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ABSTRACT 
 

The half-life of maternal antibody (mAb) titres against Newcastle Disease Virus (NDV) were 
estimated in order to trace its likely declining pattern and the influence on the efficacy of 
vaccination in broiler chicks. Our study was also conducted to compare two vaccination regimens 
with live and inactivated NDV vaccine. For this purpose, ninety day-old broiler chicks with known 
NDV vaccination history of parent stock were randomly allocated into three groups (I) unvaccinated 
control, (II) Live NDV vaccine, and (III) Live + Inactivated NDV vaccine. Haemagglutination-
inhibition (HI) antibodies were determined in the pre- and post-vaccination sera of the experimental 
chicks. The results indicated that the unvaccinated group showed higher level of mAb against NDV 
at day 1 with HI antibody titre (Log2) 9.32 which was maintained up to 7 days of age (8.11) and 
gradually declined with no measurable antibodies of maternal origin after day 14, signifying the 
initiation of Newcastle Disease (ND) vaccination at 7 days of age. The vaccinated Group II and III 
revealed significantly higher HI titre at day 14 (11.52, 12.42), day 21 (12.95, 13.22), day 28 (11.63, 
12.18) and day 35 (13.31, 13.39) than the unvaccinated control group I. Moreover, there is no 
significant difference in humoral immune response among both the vaccinated groups. Thus, our 
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study suggests the use of live NDV vaccines for ND prevention in commercial broiler farming over 
the inactivated NDV vaccines which demands a withdrawal period before slaughter and its 
economic implication due to additional cost. This study also indicated that the half-life values of 
mAb and its effect should be considered while customizing an effective vaccine regimen. 

 
 
Keywords: Broilers; half-life; maternal antibody; newcastle disease virus; vaccination. 
 
1. INTRODUCTION  
 
Poultry keeping is the dominant form of 
husbandry practice in developing countries like 
India where both commercial as well as backyard 
poultry farming system is practiced. The 
satisfactory poultry production depends on the 
health status of the birds. Despite all the 
advantages, the profit of the poultry industry 
does not meet to the optimum level due to the 
hindrance caused by some infectious diseases. 
Among them, Newcastle Disease (ND) also 
known as Ranikhet Disease (RD) is a highly 
contagious viral disease of avian species causing 
serious economic losses in domestic poultry 
whose listed status with OIE marks its 
importance to both commercial poultry producers 
and poultry trading countries [1,2,3]. 
 
Vaccination continues to have a great impact in 
prevention and control of infectious diseases in 
poultry industry. The ultimate goal of vaccination 
programme depends on induction of protective 
immunity in the vaccinated host. More 
commonly, live vaccines prepared with 
lentogenic strains of NDV are preferred in 
broilers over killed vaccines. This is due to the 
fact that, live vaccines are potentially more 
efficient in stimulating both wings of immunity 
and offer feasible mean of mass vaccination at a 
lower cost.  On the contrary, the chemically 
inactivated vaccines do not induce local immunity 
and is established slowly. Also, these vaccines 
add to the production cost and are associated 
with handling stress of the birds during 
vaccination [4,5]. However, effective 
immunization is hardly achievable due to several 
factors viz. type of vaccine, immune and disease 
status, lack of cold chain mantainence, level of 
maternally derived antibodies etc [6]. 
  
Many researchers established that maternal 
antibodies play a crucial role in curbing early life 
immunization in the short lived broiler chickens 
[7]. But, in due time, the decay of maternally 
derived antibodies makes the bird vulnerable to 
infectious disease. Taken together the decline in 

protection from maternal antibodies and 
immature immune mechanism are valuable 
points to be considered in designing effective 
immunization programs. The purpose of this 
paper is to consider the half-life of mAb against 
NDV in broiler chicks and its effect, on 
customizing effective vaccine regimen. 
 

2. MATERIALS AND METHODS 
 

2.1 Experimental Birds 
 
A total of ninety day-old broiler chicks were 
procured from a commercial hatchery with known 
NDV vaccination history of the broiler breeder 
parent flocks. The chicks were housed in well 
ventilated and environment controlled animal 
house of the institution. Commercial broiler feed 
was provided with ad libitum drinking water. 
 
The chicks were divided into three groups (I, II, 
III). Birds of group I (n=30) served as 
unvaccinated control as well as used for 
estimation of half-life of mAb against NDV. The 
half-life time of mAb was calculated using the 
following formula [8].  
 
mAb half life 

=
No. of days to �irst negative titre

Log2 beginning titre – Log2 end titre(�irst negative titre)
 

 
The birds of Group II and III were used to 
investigate the status of humoral immune 
response following vaccination with inactivated 
and live vaccine. Two different vaccination 
strategy was used for group II (n=30) and group 
III (n=30). The two vaccination programs in the 
study groups are indicated in Table 1. 
 
2.2 Newcastle Disease Vaccine 
 
Freeze dried live vaccine, LaSota strain 
(Venkateshwara Hatcheries Pvt Ltd, 
Maharashtra, India) and ND clone 30 inactivated 
oil adjuvant emulsion vaccine (Nobilis

®
, Intervet 

India Pvt. Ltd., Pune, India) were used for this 
study. 
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Table 1. Vaccination programmes in the study groups 
 

Age at ND 
vaccination 

Group I Group II Group III 

1
st
 day - - NDV Killed (S/C) 

7th  day - NDV Live (intraocular) NDV live (intraocular) 
21

st
 day - NDV Live (drinking 

water) 
NDV live (drinking 
water) 

 

2.3 Serological Analysis 
 

For estimating the half life of mAb, blood 
samples (n=10) were collected from group I on 
daily basis up to 30 days of age. Similarly, to 
evaluate the effect of mAB on immunization, 
blood samples (n=10) were collected from 
vaccinated groups at 0, 7, 14, 21, 28 and 35 
days post vaccination. Sera were separated and 
analysed using Haemagglutination Inhibition (HI) 
test for detecting antibodies against NDV as per 
standard protocol [9]. 

 

2.4 Haemagglutination Inhibition (HI) Test 
 

The HI test was carried out as per the method 
described in the World Organization for Animal 
Health (OIE) Terrestrial Manual, 2016. Briefly, 
sera samples were allowed for a serial 2 fold 
dilution into each of the 12 well of V-bottomed 
microtitre plate (Cat no: #941396, Tarsons, India) 
in PBS. For determining the antibody titre, 4 HA 
unit (50µl) of LaSota (Ventri Biological Private 
Limited, Maharashtra, India) vaccine strain was 
added into each well containing (50µl) of serially 
diluted 2 fold serum. The plate was incubated at 
room temperature for 30 minutes. 50µl of 1% 
chicken RBCs were added into each well and the 
plate was incubated again at room temperature 
for 30 minutes, where control RBCs had to be 
settled to a distinct button. The HI titre was 
determined by recording the highest dilution of 
serum causing complete inhibition of 4 HAU of 
the virus.  
 

2.5 Statistical Analysis  
 

The data was analysed by using standard 
statistical methods (SAS Enterprise Guide 4.3 
software). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Estimation of Half-Life of mAb 
Against NDV in Unvaccinated Broiler 
Chicks 

 
The geometric mean titre (GMT) and Log2 HI titre 
at different age of chicks are depicted in Table 2. 

The present study showed that the level of 
passively transferred anti-NDV antibody in 
unvaccinated broiler chicks at day 1 of age was 
high with a GMT of 640. The level of mAb was 
maintained up to 7 days of age which were 
declined subsequently with increasing age of the 
bird. However, there was no measurable 
antibody of maternal origin at 16 days of age. 
The conversion of the HI titers into GMT and log2 
titer value showed that the mAb against NDV 
was persistent at low levels up to 14 days with 
complete decay after 16 days of age.  
 

The half-life of the mAb HI titers were calculated 
from day 1 of age and observed up to 30

th
 day. 

However, the first negative mean HI titers were 
observed at 16th day of life. It was perceived that 
the calculated half-life values varied according to 
the age of the birds. Also, as the mAb against 
NDV was analysed by HI test, the GMT titers 
didn’t decline in a linear pattern and flattened 
thereafter. But, on conversion of titers into log2 
titers, the decay of mAb (1 day-16 days) showed 
equitably more linear pattern (Fig. 1). The half-
life of mAb varied from 3-2.5 days on average 
during the first 10 days of life. The highest half-
life time was retained for up to 5th day of age. 
Thereafter, the half life time fluctuated following 
gradual depletion of maternal antibody. 
 

Comparing our results with previous reports in 
the literature suggested a divergence in the rate 
of decay for NDV mAb titers. In the present 
study, the half-life time of mAb was calculated 
using the formula mAb half life = No. of days to 
first negative titre/ log2 beginning titre – log2 end 
titre (first negative titre). The age of the chicks up 
to first negative HI antibody titre (Log2) was 15 
days and the beginning titre was 9.32 (at day 1 of 
age) and end titre being 4.32 (at days 16 of 
age).Using the above formula, the half-life time of 
NDV mAb were estimated to be 3 days and was 
found to be persistent at low levels up to two 
weeks of age. To the contrary, a half-life of 6.3 
days and 4.5 days were reported by many 
scientists [10,11]. The divergence in the results 
of our study and the above mentioned two 
studies could be due to the difference in the 
initial titers of NDV in chicks which is a direct 



reflection of the immune status against NDV in 
the breeder parent. There is no any                      
stringent vaccination program for broilers rather it 
should be tailored according to the endemicity of 
the disease, biosecurity level of the farm 
 

Table 2. Geometric mean titres (GMT), 
maternal antibodies against NDV

 
Age (Days) GMT 

1 640  
2 557 
3 485 
4 320 
5 278 
6 278 
7 278 
8 160 
9 139 
10 121 
11 139 
12 80 
13 69 
14 34 
15 40 
16 20 
17 - 
18 - 
19 - 
20 - 
25 - 
30 - 

 

 
Fig. 1. Graphical representation of mAb decline curve plotted in Log
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lection of the immune status against NDV in 
the breeder parent. There is no any                      
stringent vaccination program for broilers rather it 
should be tailored according to the endemicity of 
the disease, biosecurity level of the farm 

premises, and level of passively transferred 
immunity of the birds. Thus, it is important to 
consider the status of maternally derived 
antibody level of chicks for strategic vaccination 
programme. 

Geometric mean titres (GMT), (Log2) HI antibody titre and half life estimation of 
maternal antibodies against NDV 

HI antibody titre 
(Log2) 

Half life in days Age interval

9.32 3.00 1d-16d
9.11 2.90 2d-16d
8.92 2.80 3d-16d
8.32 3.00 4d-16d
8.11 2.90 5d-16d
8.11 2.60 6d-16d
8.11 2.30 7d-16d
7.32 2.60 8d-16d
7.11 2.50 9d-16d
6.91 1.30 10d-16d
7.11 1.70 11d-16d
6.32 2.00 12d-16d
6.10 1.60 13d-16d
5.08 2.60 14d-16d
5.32 1.00 15d-16d
4.32 -  
- -  
- -  
- -  
- -  
- -  
- -  

1. Graphical representation of mAb decline curve plotted in Log2 titre
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and level of passively transferred 
immunity of the birds. Thus, it is important to 
consider the status of maternally derived 
antibody level of chicks for strategic vaccination 

and half life estimation of 

Age interval 
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3.2 Effect of Maternal Antibody on 
Humoral Immune Response of NDV 
Vaccinated Chicks 

 
The GMT and Log2 HI titre of the bird’s response 
to vaccination is depicted in Tables 3, 4 and Fig. 
2. The HI titre of birds of all the three Groups (I, II 
and III) showed presence of maternal antibodies 
on the first day prior to vaccination. In the 
present study, the effect of mAb on vaccination 
was determined. It was observed that the HI 
antibody titres were fairly constant in Group II till 
day 7 (Log2 9.52) and on primary vaccination 
with LaSota strain, live NDV showed significantly 
increased titres after 14 days. This might be due 
to the multiplication of the live vaccine virus 
evoking an immune response [10]. However, the 
birds in Group III which received the first dosing 
of inactivated NDV vaccine at day 1 showed a 
declining trend of HI titre 7 dpv. On booster 
dosing with live NDV at day 7

th 
revealed 

significantly higher antibody titre after 14dpv than 
group II. In this state, the inactivated NDV 

vaccine may not be effective at day 1 due to 
neutralization of the vaccine virus by the 
circulating mAb but it paves way for effective 
immune response with live NDV [12]. Another 
finding suggests that inactivated NDV vaccine in 
1-day-old chicks with mAb had no immune 
stimulating effect [13]. A similar study reveals 
chicks with high mAb were not effectively 
protected when vaccinated with inactivated NDV 
vaccine at 1 day of age but was effective when 
immunized with a live or inactivated vaccine at 
day 1 followed by revaccination at 21 days of age 
with live NDV [14]. 

  
Our results reflected that both the groups 
showed slightly decreased antibody titer initially 
at 28

th
 day of age following booster vaccination 

[15]. Moreover, the maximum antibody titre was 
recorded at 35 days of age when the birds were 
boosted with live NDV at 21st day of age in both 
the groups. However, in the present study, there 
is no significant difference between the two 
vaccination regimens. 

 
Table 3. Geometric mean titre (GMT) of the birds grouped according to treatment 

(vaccinated/unvacinated) 
 

Bird 
groups 

Vaccine HI antibody titre (GMT) 
1d 7d 14d 21d 28d 35d 

I Unvaccinated 640 278 34 0 0 0 
II Live 787 735 2940 7935 3188 1017 
III Live+Killed 735 253 5487 9554 4653 1077 

 

 
 

Fig. 2. Serological profile of broiler birds vaccinated with live and killed NDV vaccines 
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Table 4. Log2 titre of the birds grouped according to treatment (vaccinated/unvacinated) 
 
Groups Vaccine HI antibody titre (Log2 value) 

1day 7day 14day 21day 28day 35day 
I Unvaccinated 9.32a 8.11a 5.08b 0.00 0.00 0.00 
II Live 9.62

a
 9.52

a
 11.52

c
 12.95

c
 11.63

c
 13.31

c
 

III Live+Killed 9.52a 7.98a 12.42c 13.22c 12.18c 13.39c 
*Values represented with same superscript letters for a HI antibody titre (Log2) did not differ significantly (P<0.05) 
 
It is usually assumed that high level of maternally 
derived ND antibody provide protection to the 
chickens up to 2 weeks of age [15]. In the 
present study, the unvaccinated group showed 
higher level of anti-NDV antibodies at day 1 
which was maintained up to 7 days of age and 
gradually declined with increase in age [16]. 
Even though there is no significant difference in 
humoral immune response among both the 
vaccinated groups, revaccination of Group III 
chicks at day 7 with live NDV vaccine resulted in 
a rapid response with higher levels of antibody. 
However, Group II induced higher and more 
homogenous titres. 
 
4. CONCLUSION 
 
We determined the half-life of mAb against ND in 
broiler chicks which varied from 3-2.5 days and 
the highest half-life time was retained for up to 5 
days of age. Also, the concurrent           
administration of inactivated and live NDV 
vaccines in broiler chicks induced slightly better 
immune response but there appears to                   
have been an interference phenomenon due to 
the presence of mAb. But this still does not prove 
economically viable for the commercial farms 
due to additional cost of the inactivated NDV 
vaccine as well as the cost of injecting each 
individual chick. Also, inactivated vaccines 
require a withdrawal period before slaughter of 
the birds. Our study thus, indicated that the half-
life values of mAb and its effect should be 
considered while customizing an effective 
vaccine regimen and recommended the             
use of live NDV vaccine in commercial broiler 
farming.   

 
ETHICAL APPROVAL  
 
All the procedures have been conducted                      
in accordance with the approval from Institutional 
Animal Ethics committee, Assam Agricultural 
University, Khanapara, Guwahati-781022 
(approval no. 770/GO/Re/S/03/CPCSEA/ 
FVSc/AAU/IAEC/18-19/649 dated 28.12.             
2018). 

ACKNOWLEDGEMENTS 
 

This study was conducted under the DBT 
Twinning Project “An integrated omics approach 
to characterize circulating Newcastle disease 
virus and intervention strategies to control 
Newcastle disease in Northeast India” BT/ 
PR24911/NER/95/903/2017 Dated 26/06/2017, 
Department of Veterinary Microbiology, College 
of Veterinary Science, AAU, Khanapara, 
Guwahati-22, Assam. We are thankful to Dr. 
Aman Kumar, PI of the Collaborating Institute, 
LUVAS, Hissar for his technical assistance and 
help. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Al-Garib SO, Gielkens ALJ, Koch G. 

Review of Newcastle disease virus with 
particular references to immunity and 
vaccination. World’s Poultry Science 
Journal. 2003;59:185-200.  

2. Deka P, Borgohain R, Deka B. Status and 
constraints of backyard poultry farming 
amongst tribal community of Jorhat district 
in Assam. Asian Journal of Animal 
Sciences. 2013;8(2):86-91. 

3. Kapczynski DR, Wise MG, King DJ. 
Susceptibility and protection of naive and 
vaccinated racing pigeons (Columbia livia) 
against exotic Newcastle disease virus 
from the California 2002–2003 outbreak. 
Avian Disease. 2006;50:336-341. 

4. Van Eck JHH. Immunity to Newcastle 
disease in fowl of different breeds primarily 
vaccinated with commercial inactivated oil-
emulsion vaccines: A laboratory 
experiment. Veterinary Quarterly. 1987;9: 
296-303. 

5. Alexander DJ. Newcastle disease and 
other Paramyxoviridae infections In: 
Disease of poultry (Calnek BW, Barners 



 
 
 
 

Deka et al.; CJAST, 39(7): 108-114, 2020; Article no.CJAST.56305 
 
 

 
114 

 

HJ, Beard CW, McDougald L and Saif YM 
eds.).10th Ed. pp.541-569.Ames, IA: Iowa 
State University Press; 1997.  

6. Bello MB, Yusoff KM, Ideris A, Bejo MH, 
Peeters BPH, Jibril AH, Tambuwal FM, 
Omar AR. Genotype Diversity of 
Newcastle Disease Virus in Nigeria: 
Disease Control Challenges and Future 
Outlook. Advances in Virology; 2018. 
[Article ID 6097291,17] 
Available:https://doi.org/10.1155/2018/609
7291 

7. Niewiesk S, Maternal Antibodies: Clinical 
significance, mechanism of interference 
with immune responses, and possible 
vaccination strategies. Frontiers in 
Immunology. 2014;5:446. 

8. Leerdam B, Arts HT. Serological profile 
and calculation of half-life time with IBD 
ELISA in a commercial broiler breeder 
flock in the Netherlands. Zoo tecnica. 
2011;44-49. 

9. OIE, Manual of Diagnostic Tests and 
Vaccines for Terrestrial Animals. Paris: 
Office International des Epizooties; 2018. 

10. Gharaibeh S, Mahmoud K. Decay of 
maternal antibodies in broiler chickens. 
Poultry Science. 2013;92(9):2333-6.  
Available:10.3382/ps.2013-03249 

11. Allan WH, Lancaster JE, Toth B. 
Newcastle disease vaccines-their 

production and use. FAO Animal 
Production and Health Series No. 10. 
FAO, Rome, Italy; 1978. 

12. Cessi D, Nardelli L. Vaccination against 
Newcastle disease: Efficacy of an oil 
emulsion vaccine. Avian Pathology. 1974; 
3:247-253. 

13. Van Eck JHH. Vaccination of fowl with 
inactivated Newcastle disease vaccine by 
the respiratory route. Avian Pathology. 
1990;19(2):313-330. 

14. Eidson CS, Thayer SG, Villegas P, Kleven 
SH. Vaccination of broiler chicks from 
breeder flocks immunized with a live or 
inactivated oil emulsion Newcastle disease 
vaccine. Poultry Science. 
1982;61(8):1621-1629. 

15. Jalil M, Samad M, Islam MT. Evaluation of 
maternally derived antibodies against 
newcastle disease virus and its effect                
on vaccination in broiler chicks. 
Bangladesh Journal of Veterinary 
Medicine. 2009,7(2). 

 Available: 10.3329/bjvm.v7i2.5995. 

16. Balla L. Use of standardized HI test for 
monitoring immunity to Newcastle disease 
I. Experiments to standardize the HI test II. 
Antibody response after different 
immunization schedules. Magyar 
Alltorvosik Lapja. 1986;41:98-109.  

_________________________________________________________________________________ 
© 2020 Deka et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/56305 


