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Background

Newcastle disease virus (NDV) genotype VII severely affects poultry, causing respiratory and neurological symptoms with a high rate of morbidity and mortality. The research aimed to develop an inactivated ND vaccine using local isolates (Genotype VII.2) and assess its immunogenicity compared to other commercial live ND vaccines.





Methods

An inactivated vaccine using a candidate NDV (GenBank: OR924274.1) was developed according to WOAH guidelines following inactivation, sterility, purity, and safety tests. The birds were vaccinated through subcutaneous (SC) and intramuscular (IM) routes using three doses (0.25, 0.5, and 1.0 ml/bird). Immunogenicity and protective potentiality of the experimentally developed inactivated ND vaccine and live commercial ND vaccine (intra-ocularly/IO) were compared by challenge studies using three vaccination schedules: killed-followed-killed, live-followed-killed, and live-followed-live.





Results

The birds vaccinated with 1.0 ml/bird SC showed higher antibody titers compared to those of IM-vaccinated groups. Birds vaccinated with the live-followed-killed commercial ND vaccines had slightly higher antibody titers compared to those vaccinated with killed-followed-killed and live-followed-live vaccines. Birds vaccinated with the killed-followed-killed ND vaccine showed a higher protection rate (100%) compared to live-followed-killed (83±5.77%) and live-followed-live (57±5.77%) vaccines. Birds vaccinated with killed-followed-killed group showed a slower decline rate of antibody titers than other groups. This regimen provided significantly better immunity, highlighting its potential in controlling ND outbreaks in Bangladesh's poultry.





Conclusion

The study found that the inactivated ND vaccine, developed with the locally circulating isolate of genotype-VII.2 of NDV, might play an important role in effective control and management of ND in the commercial poultry population in Bangladesh.
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1 Introduction

Newcastle disease (ND) is a highly infectious viral disease that carries huge impacts on a diverse array of bird species and has substantial economic consequences for the global poultry industry (1). The Newcastle disease virus (NDV) belongs to the genus Orthoavulavirus of the family Paramyxoviridae (2, 3). There are different strains, or genotypes, of the virus, and one of the most common and virulent strains is genotype VII, especially circulating in Asia and Africa (4). ND poses a significant threat to the poultry sector in Bangladesh, which plays a crucial role in the country’s agricultural economy and supports the livelihoods of millions of people (5).

To control and prevent ND in commercial poultry farmers have to depend mainly on vaccination. In Bangladesh, the management of ND in commercial poultry involves using different types of ND vaccines (6). These vaccinations are specifically formulated to stimulate robust immune responses, providing defense against the highly infectious strains of NDV that are widespread in different areas in a country (7). The main categories of vaccinations employed include live attenuated vaccines, inactivated vaccines, and recombinant vector vaccines (8). NDV strains that have been weakened but can still multiply somewhat are used to produce live attenuated vaccines. Strains of NDV including LaSota, B1, and F strains are frequently utilized for the development of live attenuated ND vaccines (9). Vaccines that have been inactivated are known to elicit strong humoral and cell-mediated immune responses, providing efficient defense. Usually, the live attenuated ND vaccines are applied as eye drops, aerosol, or drinking water, which guarantees quick and simple administration (10). The NDV particles of the inactivated vaccines have been rendered non-infectious by chemical agents like formalin, β-Propiolactone, and Binary ethylenimine (BEI). Injectable inactivated vaccines are frequently adjuvanted to boost the immune response (11). Killed vaccines are frequently serve as booster doses after the initial live vaccination, and they are very helpful in providing long-lasting protection. Live attenuated NDV antigens are delivered via recombinant vector vaccines using viral vectors like herpesvirus or fowlpox. They have the benefit of potent immune responses without having any danger like live attenuated vaccines. They can also be made to target different infections, offering more comprehensive protection (12). The efficacy of a vaccine is heavily influenced by the degree of similarity between the vaccine strain and the strains currently in circulation (13). In recent years, the appearance of several NDV genotypes, particularly genotype VII, has presented difficulties for the current vaccination regimens due to a mismatch of the vaccine and circulating strain of the viruses. As a result, there has been a need to develop vaccinations that are specially designed to target the specific strains of viruses that are now prevalent in different regions (14).

The commercial poultry industry in Bangladesh has been struggling for the last decades with repeated occurrences of ND, which frequently results in significant financial losses (15). The presence of genotype VII strains in this region has emphasized the necessity for the development of a vaccine that is both efficacious and specifically tailored to the local conditions (16). Prior research has demonstrated that vaccines formulated utilizing local isolates can offer superior immunity in comparison to those derived from unrelated strains. Hence, this piece of work has aimed to develop and evaluate the immunogenicity of an inactivated ND vaccine produced from local isolates of genotype VII.2 in Bangladesh.




2 Material and methods



2.1 Strain selection, propagation and virus titration

The NDV strain (GenBank: OR924274.1) of genotype VII.2 was selected as a vaccine candidate after a comprehensive assessment of its molecular, serological, and biological characterization and pathogenicity (17). To achieve large-scale manufacturing, the selected NDV strain was propagated in 9-day-old seronegative embryonated chicken eggs (ECEs) via the allantoic cavity route. Centrifugation of the allantoic fluid (AF) at 2795×g for 10 minutes at 4°C was performed to remove non-viral embryonic debris from the collected AF, which resulted in a transparent fluid. The tenth passage of the NDV isolate was chosen for large-scale propagation. The collected AF was cultured in bacteriological, fungal, and mycoplasma growth media and examined daily for a week to detect any microbial growth. The purity of the NDV was confirmed using the RT-PCR test (18). The Reed and Muench technique (19) were employed to determine the 50% embryo infectious doses (EID50).




2.2 Virus inactivation and vaccine preparation

The AF containing NDV was inactivated by treating with 0.1% (v/v) formalin (37% formaldehyde stock solution) at a temperature of 30°C for 48 hours. Random samples from each batch were then injected into eggs and subjected to this process at least three times to confirm that the virus was indeed inactivated completely. Once fully inactivated, the viruses were mixed into an aqueous phase of Montanide (ISA 78 VG mineral emulsion, SEPPIC, France) at a ratio of 30:70 (w/w), following the manufacturer’s instructions. Each dose (0.5 ml) of the emulsified vaccine contained (108.67 EID50) of the virus equivalent to 100 µg of protein per dose.




2.3 Sterility and safety tests of inactivated ND vaccine

The experimentally developed ND vaccine was overlaid on aerobic and anaerobic bacterial, fungal, and mycoplasma media. The culture plates were checked daily from day 1 to day 7th for microbial development. Double the recommended doses of the experimentally developed inactivated ND vaccine were injected into the neck region through the subcutaneous (SC) route of ten 21-day-old seronegative chickens and five chickens as control. The vaccinated and control chickens were examined for 14 days after injection to detect aberrant vaccination-related reactions (18).




2.4 Efficacy determination of ND vaccine depending on dose and route of administration

In this study, we conducted an experiment using 140 of seven-day-old seronegative Sonali chicks to investigate the immune response of a newly developed inactivated ND vaccine. The main focus of this experiment was to determine the optimal dose and route of immunization. Chickens were divided into seven groups: six test groups (Group A, Group B, Group C, Group D, Group E, and Group F), and one control group (Group G) each group consisting of 20 birds. For the test groups, birds of groups A, B, and C received primary vaccination with 0.25 ml, 0.5 ml, and 1.00 ml per bird through the SC route, respectively. On the contrary, the birds of test groups D, E, and F also received 0.25 ml, 0.5 ml, and 1.00 ml per bird as primary vaccination in the thigh muscle through the intramuscular (IM) route, respectively. The control group (Group G) remained un-vaccinated. The initial vaccination of birds was done at 7 days old, followed by a second vaccination at the age of 28 days, except for the control group. Blood samples of birds of all groups were collected at three different time points: before vaccination (day 7), day 21st after primary vaccination (day 28), and one month after second vaccination (Day 58). The serum obtained from blood samples of each bird group was pooled and subsequently analyzed for the determination of antibody titer by ELISA (IDEXX, USA) following the manufacturer’s instructions.




2.5 Evaluation of comparative efficacy and protective potentiality of the inactivated ND and commercial live ND vaccines

In this study, 200 seronegative layer chicks (Brown-layer) of 7 days old were used. Birds were divided into four groups, each group consisting of 50 birds. The vaccination protocol followed for each group of birds was as: Group A received two doses with an experimentally developed inactivated ND vaccine, each dose was 0.5 ml and contained 100 µg of viral protein per dose, administered through SC route. Group B was first vaccinated with a live vaccine (LaSota strain, genotype II), one drop containing 103.5 EID50 of NDV, administered intraocularly (IO), followed by an inactivated ND vaccine with a similar dose as Group A. Group C was vaccinated twice with the commercial live vaccine (ND-LaSota/G-II, HIPRAVIAR® S) each time receiving one drop of the same dosage and route followed for live vaccine as of Group B. Group D served as the unvaccinated control group. Birds of all the experimental groups received their first doses at 7 days of age (Day 7), and the second dose at 28 days of age (Day 28), except for the control group. Blood samples were collected from the birds prior to the primary and second vaccinations, as well as one month after the second vaccination. The serum samples were then tested to determine their antibody titer by ELISA. One month after second vaccination (Day 58) thirty birds of each group were subjected to a challenge with a virulent strain of NDV (Genotype VII.2). For the challenge study each bird of in the study groups received 0.5 ml containing 106.67 EID50/ml of NDV, which was injected into the thigh muscle through the IM route. The birds were monitored daily for 14 days after the challenge to assess the protective efficacy of the experimentally developed inactivated ND vaccine and the live ND vaccine as well.




2.6 Determination of duration of antibody titer of the birds vaccinated with inactivated ND vaccine and commercial live ND vaccines

The remaining birds of the three previously vaccinated groups were assessed for the determination of serum antibody titers up to eight months after receiving second vaccinations. Blood samples were obtained at different time points: 1, 2, 3, 5, 6, 7, and 8 months after the second vaccination, and the titer was determined by ELISA.




2.7 Statistical analysis

The study was performed using computerized statistical software, especially SPSS (IBM SPSS Statistics for Windows, Version 29.0.2.0, Armonk, NY: IBM Corp, 2023). The data obtained from the three replications of different experimental groups in this study were presented as means and standard deviations (mean ± SD). A t-test was used to analyze the antibody titer between before vaccination versus after 21 days of primary vaccination, before vaccination versus after one month of second vaccination, and before vaccination versus different time intervals after primary and second vaccination in this study. The protection rate of the vaccine after the challenge study was also analyzed by one-way analysis of variance (ANOVA). The group difference was considered significant at p < 0.05 in this study.





3 Results



3.1 Sterility and purity test of harvested AF

The sterility of the collected AF was performed using several types of agar media, including nutrient agar, SS agar, blood agar, EMB agar, MacConkey agar, Sabouraud dextrose agar, and mycoplasma agar (PPLO) test result revealed that there was absence of bacteria, fungi, or mycoplasma in the aseptically harvested AF. Additionally, PCR analysis using fusion (F) gene-specific primers confirmed the purity of the AF, which contained NDV only.




3.2 Inactivation, sterility, and safety tests of the experimentally developed ND vaccine

After being inoculated into 9-day-old ECEs, the absence of embryo mortality and hemagglutinating activity with cRBC of the inactivated AF indicated that the viruses had been inactivated completely. The sterility test also confirmed that the experimentally developed inactivated ND vaccine was free from any kind of contamination, as demonstrated by allowing the AF to overlay onto the media for bacteria, fungi, and mycoplasma. During the safety test performed in birds vaccinated with double the recommended doses of the experimentally developed ND vaccine and also in control birds, no deaths, local or systemic tissue reactions, or clinical signs of NDV were noted during 14 days of observation.




3.3 Dose and route-dependent antibody titer of the inactivated and live ND vaccines

The antibody titers varied across seven groups, depending on the doses and routes of vaccination. The antibody titers in birds of all groups before they were vaccinated ranged from 112.34 ± 3.51 IU/ml to 162.21 ± 4.05 IU/ml. The ELISA results showed that the serum antibody titers of the bird groups that were vaccinated after 21 days of primary and one month of second vaccinations through the SC route with 1.0 ml/bird group showed titers of 5638.02 ± 42.34 IU/ml and 8312.05 ± 24.26 IU/ml, with 0.5 ml/dose/bird at 5456.76 ± 25.70 IU/ml and 8033.45 ± 30.87 IU/ml, and with 0.25 ml/dose/bird group 3828.34 ± 31.41 IU/ml and 5656.24 ± 35.30 IU/ml, respectively. On the other hand, the antibody titer of the bird groups those received 1.0 ml/bird, 0.5 ml/bird, and 0.25 ml/bird through the IM route of immunization were 5246.14 ± 32.68 IU/ml, 8141.13 ± 32.14 IU/ml, 5012.36 ± 24.66 IU/ml, 7123.86 ± 26.60 IU/ml, and 3144.65 ± 34.20 IU/ml, 4962.68 ± 35.83 IU/ml, respectively (Figure 1). The antibody titers of birds were found to be significantly different (p < 0.001) between the period before vaccination and 21 days after the primary vaccination, as well as between the period before vaccination and one month after the second vaccination. After 21 days of primary and one month of second vaccination, the birds vaccinated through the SC route showed slightly higher antibody titers than the birds of the IM route group. The antibody titers of bird groups after primary and secondary immunizations between the SC and IM routes of immunization did not show a significant (p > 0.05) difference depending on the route of vaccination (Figure 1).




Figure 1 | Dose and route-dependent antibody titers of bird vaccinated with ND vaccines by ELISA. NS indicates non-significant (p>0.05); *** indicates p<0.001.






3.4 Comparative efficacy and protective potentiality of the experimentally developed inactivated ND and commercial live ND LaSota vaccines

The antibody titers of vaccinated groups of birds following three schedules of vaccination were determined by ELISA, which revealed that the pre-vaccination titers ranged from 132.7 ± 3.99 IU/ml to 144.1 ± 4.089 IU/ml. Whereas, the antibody titer was found to be higher 7235.87 ± 29.56 IU/ml and 11678.3 ± 30.17 IU/ml after 21 days of the primary and one month after second vaccinations in the birds group vaccinated with live-followed-killed vaccines (Figure 2). On the other hand, the antibody titers of the bird groups killed-followed-killed and live-followed-live were found relatively lower than live-followed-killed after 21 days of primary and one month after second vaccinations, which was statistically significant from prior vaccination (p < 0.01).




Figure 2 | Serum antibody titer of birds vaccinated with the experimentally developed inactivated ND and commercial live ND LaSota vaccines by ELISA. NS indicates non-significant (p>0.05); ** indicates p<0.01.



The protection rates of birds among the three vaccinated groups, killed-followed-killed, live-followed-killed, and live-followed-live were also found variable 100 ± 0.00%, 83 ± 5.77%, and 57 ± 5.77%, respectively (Figure 3) which was statistically significant (p < 0.01).




Figure 3 | Protection rate of the experimentally developed inactivated ND and commercial live ND vaccines. (** indicates p<0.01).






3.5 Retention of the protective level of antibody titer of bird groups following three schedules of vaccination

Pre-vaccination antibody titers of the birds of the groups killed-followed-killed, live-followed-killed, and live-followed-live groups were 144.1 ± 4.089 IU/ml, 132.7 ± 3.99 IU/ml, and 140.5 ± 3.83 IU/ml, respectively which was statistically non-significant (p > 0.05). The antibody titer of birds in three vaccination schedules showed significant variation (p < 0.01) after 21 days of the primary vaccination, and one and two months after second vaccination from before vaccination. The antibody titer of birds started declining gradually after three months of the second vaccination for the killed-followed-killed group, two months for the live-followed-killed group, and one month for the live-followed-live group. The retention period of protective level (>396 IU/ml) of serum antibody titer among the birds of three vaccinated groups, namely killed-followed-killed was until the 8th month (856.2 ± 31.79 IU/ml), live-followed-killed until the 8th month (609.5 ± 27.30 IU/ml), and live-followed-live until 5th months (463.12 ± 29.69 IU/ml) after second vaccination, respectively (Figure 4). The declining trend of the antibody titer was found faster in the bird groups following the schedules live-followed-live and live-followed-killed compared to the birds of the group killed-followed-killed respectively. A significant variation (p < 0.01) in antibody titers was observed among the bird groups vaccinated with killed-followed-killed, live-followed-killed, and live-followed-live vaccines. This variation was evident on 21 days after the primary vaccination and one and two months after the second vaccination, compared to pre-vaccination antibody titer. However, the study also found no significant variation (p > 0.05) in the antibody titers at three, five, six, seven, and eight months after the second vaccination among the three different vaccination schedules.




Figure 4 | Duration of antibody titer of bird groups following three schedules of vaccination.







4 Discussion

The genotype VII of the NDV leads to significant financial losses in the poultry sector due to increase death rates, decreased production, and augmented expenses for vaccination and biosecurity measures. The financial consequences are aggravated by trade restrictions and reduced consumer confidence, which notably affect small-scale farmers and worldwide market dynamics (20).

This investigation found that the ND vaccine made from recent circulating isolates was devoid of microbial contamination and other hemagglutinating and non-hemagglutinating viruses which were confirmed through sterility and purity tests by inoculating into various bacteriological, mycoplasmal, and fungal media and seronegative ECEs. The vaccine was prepared by mixing inactivated NDV antigen with Montanide ISA 78 VG adjuvant in a ratio of 30:70, consistent with the findings of Fawzy et al. (21). Their study showed that chickens immunized with the inactivated ND vaccine containing Montanide ISA 70 adjuvant. On the other hand, the vaccine without an adjuvant failed to provide any protection. The safety test demonstrated that birds injected with double the recommended doses of the experimentally developed ND vaccine did not experience any deaths, local or systemic tissue reactions, or clinical symptoms of ND. This result is in line with the findings of Aljumaili et al. (22) and Fawzy et al. (21), who examined the sterility, purity, and safety of the inactivated ND vaccine prepared with the genotype VII.2 in the same host system.

The present study evaluated the immune response of birds vaccinated with three different doses (0.25 ml/bird, 0.5 ml/bird, and 1.0 ml/bird) and two routes (SC and IM) of administration for the inactivated ND vaccine. After 21 days of primary and one month after second immunization, the serum antibody titers of birds vaccinated through the SC route with three different doses (1.0 ml/dose per bird, 0.5 ml/dose per bird, and 0.25 ml/dose per bird) showed slightly higher titers than the birds that were vaccinated by the IM route with similar doses. These findings are consistent with the findings of Woziri et al. (23), who developed an inactivated H5 vaccine and determined the antibody response in birds vaccinated with three different doses (0.2, 0.5, and 0.7 ml/bird) by two routes (IM and SC) of administration. In their study, they reported that the antibody levels were higher in the bird groups vaccinated through the SC route than the IM route after 21 days of post-vaccination. After initial screening for mass immunization, the dose and route (0.5 ml/dose/bird/SC) of inactivated ND vaccine developed with local isolates of NDV used to check their immune response in the vaccinated groups of birds (by ELISA) were selected as a standard dose because of its viral antigen concentration (108.67 EID50/dose) and cost-effectiveness per dose.

In this study, birds immunized twice with commercial live-followed-killed ND vaccines showed higher serum antibody titers after three months of second vaccination than birds vaccinated with experimentally developed killed-followed-killed and commercial lived-followed-live. Live followed-by-killed vaccination in poultry is considered to be superior compared to the combination of killed followed by killed and live followed by live vaccination for several reasons. Live vaccines stimulate both cell-mediated and humoral immunity, providing robust and long-lasting protection (24). Administering a live vaccine first effectively primes the immune system, preparing it for a stronger response. Subsequent administration of a killed vaccine boosts this response without the risk of live pathogen replication. In contrast, killed vaccines alone primarily induce humoral immunity and may require multiple doses for adequate protection (25). Live-followed by live vaccination can pose higher risks, such as vaccine-associated disease or reversion to a virulent form of the agent. Therefore, the live-killed regimen strikes a balance, enhancing immunity while minimizing risks, and ensuring optimal health and productivity in poultry. The study agreed with the findings of Chansiripornchai and Sasipreeyajan (26) who reported that the antibody titer was found higher in the bird groups vaccinated with live-followed-killed vaccines than that of live followed by live ND vaccines. Their research also demonstrated that the optimal level of protection is attained by vaccinating birds in combination with live followed by killed vaccinations.

The birds that were vaccinated twice with the killed-followed-killed vaccine showed a higher protection rate (100%) compared to the birds of the groups live-followed-killed (83%) and live-followed-live (57%) groups respectively in this study. The efficacy study of Waheed et al. (27) revealed that broiler birds vaccinated with an inactivated vaccine developed with the locally isolated VG/GA strain of NDV showed 75% protection after being challenged at six weeks post-vaccination. Vaccines that have been developed by inactivation are known to elicit strong humoral and cell-mediated immune responses, providing efficient defense. Killed vaccines often exhibit better protective efficacy than live vaccines when challenged with a homologous organism due to their ability to consistently induce a strong and specific immune response (28). Killed vaccines contain inactivated pathogens that ensure a robust and safe antigen presentation without the risk of reverting to a virulent form also results inducing higher antibody titers and effective memory cell formation. Additionally, killed vaccines can be formulated to include adjuvants that enhance the immune response for a longer period. Their predictable nature and lack of interference from pre-existing immunity make killed vaccines a reliable option for inducing protective immunity against the same organism.

The protective level (>396 IU/ml) of serum antibody titer of bird groups of this study vaccinated twice with the experimentally developed inactivated ND vaccine was found to be retained up to eight months after second vaccination. The declining rate of antibody titer was found to be faster in the bird groups vaccinated with live-followed-live and live-followed-killed compared to the bird group killed-followed-killed in this study. The study supports the findings of Kumar et al. (29), who stated that inactivated vaccinations with genotype VII of NDV typically result in a long-lasting immune response, which is crucial for effectively managing ND in poultry populations over a longer period. Fawzy et al. (21) found that chicks vaccinated with inactivated ND vaccine developed with genotype VII of NDV had a serum antibody titer that peaked at the 6th-week post-vaccination, reaching the highest level (8.90 log2) after three weeks post-vaccination. The antibody titer remained at a protective level until the 16th week post-vaccination and then declined gradually. The birds vaccinated with the inactivated ND vaccine showed their antibody titer peak at four weeks and remained at the protective level for up to 49 weeks post-vaccination (30, 31). These findings also align with Miller et al. (32), who found that genotype-matched vaccines developed with the field isolates can offer superior protection against ND. Their study also demonstrated that birds vaccinated with inactivated vaccines made from a locally circulating genotype developed homologous humoral immunity, which can reduce the amount of virus shed and increase protection rates compared to those of live ND vaccines. Sultan et al. (16) discovered that vaccinating commercial layers in combination with a recombinant genotype-matched inactivated vaccine and a live attenuated vaccine effectively reduced virus shedding and improved egg production when dealing with a genotype VII NDV in practical conditions. The study found that two doses of inactivated vaccine developed experimentally with the locally circulating genotype VII.2 of NDV elicited better immune response and provided better protection in the vaccinated flock of birds.




5 Conclusion

The results of the experiments suggest that the inactivated ND vaccine, which was developed with the locally circulating isolate of NDV, is not only safe but also protects birds from challenges with virulent field viruses. In addition to that, it also demonstrates the ability of the experimentally developed inactivated ND vaccine for successful management of the commercial layer poultry population from frequent of ND in Bangladesh. Development of an inactivated ND-vaccine using locally circulating isolate of the genotype VII.2 of NDV is the first time reported in Bangladesh.
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