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Summary

This study was designed to examine the
impact of competitive non-protective antigens
in a bivalent killed vaccine of Newcastle
disease virus and infectious bronchitis (IB)
virus on seroconversions against protective
fusion protein of Newcastle disease (ND) virus
(NDV), in free-range layers primed by live
ND-clone 30 and IB-H120 vaccines. The
experimental design included two free-range
layer farms in which sera of randomly chosen
layers were collected on two occasions from
each of the two farms namely: at the time of
administration of the killed booster vaccine
(23 weeks of age) and three weeks later. The
Western immunoblotting technique was used
to react the individual pooled sera collected at
different times from each farm with antigens
used in priming, namely those of the ND-
clone 30 virus and the IB-H120 virus. The
optical density bands formed by reactions
were  compared  statistically = between
seroconverted antibodies at 23 weeks with
those of layers aged 26 weeks. The killed
booster  vaccine offered a significant
seroconversion on both farms to the non-
protective L-protein (248.0 kDa) of NDV and
on one of the two farms to the non-protective
NDV-matrix protein (40.0 kDa) (p<0.05).
However, seroconversion to the protective
fusion protein of NDV (60 kDa) failed on both

farms (p<0.05). In addition, on one farm, a
statistical significance was revealed by the
killed booster vaccine seroconversion to non-
protective IBV-nucleocapsid protein (510 kDa)
and, on the other farm, to another non-

protective IBV-glycoprotein (28.0 kDa) (p<0.05).

The impact of competitive seroconversions to
non-protective antigens and seroconversion
failures to low molecular weights of NDV
protective fusion protein is discussed.
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Impatto di antigeni non
protettivi competitivi in un
richiamo inattivato sulle
sieroconversioni in antigeni
protettivi del virus della
malattia di Newcastle nei polli

Riassunto

Questo studio ha esaminato 'impatto di antigeni
non protettivi competitivi in un richiamo bivalente
inattivato del virus della malattia di Newcastle
(NDV) e della bronchite infettiva (IB) sulle
sieroconversioni dirette contro la proteina di
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fusione protettiva dellNDV in galline ovaiole

inoculate con i vaccini vivi ND Clone 30 e IB-H120.

La sperimentale prevedeva il prelievo di siero da
esemplari scelti con modalita random in due fattorie
che praticano l'allevamento a terra, in due diverse
occasioni da ciascuna delle due fattorie: al momento
della somministrazione del richiamo inattivato (eta:
23 settimane) e a distanza di 3 settimane. La
tecnica di analisi Western blot e stata usata per
indurre la reazione dei sieri raccolti in momenti
diversi da ciascuna fattoria con gli antigeni
utilizzati nel priming, ovvero quelli del virus ND
Clone 30 e IB-H120. Sono state analizzate le bande
di  densita  ottica  formate dalle  reazioni
confrontando  gli  anticorpi  sieroconvertiti a

23 settimane con quelli di esemplari di 26 settimane.

In entrambe le fattorie, il richiamo ha permesso di
ottenere una significativa sieroconversione nella L-
proteina non protettiva (248,0 kDa) dell’NDV e, in
una fattoria, nella proteina di matrice NDV non
protettiva (40,0 kDa) (p<0,05). Tuttavia, Ia
sieroconversione nella proteina di fusione protettiva
dellNDV (60 kDa) non ¢ stata osservata in
nessuna delle due fattorie (p<0,05). Inoltre, in una
fattoria, la  sieroconversione in  proteina
nucleocapside di IBV é risultata statisticamente
significativa (510 kDa), mentre nell’altra fattoria e
risultata  significativa la  sieroconversione in
un’altra  glicoproteina non protettiva dell’IBV
(28.0 kDa). Questo contributo discute ['impatto
delle sieroconversioni competitive in antigeni non
protettivi e i fallimenti delle sieroconversioni a
basso peso molecolare nella proteina di fusione
protettiva dell’NDV.

Parole chiave

Antigene, Antigene protettivo, Bronchite
infettiva, Competizione, Galline ovaiole,
Malattia di Newcastle, Polli di allevamento a
terra, Popolazione aviaria, Richiamo inattivato,
Sieroconversione, Vaccino, Virus.

Introduction

Newcastle disease (ND) and infectious
bronchitis (IB) are the most common viral
diseases that significantly affect the economy
of egg-type commercial layer farming around
the world (6, 20). The economic threat of ND
and IB in free-range layer farming is of greater
significance due to the increased level of
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exposure of these birds to various vectors in
nature (3).

In the control of ND and IB, it is common to
prime birds with live vaccines between 1 day
to 60days of age (2, 9), concluding the
vaccination programme with a delivery at
about 23 weeks of age of a killed booster
vaccine containing whole antigens of ND virus
(NDV) and IB virus (IBV).

Most evaluations of acquired immunity to
NDV and IBV usually depend on tests for
detection and quantitation of humoral
antibodies specific to the whole proteins of the
two viruses using commercial enzyme-linked
immunosorbent immunoassays (ELISAs) (10,
17).

Such classical quantitation relied upon by most
poultry specialists around the world can be
misleading, in that non-protective-induced
humoral antibodies cannot be differentiated
from antibodies raised against protective
antigens, thereby resulting in false inter-
pretation of correlation of the antibody titres to
protection, which in turn leads to failures of
many costly programmes implemented to
control ND and IB among chicken layers.

Research in the past two decades has focused
on identifying the protective antigens in NDV
and IBV (15, 16) that are involved in
replication of the two viruses and in
identifying their role in the pathogenesis of
ND and IB (2, 9). Among the major protective
antigens of NDV is the F-protein (60.0 kDa)
that is involved in enabling cell fusion activity
which leads to the penetration of NDV within
the host cell (11). The L-protein (248 kDa) and
the matrix M-protein (40.0 kDa) have been
recognised as non-protective proteins that are
present in the NDV (21, 26).

Researchers have also identified two non-
protective antigens of IBV, among which are
the  nucleocapsid  protein  (N-protein)
(51.0 kDa) which is a structural protein (8) and
the membrane glycoprotein (GP 28.0 kDa) (23).

Unfortunately, most commercialised poultry
diagnostics do not include in their developed
kits selective quantitative procedures for
acquired humoral immunity against specific
protective antigens of aetiological agents (7).
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This is the first study that presents a
preliminary approach for the essential
assessment of quantitative seroconversion to
fusion protein of NDV in free-range layers, as
affected by competitive immune responses to
non-protective proteins present in NDV and
IBV vaccines.

Materials and methods

© Istituto G. Caporale 2011

Vaccination and sera collection

Two out of 60 free-range layer farms were
randomly selected to study the impact of NDV
and IBV non-protective antigens on sero-
conversions against the protective F-protein of
ND, induced by a booster-killed vaccine
following a priming by live vaccines against
ND and IB. The priming with live ND clone
vaccine and IB-H120 was intraocular at 8 days
of age, and repeated in drinking water at
25days of age. The booster-killed vaccine
(Mérial, Chignolo-Po) was delivered at
23 weeks of age, before the onset of egg
production. This killed vaccine contained the
whole antigens of NDV and IBV.

Paired serum samples were collected from the
brachial vein of layers on both farms. Ten
randomly chosen layers were bled at 23 weeks
of age (booster time), and another 10 were bled
at 26 weeks of age (seroconversion time) (1, 2),
a sample size that represented the 500 birds
that compose each of the free range flocks (22).
The serum samples collected from each farm
were pooled in equal volumes of
100 pl/individual sample, totalling 1 ml/farm/
collection time, representing a pool of flock
antibodies with various idiotype specificities
(18). Each pooled serum sample was diluted
1:1, using sterile glycerol and stored at —20°C
for use in Western immunoblotting to help
identify the idiotype specificity to various
antigens of NDV and IBV (1).
Sodium-dodecylsulfate-
polyacrylamide gel electrophoresis in
banding Newcastle disease virus and
infectious bronchitis viral antigens

The ND clone30 and IB-H120 vaccines
(Nobilis®, Intervet International BV, Boxmeer)
were subjected to sodium-dodecylsulfate-
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polyacrylamide gel electrophoresis (SDS-
PAGE) to band their major antigens (4, 14).
Briefly, the lyophilised content of 1 000 doses-
vial of NDV and IBV vaccines were each
suspended in 2ml of sterile distilled water,
yielding a protein level of 36.8 mg/ml and
20.3 mg/ml, respectively, using the Bio-Rad
reagents for protein determination (Bio-Rad
Laboratories, Hercules, California). Each
suspension was diluted 1:2 in SDS-reducing
sample buffer. This diluent was prepared by
mixing 25 ul of B-mercaptoethanol and 475 pl
stock sample buffer. The concentrations of the
components of the stock sample buffer were
1.2 ml of 0.5 M Tris-HCL, 1 ml glycerol, 2 ml of
10% SDS, 0.5 ml of 0.1% bromophenol blue,
with the addition of 4.8 ml of distilled water.
The 1:2 dilution of each vaccine suspension
was then heated at 95°C for 5 min. A volume
of 20 ul of each reduced vaccine was applied
on each of 4 lanes at the top of a 4% stacking
gel that was located over a 12% separating gel.
The 5thlane was loaded with 5pul of
Kaleidoscope prestained molecular weight
markers, with a broad range of 6.5-200 kDa
(Bio-Rad Laboratories). The Mini-Protean II
Electrophoresis Cell (Bio-Rad Laboratories)
was run at 200 volts and 120 mA for a period
of 45 min. The two gels were kept at 4°C in a
transfer buffer, to be used later in Western
immunoblotting. One gel contained the
quadruplicate lanes of banded antigens of
NDV and the fifth lane of the banded
molecular weight markers, while the second
gel contained the quadruplicate lanes of
banded IBV antigens, and the fifth lane of the
banded markers.

Western immunoblotting

The Western immunoblotting technique was
used to react the collected sera from the two
free-range farms with the banded antigens of
ND clone 30 and IB-H120 vaccines that were
both used in priming the layers during the
rearing stage. Briefly, each of the two gels was
sandwiched to a nitrocellulose membrane
(NCM) and set to a Transblot Cell (Bio-Rad
Laboratories) that was already filled with a
transfer buffer. The composition of the transfer
buffer was as follows: 6g Tris-base, 28.8 g
glycine, 400 ml methanol, adjusted in volume
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to 2 000 ml with distilled water, and to a pH of
8.4. The transfer time was 1h at 100V and
25 mA. Each lane on the NCM was separated
from the others by cutting, followed by
blocking with 5% gelatin in Tris buffer saline.
The molecular weight markers were stained
with the Ponceau S Stain (Sigma, St Louis,
Missouri), while the others containing NDV or
IBV antigens were reacted to each of the
pooled sera (two paired pooled sera samples
on farm 1 and two paired pooled sera samples
on farm 2). Each pooled serum sample was
diluted 1:100 before reaction with the antigens
on the cut lane of the NCM, using a 1%
gelatine in Tris-Tween-buffer saline diluent as
described by Towbin et al. (25). The reaction of
the sera and antigens lasted 2 h at 37°C. The
conjugate used to detect the captured chicken
antibodies was a goat anti-chicken IgG (H+L
chains), labelled with peroxidase enzyme
(Sigma, StLouis), used in a 1:1 000 dilution
and reacted to NCM lanes at 37°C for 30 min.
The substrate used was 3,3"-diaminobenzidine
(DAB) peroxidase substrate solution (Sigma,
St Louis) reacted to NCM for 30 min at 37°C.

Documentation and quantitative
assessment

The documentation of the colour of bands that
developed due to the reaction of specific
antibodies in the pooled paired sera on each
farm to the specific antigens of NDV and IBV
was accomplished using a GelDoc 2000 System
(Bio-Rad Laboratories) as shown in Figures 1
and 2.

The quantitation of captured antibodies
reacting to each banded antigen on the NCM
was measured by reading the optical densities
(OD) of each band using a computerised
program namely, the quantity One 1-D
Analysis Software (Bio-Rad Laboratories).
Briefly, three areas on each band were
randomly selected and the mean OD values
were obtained for the band.

Statistics

The one-way analysis of variance (ANOVA)
was applied to compare the mean optical
density of the band capturing the
seroconverted antibodies in sera collected
3 weeks post administration of the booster
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(layers at 26 weeks of age) in comparison to
the acquired primed antibodies specific to the
same molecular weight band, obtained at the
administration time of the booster (layers at
23 weeks of age). This comparison is done for
each farm and for each specified antigen in
NDV and IBV.

Results

www.izs.it/vet_italiana

The qualitative seroconversions by the booster-
killed vaccine in birds of each of the two free-
range layer farms, against the protective and
non-protective
documented in the image presented in
Figure 1. The priming by the live ND clone 30
on both farms was capable of maintaining
antibodies in the sera until the booster time,
which were captured by three banded antigens
of NDV located at 248.0 (L-protein), 60.0
(F-protein) and 40.0 (M-protein) kDa, as shown
in lanes 2 (farm 2) and lane 4 (farm 1). Reacting
the sera collected at three weeks following the

antigens of NDV, is

booster (layers at 26 weeks of age), some NDV

200.0
116.2
: 66.2
60.0 |
400 |

31.0
215

14.4
6.5

Figure 1

Quallitative seroconversions to a booster-killed
vaccine on two free-range layer farms against
Newcastle disease virus antigens present in
Newcastle disease clone 30 vaccine (L-protein:
248 kDa, F-protein: 60 kDa and matrix
M-protein: 40 kDa)

Lane 1: Reaction of 10 pooled sera from layers on
farm 2 collected 3 weeks post administration of killed
vaccine booster

Lane 2: Reaction of 10 pooled sera from layers on
farm 2 collected at the time of booster administration
Lane 3: Reaction of 10 pooled sera from layers on
farm 1 collected 3 weeks post administration of killed
vaccine booster

Lane 4: Reaction of 10 pooled sera from layers on
farm 1 collected at the time of booster administration
Lane 5: Molecular weight markers (kDa)

Banded antigens are those of live Newcastle disease
clone 30 vaccine
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bands were more intensified in colour, while
others faded (lane 1 for farm 2 and lane 3 for
farm 1), which required a quantitative
assessment for this seroconversion to antigens
of NDV, as documented in TableI. The
statistical ~analysis of the quantitative
seroconversions on each farm, to each of the
three antigens of NDV, revealed consistent and
significant seroconversion in birds of both
farms to the non-protective L-protein of NDV
(248.0 kDa) (p<0.05)  and
seroconversion to the

inconsistent
non-protective
M-protein (40.0kDa) on farm 2 (significant
seroconversion, p<0.05) and farm 1
(insignificant seroconversion, p>0.05) and a
complete failure of seroconversion to the
protective F-protein of NDV (60.0 kDa) in
birds from both farms (p>0.05).

The qualitative seroconversion by the booster-
killed vaccine in birds of each of the two free-
range layer farms against the IBV antigens, is
documented in the image presented in
Figure 2. The priming by live IB-H120 vaccine
was able to maintain specific antibodies in the
sera of the birds from the two farms at
23 weeks of age, the age at which the booster-
killed vaccine was administered. This is shown
in lanes 4 and 2 of farms 1 and 2, respectively.

Table |

Impact of competitive non-protective antigens in a booster killed vaccine
on seroconversions to protective antigens of Newcastle disease virus in chickens

These antibodies were captured onto the non-
protective antigens of the IBV namely, the
nucleocapsid protein (51.0kDa) and the

200.0
66.2

31.0
21.8

6.5

Figure 2

Quallitative seroconversions to a booster-killed
vaccine on two free-range layer farms against
infectious bronchitis virus antigens present in
H120 vaccine (nucleocapsid protein: 51 kDa
and membrane glycoprotein: GP 28 kDa)

Lane 1: Reaction of 10 pooled sera from layers on
farm 2 collected 3 weeks post administration of killed
vaccine booster

Lane 2: Reaction of 10 pooled sera from layers on
farm 2 collected at the time of booster administration
Lane 3: Reaction of 10 pooled sera from layers on
farm 1 collected 3 weeks post administration of killed
vaccine booster

Lane 4: Reaction of 10 pooled sera from layers on
farm 1 collected at the time of booster administration
Lane 5: Molecular weight markers (kDa)

Banded antigens are those of live infectious bronchitis
H120 vaccine

Quantitative seroconversions to a booster-killed vaccine on two free range layer farms against NDV
antigens (L-protein: 248 kDa, F-protein: 60 KDA and matrix M-protein: 40 kDa)

Mean optical density of bands® resulting from reaction of

Antigens of 10 pooled sera to specific antigens of Newcastle disease clone 30
Newcastle when sera were collected upon administration of booster and

) . Farm No.@® SEM(©)
disease virus 3 weeks later
antigens (kDa) At vaccination 3 weeks post vaccination

(23 weeks of age) (26 weeks of age)

L-protein 1 3.92 4.76 0.19*
(248.0 kDa) 2 3.47 4.95 0.34*
F-protein 1 4.66 4.74 0.05
(60.0 kDa) 2 5.55 4.73 0.20
Matrix protein 1 3.71 3.85 0.06
(40.0 kDa) 2 3.46 4.23 0.20*

(a) 10 sera were randomly collected from 10 layers on each of two farms, at vaccination time (23 weeks of age) and 3 weeks later

(26 weeks of age)

Equal volumes of sera from each collection on each farm were pooled together.

b

-

optical densities were averaged from pixels read at three different randomly selected areas of each band

(c) SEM: the standard error of mean is derived from statistical comparisons of the mean optical density of the two respective bands
obtained from sera collected on the same farm at 23 versus 26 weeks of age

* indicates a significant difference in the mean optical density of the bands compared in a row (p<0.05
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membrane glycoprotein (28.0 kDa). The sero-
conversion on both farms also resulted in
antibodies that were captured to the same non-
protective antigens, as shown for farms 2 and 1
in lanes1 and 3, respectively (Fig.2). Again,
the quantitative comparison of the colour
intensity (OD) values is presented in Table II.
The seroconversion by the booster-killed
vaccine to each of the two non-protective
antigens of IBV was inconsistent between the
birds from the two farms; more specifically,
birds on farm1 revealed significant sero-
conversion to the nucleocapsid protein
(51.0 kDa) (p<0.05) but not birds from farm 2
(p>0.05); however, birds from farm 2 showed
significant seroconversion to the glycoprotein
(28.0 kDa) (p<0.05) but not those from farm 1
(p>0.05).

Discussion

The consistent and significant seroconversion
of birds from both farms to the non-protective
L-protein of NDV (248.0 kDa) (p<0.05), the
respective inconsistent seroconversion on the
two farms to the non-protective M-protein
(40.0kDa) and the complete failure of
seroconversion to the protective F-protein
(60.0 kDa) on both farms, was most likely due
to the difference in antigenicity of these three
proteins of NDV. The high molecular weight

Table Il
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of the L-protein will most likely provide high
antigenicity by the booster killed vaccine
compared to the other two molecular weights
of the F- and M-protein (27), with expected
higher competitiveness of the L-protein to the
immune system of layers (29).

Future investigations should emphasise the
inclusion of higher quantities of the protective
F-proteins in booster-killed vaccine to be able
to compete with the highly antigenic non-
protective L-protein to obtain significant
consistent seroconversion to such a protective
antigen of NDV (24). Another reason is most
probably the difference in the antigenic nature
of the fusion protein that is used in priming
(ND clone vaccine) to that of the F-protein that
is used in boosting (oil emulsion killed
vaccine). Indeed, priming with live ND clone
vaccine provides immunity to NDV H and
N-proteins but not to F-protein (19, 28). The
importance of obtaining a significant
seroconversion to the F-protein is due to its
role in the pathogenesis of ND, in which the
F-protein assists the virus to be involved in cell
fusion leading to penetration of the host cell, a
prerequisite for the multiplication mechanism
(11). Acquiring a significant seroconversion to
the F-protein of NDV is expected to improve
the protection of birds against pathogenic field
strains of NDV (13).

Quantitative seroconversions to a killed vaccine booster on two free-range layer farms against
infectious bronchitis virus antigens (Nucleocapsid protein: 51 kDa and membrane glycoprotein:

GP 28 kDa)
Mean optical density of bands® resulting from reaction of
Infectious 10 pooled sera to specific antigens when sera were collected
bronchitis virus Farm No.@ upon administration of booster and 3 weeks later SEM(©)
antigens (kDa) At vaccination 3 weeks post vaccination
(23 weeks of age) (26 weeks of age)
28.0 1 4,57 4.35 0.06
2 281 3.21 0.09*
51.0 1 4.22 4.45 0.06*
2 3.11 3.76 0.19

(a) 10 sera were randomly collected from 10 individual layers on each of two farms, at vaccination time (23 weeks of age) and 3

weeks later (26 weeks of age)

Equal volumes of sera from each collection on each farm were pooled together

(b) optical densities were averaged from pixels read at three different randomly selected areas of each band

(c) SEM: the standard error of mean derived from statistical comparisons of the mean optical density of the two respective bands
obtained from sera collected on the same farm at 23 versus 26 weeks of age

* indicates a significant difference in the mean optical density of the bands compared in a row (p<0.05)
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The birds were not sampled beyond the three
weeks post booster administration due to the
fact that such sampling was not expected to
result in seroconversion to the F-protein of
NDV, since most research in poultry has
proved that maximum response is usually
obtained at three weeks post booster, the
interval that we respected in the paired
sampling (1, 5). The haemagglutination-
inhibition test measures only the humoral
immunity to the haemagglutinin protein (H).
In previous work, most flocks seroconverted to
H-protein, with mean HI titres exceeding
1:100 dilution, titres that are sufficient to
protect against lentogenic strains of NDV but
not against their velogenic counterparts (12).

Impact of competitive non-protective antigens in a booster killed vaccine
on seroconversions to protective antigens of Newcastle disease virus in chickens

glycoprotein. This fact could also explain the
inconsistent  significance in results of
seroconversions between the birds from the
two farms to these low antigenic proteins of
IBV (Table II).

It is recommended in the future to develop
recombinant vaccines that express only the
protective antigens of the aetiological agents to
avoid competition from the non-protective
proteins, thus helping to achieve higher
seroconversions to the virulence factors of
aetiological agents of birds. In addition, the use
of the Western-immunoblotting will enable a
quantitative evaluation of such new vaccines,
or the indirect ELISA could be modified to
include coating of its well walls with only the

Regarding the IBV, both non-protective
antigens capturing the acquired antibodies due

protective antigens.

to priming with IB-H120 live vaccine were of
low molecular weight namely, the 51.0 kDa-
nucleocapsid protein and the 28.0kDa-
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