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ABSTRACT
Newcastle disease is one of the most devastating diseases of poultry worldwide. Veterinarians
in Nigeria frequently encounter outbreaks of Newcastle disease in vaccinated commercial
poultry farms; causing concern about the protective immunity conferred by commercially
available vaccines. Such outbreaks in vaccinated flocks could result from, among other things,
poor immunologic response arising from immunological interference by maternally derived
antibodies (MA). This study sought to evaluate the role of MA in the responses of cockerel
chicken to Newcastle disease vaccination, specifically, the rate of decay of MA in chicks from
different hatcheries, and the effect of MA on the response of chicks to Newcastle disease
vaccination. In the first experiment, 160 day-old-chicks bled at intervals from day 0 to day 21
were used to determine the rate of MA decay, using the haemagglutination inhibition (HI)
test. The lowest antibody titre (log 0.4) recorded, was on day 15, however, low levels persisted
till day 21. The rate of antibody decay (t½) was 3 days for hatchery A and 4.68 days for
hatchery B. In the second study, 200 chicks were used to evaluate the effect of MA on
response to Newcastle disease vaccination. Five 5 groups of chicks (A, B, C, D and E) were
vaccinated through the intraocular route with Newcastle disease vaccine at different times
post-hatching (respectively on days 1, 4, 8 and 14 for groups A, B, C and D); group E
remained as unvaccinated control. Serum samples were collected on days 14, 21, and 28 (post
vaccination) and tested for antibody levels using the HI test. Birds vaccinated on days 1, 4,
and 8 had high antibody titres at vaccination but responded poorly to vaccination. Birds
vaccinated on day 14 had low antibody titres at vaccination and responded very well to
vaccination. It was concluded that the level of MA at the time of vaccination was critical to the
subsequent immunological response. The study also suggested that vaccination protocol for
Newcastle disease should take into consideration the decay of MA in the flock, and
recommended a practical approach to effective Newcastle disease vaccination.
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INTRODUCTION

Newcastle disease (ND) is a viral disease of poultry affecting domestic and wild avian species
and humans [1]. Newcastle disease was first reported in Java, Indonesia in 1926 and
subsequently in Newcastle-upon-Tyne (whence it got its name) England in 1927. The first
documented outbreak of ND in Nigeria occurred between December 1952 and February 1953 in
and around Ibadan [2]. Since then, the disease has become a problem in the country [3]. It is
widespread in domestic and exotic chickens [4]. Despite the advances made in the diagnosis of
and vaccination against Newcastle disease since it was first described, the disease continues to
negatively impact poultry producers by infecting birds worldwide [5,6].
Commercial chicken production in Nigeria uses exclusively exotic chickens, reared intensively
or semi-intensively. In most parts of the country, ND is seen and diagnosed throughout the year
in commercial flocks and the incidence varies with season [7,8]. Vaccination is regarded as the
most effective tool in the control of ND disease [9,10]. However, outbreaks of ND are often
reported in many flocks despite rigorous vaccination programs [11]. Important potential causes
of such outbreaks include: vaccination in the face of high levels of maternal antibodies,
vaccination with vaccines inadvertently inactivated by breaks in the cold chain, which would
render such vaccines less effective, emergence of new strains of NDV virus different from the
vaccine strains, and poor or inappropriate vaccination programmes [12,13].
Researchers have shown that in the presence of high levels of maternal antibodies during the first
two weeks of life, the vaccine virus may be neutralized [14,15], resulting in vaccination failures.
Many current ND vaccination protocols may not have taken into account the fact that day-old
chicks inherit different levels of maternal antibodies at hatching, therefore the decay and
disappearance of the maternal antibodies will vary in birds acquired from different hatcheries,
and even different batches from the same hatchery, thereby influencing the immune response of
such flocks to currently used ND vaccination programmes.
A better understanding of maternal antibody decay and influence of maternal antibody on
response to vaccination will enable clinicians know the best vaccination programmes to follow.
This study aims to determine the rate of maternal antibody decay in chicks from different
hatcheries and evaluate the effect of different levels of maternal antibodies in the response of
chicks to ND vaccination.
MATERIALS AND METHODS
Experimental birds
Three hundred and sixty unvaccinated cockerel chicks were bought at day old from two
commercial hatcheries and used for this study. The birds were reared in cages. Water and
commercial feed were provided ad libitum to all the chickens. Prophylactic medications against
bacteria and Eimeria species infections were administered from day 8 to day 12 of the
experiment using gentamicin (Pfizer pharmaceutical company) and sulphaquinoxaline (Pfizer
pharmaceutical company) at 1.0 mg/kg/day and 1g/l drinking water respectively. Both drugs
were administered orally in drinking water.
Newcastle disease virus antigen for haemagglutination (HA) antigen.
Newcastle disease virus-antigen was obtained from the National Veterinary Research Institute
(NVRI), Vom and used as antigen for the HA and Haemagglutination–inhibition (HI) tests.
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Newcastle disease vaccine i/o (Hitchner B1)
The vaccine was sourced from NVRI (Umudike office, Abia State).
Experimental design
The study was conducted in two stages.
Experiment 1: To determine maternal antibody titre and rate of maternal antibody decay.
One hundred and sixty unvaccinated cockerels (80 chicks from each hatchery) were used for this
study. Blood was obtained from ten tagged chicks (from each hatchery), on days 1, 3, 6, 9, 12,
15, 18, and 21 post hatchery (PH).
Experiment 2: To study the effect of Newcastle disease virus maternal antibody on immune
response of chicks to vaccination with the Newcastle disease vaccine.
Two hundred unvaccinated cockerels from one hatchery, were used for this experiment. The
chicks were randomly assigned to 5 groups (A, B, C, D, and E) of 40 chicks each, and were
vaccinated as follows: Groups A was vaccinated on day 1, Group B on day 4, Group C on day 8
and Group D on day 14. Group E served as unvaccinated control. Pre-vaccination blood samples
were obtained on day 1 from ten tagged chicks in each Group to determine initial NDV maternal
antibody titres. Thereafter, the Groups (A, B, C and D) were vaccinated on days 1, 4, 8 and 14
respectively by instilling one drop (0.05 ml) of NDV (Hitchner B1 strain vaccine) reconstituted
as specified by the manufacturer (10 ml of saline to 200 dose vial) into the eye of each chick.
Subsequently, blood samples were obtained from ten tagged chicks in each group on days 14, 21,
and 28 (post vaccination). All the blood samples were kept at an angle of 45º to clot. The serum
was decanted into properly labeled sample bottles and stored at -20ᵒC until tested for antibody
content using the Haemagglutination -Inhibition (HI) test.
Serological tests
The chicken blood cells used for haemagglutination (HA) test, were collected in the
anticoagulant sodium citrate. The red blood cells (RBC) were washed with phosphate buffered
saline (PBS) of ᴘH 7.0 by centrifuging the blood-PBS mixture at 3000 rpm for 5 minutes. The
washing was repeated three times and the supernatant was discarded at each wash. Thereafter,
the hematocrit value was determined using the micro-capillary tube centrifugation method. To
prepare 0.6% RBC concentration the formula: X = PV/H was used [16,17] .
Where:
X = Volume of the washed blood to be added,
P = Percentage of RBC concentration needed (0.6%).
V = Volume of RBC solution to be prepared.
H = Hematocrit value of the washed RBC.
The Newcastle disease virus antigen obtained from NVRI was used for haemagglutination (HA)
test as described [18]. Also, haemagglutination inhibition (HI) test was performed as described
by (18).
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Data analysis
Calculation of antibody decay half-life (exponential decay)
The antibody half-life was calculated according to the method described in matrixlab
calculations (www.matrixlab-example.com).
The antibody titre obtained for each day of sampling was expressed as geometric mean titre.
Log geometric mean titre for each day of bleeding was plotted against age of the birds to show
the extent of decay of the maternally derived antibody. The One-way Analysis of Variance
(ANOVA) was used to assess the significant differences (at 5%) between the 5 groups on day 21
and day 28.
RESULTS
Maternal antibody decay
In experiment 1 which evaluated the decay of maternal antibodies in chicks from two
commercial hatcheries (A and B), the geometric mean titres (GMT) of the antibody levels from
day old (Day 0) to the end of the study (Day 21) are presented in Fig I.

Figure I: Log of the geometric mean titre of antibodies against ND in unvaccinated
chicks from two commercial hatcheries A and B.
Day-old chicks from the two hatcheries have different levels of maternal antibodies at the time of
procurement from the hatchery, but the rates of decay of maternal antibodies from both
hatcheries were similar; HI antibody titres were ≥ log 2.0 in both hatcheries on day 1,
subsequently this decreased gradually to ≤ log 0.5 at day 15 of age. The rate of decay (t½) of
maternally derived antibody in the chicks from Hatchery A was about half every 3 days (t½=3),
in Hatchery B it was about half every 4.68 days (t½=4.68). Antibody titres persisted at low levels
in the birds from both hatcheries from day 15 until the end of experiment on day 21.
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Figure 2: log geometrical mean titres of antibodies obtained from chickens vaccinated with
Newcastle disease vaccine on various days post hatchery. A = Birds vaccinated on Day 1; B =
Birds vaccinated on Day 4; C = Birds vaccinated on Day 8; D = Birds vaccinated on Day 14; E =
Non-vaccinated control.
Effect of maternal antibodies on immune response
The results of experiment 2 which evaluated the effect of maternal antibodies on the response of
chicken to ND vaccine are reported in Figure 2. In group A vaccinated on day 1, titres lingered
around the pre-vaccination levels of log 1.81 until day 14 of age, then dropped rapidly to < log
1.0 by day 21, before rising again to pre vaccination levels by day 28. In Groups B and C
(vaccinated on day 4 and day 8 respectively), titres stayed at pre-vaccination levels (log 1.7) till
day 15; then rose slightly in Group B before dropping rapidly to log 0.5. In Group C, titres
dropped slowly to < log 1.5 by day 20, then rose to log 1.7 by day 28. The response was
dramatically different in Group D vaccinated on day 14. Group D, showed the classic antibody
response to vaccination which is rapid and steady rise in titre. Antibody titres rose rapidly from
the pre-vaccination level of log 0.64 to >log 2.80 within 2 weeks of vaccination (by day 28 of
age).
Table I shows titres at Day 1 and Day of vaccination, to highlight the differences in the titres
between day of vaccination and the response at day 21 and day 28. Groups A, B, and C have
high levels of antibody on the day of vaccination (log 1.70 – log 1.81); only Group D has low
antibody titres (log 0.64) at the time of vaccination, and subsequently showed increasing immune
response on days 21 and 28 following vaccination. By day 21, three weeks after vaccination of
Group A, the antibody titre had actually gone down, indicating that there had been no or minimal
immune response, though by day 28, the titre increased. However, antibody titres went down
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drastically in Group B. In Group C, the titres remained at the pre-vaccination levels even at day
28.
Table I. Titres at Day 1 post hatchery (PH) and Day of vaccination, to highlight the
differences in the titres between day of vaccination and the antibody response on days 21
and 28 post vaccination (PV).
______________________________________________________________________________
Groups
Titre on
Day
Titre on
Titre on
Titre on
D1 (PH)
vaccinated Day of
D21 (PV)
D28 (PV)
(PH)
vaccination
______________________________________________________________________________
A
1.81
D1
1.81
0.98 ± 0.29a
1.73 ± 0.52b
a
B
1.81
D4
1.70
1.43 ± 0.97
0.60 ± 0.35a
C
1.81
D8
1.70
1.43 ± 0.38a
1.81 ± 0.25
a
D
1.95
D14
0.64
1.66 ± 0.30
2.86 ± 0.52c
DISCUSSION
Based on the results of the study in both sets of chickens obtained from two different hatcheries,
the maternal antibody titres were highest immediately after hatching, and showed a timedependent progressive decay within the first 15 days of the chicks hatching. This is because over
time, maternal antibody titres decline and the antibodies get metabolized (normal physiological
hypogammaglobulinaemia) and do not protect any longer [19]. The HI antibody titres (≥ log 25)
recorded in both hatcheries at day old is usually presumed to provide protection to the chicks
against ND for up to two weeks of age. Spradbrow [20] and Alexander et al., [21] stated that HI
titre of ≥ log 2³ (whether maternal or following vaccination) has been considered protective
against virulent ND virus. Other studies also stated that high maternal antibody titres protect
young chickens against viral diseases [22, 23,24].
Other studies have reported half-life in a range between 4-7 days. Rahman et al., [25] had
estimated that each two-fold decay in maternally derived Newcastle disease antibody takes about
5 days, whereas Allan et al., [26] and Darbyshire and Peters [27] reported 4.5 days as two-fold
decay of maternally antibodies in chicken. Gharaibeh and Mohmoud [28], reported 4.7 days as
the half-life of maternal antibody (NDV) which is in agreement with our observation of (t½) of
4.68 days in birds from Hatchery B in our study.
We observed the lowest antibody titres at 15 days in both hatcheries, and this is in agreement
with Islam et al.[29], who reported that maternally derived antibodies can persist up to 15-20
days of age in chicken. Similarly, Siwek and Knoll [30] found that newborn chicks catabolize
maternally transmitted immunoglobulin by the 14th day of life after hatching.
The implications of our findings in the first study are that (a) chickens with high antibody titres
early in life would be more likely to respond poorly to vaccination than later in life when
maternal antibody levels would have gone down, (b) regardless of the initial antibody titre at day
old, antibody levels dropped to their lowest levels by 15th day of life and (c) the decay rate from
both hatcheries also suggest that by day 15 posthatch, antibody levels would be too low to
interfere with vaccination.
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Gharaibel et al., [31] had concluded that maternal antibodies play crucial role in the health status
of modern-day broiler-chicken industry, and play a major role in modulating early life vaccines
strategy for commercial poultry flocks. Chu and Rizk [32], showed that maternal antibodies
against Newcastle disease virus decrease the severity of adverse live vaccine reactions and at the
same time decrease the immunity following vaccination. In the same vein, Naqi et al., [33]
reported that high levels of maternal antibody against certain infections may neutralize vaccine
effect and result in complete failure of immunization, suggesting that the effect of maternal
antibody on the development of active immunity in vaccinated chicks varies, depending on the
level of maternal antibody titre and on the type of infecting viral pathogen.
In the second study, we evaluated the effect of different levels of maternal antibody on the
response of chicken to ND vaccine.
The erratic response of the birds in Groups A, B, and C is particularly interesting, and may be an
indicator to the reasons for the apparent ‘vaccine failures’ observed in commercial poultry
farms. The common denominator in Groups A, B, and C is that they received the ND vaccine at
a time when maternally derived antibody levels were still high (log1.70 to log 1.81) as compared
to Group D which was vaccinated when maternal antibody level was low (log 0.64).
Our study indicates that the presence of maternal antibodies at levels ˃ log 0.60 would result in
poor immune response to subsequent vaccination. The poor response to vaccination can be
attributed to the effect of maternal antibodies, which interfered with the vaccination to diminish
the development of primary immune response arising from days 1, 4 and 8 post vaccination. Our
findings in this study are in agreement with the reports of previous studies [34, 35, 36]. The
results also suggest that adequate response to vaccination would be elicited if the vaccine is
given to birds when maternal antibody levels have fallen lower than log 0.6. The dilemma is that
the birds cannot respond to vaccination unless the maternal antibody titres drop to a reasonable
level, but we cannot predict when such drop would happen.
Gillepsie et al., [37] studied a similar problem involving vaccination of dogs against canine
distemper, specifically the relationship between the antibody titre of the mother and the antibody
delivered to the offspring and the effect such maternal antibodies have on the vaccination of
puppies. They found that a mother with high titre transferred more antibodies than a mother with
low titre, and that generally protection was found to last more than 1 week but less than 2 weeks.
However, puppies with higher titres showed a longer persistence of antibodies than puppies with
low titres. They also found that puppies would not develop immunity until they have lost the
colostral protection and become susceptible to distemper. Gillepsie and colleagues then
developed a ‘Nomogram’ system for distemper vaccination in dogs whereby the earliest age for
vaccination can be predicted in advance by the titre at whelping of every dog so as to select the
best date for vaccination. This procedure was quite cumbersome. They also showed that puppies
that inherit minimal antibodies lose such maternal antibodies early (between 6-9 weeks) and
would respond well to vaccination given at those times, whereas in puppies that inherit
maximum antibodies, the decay of the maternal antibodies will last till 12 to 14 weeks. Their
observations led to the practice of giving puppies vaccination at 6 weeks, 9 weeks and 12 weeks
with the expectation that those puppies that received minimal antibodies will seroconvert from
the 6-week vaccination, whereas those that receive a little more maternal antibodies will respond
to the 9-week vaccination, and finally those that receive maximum dose from their mother will
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respond positively to the vaccine given at 12 or 14 weeks of age. In this way it is unnecessary to
determine the individual dam’s antibody titre at whelping.
The distemper situation can be emulated for poultry vaccination. Studies, including ours, have
shown that by 15 days after hatching, the maternal immunity has decayed sufficiently to permit
successful vaccination. The problem then is that between day-old and 15 days, flocks that got
minimal or no maternal antibodies would be susceptible to infection and disease from virulent
ND virus. Most hatcheries would vaccinate at day-old, so that flocks that did not acquire
maternal immunity could respond. We suggest a second vaccination between 5 to 8 days to cater
for the flocks that get low levels of maternal antibodies. The final vaccination would be given on
or after day 15. This last dose of vaccination will provide for those flocks that got high levels of
maternal antibodies at birth, and serve as booster vaccine for those flocks that had been
successfully immunized with the first two doses at day-old and day 5.
In conclusion this study showed that (i) the level of maternal antibody in chicks may vary from
hatchery to hatchery, that is, it is management dependent (ii) maternal antibody decay in chicks
post hatching is expected and known as normal physiological hypogammaglobulinaemia. (iii)
The decay of maternal antibodies is completed in about 15 days, with half-life ranging between
3- 4.7 days. (iv) The difference in the response to ND vaccination can be attributed to the
presence or absence of maternal antibodies. Hence the suggestion for vaccination at day 1 and/or
day 5 for flocks with low levels of MA at birth and a booster vaccination on day 15,when MA
has significantly waned, for flocks with high levels of maternal antibodies at birth.
REFERENCES
1.
Al-garib, S. O., Gielkens, A. L. J and Koch, G. (2003). Review of Newcastle disease virus
with particular references to immunity and vaccination. World’s Poultry Science Journal,
59: 185 - 197.
2.
Hill, D. H, Davis, O. Sand Wilde, J. K, (1953). Newcastle Disease in Nigeria. British
Veterinary Journal, 109 (2) 381 -383.
3.
Oladele, B. S., Abdu, P., Nok, A. J., Esievo, K. A. N and Useh, N. M. (2002). Effect of
Some Inhibitors on Neurammidase of Newcastle Disease Virus Kudu 113 Strain.
Veterinarsiarlir, 72: 185 - 194.
4.
Fatumbi, O. O and Adene, D. F. (1979). Susceptibility of the Nigerian Local chicken to
fulminating Newcastle disease outbreak. Nigerian Veterinary Journal, 8 (21): 30 - 32.
5.
Alexander, D. J., Aldous, E. W. and Fuller, C. M. (2012). The long view: a selective
review of 40 years of Newcastle disease research. Avian Pathology, 41: 329 - 335.
6.
Goldhaft, T. M. (1980). Historical note on the origin of the La Sota strain if Newcastle
disease virus. Avian Diseases, 24: 297 – 301.
7.
Chabauf, N. (1990). Disease prevention in small holder village production in Africa.
Proceedings of the International Conference on Small Holder Rural Poultry Production,
Oct. 9-13, Greece, Pp: 129 - 137.
8.
Alders, Rand Spradbrow, P. (2001). Controlling Newcastle disease in Village Chicken.
A Field Manual. Australian Centre for International Agricultural Research. Monograph, 2;
37.

67

9.

10.

11.
12.

13.

14.
15.

16.
17.

18.

19.

20.
21.
22.

23.

Orajaka, L. J. E., Adene, D. F., Anene, B. M andOnuoha, E. A. (1999). Seroprevalence of
Newcastle Disease in Local Chickens from South East derived Savannah Zone of Nigeria.
Revue d’Elevage Medicine Veterinari des Tropicaux, 52: 185 – 188.
Ezema, W. S., Okoye, J. O. A. and Nwanta, J. A. (2009). LaSota vaccination may not
protect against lesions of velogenic Newcastle disease in chickens. Tropical Animal Health
and Production, 41 (4): 477 - 484.
Aldous, E. W. and A lexander, D. J. (2001). Detection and Differentiation of Newcastle
Disease Virus (Avian Paramyxvirus type 1). Avian Pathology, 30: 117 -128.
Schlehuber, L. D., Mcfadyen, I. J., Shua, Y., Carignana, J., Duprex, W. P., Forsyth, W. R.,
HO J H, Kitsos, C. M., Lee, G. Y., Levinson, D. A., Lucier, S. C., Moore, C. B.,
Nguyen, N. T., Ramos, J., Weinstock, B. A., Zhangb, J., Monagle, J. A., Gardner, C. R. and
Alvarez, J. C. (2011). Towards ambient temperature-stable vaccines: The identification of
thermally stabilizing liquid formulations for measles virus using an innovative highthroughput infectivity assay. Vaccine,29 (31): 5031 – 5039.
Chantal, J. S., Ademola, A. O., Couacy-Hymannc, E., Bello, R. A., Mbah, P. O., Adeniyi,
T. A., Giscard, F. K., Emmanuel, N., Alain, L. and Claude, P. M. (2013). High Genetic
Diversity of Newcastle Disease Virus in Poultry in West and Central Africa: Cocirculation
of Genotype XIV and Newly Defined Genotypes XVII and XVIII. Journal of Clinical
Microbiology, http://dx.doi.org/10.1128/JCM.00684-13 (Accessed on 12th June, 2018).
Marangon, S and Busani, L. (2006). The use of vaccination in Poultry production. Review
of Science and Technology, Office of International Epizootics, 26: 265 - 274.
Al-natour, M. Q., Ward, L. A., Saif, Y. M., Stewart-brown, B. and Keck, L. D. (2004).
Effect of Different Levels of Maternally Derived Antibodies on Protection against
Infectious Bursal Disease Virus. Avian Diseases, 48: 177 - 182.
Wosu, L. O. (1984). Standardization of red blood cells for haemagglutination test and for
removal of natural agglutins. Nigerian Veterinary Journal, 13 (1): 39 - 42.
Ezeibe, M. C. O., Wosu, L. O. and Erumaka, I. G. (2004). Standardization of
Haemagglutination Test for Peste des petits Ruminants (PPR). Small Ruminant Research,
51: 269 - 272.
OIE (Office International des Epizooties) (2004). Avian Influenza In: Manual of
Diagnostic Test and Vaccines for Terrestrial Animals. Office International des Epizooties,
2: 1 - 12.
Niewiesk, S. (2014). Maternal antibodies: clinical significance, mechanism of interference
with immune responses, and possible vaccination strategies. Front Immunology, 5: 446.
published online 2014 sep 16. doi: 10.3389/fimmu.2014.00446 pmcid: pmc4165321.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4165321/ (retrieved 11th July, 2018)
Spradbrow, P. B. (1993). Newcastle Disease in village chickens. Poultry Science Review.
5: 57 – 96.
Alexander, D. J., Bell, J. G., Alders, R. G. (2004). Technology Review: Newcastle Disease.
Rome, FAO Animal Production and Health Paper, Pp. 1 – 26.
Otaki, Y., Saito, K., Tajima, M., Normua, Y. (1992). Persistence of maternal antibody to
chicken anaemia agent and its effect on the susceptibility of young chickens. Avian
Pathology, 21: 147 - 151.
Mondal, S. P., Naqi, S. A. (2001). Maternal antibody to infectious bronchitis virus: its role
in protection against infection and development of active immunity to vaccine. Veterinary
Immunology and Immunopathology, 79: 31 - 40.
68

24.

25.

26.
27.

28.
29.

30.
31.

32.

33.
34.

35.

36.

37.

Nemeth, N. M. and Bowen, R. A. (2007). Dynamics of passive immunity to West Nile
virus in domestic chickens (Gallus gallus domesticus). American Journal of Tropical
Medicine and Hygiene, 76: 310 - 317.
Rahman, M. M., Bari, A. S. M., Giasuddin, M., Islam, M. R., Alam, J., Sil, G. C. and
Rahman, M. M. (2002). Evaluation of maternal and humoral immunity against Newcastle
disease virus in chicken. International Journal of Poultry Science, 1: 161 – 163.
Allan, W. H., Lancaster, J. E. and Toth, B. (1978). Newcastle disease vaccines—their
production and use. FAO Animal Production and Health Series No. 10. FAO: Rome, Italy.
Darbyshire, J. H., Peters, R. W. (1985). Humoral antibody response and assessment of
protection following primary vaccination of chicks with maternally derived antibody
against avian infectious bronchitis virus. Research in Veterinary Science, 38: 14 – 21.
Gharaibeh, S. and Mahmoud, K. (2013). Decay of Maternal Antibodies in Broiler
Chickens. Poultry Science, 92: 2333 - 610.3382/ps.2013-03249.
Islam, M. R., Huque, Q. M. E., Giasuddin, M., Alam, J. and Rahman, M. M. (2003).
Assessment of maternally derived antibody of commercial flock against Newcastle disease.
Proceeding of 3rd International Poultry Show and Seminar, Bangladesh China Friendship
Conference Centre, Dhaka, Bangladesh, 28th February-2nd March, 2003.
Siwek, M. and Knoll, E. F. (2005). Genetic aspects of biological processes underlying the
defense system in the neonate. Folia Biologica, 53: 39 - 43.
Gharaibeh, S., Mahmoud, K. and Al-natour, M. (2008). Field evaluation of maternal
antibody transfer to a group of pathogens in meat-type chickens. Poultry Science, 87: 1550
- 1555.
Chu, H. P. and Rizk, J. (1975). The effect of maternal immunity, age at vaccination and
doses of live vaccines on immune response to Newcastle disease. Developments In
Biologica Standardization, 28: 451 – 463.
Naqi, S. A., Marquez, B., and Sahin, N. (1983). Maternal antibody and its effect on
infectious bursal disease immunization. Avian Diseases, 27: 623 – 631.
Le gall-recule, G., Cherbonnel, M., Pelotte, N., Blanchard, P., Morin, Y. and Jestin, V.
(2007). Importance of a prime-boost DNA/protein vaccination to protect chickens against
low-pathogenic H7 avian influenza infection. Avian Diseases, 51: 490 – 494.
Pertmer, T. M., Oran, A. E., Moser, J. M, Madorin, C. A. and Robinson, H. L. (2000).
DNA vaccines for influenza virus: differential effects of maternal antibody on immune
responses to haemagglutinin and nucleoprotein. Journal of Virology, 74: 7787 – 7793.
Steensels, M., Bublot, M., Van borm, S., Devriese, J., Lambrecht, B., Richard-Mazet, A.,
Chanavat-Bizzini, S., Duboeuf, M., Le gros, F. X. and Van den berg, T. (2009). Primeboost vaccination with a fowlpox vector and an inactivated avian influenza vaccine is
highly immunogenic in Pekin ducks challenged with Asian H5N1 HPAI. Vaccine, 27: 646
– 654.
Gillespie, J. H., Baker, J. A, Burgher, J., Robson, D. and Gilrnan, B. (1958). The immune
response of dogs to distemper virus. Cornell Veterinarian, 48: 103 – 112.

69

