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immunized with conventional vaccines for
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Newcastle disease virus (NDV) is the causative agent of an economically important disease, which affects all species of birds
worldwide. Current vaccination programs for NDV include the use of either low-virulent live-virus vaccines or inactivated
vaccines to induce protective immunity while producing minimal adverse effects in birds. In order to further characterize the
immune response elicited by live virus and inactivated NDV conventional vaccines in chickens, we evaluated the presence of
specific antibodies in different secretions and in tissue culture supernatants of immunized birds. To this end, we analyzed all the
samples by ELISA, using an indirect assay set up in the laboratory. Specific anti-NDV IgG antibodies were detected in tracheal
and cloacal swabs and tracheal and intestinal washes of immunized animals. We also found specific anti-NDV IgG antibodies
in tracheal and intestinal tissue culture supernatants, indicating that the IgG found in swabs and washes was not transudated
from serum or, at least, was not all transudated from serum. Knowledge about the mechanisms involved in the immune response
of chickens to different NDV vaccines should increase our understanding of the mucosal response against the virus and,
eventually, provide new useful information for the development and evaluation of synthetic vaccines.
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Introduction

Newcastle disease virus (NDV), a member of the ge-
nus Avulavirus within the Paramyxoviridae family (1),
causes an economically important disease in all species of
birds worldwide (2). The disease can vary from clinically
inapparent to highly virulent forms depending on the virus
strain and host species (2). Highly virulent NDV infection is
a disease notifiable to the World Organization for Animal
Health (3), because it is the cause of sanitary obstacles for
the trade of avian products among countries (4).

Current vaccination programs for NDV include the use
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of either low-virulent live-virus vaccines or inactivated vac-
cines to induce protective immunity while producing mini-
mal adverse effects in birds. Inactivated oil-emulsion vac-
cines are manufactured for use by individual bird injection.
On the other hand, low-virulent infectious virus may be
ingested or inhaled and is the basis for mass application of
live-virus vaccines in drinking water or by large droplet
aerosol. Birds may also be inoculated with eye drops
containing vaccines based on attenuated viruses.
Vaccination using nonvirulent NDV strains protects
susceptible birds against disease, producing an antibody
response either locally, systemically or both. Several stud-
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ies have reported that the mucosal application of attenu-
ated live virus induces both systemic and local immunity,
while parenteral immunization with inactivated vaccines
generally induces systemic immunity (5-10).

The aim of the present study was to further character-
ize the immune responses elicited by live and inactivated
NDV vaccines in chickens by evaluating the specific anti-
bodies present in serum samples, in different secretions
and in culture supernatants of tissue from immunized
birds.

Knowledge about the mechanisms involved in the im-
mune response of chickens to different NDV vaccines
should increase our understanding of the mucosal re-
sponse against the virus and eventually supply new infor-
mation useful for the development and evaluation of syn-
thetic vaccines.

Material and Methods

Animals

White Leghorn-specific pathogen-free embryonated
chicken eggs were obtained from Laboratorios Inmuner
S.A.l.C. (Argentina) and incubated in an automatic incuba-
tor until hatching. Feed and water were provided ad libi-
tum.

Vaccines

Commercially available inactivated oil emulsion
(Laboratorios Inmuner S.A.l.C.) and intra-ocular (ND clone
30 from Nobilis®) NDV vaccines were used. Both vaccines
contained lentogenic NDV as antigen. Recommended vac-
cine doses were used (0.25 mL/dose).

Experimental design

Fifteen-day-old chickens were randomly divided into
three groups and housed in individual cages with free
access to water and food. Animals were immunized on
days 0 and 14. Eight chickens were given inactivated oil
emulsion vaccines intramuscularly, 8 chickens were given
live vaccine in eyedrops, and 8 chickens remained unvac-
cinated.

Blood samples were collected weekly after the first
immunization from a wing vein, allowed to clot for 4 h and
centrifuged. The sera obtained were kept at -20°C until
used. Twenty-one days after the first vaccination, tracheal
and cloacal swabs were obtained and placed in phos-
phate-buffered saline (PBS) supplemented with protease
inhibitors (P8340, Sigma-Aldrich, St. Louis, MO, USA).
Animals were then sacrificed, and tracheas and intestines
were dissected. The organs were immersed in 10 mL PBS,
an aliquot of PBS was taken (wash samples) and then
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tracheal and intestine tissues were cut into small pieces
and washed intensively with PBS containing 2 x 105 U/L
penicillin, 13% streptomycin, and 10% gentamicin (tissue
samples). Tissue samples were then incubated at 41°C in
5% CO,; in 24-well plates containing RPMI 1640 medium
supplemented with 10% fetal calf serum and the antibiotics
described above. After three days, supernatant solutions
were collected (tissue culture supernatant samples) and
stored at -20°C until used.

Enzyme-linked immunosorbent assay

An indirect enzyme-linked immunosorbent assay
(ELISA) was used to measure chicken IgG against NDV.
Briefly, 96-well plates (Maxisorp NUNC™, USA) were coated
with purified La Sota virus antigen (11) in 0.1 M bicarbo-
nate buffer, pH 9.6, overnight, at 4°C. After blocking with
4% skim milk in PBS-T-ENS (0.05% Tween 20, 0.5%
equine normal serum), the plates were incubated with the
different samples and with goat anti-chicken IgG anti-
bodies coupled to horseradish peroxidase (Bethyl Labora-
tories, Inc., USA). Fifty microliters of a solution containing
600 pL 1.7% (w/v) ABTS [2,2'-azino-bis (3-ethyl-
benthiozoline-6-sulfonic acid) diammonium salt] (ICN Bio-
medicals, OH, USA), 12 uL 30% (v/v) H,0, and 25 mL citric
acid buffer, pH 5, was added to each well as substrate. The
absorbance of the samples was measured at 405 nm.
Samples were analyzed individually in duplicate and the
result is reported as the mean value of both wells.

Hemagglutination inhibition test

The hemagglutination inhibition (HI) assay was per-
formed by a conventional microtiter method as described
by King (12) using four hemagglutinating units of NDV La
Sota strain. The titers were reported as the log,, of the
inverse of the highest sample dilution showing complete
HI. Samples were analyzed individually in duplicate.

Viral neutralization assay

Pools of serum samples were inactivated for 30 min at
56°C and serially diluted 4-fold in 199 medium. All dilutions
were incubated in the presence of 100 plaque formation
units of NDV Beaudette strain, for 1 h at room temperature
and for 30 min at 4°C. Then, each mix was added to a
primary chicken embryo fibroblast cell culture seeded in 6-
well plates and the plates were incubated for 1 h at 37°C.
Finally, cells were overlaid with minimum essential medi-
um containing 2% fetal bovine serum, 25 mM HEPES, 10%
antibiotic-antimycotic agents, and 0.8% agarose low gel-
ling temperature. The plates were incubated at 37°C in 5%
CO, for 4 days. The cells were then fixed with 10% formol
in PBS and stained with crystal violet for plaque observa-
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tion. Neutralizing titers are reported as the logo of the
inverse of the sample dilution that showed 50% of plaque
formation inhibition.

Statistical analysis

The data obtained in the ELISA tests and HI assays
were analyzed by the Student ttest and means were
compared by the Bonferroni test using the Statistixs 7.0,
version® 1985, 2000 Analytical Software (USA).

Results

Serum antibody response induced by vaccination

The kinetics of IgG production was essentially similar
for both inactivated and low-virulent virus vaccines (Figure
1A). However, IgG induced by low-virulent virus was de-
tectable at day 7 post-vaccination, while inactivated NDV
vaccine induced a detectable response from day 14 post-
vaccination. Both vaccines induced a significant produc-
tion of IgG in chickens by day 14 post-vaccination, with the
highest titer detected on day 21.

The HI antibody responses of vaccinated animals at
different times post-vaccination are shown in Figure 1B.
An antibody response was detected in all inoculated birds,
whereas none was detected in control chickens (Figure
1B). The HI titer was first detected at day 7 post-vaccina-
tion in birds vaccinated with the low-virulent virus vaccine,
and reached a plateau at day 14 post-vaccination. In
contrast, after immunization with the inactivated vaccine,
HI titers were not detected until 14 days post-vaccination
and reached the highest titer on day 21. Again, both
inactivated and low-virulent virus vaccines induced the
significant production of antibodies after day 14 post-
vaccination.

Figure 1C shows the results of the sero-neutralization
assay. Low-virulent virus vaccine induced sero-neutraliza-
tion activity detectable from day 7 post-vaccination, while
chickens vaccinated with the inactivated NDV vaccine
showed a solid response from day 14 post-vaccination.
Again, the highest titer recorded on day 21 was detected in
the group of birds receiving the inactivated NDV vaccine.
No sero-neutralization response was detected in untreated
chickens (Figure 1C).

The results of the HI test in general agreed, in terms of
kinetics, with the results of ELISA and of the sero-neutral-
ization assay.

Antibody response in swabs and washes

IgG antibody levels in cloacal and tracheal swabs were
measured by ELISA 21 days post-vaccination (Figure 2A).
A significant antibody response was detected in tracheal
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Figure 1. Humoral immune response to Newcastle disease virus
in serum samples. Chickens were vaccinated at days 0 and 14
(arrows) with low-virulent virus (squares) or inactivated (triangles)
vaccines. Unvaccinated animals are indicated by lozenges. Se-
rum samples were collected weekly and analyzed by A, ELISA;
B, hemagglutination inhibition (HI) test, and C, sero-neutraliza-
tion (SN) assay. Each result is the mean + SD for eight samples.
The sero-neutralization assay was performed using pooled
samples.
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Figure 2. I1gG response to Newcastle disease virus (NDV) in
cloacal and tracheal swabs and wash samples. Chickens were
vaccinated at days 0 and 14 with low-virulent virus (striped
columns) or inactivated (open columns) vaccines. Unvaccinated
animals are indicated by closed columns. Twenty-one days after
the first vaccination swab samples were collected and analyzed
by ELISA (A). Each result represents the mean = SD for eight
samples. After swab sampling, chickens were sacrificed and
anti-NDV antibodies were detected in intestinal and tracheal
washes by ELISA (B). Each result is the mean = SD for eight
samples.
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Figure 3. 1gG response to Newcastle disease virus (NVD) in
tissue culture supernatants. Chickens were vaccinated at days 0
and 14 with low-virulent virus (striped columns) or inactivated
(open columns) vaccine. Unvaccinated animals are indicated by
closed columns. On day 21 chickens were sacrificed and anti-
NDV antibodies were detected in intestinal and tracheal frag-
ment culture supernatants by ELISA. Each result is the mean +
SD for eight samples.
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swabs from both groups of immunized animals, with a
higher titer being found in animals vaccinated with inacti-
vated NDV (P < 0.05). Interestingly, when cloacal swabs
were analyzed, a significant production of anti-NDV 1gG
was detected only in birds immunized with the inactivated
NDV vaccine and no response was observed in birds
receiving the low-virulent virus vaccine (Figure 2A, P <
0.05). No response was detected in samples from un-
treated animals.

NDV-specific antibodies were also determined in tra-
cheal and intestinal washes. On day 21 all chickens were
sacrificed, tracheal and intestinal washes were collected
and NDV-specific IgG antibodies were measured by ELISA
(Figure 2B). High (P < 0.05) IgG antibody levels were
observed in both tracheal and intestinal washes from both
groups (Figure 2B). Untreated birds showed no response
at all (Figure 2B).

Antibody response in tissue culture supernatants

Tissue fragment cultures were examined to determine
if NDV-specific antibodies observed in tracheal and intes-
tinal washes were originated in situ. No antibody response
was observed in culture supernatants obtained at time 0
(data not shown), allowing a consistent analysis of the in
situ antibody production. Solid anti-NDV-specific IgG anti-
body responses were detected in the supernatants of 3-
day cultured small intestine fragments of chickens immu-
nized with both vaccines (Figure 3, P < 0.05 compared to
the negative control). Anti-NDV IgG antibodies were also
present in tracheal tissue supernatants (Figure 3).

These results suggest the presence of anti-NDV-spe-
cific IgG-secreting plasma cells in the intestinal and tra-
cheal tissues at the time of sample collection from immu-
nized chickens.

Discussion

In the present investigation, we studied the response
elicited by low-virulent live-virus and inactivated vaccines
against NDV in chickens, evaluating the presence of IgG in
different fluids and trying to identify IgG production sites.

As previously reported by others, we found anti-NDV
IgG antibodies in sera of vaccinated animals, regardless of
the vaccine used for immunization. Both live and inacti-
vated viruses elicited a strong antibody response in serum,
and antibodies were detected by ELISA, HI test or sero-
neutralization assays (Figure 1). In agreement with the
results obtained by Al-Garib and co-workers (13), animals
receiving live-virus vaccine were the first to show a specific
immune response, while those receiving the inactivated
vaccine showed higher levels of antibodies at 21 days
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post-vaccination. We did not determine whether antibodies
contributed to protection, but it is well known that both
vaccines confer total protection against the disease (14,15).
IgG was also present in tracheal swabs and tracheal
washes from immunized animals (Figure 2). The fact that
we found IgG in tracheal tissue culture supernatants (Fig-
ure 3) indicates that the IgG found in tracheal swabs and
washes was not transudated from serum or, at least, was
not all transudated from serum, since our results suggest
that there are stimulated IgG-secreting plasma cells in the
trachea. These results agree with the early suggestion that
Igs other than IgA may have a role in the protection of
tracheal mucosa against NDV (16). Similarly, we found
anti-NDV IgG antibodies in intestinal tissue culture super-
natants, indicating that there are specific stimulated plas-
ma cells in the chicken’s gut, and, again, that the IgG found
in intestinal washes was not all transudated from serum.
The small differences observed in the response to live
and inactivated viruses may be due to different antigen
handling. Replicating agents which are applied locally, still
reach the circulation and thus could stimulate lymphoid
cells in systemic lymphoid organs. However, no antibodies
were found in cloacal swabs from animals receiving the
live vaccine (Figure 2), and in all samples analyzed the
level of antibodies of this group of animals was lower than
the one found in the samples of chickens vaccinated with
the inactivated vaccine. This fact could be due to the
nature of the strain present in the live vaccine (La Sota
NDV) and its ability to spread through the animal’s body.
Different strains of NDV are classified as virulent (including
velogenic and mesogenic viruses) and non-virulent (in-
cluding lentogenic and asymptomatic viruses) pathotypes
(17). The strain-specific difference in virulence is deter-
mined, among other mechanisms, by structural variations
of the fusion glycoprotein (F) and the cleavage of the
precursor glycoprotein (Fy) into F4 and F, subunits (18,19).
This cleavage is mediated by host cell proteases (18). The
presence of multibasic amino acids at the F protein cleav-
age site and the presence of phenylalanine at position 117
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