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ABSTRACT

Immunoglobulin-A (IgA) response to Newcastle diseases virus

(NDV) vaccination was assessed using enzyme-linked immu-

nosorbent assay. Total and NDV specific IgA levels were de-

termined in tracheal washings, intestinal washings and bile.

Chickens were primed with an in ovo recombinant avian

adeno-associated vaccine coding for the NDV hemagglutinin-

neuraminidase gene (rAAAV) and revaccinated with B1 or La-

Sota strains of the virus. The most suitable samples for IgA de-

terminations were tracheal washings and bile. No NDV specific

IgA response was elicited by the rAAAV alone. After revaccina-

tion with live NDV virus the IgA levels in the biological samples

were significantly higher (P<0.005) than the levels in the un-

vaccinated controls. No strain dependant differences were ob-

served in the NDV specific response after revaccination. No

differences in total (unspecific) IgA levels between control and

vaccinated birds were observed. In view of the importance of

mucosal immune response to NDV infection, the assessment

of local antibody levels can aid in the study of the host antiviral

response.

Key words: Newcastle disease virus, immunoglobulin A, avian

adeno-associated virus.

RESUMEN

Mediante la prueba de inmunoensayo ligado a enzimas se

evaluó la respuesta de inmunoglobulina A (IgA) contra el virus

de la enfermedad de Newcastle (VEN) en pollos. Se determi-

naron los niveles IgA total, así como los niveles de IgA especí-

fica contra el VEN en lavados traqueales, lavados intestinales

y muestras de bilis. Las aves fueron inmunizadas in ovo con

un virus adeno-asociado aviar recombinante expresando el

gen de la hemaglutinina-neuraminidasa del VEN y fueron reva-

cunadas con las cepas B1 o LaSota del virus. Los lavados tra-

queales y la bilis fueron las muestras más apropiadas para la

determinación de los niveles de IgA específica para el VEN. El

virus recombinante no estimuló la producción de IgA especifica

contra el VEN. Los niveles de IgA en los fluidos analizados de

las aves revacunadas con virus vivo fueron significativamente

(P<0,05) más altos que los correspondientes a las aves control

no vacunadas. No se observaron diferencias en los niveles de

IgA especifica para el VEN, independientemente de la cepa

utilizada para la revacunación. No se observaron diferencias

en los niveles de IgA total (inespecíficos) entre los grupos va-

cunados y el control. Ante lo relevante de la respuesta inmune

local contra la infección con el VEN, la determinación de los ni-

veles de anticuerpos locales puede ser de ayuda para el estu-

dio de la respuesta antiviral del hospedero.

Palabras clave: Virus de la enfermedad de Newcastle, IgA,

Lasota, B1B1.

INTRODUCCIÓN

Newcastle Disease Virus (NDV) is a major concern to

the poultry industry due to the costs of vaccination programs

and the consequences of sub-clinical and clinical forms of the

disease [1, 16, 17, 18, 24]. The classical approach to preven-

tion of viral infectious diseases in poultry medicine has relied,

almost exclusively, in the use of inactivated or live vaccines to

elicit protective immune responses against pathogens [1, 7, 22,

24]. Recent advances in the understanding of the molecular
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basis of pathogenesis and in the mechanisms involved in the

generation of protective immune responses have opened new

avenues for prevention of infectious diseases [1, 10].

In ovo vaccination is popular due to increased speed, re-

duced labor costs, and uniform vaccination [13, 15]. However,

since current NDV vaccines cause embryonic mortality, the al-

ternative of using recombinant viruses to deliver the NDV immu-

nogenic epítopes to the embryo has shown to be feasible [1].

The resistance to challenge with NDV virulent strains ex-

hibited by chickens that display low levels of systemic antibodies

is a frequent observation, meaning that systemic immunity is not

enough and that local immune response (both cell mediated and

humoral) is required for full protection [12, 20]. Local immunity

acts as a barrier at surfaces where primary viral infections occur,

thereby interfering with further spread of the virus [12, 21]. Local

humoral immunity depends on locally produced antibodies,

which are actively transported through the epithelial cells and re-

leased across the epithelium onto the mucosal surfaces [9, 19].

The IgA class predominates in most secretions and has been

reported to be detectable in chicken tears, saliva, tracheal and

intestinal washes and bile [4, 6, 9, 12, 21].

Monitoring systemic antibody responses can be per-

formed using the hemagglutination inhibition test or the virus

neutralization test. Lately the enzyme immunolinked assays

(ELISA) have become the test of choice for antibody measure-

ment, due to its sensitivity and reproducibility [2, 3, 4].

A recombinant avian adeno-associated virus (rAAAV)

developed in the Poultry Diagnostic and Research Center of

the University of Georgia, (Athens, Gerogia, USA), has been

proven to be infective for a wide variety of tissues both in vivo

and in vitro and can be used as a gene delivery system [8].

The type and extent of the immune response elicited by such

recombinant product need to be further characterized. This re-

search aims to compare the levels of total (unspecific) and

NDV specific IgA in tracheal washes, intestinal washes and

bile of chickens primed in ovo with the rAAAV coding for the

hemmmaglutinin neuraminidase (HN) gene of NDV and revac-

cinated with B1 or LaSota strains to assess the chicken re-

sponse to these vaccination protocols.

MATERIALS AND METHODS

Viruses

A rAAAV coding for the HN protein of the LaSota strain

of NDV, constructed by simultaneous transfection of 293 hu-

man embryo kidney cells with a plasmid containing the HN

gene, one the rep and cap genes of the avian adeno-

associated virus and a pHelper plasmid was constructed and

used for initial in ovo vaccination [8]. For the revaccination,

commercial live vaccines containing LaSota and B1 strains of

NDV (Merial Select, Inc. Gainesville, GA. USA.) were used

following manufactures dose and recommendations.

Experimental design

A total of 96 specific-pathogen-free 18-day-old chicken

embryos (Sunrise Farms, Catskill, NY. USA) were used. Three

groups of 24 embryos were inoculated in ovo with 0.1 ml of the

rAAAV (10� transfection units/ml). A fourth group (unvaccinated

control) was inoculated using 0.1 ml of phosphate buffered sa-

line. After hatch, the birds were placed in isolated units where

appropriated husbandry was provided. At 28 and 38 days of

age two of the groups (rAAAV + LaSota and rAAAV + B1) were

revaccinated by ocular-oral route using LaSota or B1 live NDV

vaccines, respectively. The third group (rAAAV) did not receive

a secondary vaccination and was maintained to measure the

effect of the recombinant virus alone. The fourth group re-

mained as an unvaccinated control.

Bird Sampling

Three birds from each group were retrieved at 14, 21 28,

31, 35, 38, 42 and 45 days of age and bile, tracheal lavage

samples and intestinal washes were obtained. Briefly, in order

to avoid blood contamination of the trachea, chickens were

euthanized using a CO� chamber, the trachea was exposed

aseptically at the pharyngeal region and clamped before the

syrinx using an artery forceps, tracheal washes were obtained

using a 16 gauge animal feeding needle (Popper & sons, inc.,

New York. USA) and 1 ml of PBS was flushed in and out the

tracheal lumen 10 times with a syringe. Similar procedure was

applied to an 8 centimeter portion of the duodenum to obtain

the intestinal washings. Bile was collected from the gall bladder

by direct puncture using a 22-gauge needle. All samples were

placed in sterile containers and processed fresh.

Mucosal Immune Response

An indirect ELISA test using plates coated with NDV strain

LaSota and a commercial goat anti-chicken IgA conjugate (Bethyl

Laboratories, Inc. Montgomery, Texas. USA.) was used to deter-

mine the NDV specific IgA levels in the biological samples. The

ELISA procedure was performed on bile, tracheal washings, and

intestinal washes. Briefly, 100 µl of undiluted bile, tracheal and in-

testinal washes were added in duplicate (undiluted) to the NDV

coated wells, NDV negative chicken serums were used as con-

trols. After 45 minutes of incubation at room temperature (25°C)

each well was washed five times using Tris buffer saline (TBS)

with 0.05% of Tween 20. Chicken IgA binding to the coating anti-

gen was detected with the anti chicken IgA conjugate. Finally, the

plates were washed (five times) and bound conjugate was de-

tected by staining for 20 minutes with Tetramethylbenzidine

(TMB) substrate. The optical density at 650 (OD650) was meas-

ured using a precision microplate reader (Molecular Devices. Inc.

New York, USA). Corrected optical density values were calcu-

lated by deducting the optical density values of NDV negative

control samples from those of the test wells.

To estimate the total (unspecific) IgA production in the

respiratory and intestinal epithelia, a commercial antigen cap-
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ture ELISA chicken IgA quantitation kit (Bethyl Laboratories,

Inc. Montgomery, Texas. USA.) was used following the manu-

facture’s recommendations. Checkerboard titrations estab-

lished an optimal conjugate dilution of 1/10000.

Statistical analysis

The mean antibody titers were compared using Student’s

T test. Statistical significance was established at the 0.05 level.

RESULTS AND DISCUSSION

No major effect in hatchability was observed in the in ovo

vaccinated groups when compared with the controls, no

embryo-toxicity can be attributed to the recombinant product.

The safety of the in ovo vaccination procedure has been de-

scribed previously [13, 15].

The importance of local immunity in the protection

against infectious diseases has been properly established for

mammals and chickens [3, 4, 5, 6, 9, 11, 12, 19, 21, 23, 25]. In

response to NDV infection the IgA antibodies induce virus neu-

tralization through its Fab fragment [3, 4, 9, 12]. IgA containing

NDV immune complexes triggers the Fc receptors of several

types of leukocytes and induces phagocytosis, antibody-

dependant cell-mediated cytotoxicity and production of reactive

oxygen intermediates, cytokines and other mediators of the in-

flammatory response [19, 22]. These pathways are evidence of

the importance of quantifying the mucosal immune response to

assess protection capabilities of NDV vaccines.

The IgA levels in trachea after revaccination with either

LaSota or B1 strains of NDV (groups rAAAV + LaSota and

rAAAV + B1) differed (P<0.05) from the unvaccinated controls

after 35 days of age (FIG 1). These results are in agreement

with previous researchers that have reported an increase in lo-

cal IgA production to NDV infection or vaccination [4, 9, 12, 21].

When the effect of the strain used for revaccination was

compared, no differences were observed in the IgA production

regardless of the strain used, meaning no difference in the in-

duction of IgA between LaSota and B1 strains. These results

were unexpected, IgA production correlates positively with anti-

genic stimulation, and LaSota strain has been proven to be

more immunogenic with a more aggressive epithelial tropism

than B1. Strong post-vaccine reactions are considered a draw-

back for LaSota strain when applied to young birds with low

levels of maternal antibodies [2, 9, 14, 16, 18].

The mucosal response measured as IgA levels in bile

was consistent with those of the tracheal washing results and

can be observed in FIG 2. Nevertheless, the overall corrected

optical density values (COD) in bile were higher than in other

biological samples despite of the treatment, probably due to

the physiological high concentration of all metabolites ob-

served in the bile. Literature reports have established the link

between bile and local protection against NDV showing the
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FIGURE 1. NDV SPECIFIC IgA LEVELS IN TRACHEAL
WASHINGS. BIRDS WERE PRIMED WITH A rAAAV VIRUS
EXPRESSING THE HN PROTEIN AND REVACCINATED
WITH LIVE NDV VACCINES. THE RESPONSE WAS EX-
PRESSED AS THE AVERAGE CORRECTED OPTICAL
DENSITY (OD) AT 650 NM./ ������� �� ��	 �� �	�	�
� ��	
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FIGURE 2. NDV SPECIFIC IgA LEVELS IN BILE SAMPLES.
BIRDS WERE PRIMED WITH A rAAAV VIRUS EXPRES-
SING THE NDV HN PROTEIN AND REVACCINATED WITH
LIVE NDV VACCINES. THE RESPONSE WAS EXPRESSED
AS THE AVERAGE CORRECTED OPTICAL DENSITY (OD)
AT 650 NM. / ������� �� ��	 �� ������	� �� ������ �	� 	���

����
� ����

�	���	�	� �
� �� ����� �			� ������	��


�	 ��
����	 �� �� ����	���� � ���	���	�	� �
� �	���	

���	 �
���	 ����	����� �	 ��������	 �� ������	 �
�
 ��

��
����
 �� �	 ������	� 
����	 �
������	 	 ��� ���



neutralizing capacity of bile obtained from immunized animals

on NDV preparations in vitro, probably due to the presence of

NDV specific neutralizing antibodies [14]. In mammals, the an-

tibodies present in the bile are produced locally in the intestinal

tract and transported via the portal vein to the liver, where IgA

is actively transported through the epithelium [3].

Levels of IgA in the intestinal washings were only signifi-

cantly different from the control at day 45 and overall were very

low (FIG 3). The diminished detection levels when compared

with the bile and the tracheal washings of homologous birds

may be explained by the dilution of local antibodies associated

with the method of collection and due to the poor intestinal tro-

pism of the strains used [12, 16].

No NDV specific IgA response was observed in any of

the tested samples on days 14, 21 or 28 in birds primed in ovo

with the rAAAV vaccine; only after revaccination with live vi-

ruses a measurable IgA response was observed. This means

that the recombinant virus did not stimulate a measurable mu-

cosal immune response by itself, probably due to the nature of

the antigenic stimulation induced by the rAAAV which is a repli-

cation defective virus that relays in the host cell machinery to

express the HN antigen, and due to the previously reported re-

quirement of local viral replication in order to induce an IgA re-

sponse [8, 9]. The rAAAV expressing the HN protein of NDV is

a novel product and its complete mechanism of action for im-

munity is to be determined. Further research is being con-

ducted to determine tissue localization after in vivo inoculation

and mechanisms of immune response. Viral transduction stud-

ies using a murine model and adeno-associated virus (another

member of the Parvoviridae family) reported genomic integra-

tion in 100% of the hepatocytes and striated muscle system af-

ter a single intravenous administration [11].

No significant differences (P<0.05) were observed in the

levels of total IgA between the control and any of the vacci-

nated groups in none of the biological samples tested, sug-

gesting that there is no effect of NDV vaccination in the overall

IgA load of the mucosal tissue in chickens. This observation

could be explained as the consequence of commensal and/or

pathogenic colonization of the respiratory and intestinal epithe-

lial surfaces which represent the putative site of initial antigen

encounter [3, 6, 12, 19]. Furthermore, epithelial cells have

been proved to provide co-stimulatory signals promoting termi-

nal differentiation of B-cells oriented towards IgA production,

generating relatively high and constant levels of the immuno-

globulin [4, 5, 21, 22].

Birds have a well-developed mucosal immune system;

its characteristics include local production and secretion of IgA

antibodies and trafficking of IgA producing plasma cells, based

on this the evaluation of IgA levels in the mucosal immune re-

sponse is important and can aid in the NDV control strategies.

CONCLUSIONS

The most suitable samples for IgA determinations were

tracheal washings and bile. No measurable NDV specific mu-

cosal IgA levels response was elicited by the recombinant

adeno-associated virus coding for the HN protein of NDV.

Mucosal IgA levels from revaccinated birds were signifi-

cantly higher (P<0.005) than the levels in the control groups

despite of the strain used for revaccination.

The evaluation of IgA levels in the mucosal immune re-

sponse is important and can aid in the NDV control strategies.
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