honey fed, LaSota/HB1 and NCTH vaccinated groups were 112.8 and 115.1 respectively, whereas the mean titer in LaSota/HB1 and NCTH vaccinated only groups were only 104.6 and 59.06.
The mean NDV titer in both honey fed, LaSota/HB1 and NCTH vaccinated groups increased by 86.1 times the control group. The vaccinated only groups mean antibody titer increased by 77 and 32 in the LaSota/HB1 and NCTH vaccinated groups respectively (Table 7).

[bookmark: _Toc168523146][bookmark: _Toc168390162][bookmark: _Toc170937982]4.2. Cell Mediated Immune Response

[bookmark: _Toc168523147][bookmark: _Toc170937983][bookmark: _Toc168390163]4.2.1. Cell proliferation result

Lymphocyte proliferation assay (MTT colorimetric assay) was used to assess cell mediated immunity by using the cells sampled at 7, 21, 35 and 49th (post-challenge) days of experiment. The mean stimulation index of the cells and the mean absorbance level at Optical Density 560 (OD560) was determined by dividing the average mean OD value of the cultured cells (test group) to the average mean OD value of the control (Zhao et al., 2012) at each sampling and in each group. Accordingly the average mean value was 0.044. Full informations were indicated in the tables below (Table 8 and 9).

HB1/LaSota and NCTH vaccines with parasite

The mean absorbance of the cells at optical density 560nm (OD560) and the mean stimulation index (SI) of the cells in the parasite infected vaccinated group was 0.098 and 2.23 respectively. It was significantly higher (P<0.05) as compared to the control group which had the mean absorbance level and SI of 0.064 and 1.45 respectively. HB1/LaSota vaccinated and infected group also has higher SI and mean absorbance level as compared to the parasite infected only group, which had the SI and mean absorbance of 1.27 and 0.056 respectively that was even lower than the control group (Table 8).

The HB1/LaSota vaccinated group also had significantly high mean absorbance and stimulation index (0.104 and 2.34 respectively) as compared to the control group, which had non-significant absorbance level. The HB1/LaSota vaccinated chickens had greater amount of cells and its absorbance greater by 0.034 times to the control group (Table 8).

Similarly the mean absorbance levels of the cells proliferated by thermostable vaccine with A.galli was significantly higher (P<0.05) with absorbance and SI of 0.17 and 3.75 (the highest in all experimental group) respectively relative to the non-significant absorbance level of control group (0.064). The proliferated and viable cells absorbance was higher than the control by 0.036 times values.

The cells which were live and proliferated in the thermostable only vaccinated chickens had the mean absorbance value of 0.099 and the mean SI value of 2.26, which was significantly greater (P<0.05) than the control unvaccinated group. However the parasite infected group has low mean absorbance of cells (low viable cells) and SI values compared to the control. It is non-significant (P>0.05). 

[bookmark: _Toc168574023]Table 8: The effect of A.galli on cellular immune response of HB1/LaSota and NCTH Vaccines
	Vaccine
	Groups 
	Mean 
	Coefficient
	P-value
	SI(stimulation index)

	HB1/LaSota
	Parasite + vaccine
	0.098
	0.04 
	0.0000
	2.23

	
	Vaccine only
	0.10
	0.034 
	0.0000
	2.34

	NCTH
	Parasite + vaccine
	0.165
	0.035 
	0.0182
	3.75

	
	Vaccine only
	0.099
	0.10 
	0.0000
	2.26

	Not vaccinated 
	Parasite only
	0.056
	-0.0072
	0.63
	1.27

	
	Control
	0.064
	Ref.
	
	1.45




Honey with HB1/LaSota and vaccines

The honey given for the HB1/LaSota vaccinated chickens had significantly high mean absorbance of cells after the addition of the MTT reagent as compared to the control. It had mean absorbtion (average OD value) and stimulation index (SI) of 0.11 and 2.53 respectively. Honey boosted the HB1/LaSota response of the cell viability by 0.0047 from the control. Although both of the vaccinated groups had significance difference (P<0.05), high cell viability and absorbance, the honey fed with HB1/LaSota vaccine had relatively higher absorbance and cell viability. Even it had higher stimulation index (2.53>2.35).
Comparing to control, the honey only fed group also had significantly higher (P<0.05) absorbance and cell viability as well as stimulation. The control group had lower SI and mean absorbance value of 1.45 and 0.064 respectively, but honey taken group had higher SI and absorbance value (2.25 and 0.099 respectively) as indicated in Table 9 below.

Table 9 also indicated that the honey given with the thermostable vaccine for chickens had a significantly higher (P<0.05) absorbance level (by using 560nm OD reader spectrophotometer) which indicates that the viability and proliferation of the lymphocytes. The honey taken group had the mean absorbance level of 0.10, which is significantly greater (P<0.05) relative to the control group. It had more proliferated (stimulated) cells rated by 0.0037 times greater than the control group.

In comparison to the control group, NCTH (thermostable) vaccinated chickens also had more mean absorbance level (OD value) at 560nm. It had the mean OD value of 0.0995, which was significantly higher (P<0.05) relative to the control group (0.064). The vaccinated group had higher viable and stimulated cells that are responded to the antigen (P<0.05, SI=2.26). 

[bookmark: _Toc168574024]Table 9: The immunostimulating effect of honey on Lasota/HB1 and NCTH vaccine
	Vaccines 
	Groups
	Mean 
	Coefficient
	P-value
	SI(Stimulation indices)

	HB1/
LaSota
	Honey+vaccine
	0.11
	0.0047 
	0.0000
	2.53

	
	HB1/LaSota vaccine
	0.10
	0.0039 
	0.0000
	2.35

	Thermostable-I2
	Honey with vaccine
	0.10
	0.0037
	0.0000
	2.3

	
	Vaccine only
	0.099
	0.0036 
	0.0000
	2.26

	Unvaccinated
	Honey 
	0.099
	0.0064 
	0.0000
	2.25

	
	Control 
	0.064
	Ref.
	
	1.45



[bookmark: _Toc170937984][bookmark: _Toc168390164][bookmark: _Toc168523148]4.3. Clinical Signs Observed

Affected birds seemed healthy on the day post-challenge, till 48hrs after the challenge. Reduction in feed intake, greenish diarrhea, mild to moderate depression, incoordination and lethargy, fluffed feathers, and respiratory distress with gasping and sneezing within 2-15 day post-challenge (dpc) were among the clinical signs. Within 2-15 dpc, nervous symptoms included wing drop, circling, torticollis, leg paralysis, prostration, and death. Six of the control group's chickens died on the sixth day following the challenge, and further symptoms started to appear in other chicks. Six parasite-infected, unvaccinated chicks perished within ten days of the challenge, with the first fatality in the parasite infected only group occurring on the fourth day following the challenge. Two were died in the honey fed only group. Following a fifteen-day post-challenge period, every bird was sacrificed. Some targeted for postmortem and others were due to animal welfare issue.

[bookmark: _Toc168390165][bookmark: _Toc168523149][bookmark: _Toc170937985]4.4. Protection Results/Determination of the Vaccines Efficacy
[bookmark: _Toc168390166][bookmark: _Toc168523150]The survival of chickens challenged with the Newcastle disease virus was significantly influenced by haemagglutination inhibition titres; that was, hens with greater HI titres were more likely to survive the challenge than those with lower titres. There were more survivors in the vaccinated, parasite-vaccinated and honey-vaccinated groups. Because the control and parasitized groups were not given any vaccination and hence low HI titres, as a result the low numbers of survivors in these groups compared to vaccinated and honey fed. There were no more mortality after day 10 post-challenge and all surviving chickens were euthanized after day 15 post-challenge. More than ninety percent of the chickens immunized by means of the vaccination and honey fed were survived.
[bookmark: _Toc170937986]4.5. Necropsy Results of Died Chicken
During necropsy, dead birds had distinct lesions, including petechial hemorrhages in the proventriculus, intestine, and caecal tonsils, edematous and diphtheria mucosal membrane in the trachea, petechial hemorrhage in the heart, and deep-green contents in the gastrointestinal tract ending with green faeces.

[bookmark: _Toc170937987][bookmark: _Toc168390167][bookmark: _Toc168523151]5. DISCUSSION 


The HB1/LaSota and thermostable vaccines in Ethiopia produced by National Veterinary Institute (NVI) were effective because of initiating the high humoral immune response which resulted in high production of antibodies in chickens immunized by both vaccines and was mainly responsible for the protection observed when >90% of birds survived following experimentally challenged with highly pathogenic ND virus this was align with the study conducted by Foster et al. (1997) in Tanzania on thermostable vaccine through ocular route that had the protection level of more than 70%. Although the antibody titer was significant in parasite with vaccine, there was a reduction in the mean antibody titer production as compared with the vaccinated only groups in both vaccines. 

A more robust NDV-specific humoral immune response was observed in birds from vaccinated groups. Positive haemagglutination inhibition results were observed in these groups. Birds from these groups reached the highest mean NDV titer level observed in group 5 (HB1 vaccinated and honey fed) with the mean HI titer of 209.5 at 35th date of sampling in the trial, and their total mean titer level was significantly (P<0.05) higher than control birds. This result was supported by the study done in Japan by Martinez et al. (2018) in which, birds reached a significantly (P < 0.001) higher level of NDV titers at day 35 compared to other birds at that age and were able to mount the highest NDV-specific humoral immune response compared to all other treatments in the trial and (Timms and Alexander, 1977). 

The results of the seroconversion using the NDV-vaccines showed a significant differences (P<0.05) in all vaccines from this study. This also agreed with the higher levels in the group that had been vaccinated with the genotype VII vaccines and thus agreed with the previous reports by Nagy et al. (2020), who recorded variation in the cross HI assay among the LaSota and NDV genotype VII antigen that has been circulating in Egypt in recent years (Palya et al., 2012) and the study done by Sultan et al. (2021).

There was more death in the unvaccinated groups challenged with virulent strain virus as compared to the vaccinated one, there was no death in the vaccinated groups and there was an observation of gross pathological lesions and changes in some organs like in proventriculus, trachea, brain, spleen and hemorrhagic intestine in the dead birds. This high death rate and gross lesion observation results were supported by the study done by Al-Baroodi et al. (2008).

Ascaridia galli had negative effect on the increment of Newcastle vaccine antibody titers, because the parasite can feed the protein content of the chicken. It causes significant loss of tissue protein occurs through leakage into the stomach, which also results in inefficient protein absorption and utilization process, which may account for the decreased total protein levels (Ahmed et al., 2015). These proteins were the main source of immunity to defend against the diseases. The reduction of the antibody titer developed by the vaccines leads to reduction of vaccine efficacy or that can lead the failure of the vaccine. Although the vaccines are in protective state there was also a reduction in the mean antibody titer of the vaccines that were given with the Ascaridia galli. Because their mean antibody titer was lower than the vaccinated only groups mean antibody titers.

The synthesis of immunoglobulins was reduced in chickens severely infected by the parasite, owing to an absolute loss of protein (Tizard, 1996), and this might result in a reduced humoral antibody response, as seen in this study, because the parasite infected groups had the mean antibody titer of 32.7. It was small amount as compared to the vaccinated groups (113.45 and 112.84 in HB1/LaSota and thermostable respectively). This was consistence with the study done by Hørning et al. (2003) on the effect of A.galli on the humoral immune response of NCD vaccines. There is also a report of (Spradbrow, 1988); there is a failure of vaccine efficacy due to the result of an immune suppression by parasitism.

Another study that backs up our work shows that parasite infections can have an impact on vaccinations for other infectious diseases in animal models, despite the fact that the helminth and the afflicted animals are distinct. According to reports, compared to animals that are not sick, cattle and mice that are infected with Toxocara canis have lower antibody levels to the Bovine herpesvirus type 5 (BoHV-5) vaccine (Menegon et al., 2020). A more robust vaccination regimen using recombinant live Salmonella berghei-expressing Plasmodium berghei proteins can restore vaccination efficacy against P. berghei, as chronic L. sigmodontis infection considerably reduces it (Kolbaum et al., 2012). 

For instance the vaccinated and parasite challenged chickens are in protective state, After being infected with 500 embryonated eggs of A. galli, Lohmann brown chickens show a significant increase (P<0.05) in IgY concentrations following infection, in comparison to their control group (P>0.05). These hens demonstrate an immunological response to these infections. This result was similar with the study done by Saadoon Ibadi Al-Alwani and Hamle Abid (2023).

From this study as indicated in (Table 6), there was some difference of the parasite only infected and control group. The parasite only infected group has more antibody titer relative to the control one. It was supported by the studies of (Marcos-Atxutegi et al., 2009; Schwarz et al., 2022; Saadoon Ibadi Al-Alwani and Hamle Abid 2023). They found that specific IgY antibodies against adult somatic antigens and embryonated A. galli egg antigens were more highly expressed in the infected hens. Serum IgY levels are elevated by A. galli infection, however this may not be sufficient toward against infection. This result also consistent with the findings of Sharma and Hunt (2018), who found that the infected hens had a greater (P<0.01) serum IgY levels than the control group. 

In the vaccinated and parasite infected groups there was relatively low average OD values of the cells. This indicates that the parasite has an effect on the cells viability or has an effect on the cellular immune response of the NCD vaccines. This result was in accordance with the study of Pleidrup et al. (2014) that A. galli-infected chickens compared to the controls showed reduced expression of the Th1 signature cytokine IFN-gamma in the spleen. This was also in consistence with the earlier murine and human studies indicating that helminth infections decrease virus-specific CD8+ cytotoxic T cell responses and reduce proliferation of PBMC in response to recall antigens.

In this study there was an increase in the mean absorbance and stimulation index in the experimental periods since day 7, the mean absorbance and the stimulation index were increasing after they took the live vaccines consecutively; this was aligned with the work of Martinez et al. (2018).  

This study also aimed to assess the impact of honey supplementation on the immune response of Lohmann chicks vaccinated against Newcastle Disease Virus (NDV). According to reports, honey can boost a chick's immunological response to a Newcastle disease (ND) vaccination (Hegazi et al., 2012).

The research focused on the effects of honey on the immune response of Lohmann day-old chicks that received NDV HB1, LaSota, and thermostable vaccines from the NVI in Ethiopia. Findings indicated that young vaccinated chickens supplemented with honey exhibited a stronger HI antibody response compared to those solely fed honey or the control group provided with regular drinking water. At this study in the post vaccination, the highest 112.4 from LaSota and 115.13 from NCTH mean antibody titers were recorded in chickens that were given honey via drinking water before and after vaccination whereas HI titer of 26.72 was recorded in chickens that were given ordinary drinking water. This indicates that honey can highly increase the response of the NCD vaccine. This is supported by the study done by Mshelia et al. (2016).  

The two groups honey only fed and control groups have almost similar mean antibody titer in this study. The honey only boosts the immunity by 5 (coefficient of regression) in both of the vaccines from the control group. This indicates that honey highly boosts/significantly increase/the immunity when given with vaccines. It was very similar to the study result done by Hegazi et al., (2013). , throughout the experiment, there were no discernible changes in the (NDV) antibody titer between the experimental group and any amount of honey added to the water. In comparison to the control group, the groups that received 10% honey supplementation along with the vaccine showed a higher antibody titer. 10% of the honey received had the highest (NDV) antibody titer when compared to the other groups.

From this study the honey fed groups had higher cellular immune response as compared to other experimental groups. The cells were highly proliferated in honey fed chickens (G5, G6 and G8).There was high lymphocyte proliferation with stimulation index of greater than 2. This may be due to the presence of propolis that was a natural resinous mixture produced by honey bees from various plant sources, has been recognized for its diverse biological activities, such as antimicrobial, anti-inflammatory, antioxidant, and immunostimulatory properties. These beneficial effects are attributed to the presence of flavonoids, aromatic acids, diterpene acids, and phenolic compounds in propolis. In accordance with this work the studies of Fan et al. (2013) and Hegazi et al. (2013) had shown that propolis can enhance lymphocyte proliferation, leading to changes in the weight of lymphoid organs and potentially improving immune function and disease resistance. 

In line with previous research by Hegazi et al. (2013) a study demonstrated that adding 10% honey as a supplement to broiler chicks vaccinated with NDV vaccine resulted in a significantly higher antibody response compared to a control group. This enhanced immune response may be attributed to the presence of a variety of flavonoids and phenolic acids in honey, which possess antimicrobial properties this may results lower death rates from this experimental activities compared to control groups after challenge. The antioxidant nature of the honey used may also increase the immune response of the chicken. Selenium in honey, in addition to antioxidant nature of honey also resists other diseases like E. tenella that cause death of chicken as stated by Colnago et al. (1984).

The honey fed groups of this study have high mean absorbance at OD560.These increase absorbance level indicates the presence of higher lymphocytes which were proliferated. This result was supported by (Galal et al., 2008) that propolis in honey supplementation to the chicken feed can significantly increased lymphocytes and significantly decreased heterophils and H/L ratio in broiler chickens and laying hens. Although it is done in other species (mice) by Hegazi et al. (2015) obtained the result of an increase in the lymphocytes and their function in defending the diseases even the cancer. Honey supplementation was observed to increase the phagocytic function of macrophages as well as T- and B-cell function.

Generally there was an increase in the antibody titer (humoral immune response) and cellular immune response (lymphocyte proliferation) when the chickens were fed honey. There was significant increase in antibody titer and cell viability and proliferation. These results also aligned with the study done by Hegazi et al. (2012) and they found the result, after receiving either propolis or honey, virulent NDV-infected chickens showed higher antibody titers and phagocytic percentages.

[bookmark: _Toc168390156]Limitation of the Study

The problem was lack of reagents and media required for this activity in the country and can’t get it promptly. It was difficult to get sufficient amount of A. galli egg in the fecal sample. The other main challenge was getting sufficient literatures and studies done related to this study to use as a reference. Due to limitations of resources like time and some reagents can’t reach at the onset time, it was difficult to do some further tests like flow cytometry, gene expressions (due to the absence of skill professionals and well installed machines).

[bookmark: _Toc170937988][bookmark: _Toc168523152][bookmark: _Toc168390168]6. CONCLUSION AND RECOMMENDATIONS


Based on the obtained results it was possible to conclude that Newcastle disease can be controlled by live NCD vaccines and giving honey as a feed additive with vaccines, but its efficacy can be reduced by different factors, among these factors parasites occupy the broad space. Among the parasites Ascaridia galli is the main one, because it is highly prevalent in poultry farms of Ethiopia and other developed countries. The parasite has an effect on both humoral and cell mediated immune response of the NCD vaccines. It can reduce the potential of full response of HB1/LaSota and thermostable vaccines of poultry.
Ascaridia galli is on the rise and is now increasingly found in laying hens kept for commercial egg production. Thus, it seems that the parasite is becoming a more serious issue that needs the attention of researchers, who still have a lot to learn about developing more effective control methods. The honey supplementation increases antibody responses and cellular immune responses of chickens of exotic Lohmann brown breed chicks when administered with NCD vaccination or lonely. This may be due to the immunostimulatory activity of natural honey. It is assumed that this group of poultry could be better protected against ND if given honey orally via drinking water before and after vaccination.

Based on the above conclusions the following recommendations were forwarded:
· Further researches are essential to determine the effects of poultry parasites on the vaccine efficacy.
· Manufacturer’s vaccines quality control should be assured periodically at the distributed NCD vaccines.
· It is essential to develop effective vaccines and antihelmintics against the A.galli.
· It is better to do more advanced researches on the general effect, standard dose and type of natural honey as supplementation before and after NCD vaccination to attain greater immune stimulation.
· It is better to vaccinate chickens with honey as a feed additive.  
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