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ABSTRACT

Newcastle disease is one of the most devastatisgadies of poultry worldwide. Veterinarians
in Nigeria frequently encounter outbreaks of Newdbes disease in vaccinated commercial
poultry farms; causing concern about the protectiveamunity conferred by commercially
available vaccines. Such outbreaks in vaccinateatis could result from, among other things,
poor immunologic response arising from immunologicaterference by maternally derived
antibodies (MA). This study sought to evaluate the of MA in the responses of cockerel
chicken to Newcastle disease vaccination, speciligdahe rate of decay of MA in chicks from
different hatcheries, and the effect of MA on theesponse of chicks to Newcastle disease
vaccination. In the first experiment, 160 day-otthicks bled at intervals from day O to day 21
were used to determine the rate of MA decay, usthg haemagglutination inhibition (HI)
test. The lowest antibody titre (log 0.4) recordedis on day 15, however, low levels persisted
till day 21. The rate of antibody decay (t%2) wasd8ys for hatchery A and 4.68 days for
hatchery B. In the second study, 200 chicks wereedido evaluate the effect of MA on
response to Newcastle disease vaccination. Figrdups of chicks (A, B, C, D and E) were
vaccinated through the intraocular route with Newste disease vaccine at different times
post-hatching (respectively on days 1, 4, 8 and fa4 groups A, B, C and D); group E
remained as unvaccinated control. Serum sampleseveollected on days 14, 21, and 28 (post
vaccination) and tested for antibody levels usidgetHI test. Birds vaccinated on days 1, 4,
and 8 had high antibody titres at vaccination buesponded poorly to vaccination. Birds
vaccinated on day 14 had low antibody titres at eaation and responded very well to
vaccination. It was concluded that the level of M& the time of vaccination was critical to the
subsequent immunological response. The study alsggested that vaccination protocol for
Newcastle disease should take into consideratiore tdecay of MA in the flock, and
recommended a practical approach to effective Nestleadisease vaccination.
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INTRODUCTION

Newcastle disease (ND) is a viral disease of ppuffecting domestic and wild avian species
and humans [1]. Newcastle disease was first regoih Java, Indonesia in 1926 and
subsequently in Newcastle-upon-Tyne (whence ititpotname) England in 1927. The first
documented outbreak of ND in Nigeria occurred betwBecember 1952 and February 1953 in
and around Ibadan [2]. Since then, the diseasédbbesme a problem in the country [3]. It is
widespread in domestic and exotic chickens [4]ste the advances made in the diagnosis of
and vaccination against Newcastle disease sins@stfirst described, the disease continues to
negatively impact poultry producers by infectingdisiworldwide [5,6].

Commercial chicken production in Nigeria uses esiglely exotic chickens, reared intensively
or semi-intensively. In most parts of the couniy) is seen and diagnosed throughout the year
in commercial flocks and the incidence varies veifason [7,8]. Vaccination is regarded as the
most effective tool in the control of ND diseasel[¥. However, outbreaks of ND are often
reported in many flocks despite rigorous vaccimagoograms [11]. Important potential causes
of such outbreaks include: vaccination in the fadehigh levels of maternal antibodies,
vaccination with vaccines inadvertently inactivatad breaks in the cold chain, which would
render such vaccines less effective, emergencewfatrains of NDV virus different from the
vaccine strains, and poor or inappropriate vacmngirogrammes [12,13].

Researchers have shown that in the presence oféugls of maternal antibodies during the first
two weeks of life, the vaccine virus may be neiteal [14,15], resulting in vaccination failures.
Many current ND vaccination protocols may not héaeen into account the fact that day-old
chicks inherit different levels of maternal antibexl at hatching, therefore the decay and
disappearance of the maternal antibodies will varpirds acquired from different hatcheries,
and even different batches from the same hatclieeyeby influencing the immune response of
such flocks to currently used ND vaccination prognzes.

A better understanding of maternal antibody decag mfluence of maternal antibody on
response to vaccination will enable clinicians knibvy best vaccination programmes to follow.
This study aims to determine the rate of matermaibady decay in chicks from different
hatcheries and evaluate the effect of differenelewf maternal antibodies in the response of
chicks to ND vaccination.

MATERIALS AND METHODS

Experimental birds

Three hundred and sixty unvaccinated cockerel shislere bought at day old from two
commercial hatcheries and used for this study. binds were reared in cages. Water and
commercial feed were providedl libitumto all the chickens. Prophylactic medications agai
bacteria andEimeria species infections were administered from day 8d&y 12 of the
experiment using gentamicin (Pfizer pharmaceutezahpany) and sulphaquinoxaline (Pfizer
pharmaceutical company) at 1.0 mg/kg/day and lgfkohg water respectively. Both drugs
were administered orally in drinking water.

Newcastle disease virus antigen for haemagglutinat (HA) antigen.
Newcastle disease virus-antigen was obtained ftoenNational Veterinary Research Institute
(NVRI), Vom and used as antigen for the HA and Hagghtutination—inhibition (HI) tests.
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Newcastle disease vaccine i/o (Hitchner B1)
The vaccine was sourced from NVRI (Umudike offiabja 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 (&kslirom each hatchery) were used for this
study. Blood was obtained from ten tagged chi¢i@a( each hatchery), on days 1, 3, 6, 9, 12,
15, 18, and 21 post hatchery (PH).

Experiment 2: To study the effect of Newcastle disse virus maternal antibody on immune
response of chicks to vaccination with the Newcastdisease vaccine.

Two hundred unvaccinated cockerels from one haycheere used for this experiment. The
chicks were randomly assigned to 5 groups (A, BDCand E) of 40 chicks each, and were
vaccinated as follows: Groups A was vaccinatedaynd Group B on day 4, Group C on day 8
and Group D on day 14. Group E served as unvaedr@introl. Pre-vaccination blood samples
were obtained on day 1 from ten tagged chicks @ &roup to determine initial NDV maternal
antibody titres. Thereafter, the Groups (A, B, @ &) were vaccinated on days 1, 4, 8 and 14
respectively by instilling one drop (0.05 ml) of N[¥Hitchner B1 strain vaccine) reconstituted
as specified by the manufacturer (10 ml of salm@00 dose vial) into the eye of each chick.
Subsequently, blood samples were obtained frontaigged chicks in each group on days 14, 21,
and 28 (post vaccination). All the blood samplesenept at an angle of 45° to clot. The serum
was decanted into properly labeled sample botthesstored at -2C until tested for antibody
content using the Haemagglutination -Inhibition )(kéist.

Serological tests

The chicken blood cells used for haemagglutinati®t”A) test, were collected in the
anticoagulant sodium citrate. The red blood cdfBC) were washed with phosphate buffered
saline (PBS) obH 7.0 by centrifuging the blood-PBS mixture at 30pfh for 5 minutes. The
washing was repeated three times and the supetnaéasndiscarded at each wash. Thereatfter,
the hematocrit value was determined using the ndapllary tube centrifugation method. To
prepare 0.6% RBC concentration the formula: X =HPWas 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 virastigenobtained from NVRI was used for haemagglutinatidA)

test as described [18]. Also, haemagglutinationbitibn (HI) test was performed as described
by (18).
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Data analysis

Calculation of antibody decay half-life (exponentiadecay)

The antibody half-life was calculated according ttte method described in matrixlab
calculations (www.matrixlab-example.cdm

The antibody titre obtained for each day of santphvas expressed as geometric mean titre.
Log geometric mean titre for each day of bleediras \plotted against age of the birds to show
the extent of decay of the maternally derived amtib The One-way Analysis of Variance
(ANOVA) was used to assess the significant diffeemn(at 5%) between the 5 groups on day 21
and day 28.

RESULTS

Maternal antibody decay

In experiment 1 which evaluated the decay of mateamdibodies in chicks from two
commercial hatcheries (A and B), the geometric nméses (GMT) of the antibody levels from
day old (Day 0) to the end of the study (Day 2¥) presented in Fig .
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Figure I: Log of the geometric mean titre of antibalies against ND in unvaccinated
chicks from two commercial hatcheries A and B.

Day-old chicks from the two hatcheries have diffedevels of maternal antibodies at the time of
procurement from the hatchery, but the rates ofageof maternal antibodies from both

hatcheries were similar; HI antibody titres werelog 2.0 in both hatcheries on day 1,
subsequently this decreased graduall¥ tog 0.5 at day 15 of age. The rate of decay (t#2) o
maternally derived antibody in the chicks from Hheiy A was about half every 3 days (t¥2=3),
in Hatchery B it was about half every 4.68 days#4468). Antibody titres persisted at low levels
in the birds from both hatcheries from day 15 uihi# end of experiment on day 21.
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Figure 2: log geometrical mean titres of antibodiesbtained from chickens vaccinated with

Newcastle disease vaccine on various days post heny. A = Birds vaccinated on Day 1; B =

Birds vaccinated on Day 4; C = Birds vaccinatedary 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 theoefbf maternal antibodies on the response of
chicken to ND vaccine are reported in Figure b1 group A vaccinated on day 1, titres lingered
around the pre-vaccination levels of log 1.81 ud&y 14 of age, then dropped rapidly to < log
1.0 by day 21, before rising again to pre vaccaratievels by day 28. In Groups B and C
(vaccinated on day 4 and day 8 respectively),sistayed at pre-vaccination levels (log 1.7) till
day 15; then rose slightly in Group B before droygprapidly to log 0.5. In Group C, titres
dropped slowly to < log 1.5 by day 20, then rosdam 1.7 by day 28. The response was
dramatically different in Group D vaccinated on daly Group D, showed the classic antibody
response to vaccination which is rapid and steayin titre. Antibody titres rose rapidly from
the pre-vaccination level of log 0.64 to >log 2\8iihin 2 weeks of vaccination (by day 28 of

age).

Table | shows titres at Day 1 and Day of vaccimgtio highlight the differences in the titres
between day of vaccination and the response aRdlagnd day 28. Groups A, B, and C have
high levels of antibody on the day of vaccinatitog(1.70 — log 1.81); only Group D has low
antibody titres (log 0.64) at the time of vaccinatiand subsequently showed increasing immune
response on days 21 and 28 following vaccinationd8y 21, three weeks after vaccination of
Group A, the antibody titre had actually gone dowdijcating that there had been no or minimal
immune response, though by day 28, the titre img@aHowever, antibody titres went down
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drastically in Group B. In Group C, the titres @med at the pre-vaccination levels even at day
28.

Table I. Titres at Day 1 post hatchery (PH) and Dayof vaccination, to highlight the
differences in the titres between day of vaccinatioand 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 +0.29 1.73 +0.52
B 1.81 D4 1.70 1.43 +£0.87 0.60 +0.35
C 1.81 D8 1.70 1.43 +0.38 1.81 £0.25
D 1.95 D14 0.64 1.66 +0.30 2.86 +0.52
DISCUSSION

Based on the results of the study in both setdimkens obtained from two different hatcheries,
the maternal antibody titres were highest immediatdter hatching, and showed a time-
dependent progressive decay within the first 15 ddythe chicks hatching. This is because over
time, maternal antibody titres decline and thehkadies get metabolized (normal physiological
hypogammaglobulinaemia) and do not protect anydofit9]. The HI antibody titres>(log 2)
recorded in both hatcheries at day old is usualgspmed to provide protection to the chicks
against ND for up to two weeks of age. Spradbrod} ghd Alexandeet al, [21] stated that HI
titre of > log 23 (whether maternal or following vaccinatidms been considered protective
against virulent ND virus. Other studies alsoestathat high maternal antibody titres protect
young chickens against viral diseases [22, 23,24].

Other studies have reported half-life in a rangevben 4-7 days. Rahmaat al, [25] had
estimated that each two-fold decay in maternallyved Newcastle disease antibody takes about
5 days, whereas Allaet al, [26] and Darbyshire and Peters [27] reporteddags as two-fold
decay of maternally antibodies in chicken. Ghataibed Mohmoud [28], reported 4.7 days as
the half-life of maternal antibody (NDV) which is agreement with our observation of (t%2) of
4.68 days in birds from Hatchery B in our study.

We observed the lowest antibody titres at 15 daysoth hatcheries, and this is in agreement
with Islam et al[29], who reported that maternally derived antilesdcan persist up to 15-20
days of age in chicken. Similarly, Siwek and Kn@0] found that newborn chicks catabolize
maternally transmitted immunoglobulin by thé"idiay of life after hatching.

The implications of our findings in the first studye that (a) chickens with high antibody titres
early in life would be more likely to respond pgotb vaccination than later in life when

maternal antibody levels would have gone downyélgardless of the initial antibody titre at day
old, antibody levels dropped to their lowest leveys15" day of life and (c) the decay rate from
both hatcheries also suggest that by day 15 pa$thantibody levels would be too low to

interfere with vaccination.
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Gharaibelet al, [31] had concluded that maternal antibodies plagial role in the health status
of modern-day broiler-chicken industry, and plagnajor role in modulating early life vaccines
strategy for commercial poultry flocks. Chu an@IR[32], showed that maternal antibodies
against Newcastle disease virus decrease the tyeokddverse live vaccine reactions and at the
same time decrease the immunity following vaccorati In the same vein, Naegi al, [33]
reported that high levels of maternal antibody agfacertain infections may neutralize vaccine
effect and result in complete failure of immunipati suggesting that the effect of maternal
antibody on the development of active immunity aceinated chicks varies, depending on the
level of maternal antibody titre and on the typéndécting viral pathogen.

In the second study, we evaluated the effect dewint levels of maternal antibody on the
response of chicken to ND vaccine.

The erratic response of the birds in Groups A,r8l @ is particularly interesting, and may be an
indicator to the reasons for the apparent ‘vacdaikires’ observed in commercial poultry

farms. The common denominator in Groups A, B, @nd that they received the ND vaccine at
a time when maternally derived antibody levels waile high (log1.70 to log 1.81) as compared
to Group D which was vaccinated when maternal adidevel was low (log 0.64).

Our study indicates that the presence of matem#badies at levels log 0.60 would result in
poor immune response to subsequent vaccinatiore pbor response to vaccination can be
attributed to the effect of maternal antibodiesjolhinterfered with the vaccination to diminish
the development of primary immune response arisog days 1, 4 and 8 post vaccination. Our
findings in this study are in agreement with thporés of previous studies [34, 35, 36]. The
results also suggest that adequate response tinaaon would be elicited if the vaccine is
given to birds when maternal antibody levels halel lower than log 0.6. The dilemma is that
the birds cannot respond to vaccination unlessrthternal antibody titres drop to a reasonable
level, but we cannot predict when such drop wouwalggen.

Gillepsie et al, [37] studied a similar problem involving vacdioa of dogs against canine
distemper, specifically the relationship betweesn dhntibody titre of the mother and the antibody
delivered to the offspring and the effect such mmteantibodies have on the vaccination of
puppies. They found that a mother with high titessferred more antibodies than a mother with
low titre, and that generally protection was fouadast more than 1 week but less than 2 weeks.
However, puppies with higher titres showed a long@sistence of antibodies than puppies with
low titres. They also found that puppies would develop immunity until they have lost the
colostral protection and become susceptible toediper. Gillepsie and colleagues then
developed aNomogram system for distemper vaccination in dogs whertigy earliest age for
vaccination can be predicted in advance by the &trwhelping of every dog so as to select the
best date for vaccination. This procedure wasquiimbersome. They also showed that puppies
that inherit minimal antibodies lose such materaatibodies early (between 6-9 weeks) and
would respond well to vaccination given at thosmes, whereas in puppies that inherit
maximum antibodies, the decay of the maternal adids will last till 12 to 14 weeks. Their
observations led to the practice of giving puppiascination at 6 weeks, 9 weeks and 12 weeks
with the expectation that those puppies that recewminimal antibodies will seroconvert from
the 6-week vaccination, whereas those that re@eiitde more maternal antibodies will respond
to the 9-week vaccination, and finally those treteive maximum dose from their mother will
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respond positively to the vaccine given at 12 owb&ks of age. In this way it is unnecessary to
determine the individual dam’s antibody titre atelding.

The distemper situation can be emulated for powérgcination. Studies, including ours, have
shown that by 15 days after hatching, the matamalunity has decayed sufficiently to permit

successful vaccination. The problem then is tledtvben day-old and 15 days, flocks that got
minimal or no maternal antibodies would be susbéptio infection and disease from virulent

ND virus. Most hatcheries would vaccinate at diy-@o that flocks that did not acquire

maternal immunity could respond. We suggest a skeancination between 5 to 8 days to cater
for the flocks that get low levels of maternal Aotlies. The final vaccination would be given on
or after day 15. This last dose of vaccinatiorl piibvide for those flocks that got high levels of

maternal antibodies at birth, and serve as boostecine for those flocks that had been
successfully immunized with the first two doseslag-old and day 5.

In conclusion this study showed that (i) the lesematernal antibody in chicks may vary from
hatchery to hatchery, that is, it is managemeneddent (ii) maternal antibody decay in chicks
post hatching is expected and known as normal plogical hypogammaglobulinaemia. (iii)
The decay of maternal antibodies is completed ouah5 days, with half-life ranging between
3- 4.7 days. (iv) The difference in the responseNid vaccination can be attributed to the
presence or absence of maternal antibodies. Harcsuggestion for vaccination at day 1 and/or
day 5 for flocks with low levels of MA at birth aralbooster vaccination on day 15,when MA
has significantly waned, for flocks with high lesalf maternal antibodies at birth.
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