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ABSTRACT 
 

This study aimed to determine the utilization of characterized-polyclonal ND antibodies as primary antibodies in 

Immunohistochemistry and to determine the ND antibodies’ ability to neutralize ND viruses. The ND antibodies 

used in this study were genotype VII ND antibodies, Sato ND antibodies, and mixed ND antibodies. Genotype VII 

ND antibodies, Sato ND antibodies, and mixed ND antibodies were used for VNT, but the IHC test only used 

genotype VII antibodies. In the IHC examination, genotype VII ND antibodies were used as primary antibodies, 

which were diluted in stages (1:100, 1:500, and 1:1000) to obtain the dilution that could give the best IHC 

examination results. Rabbit polyclonal anti-NDV HN protein antibody at 1:500 dilution was used as a positive 

control. Based on the results of the IHC stain, 1:1000 dilution of genotype VII ND antibodies gave the best results, 

with the same results as using a rabbit polyclonal anti-NDV HN protein antibodies at an antibody dilution of 1:500. 

Based on the VNT results, the neutralization index of Sato ND antibodies was 1.6; genotype VII ND antibodies 

were 1.95; and mixed ND antibodies were 1.68. This result showed that genotype VII ND antibodies have a higher 

ability than other antibodies to neutralize 104 ELD50/mL NDV/Ck/BGR/11 virus. Genotype VII ND antibodies can 

be used as reagent candidates in the IHC test in 1:1000 dilution and as a reagent in passive immunization with a 

neutralization index 1.95. 
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INTRODUCTION 

 

ND outbreaks in livestock cannot be diagnosed by 

clinical symptoms, pathological anatomical and 

histopathological changes only. Newcastle Disease (ND) 

does not produce a pathognomonic sign, so often confused 

with other poultry diseases, such as Avian Influenza and 

Infectious Bronchitis. In determining the diagnosis of ND 

diagnosis, an immunodiagnostic test is needed, such as 

Immunohistochemistry (IHC), which is used as an essential 

tool in laboratory diagnosis (Nakamura et al. 2008; Etriwati 

et al. 2017; Angeliya et al. 2022). The IHC method has 

been applied as a qualitative test that is effective, accurate, 

easy to implement, and inexpensive to detect the presence 

of ND antigens in tissues (Oldoni et al. 2005; Wakamatsu 

et al. 2006). 

The IHC is a technique for identifying antigens based 
on antigen-antibody interactions (Etriwati et al. 2017; 
Angeliya et al. 2022). Antibodies in the IHC technique play 
a role in binding to homologous antigens present in infected 
tissue (Ramos-Vara and Miller 2014). The IHC result is 
strongly influenced by the antibodies used (Lipman et al. 
2005). The decision about whether to use polyclonal 
antibodies or monoclonal antibodies depends on several 
factors. Commercial antibodies are generally monoclonal 
antibodies that have high specificity but are relatively more 
expensive. Polyclonal antibodies can generally be 
produced in rabbits, mice, and guinea pigs and can be 
obtained quickly (4–8 weeks) at low cost (Leenaars and 
Hendriksen 2005; Samiullah et al. 2006). 

Antibodies have been used to prevent and treat 
infectious diseases in humans. Antibodies are commonly 
used  to  prevent  diseases  such  as  measles,  hepatitis  A,  
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hepatitis B, tetanus, varicella, rabies and vaccinia (Keller 

and Steihm 2000; Razonable and Chen 2022; Shrikant and 

Nitika 2023). The use of polyclonal antibodies containing 

specific immunoglobulins for certain viruses, bacteria, and 

toxins is a method of treatment known as passive 

immunization (Tizard 2021). Passive immunization has not 

been widely developed in animal disease control, so it is 

possible to develop passive immunization as an alternative 

strategy for ND treatment. The potential of ND antibodies as 

biological agents in the development of passive 

immunization started by analyzing the ND antibodies’ 

activity in neutralizing the ND virus with the Viral 

Neutralization Test (VNT). This study aimed to determine 

the utilization of characterized ND antibodies as primary 

antibodies in the IHC test and to determine the ND 

antibodies’ ability to neutralize ND viruses so that they could 

be used as reagent candidates in passive immunization. 

 

MATERIALS AND METHODS 

 

Ethical Approval 

This research has been approved by the Animal Care 

and Use Committee of Research and Community Services 

Institution, IPB University with approval number: 213-

2021 IPB. 

 

Newcastle Disease Polyclonal Antibodies 

The ND antibodies used in this study were genotype 

VII ND antibodies, Sato ND antibodies, and mixed 

(characterized) ND antibodies produced in New Zealand 

White (NZW) rabbits (Putri et al. 2018a). Mixed ND 

antibodies are antibodies produced by injecting genotype 

VII ND antigen and Sato ND antigen into NZW rabbits. 

Genotype VII ND antibodies, Sato ND antibodies, and 

mixed ND antibodies were used for VNT, but the IHC test 

only used genotype VII ND antibodies. 

 

Virus 

The NDV/Ck/BGR/11 viruses were used in this study. 

Based on pathotype analysis, this virus is a virulent ND 

virus (Putri et al. 2017), and after phylogenetic analysis, the 

NDV/Ck/BGR/11 virus is included in genotype VII (i) ND 

virus (Putri et al. 2018b). ND/Ck/BGR/11 virus was used 

as an antigen in VNT with 104 ELD50/mL. 

 

Immunohistochemical Test 

The tissue preparation used for IHC was native 

chicken tissue infected with genotype VII ND virus. In this 

study, IHC staining was carried out according to the 

procedure recommended in the Dako catalog, North 

America. Inc. (Dako 2013) with several modifications 

(Etriwati et al. 2017). The stained preparations were 

observed under a light microscope (Nikon, Japan). The 

positive result is if the antigen is brownish and negative if 

all sections of the preparation appear bluish and no brown 

antigen is found. Observations made with objective 

magnifications of 10, 20 and 40x. 

 

Viral Neutralization Test 

The ND antibodies used in VNT were genotype VII 

ND antibodies, Sato ND antibodies, and mixed ND 

antibodies with HI titers of 28, 29, and 29. The VNT was 

performed at 9 days old Embryonated Chicken Eggs 

(ECEs). Briefly, ND antibody was inactivated at 56°C for 

30 min and serially diluted by 2-fold dilution. Diluted ND 

antibody was mixed with 104 ELD50/ND/Ck/BGR/11 virus 

in an equal volume and incubated at 37°C for 1 hour. Next, 

the viral antibody mixture (200μL) was inoculated into the 

allantois cavity of 9-day-old ECEs, which was incubated at 

37°C and observed for 5 days. Phosphate Buffer Saline was 

used as a negative control, and ND virus NDV/Ck/BGR/11 

was used as a positive control. Neutralized serum ND 

antibody titers were calculated five days after incubation 

using the Reed-Muench method (Reed and Muench 1938). 

 

Hemagglutination Inhibition Test 

The hemagglutination inhibition (HI) test was 

performed according to the OIE terrestrial manual (OIE 

2012). Antibody titer is determined from the highest serum 

dilution that can inhibit Hemagglutination. 

 

RESULTS 

 

Immunohistochemistry Test 

Antibodies were generated by injecting the whole 

NDV/Ck/BGR/11 antigen (genotype VII) into New 

Zealand White rabbits used as primary antibodies in this 

study (Putri et al. 2017). Rabbit polyclonal anti-NDV HN 

protein antibody (1:500 in antibody diluent, Dako, S3022) 

was used as a positive control for the IHC test. Antibody 

dilution is performed to obtain the optimal concentration 

with the best IHC visualization results. Based on the results 

of the IHC test, a 1:1000 dilution of ND genotype VII 

antibody gave the best IHC results. In contrast, polyclonal 

rabbit anti-NDV HN protein antibodies had the best IHC 

results at an antibody dilution of 1:500. Immunopositive 

results on the IHC test can be seen in Fig. 1. 

In the IHC result, the selected preparations were 

proventriculus, duodenum, pancreas, and heart from 

chickens infected with genotype VII ND virus. Genotype 

VII ND antibodies can detect the presence of ND antigens 

in several samples with a more vigorous immunopositive 

intensity when compared with commercial ND antibodies. 

From the samples examined, 100% of the ND antigens 

detected by commercial antibodies can also be detected by 

genotype VII ND antibodies. These results indicate that 

genotype VII ND antibody has 100% sensitivity in 

detecting ND virus on the IHC test (Table 1). 

 

Viral Neutralization Test 

ND antibody titers were determined before use in 

VNT. The results of this study indicated that ND Sato 

antibodies at HI 26 and 25 titers could neutralize 100% 

NDV/Ck/BGR/011 because there were no ECEs infected 

with the ND virus in these dilutions. At titer 24, only one in 

3 ECEs was infected with the ND virus, and at titer 22, all 

ECEs were infected with the ND virus (Table 2). ND Gen 

VII antibodies at HI titers more than 24 have 100% 

protection against ND virus, and at lower antibody 

dilutions, their ability decreases and protects 75% of ECEs 

only. The protective titers of ND Sato and genotype VII 

antibodies differ in this VNT test, and ND antibody 

genotype VII has a higher ability to inhibit infection. It still 

protects 25% of ECEs in titer 22 (Table 3). Mixed ND 

antibodies can neutralize 100% of the NDV/Ck/BGR/011 

virus at a titer of 25 (Table 4).  Based  on  the  VNT results,  
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Fig. 1: The IHC results used commercial ND antibodies (A) and genotype VII antibodies (B). The immunopositive reaction was indicated 

by brownish color (arrows) in the cytoplasm of the epithelial cells of the proventriculus glands, which were observed with a 20x objective 

lens magnification. 

 
Table 1: Sensitivity test for Genotype VII ND antibodies on IHC test 

Number and type of samples Antibody sensitivity Percentage 

Commercial Genotype VII 

Proventriculus (2) 2 2 100 

Duodenum (2) 2 2 100 

Pancreas (2) 2 2 100 

Heart (2) 2 2 100 

 

Table 2: The viral neutralization test results of Sato Newcastle disease antibodies 

Antibody dilution HI titer Log 10 HI Titer  Infected No infected Accumulation Percentage (%) 

Infected No Infected Ratio Infected  Protective 

1: 4 26 10-0.6 0 3 0 11 0/11 0 100 

1: 8 25 10-0.9 0 3 0 8 0/8 0 100 

1: 16 24 10-1.2 1 2 1 5 1/6 16.7 83.3 

1: 32 23 10-1.5 0 3 1 3 1/4 25 75 

1: 64 22 10-1.8 3 0 4 0 4/4 100 0 

 

Table 3: The viral neutralization test results of genotype VII Newcastle disease antibodies 

Antibody dilution HI titer Log 10 HI Titer  Infected No infected Accumulation Percentage (%) 

Infected No Infected Ratio Infected  Protective 

1: 8 26 10-0.9 0 3 0 12 0/12 0 100 

1: 16 25 10-1.2 0 3 0 9 0/9 0 100 

1: 32 24 10-1.5 0 3 0 6 0/6 0 100 

1: 64 23 10-1.8 1 2 1 3 1/4 25 75 

1: 128 22 10-2.1 2 1 3 1 3/4 75 25 

 

Table 4: The viral neutralization test results of a mixture Newcastle disease antibodies 

Antibody dilution HI titer Log 10 HI Titer  Infected No infected Accumulation Percentage (%) 

Infected No Infected Ratio Infected  Protective 

1: 8 26 10-0.9 0 3 0 10 0/10 0 100 

1: 16 25 10-1.2 0 3 0 7 0/7 0 100 

1: 32 24 10-1.5 1 2 1 4 1/4 25 75 

1: 64 23 10-1.8 1 2 2 2 2/4 50 50 

1: 128 22 10-2.1 3 0 5 0 5/5 100 0 

 

the ND Sato antibody neutralization index was 1.6; 

genotype VII ND antibody 1.95; and mixed ND antibody 

1.68. This result showed that genotype VII ND antibody 

has a higher ability than Sato and mixed ND antibodies to 

neutralize 104 ELD50/ml NDV/Ck/BGR/11 virus. 

The ability to neutralize antibodies against the ND 

virus can also be seen in macroscopic observations of 

embryos. Based on macroscopic observations, 

hemorrhage was seen in embryos infected with ND virus, 

both those injected with ND virus and a mixture of 

antigen and antibody with low antibody titers. 

Embryonated Chicken Eggs injected with ND virus only 

(positive control) showed generalized hyperemia with 

smaller embryo size compared to ECEs injected with 

antigen and antibody with low antibody titers (22) (Fig. 

2). This result showed that the ECEs that received antigen 

and antibody with low antibody titers had a more 

prolonged embryo death, as seen by the growth of embryo 

hair. The longer death time compared to ECEs, which 

received ND virus only, was due to the different number 

of viruses that could infect the embryos. In ECEs, which 

received antigen and antibody with high antibody titer 

(more than 25), no embryo death was found because 

antibodies could completely neutralize all antigens. 
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Fig. 2: Visualization of embryos on VNT; (A) positive control ECEs, found overall hemorrhages; (B) ECEs negative control, no 

hemorrhages, and embryos growth in line with age; (C) ECEs injected with antigen–antibody with an antibody titer of 22, found 

incomplete hemorrhages with a smaller embryo size (D) ECEs injected with antigen–antibody with an antibody titer of 23. Slight 

hemorrhages were found with a larger embryo size than the positive control embryo virus. 
 

DISCUSSION 

 
Newcastle Disease (ND) is a highly contagious viral 

disease of poultry and devastatingly impacts poultry 

production (Chukwudi et al. 2012; Mao et al. 2022; Akhtar 

et al. 2023). Since the discovery of the ND virus on Java 

Island in 1926 (Mao et al. 2022), the disease has continued 

to spread to various regions (Ahmed et al. 2022; Lebdah et 

al. 2022). It has become one of the endemic poultry 

diseases in Indonesia. Vaccination is one method applied 

to commercial farms to minimize ND cases (Mahmood and 

Sabir 2021). However, poultry infected with ND is still 

found. Based on OIE (2009) showed that in 2007, 1.500–

8.000 chickens were infected with the ND virus each month 

in Indonesia. In 2009 and 2010, clinical outbreaks of ND in 

vaccinated commercial birds were reported to cause 

mortality up to 70–80% (OIE 2009). 

Immunohistochemistry is one of the most developed 

methods in biomedical research. The IHC method is used 

to identify proteins and other macromolecules in tissues 

and cells. The antibodies used to localize antigens in cells 

or tissues are widely used in many essential discoveries 

(Nakamura et al. 2008; Burry 2011; Etriwati et al. 2017; 

Angeliya et al. 2022). Polyclonal antibodies can be 

produced quickly and at a lower cost than monoclonal 

antibodies (Lipman et al. 2005; Putri et al. 2018a; Putri et 

al. 2022). Polyclonal antibodies have better specificity than 

monoclonal antibodies. This is because polyclonal 

antibodies are produced by large numbers of B cell clones 

that produce multiple antibodies against a particular 

epitope. Serum-containing polyclonal antibodies are a 

combination of antibodies with a particular specificity. An 

important reagent used in the IHC test is the primary 

antibody. The primary antibody is used as a specificity 

control and ensures the primary antibody binds to the 

proper epitope on the antigen (Etriwati et al. 2017; 

Angeliya et al. 2022). 

The IHC method can diagnose ND accurately, quickly, 

and more economically than serological and molecular 

methods (Ramos-Vara and Miller 2014). Based on the 

results of the IHC test using a light microscope, ND 

antigens appear as reddish-brown spots clustered in an area 

or spread over all tissue locations. The presence of 

horseradish peroxidase (HRP) as an enzyme in the complex 

antigen-antibody bond causes a color change when a 

substrate is given. The chromogen used in this method is 

diaminobenzidine (DAB), so positive cells infected with a 

virus (immunopositive) appear brown in their cytoplasm. 

At the same time, negative results will not show any brown 

color (Etriwati et al. 2017; Angeliya et al. 2022). 

Based on the IHC test result, genotype VII ND 

antibodies showed the best visualization results at a 1:1000 

dilution. Genotype VII ND antibodies showed a more 

vigorous intensity of immunopositive results than 

commercial ND antibodies. This result is due to genotype 

VII ND antibodies having various antibodies against all the 

structural proteins of the ND virus. However, commercial 

ND antibodies only react positively with the HN protein of 

the ND virus. Based on the results of the IHC test in several 

organs, ND virus immunopositive reactions were seen in 

the cell membranes and cytoplasm of epithelial cells in the 

duodenum and proventriculus. An immunopositive 

reaction on the cell membrane indicates the presence of 

viral particles (HN protein) attached to receptors on the cell 

membrane at the start of infection or during the phase 

before the virus starts budding. In the pre-budding stage, 
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viral surface proteins have been assembled on the infected 

cell membrane (Harrison et al. 2010). 

Based on the results of AGPT, ND antibody genotype 

VII can react with both homologous and heterologous ND 

antigens. Genotype VII ND antibodies are expected to be 

used to detect the presence of ND virus from various 

genotypes, so it is expected to detect other ND genotypes 

even though they have never been found in Indonesia. This 

should be noted, because the sensitivity of 

immunodiagnostic reagents can lead to misdiagnosis due to 

false negative reactions. The ND polyclonal antibody is the 

primary antibody in the IHC test because polyclonal 

antibodies can recognize many epitopes of the ND virus. 

They provide robust detection and are more tolerant to 

slight changes in antigen (Mutneja et al. 2018). 

Antibodies have been used for centuries to treat several 

infectious diseases in humans, such as diphtheria, tetanus, 

hepatitis A, hepatitis B, and rabies (Keller and Steihm 

2000). Antibodies as therapeutic agents work by 

opsonizing and neutralizing antigens, which can stimulate 

the immune system to process and eliminate antigens 

(Ascoli and Aggeler 2018). Several diseases in humans, 

such as COVID-19, and in animals, such as IB and AI, have 

developed passive immunization using immunoglobulin Y 

(IgY) (Lardinois et al. 2014; Constantin et al. 2020). The 

virus neutralization test is one of the selected test methods 

to determine the potential of antibodies as immunotherapy 

reagents. 

In this study, the viruses used in VNT were 

ND/Ck/BGR/11, which belonged to the ND virus genotype 

VII (Putri et al. 2018a). Sato is an ND isolate generally used 

as a standard ND virus and belongs to genotype III. Sato 

antibody is a heterologous antibody against 

ND/Ck/BGR/11 viruses. The antibody mixture consisting 

of Sato and genotype VII was declared heterologous. 

Heterologous antibodies have a lower neutralizing ability 

than homologous antibodies (Samiullah et al. 2006) since 

there are fewer neutralized epitopes of genotype VII ND 

virus. The VNT results showed that all the ND antibodies 

produced in this study could neutralize the genotype VII 

ND virus with different indices. Neutralizing activity of 

antibodies against antigens is needed to protect against 

viral infections, although this humoral immune system 

usually works together with cellular immunity (Tizard 

2004). The VNT results indicated that genotype VII ND 

antibodies could be used as potential passive immunization 

reagent candidates to neutralize ND antigens circulating in 

the field. 

Research on the application of antibodies as passive 

immunization reagents has been carried out by Lardinois et 

al. (2014), using Ig Y antibodies for ND and AI. ND and 

AI antibodies (Ig Y) can be applied in ovo to 14-day-old 

ECEs through the yolk sac (Lardinois et al. 2014). The use 

of antibodies as immunotherapy is limited by several 

factors, namely the need for a specific diagnosis before use 

and the fact that passive immunization is more effective as 

prophylaxis than therapy for some diseases (Berry 2018; 

Pelletier and Mukhtar 2020). Differences in donor species 

and antibody recipients also require further study before 

these antibodies are used as immunotherapy. Antibodies 

for human therapy must go through the humanized stage 

before being applied to humans (Chames et al. 2009). Some 

functional limitations of antibodies in immunotherapy, 

such as pharmacokinetics and impaired interaction with the 

immune system, require further research to use antibodies 

as immunotherapy (Chames et al. 2009). 

Antibodies continue to be explored for their use as 

reagents in disease control. In animal disease control, 

Hassanzadeh et al (2006) developed antibodies as immune 

complex (antigen-antibody) vaccines for Infectious Bursal 

Disease. Administration of the IBD immune complex 

vaccine in ovo or subcutaneously can induce humoral 

immunity in chickens (Hassanzadeh et al. 2006). It is 

possible to develop vaccines from genotype VII ND 

immune complexes, and it is hoped that using ND antigens 

that are homologous to field isolates can induce ND 

protective antibodies in vaccinated chickens. 

The reagent in the form of genotype VII ND antibodies 

is expected to replace commercial antibodies used for 

immunodiagnostic tests and as an alternative for passive 

ND immunization in valuable birds (pet birds) and 

grandparent stock or parent stock poultry farms and can 

also be used in the development of ND immune complex 

vaccines, which can be applied to commercial chicken 

farms such as broiler and layer commercial farms.  

 

Conclusion 

ND antibodies that have been characterized can be 

used as candidate reagents in the IHC test or the 

development of passive immunization. Genotype VII ND 

antibody with 1:1000 dilution gave the best results on IHC 

staining. Genotype VII ND antibody was best able to 

neutralize ND virus from field isolates. 
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