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Abstract

The distribution of the immune complex vaccine virus for infectious bursal disease (IBD) in tissue was examined and the viral
loads of the organs were quantitatively compared. One-day-old specific pathogen free (SPF) and maternally immune broiler
chickens were injected subcutaneously with the vaccine. Lymphoid and non-lymphoid tissues were collected at various time
intervals during the experiment to test for infectious bursal disease virus (IBDV)-RNA by using reverse transcriptase-polymerase
chain reaction (RT-PCR). Only the bursa of Fabricius was found to be positive with unusually long viral persistence in the broiler
group. The positive bursa samples were further investigated by using real-time PCR coupled with a TagMan probe. The highest
amounts of the virus were detected at its first appearance in the bursa: on day 14 post vaccination (PV) in the SPF chickens and
on day 17 and day 21 PV in the maternally immune broiler group. The virus then gradually cleared, most likely due to the
parallel appearance of the active immune response indicated by seroconversion.

Résumé

La distribution tissulaire du complexe immun vaccinal pour la maladie infectieuse de la bourse a été examinée et la charge virale dans les
organes comparée de maniere quantitative. Des poussins dgés de un jour exempts d’agents pathogénes spécifiques (SPF) et des poussins de
poulet a griller maternellement immuns ont été injectés par voie sous-cutanée avec le vaccin. Des tissus lymphoides et non-lymphoides ont
été prélevés a différents temps lors de I'expérience afin de détecter I’ ARN du virus de la malade infectieuse de la bourse (IBDV) par réaction
d’amplification en chaine par la polymérase utilisant la transcriptase inverse (RT-PCR). Seule la bourse de Fabricius s’est avérée positive
avec une persistance virale anormalement longue dans le groupe de poulet a griller. Les échantillons de bourse positifs ont été examinés en
plus par épreuve de PCR en temps réel avec une sonde TaqgMan. La plus grande quantité de virus a été détectée lors de sa premiere apparition
dans la bourse : au jour 14 post-vaccination (PV) chez les poulets SPF et aux jours 17 et 21 PV chez les poulets a griller. Le virus a gra-
duellement disparu, probablement a cause de I'apparition d’une réponse immunitaire active tel qu’indiquée par une séroconversion.

(Traduit par Docteur Serge Messier)

plus virulence (3). This vaccine is insensitive to high levels of mater-

Introduction

Infectious bursal disease (IBD) is a common disease of chickens
caused by a double-stranded RNA virus belonging to the Birnaviridae
family (1). Virulent infectious bursal disease virus (IBDV) can induce
severe immunosuppression in susceptible chickens, which fail to
respond optimally to routinely used poultry vaccines and remain
vulnerable to opportunistic field pathogens (2). Commercial chickens
are usually infected early in life so it is necessary to establish protec-
tion as early as possible.

An immune complex IBD vaccine (IBDV-Icx) was developed for
in ovo immunization consisting of IBDV-specific antibodies mixed
with a live, attenuated IBDV strain (2512-IBDV) with intermedier

nal antibodies (Mab) (4) and the potential adverse effect of the IBDV
strain having considerable residual virulence in chickens with low
Mab levels is prevented by the homologous antibody added to the
vaccine. The efficacy of this vaccine at challenge is identical to that
induced by conventional vaccines against IBD, which contain the
same virus strain without antibodies (5). Moreover, Chettle and
Wyeth (6) have shown advanced protection for maternally immune
chickens when the IBDV-Icx is used.

During the challenge period, higher body weight gain has been
recorded after vaccination with IBDV-Iex compared with conven-
tional vaccines without antibodies (7). It has been also shown that
immunosuppressive effects in specific pathogen free (SPF) chickens,
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caused by the highly immunogenic virus strain of the IBDV-Icx, are
markedly moderated by the antibody when compared to vaccination
with this virus strain alone (7).

In ovo vaccination of 18-day-old embryos is a general method for
applying the IBDV-Icx that has been used successfully to vaccinate
millions of commercial broiler chickens around the world. Therefore,
most knowledge about IBDV-Icx was obtained using in ovo applica-
tions (8). In Hungary, very few large hatcheries have the proper
equipment to apply in ovo vaccines, therefore, subcutaneous admin-
istration at 1 d of age is applied. It was reported that the use of
IBDV-Icx by subcutaneous injection is safe and efficacious in SPF
chickens (3) and broiler chickens (5) when given at 1 d of age.
However, there is a lack of knowledge concerning the mode of action
of IBDV coupled with antibodies when using different routes of
administration. The aim of this study was to determine the distribu-
tion of the IBD viral RNA in the tissues of SPF and broiler chickens
using reverse transcriptase-polymerase chain reaction (RT-PCR) and
to compare the viral load of the positive organs using a real-time
PCR assay following subcutaneous injection of IBDV-Icx.

Materials and methods

Animals

Specific pathogen free eggs (SPAFAS; Biovo, Mohacs, Hungary)
and broiler eggs (Cobbs; Gallus, Devecser, Hungary) were hatched
at the Veterinary Research Institute, Budapest, Hungary, in standard
hatcheries. The broiler parent flock was vaccinated against IBDV
with a multivalent, inactivated vaccine before the laying period
(Binewgodrop; Merial, Lyon, France). After hatching, chickens were
housed in isolators and kept in accordance with the international
animal welfare regulations reflected in Hungarian law (248/1988.
[XII.31.] Korm. Rend.). Feed and water were provided ad libitum.

Immune complex IBD vaccine and vaccination
protocol

An immune complex vaccine (Cevac Transmune IBD Vaccine;
CEVA-Phylaxia Biologicals Company, Budapest, Hungary) consist-
ing of 10%° EID,;/0.1 mL of a live intermediate plus IBDV strain
(2512-IBDV) and 20 units of hyperimmune serum against IBDV was
used. Forty 1-day-old SPF chickens and 50 1-day-old broiler chickens
were used. Of these chickens, 21 SPF and 24 broiler received 1 dose
of IBDV-Icx by subcutaneous injection at the back of the neck. The
remaining 19 SPF chickens and 26 broiler chickens were left as
unvaccinated controls.

Tissue collection and preparation

Three SPF chicks were culled from each of the vaccinated and
control groups at 5 h and than at days 1, 3, 6, 10, 14, and 21 post
vaccination (PV). Three broiler chickens from each of the vaccinated
and control groups were removed at days 7, 10, 14, 17, 21, 28, 34, and
43 PV. The chickens were weighed, blood samples were taken, and
euthanized. After autopsy, part of the bursa of Fabricius, spleen,
thymus, cecal tonsils, liver, and duodenum were removed from each
chicken, snap-frozen in liquid nitrogen, and stored at —80°C for
further analyses. For the immunofluorescence assay, organ samples

were collected only from the SPF chickens, embedded in Cryomatrix
(Thermo Shandon, Pittsburgh, Pennsylvania, USA), immediately
frozen in liquid nitrogen, and stored at —80°C until further examina-
tion. Sera from blood samples were separated and stored at —20°C
until use.

Reverse transcriptase-polymerase chain reaction

Fifty to 100 mg of tissues were processed for isolation of total RNA
using reagent (TRIZOL Reagent; Gibco-BRL Life Technologies,
Gaithersburg, Maryland, USA), the procedure was performed accord-
ing to the protocol provided by the manufacturer. The RNA from
each sample was dissolved in 20 pL of sterile RNAse-free water,
quantitated spectrophotometrically, and either stored at —80°C or
used immediately for RT-PCR. First-strand cDNA was synthesized
in a 25 pL final volume at 37°C for 1 h using 2 pg of total RNA
(Moloney Murine Leukemia Virus Reverse Transcriptase; Promega
Corporation, Madison, Wisconsin, USA) and mixed primers of
oligo-dT and pd(N), (Random Hexamer; Amersham Pharmacia,
Buckinghamshire, United Kingdom) in a ratio of 4:1. After the
RT reaction, a 202 base pair (bp) fragment was amplified by applying
the primers specific for the VP2 gene of IBDV, designed by the
sequence of 2512-IBDV strain (GenBank accession number AF457105):
202R 5-CCGGACGACACCCTGGAG-3’ (position 182 to 200 nucle-
otides [nt]) and 202F 5-AACTGGCCGGTAGGTTCTGG-3" (posi-
tion 384 to 364 nt). The PCR was conducted as follows: initial melt
at 94°C for 3 min, followed by 35 cycles of a repetitive program of
30 s at 94°C, 30 s at 58°C, and 40 s at 72°C. A final elongation step at
72°C for 10 min completed the PCR procedure.

Three-week-old SPF chickens were infected with virulent IBDV
and the bursae were removed 3 d later. These samples were used as
positive controls for RNA extraction and RT-PCR. An IBDV-plasmid
was prepared by cloning a VP2 IBDV-fragment into the phagemid
(pBluescript II KS; Stratagene, La Jolla, California, USA) and used
as a positive PCR control. The PCR products were visualized after
electrophoresis on a 2.5% agarose gel.

Nested PCR

A nested PCR method with external primers, designated P1 and
P2 (9), and internal primers, P2.3 and P5.3, was used (10). The sequences
of the primer sets were as follows: P1: 5-TCACCGTCCTCAGCTTAC-3',
P2: 5-TCAGGATTTGGGATCAGC-3’, P2.3: 5-CCCAGAGTCTA
CACCATA-3, P5.3: 5-TCCTGTTGCCACTCTTTC-3". The primers
amplify a 474 bp product spanning from 703 to 1176 nt (11), which
encompasses the hypervariable region of the VP2 gene. The PCR
reactions were conducted following the procedures described by Liu
etal (9) and Lin et al (10) for the 2 sets of primers, respectively.

Polymerase chain reaction sensitivity

The sensitivities of the RT-PCR and nested PCR assays were
determined by using an IBDV strain (LIBD) replicating in a chicken
embryo fibroblast (CEF). Plaque assay of 10-fold serially diluted
IBDV was used to determine the viral titre (12). The RNA extraction
and RT-PCR or nested PCR were performed from the serial dilutions
using a pair of primers 202R/202F, in the case of RT-PCR, and P1/P2
external and P2.3/P5.3 internal primers, in the case of nested PCR.
Sensitivity was calculated according to the dilution factors of the
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PCR assay conditions as described above and expressed in plaque
forming units (PFU).

Real-time PCR

Quantification of IBDV, based on the increase of fluorescence
signal during the PCR, was determined by using real-time PCR
(iCycler iQ Multi-Color Real Time PCR Detection System; Bio-Rad,
Hercules, California, USA) and a TagMan probe. The following prim-
ers were designed by the sequence of 2512-IBDV strain (GenBank
accession number AF457105) to amplify a 74 bp fragment of the
VP2 gene: VP2F 5'-GGACACAGGGTCAGGGTCAAT-3’
(position 246 to 266 nt) VP2R 5'-GCAGTGTGTAGTGAGCACCCA-3
(position 299 to 319 nt). The VP2-TagMan probe was designed for
the 74 bp sequence and was labelled with the reporter dye FAM at
the 5" end and the quencher dye TAMRA at the 3’ end: 5'-(FAM)-
TCTTTTTCCCTGGATTCCCTGGCTCA-(TAMRA)-3’. The PCR
mixture (50 pL total volume) contained 1X PCR buffer (Gibco-BRL
Life Technologies), 3 mM MgCl,, 300 pM of each deoxynucleotide
triphosphate (ANTP), 45 pmol of each IBDV-specific primer, 5 U of
Taq DNA polymerase (Gibco-BRL Life Technologies), 1.5 pmol of
TagMan probe, and 1 wL of cDNA template. The PCR conditions
were as follows: initial denaturation at 95°C for 3 min, followed by
45 cycles of a repetitive program of 30 s denaturation at 95°C, 30 s
annealing at 60°C, and 30 s extension at 72°C.

Oligonucleotide primers for 185 rRNA, as a normalizer were used
to amplify a 186 bp product (13): 185 sense 5'-CGGCTACCACATCC
AAGGAA-3’ (position 370 to 389 nt) and 18S anti-sense 5'-
GCTGGAATTACCGCGGCT-3’ (position 539 to 556 nt). To quantify
the relative abundance of 185 rRNA, TagMan probe was used (13):
5’-(FAM)-TGCTGGCACCAGACTTGCCCTC-(TAMRA)-3". The
PCR mixture (50 p.L total volume) contained 1X PCR buffer (Gibco-
BRL Life Technologies), 3 mM MgCl,, 300 uM of each dNTP, 300 nM
of each 185-specific primer, 5 U of Taq DNA polymerase (Gibco-BRL),
50 nM of 185-TagMan probe, and 1 pL of cDNA template. The
PCR conditions were as follows: initial melt at 95°C for 3 min, fol-
lowed by 40 cycles of a repetitive program of 15 s at 95°C, and 60 s
at 62°C. The IBDV and 18S amplifications were performed in sepa-
rate tubes.

Abursa cDNA sample from a chicken vaccinated with IBDV was
10-fold serially diluted from 107! to 1075 for 185 rRNA and 5-fold
serially diluted in 4 steps, beginning from the 10-fold diluted sample
for IBDV (10X, 50X, 250X, etc.) to achieve calibration curves.

Correlation coefficient and PCR efficiency calculated by using
computer software (iCycler Software; Bio-Rad) in order to show the
accuracy and linearity of the measurements. Results were expressed
in the threshold cycle value (C;), the cycle at which the change in
the emission of fluorescence of the reporter dye passes a significance
threshold as calculated by the computer software (iCycler Software;
Bio-Rad). The higher the initial amount of DNA of interest, the
sooner accumulated product is detected in the PCR process and the
lower the C;. value. Standardization to normalize for differences in
the amount of total RNA added to each reaction was made according
to the comparative C; method (AAC, method). For real-time PCR,
each sample was repeated in triplicates. Each experiment contained
no template controls, negative control bursa of Fabricius sample
from the uninoculated group, positive control bursa of Fabricius

samples from virulent IBDV vaccinated chickens, test samples, and
dilution series.

Immunofluorescence assay (IFA)

Sections were stained by using standard immunofluorescence
techniques (14) with some modifications. In brief, cryostat sections
of 5 to 7 wm thick were picked up onto poly-L-Lysin (Sigma
Diagnostics, St. Louis, Missouri, USA) treated slides (Multitest Slides;
ICN Biomedical, Costa Mesa, California, USA). They were air-dired
and fixed in pure acetone for 10 min. After rehydration in phosphate-
buffered saline solution (PBSS) contaning 4% (v/v) inactivated horse
serum for blocking non-specific binding sites (pH = 7.1), the sections
were incubated with a previously determined dilution of polyclonal
(rabbit anti-VP2 of IBDV; 1:50) and mouse monoclonal (anti-w; 1:200)
antibodies (70 wL/section) for 1 h at 37°C in a humidified chamber.
Slides were rinsed 3 times in washing buffer (PBSS + 0.05%
TWEEN 20) and were subsequently incubated with swine anti-
rabbit IgG conjugated with fluorescein isothiocyanate (FITC; DAKO,
Glostrup, Denmark) and/or rabbit anti-mouse FITC conjugate, as
described above, at a dilution recommended by the manufacturer.
At the completion of the procedure, contrast staining was performed
in 0.01% Evans Blue. After rinsing in distilled water, the slides were
dried and mounted (Supermount Permanent Aqueous Mounting
Medium; BioGenex, San Ramon, California, USA) and viewed by
using an epifluorescence microscope (Nikon Optophot; Nikon,
Melville, New York, USA).

Enzyme-linked immunosorbent assay (ELISA)

Antibody titres against IBDV were determined by using an ELISA
kit (FlockChek Infectious Bursal Disease Antibody Test Kit; IDEXX
Laboratories, Westbrook, Maine, USA) following the protocol pro-
vided by the manufacturer. Titers were calculated according to the
manufacturer’s instructions and serum samples with titers greater
than 396 were considered positive. Results were expressed as geo-
metric mean antibody titers (GMT) calculated from serum samples
of 3 chickens.

Reverse transcriptase-polymerase chain reaction
and nested PCR

The detection limit of the RT-PCR and nested PCR assays for the
detection of IBDV were determined. After RT-PCR amplification of
the serially 10-fold diluted IBDV strain, a distinct fragment of 202 bp
was observed in the dilution containing 10* PFU viruses. The nested
PCR showed a distinct fragment of 472 bp in the dilution containing
10" PFU IBDV (data not shown).

Results of detection of specific RNA for IBDV VP2 gene by RT-PCR
are shown in Tables I and II. In the IBDV-Icx vaccinated SPF group
(Table I), the 202 bp fragment was detected in the bursa of Fabricius
on day 14 and day 21 PV. In the IBDV-Icx vaccinated broiler group
(Table II), 2 out of 3 bursa samples on day 17 PV, 1 out of 2 on day 21
PV, and all bursa samples on the subsequent sampling days were
IBDV positive, until the end of the trial period on day 43 PV.
Infectious bursal disease virus was not detected in the spleen,
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Table I. Virus detection by reverse transcriptase-polymerase chain reaction (RT-PCR) and
immunofluorescence assay (IFA) in various organs and serological response detected by
enzyme-linked immunosorbent assay (ELISA) in serum samples from specific pathogen
free (SPF) chickens inoculated with immune complex infectious bursal disease vaccine
(IBDV-Icx)

Hours and RT-PCR IFA ELISA
days PV BF SP TH CT L D BF Serum
5h 0/12 0/2 0/3 nd 0/3 0/3 0/1 1.78°
1 0/3 0/2 0/3 nd 0/3 0/3 0/1 2.88
3 0/3 0/3 0/3 nd 0/3 0/2 0/1 2.82
6 0/3 0/3 0/3 0/1 nd nd 0/1 2.09
10 0/3 0/3 0/3 0/1 0/3 0/3 0/1 3.24
14 3/3 0/2 0/3 0/2 nd nd 1/1 832.00
21 3/3 0/3 0/3 0/3 0/3 0/2 1/1 794.00

nd — Not determined; PV — post vaccination; BF — bursa of Fabricius; SP — spleen; TH — thymus;
CT — cecal tonsils; L — liver; D — duodenum

@ Number positive/total tested

b Results are expressed as geometric mean antibody titers (GMT) of 3 serum samples

Table Il. Virus detection by reverse transcriptase-polymerase chain reaction (RT-PCR) in
various organs and serological response detected by enzyme-linked immunosorbent assay
(ELISA) in serum samples from maternally immune broiler chickens inoculated with immune
complex infectious bursal disease vaccine (IBDV-Icx)

RT-PCR ELISA
Days PV BF SP TH CT L D Serum®
14 0/32 0/3 0/3 0/3 0/3 0/3 354.8°
17 2/3 0/3 0/3 0/3 0/3 0/3 343.1
21 1/2 0/3 0/3 0/3 0/3 0/3 316.2
28 3/3 0/3 0/3 0/3 0/3 0/3 2290.9
34 3/3 0/2 0/2 0/2 0/2 0/2 2089.3
43 3/3 0/3 0/3 0/3 0/3 0/3 3090.3

PV — post vaccination; BF — bursa of Fabricius; SP — spleen; TH — thymus; CT — cecal tonsils;

L — liver; D — duodenum
@ Number positive/total tested

b ELISA results from day 7 and day 10 PV are indicated in the text
¢ Results are expressed as geometric mean antibody titers (GMT) of 3 serum samples

thymus, cecal tonsils, liver, or duodenum in any of the vaccinated
groups. Furthermore, every tissue from the uninoculated control
groups remained consistently negative at each sampling interval
(data not shown).

All bursa samples and the randomly tested spleen, thymus, and
cecal tonsil samples that were found to be negative by RT-PCR in
both previous experiments, were tested by nested PCR. Every
sample negative by RT-PCR also proved to be negative by nested
PCR (data not shown).

Real-time PCR analysis of the bursa of Fabricius
samples

For real-time analysis, the tissue samples used were previously
found to be positive by RT-PCR. Thus, the following samples were
included: bursa of Fabricius samples from the IBDV-Icx vaccinated
SPF group from day 14 and day 21 PV, and bursa of Fabricius
samples from the IBDV-Icx vaccinated broiler group from days 17,

21, 28, 34, and 43 PV. Bursae from the virulent IBDV infected
SPF chickens were used as positive controls. The bursa of Fabricius
samples, from day 22, from the uninoculated control group and a
no-template control were used as negative controls.

Calibration curves were constructed and linearity was achieved
for 185S- and IBDV-specific primer sets in 5 and 4 orders of magni-
tude, respectively, under the conditions we used. Reproducibility of
the replicate measurements was sufficient, as shown by the standard
deviation values (Tables III A and B). Regression analysis of the C.
values generated by the dilution series obtained the following values:
0.999 correlation coefficient and 92.8% of PCR efficiency for 185 rRNA
and 0.992 correlation coefficient and 100.7% of PCR efficiency for
IBDV. The slopes of the regression lines were 3.508 and 3.306 for 185
rRNA and IBDV, respectively.

To control for variation in sampling and RNA preparation the
C; values for IBDV-specific product were standardized for each
sample of interest by the C; values for 185 rRNA, as a housekeeping
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Table IlIl. The threshold cycle (C;) values for the replicate measurements
of 18S rRNA (A) and infectious bursal disease virus (IBDV) (B) standard

curves

A

Replicates of 18S rRNA

C; values for cDNA dilutions

standard curve 1071 1072 1073 1074 1073
1 13.5 17.1 20.6 24.1 27.7
2 13.6 17.0 20.7 24.4 27.0
3 13.6 17.3 20.9 24.6 27.8
Mean 13.57 17.13 20.73 24.37 27.50
s 0.06 0.15 0.15 0.25 0.44
B
Replicates of IBDV C; values for cDNA dilutions
standard curve 10X 50X 250X 1250X
1 24.4 26.7 290.6 30.8
2 24.4 26.7 20.4 31.2
3 23.9 27.0 29.5 31.2
Mean 24.23 26.80 29.50 31.07
S 0.29 0.17 0.10 0.23
s — standard deviation
gene. The 185 rRNA was a proper normalizer for these experiments 1200
as its expression levels remained constant during the infection ” |
period: 10.4 and 10.8 C;, (on day 14 and day 21 PV, respectively) in g 1000
the SPF chickens and between 10.5 and 11.9 C; (during the period T 800
between day 17 and day 43 PV) in the broiler chickens. On each %
sampling day, 3 bursa samples were processed (except on day 21 PV s 600
in the broiler chicken experiment when 2 bursa samples were used) % 400
and each sample was used in triplicate, for real-time PCR analysis. g
The means of the triplicates were calculated and differences between £ 200
IBDV-specific and 18S-specific C; values (AC;) were determined for °© 5 |j é .
each sample. As a reference (baseline), the non-vaccinated bursa DI4PV D21 PV DI7PV D21PV D28PV D34PV D43 PV
SPF SPF broiler  broiler  broiler  broiler  broiler

sample was chosen and its AC, was applied to determine the AAC,
values and than the relative viral load levels (2744¢T) for each
sample. Finally, results were expressed as N-times increase in the
viral load compared to the uninoculated control reference level.

In the broiler chicken experiment, 1 out of 3 bursa of Fabricius at
day 17 PV and 1 out of 2 bursa of Fabricius at day 21 PV remained
negative since the IBDV-specific AC; values were comparable to the
ACT of the uninoculated negative control (20.67, 20.60, and 21.2,
respectively). These 2 samples were negative by RT-PCR as well
(Table II), and they were not included in the calculations as, due to
the lack of virus replication, these samples were regarded as not
informative enough for the purpose of quantitative studies. In the
SPF chicken group, all of the bursa of Fabricius were infected by the
IBDV-Icx vaccine virus. In this group, the relative viral load in the
bursa samples decreased between day 14 and day 21 PV with values
from 622 to 148 times above the uninoculated control value as a
baseline (Figure 1). In the broiler chicken experiment, the highest
viral load at day 17 and day 21 PV decreased by day 28 and further
by day 34 and day 43 PV (Figure 1). The highest viral load
(14263.1 times above the baseline) was measured in the positive
control bursa (data not shown).

Figure 1. Relative quantification of infectious bursal disease virus (IBDV)
RNA in bursa of Fabricius of specific pathogen free (SPF) chickens and
broiler chickens vaccinated with immune complex IBD vaccine (IBDV-Icx).
Results are expressed as N-times increase in the viral load compared to
the uninoculated control reference level. Mean values were calculated from
2 to 3 bursa samples collected on the same day and measured 3 times.
The standard deviations are indicated. D — day; PV — post vaccination.

Immunofluorescence assay

Infectious bursal disease virus-specific antigens, indicating IBDV
replication, were seen in the bursa of Fabricius sections from IBDV-
Iex vaccinated SPF chickens and collected at day 14 and day 21 PV
(Table I, Figure 2B). In bursa of Fabricius samples from other time
points, barely visible, scattered, very small spots were present, which
were qualified as non-specific background reaction (Figure 2A).
Tissue samples collected any time point of the experiment from the
thymus, spleen, and cecal tonsils proved to be IBDV-antigen negative
(data not shown).

The structure of the bursa of Fabricius was intact until day 10 PV,
as detected by staining for antibody IFA against IgM (Figure 2C),
but signs of virus replication, such as depletion of lymphocytes,
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Figure 2. Inmunofluorescence assay (IFA) staining of bursa of Fabricius sections stained with antibodies against infectious bursal disease virus (IBDV)
(A,B) or IgM (C,D) from specific pathogen free (SPF) chickens vaccinated with immune complex IBD vaccine (IBDV-Icx). At day 10 post vaccination (PV),
the IBDV antigen was not detectable (A) and the bursa tissue showed normal follicular structure (C). By day 14 PV, IBDV-specific antigens were indicative
of IBDV replication (B) together with destroyed follicular structure, lymphocyte depletion, and inflammatory signs in the interfollicular tissue (D). Arrows
show IBDV-specific antigens (B) and lymphocyte depletion (D). Magnification: 200 X.

atrophy of the follicles, and inflammatory signs in the interfollicular
tissue, were detected at day 14 PV (Figure 2D) and onward (data not
shown).

Enzyme-linked immunosorbent assay

An active immune response to IBDV-Icx vaccination could be
observed in both vaccinated groups, as monitored by using an ELISA
(Tables I and II). The SPF chickens seroconverted by day 14 PV
(Table I) when the geometric mean titer (GMT) was 832 and remained
at this level until day 21 PV. Serum samples from the uninoculated
SPF chicken group remained negative (data not shown). Maternal
antibody GMTs of 1820 at day 7 PV and 759 at day 10 PV were
detected in the vaccinated broiler chicken group and declined to 355
by day 14 PV, below the baseline value of 396 given by the manufac-
turer (Table II). Two weeks later, on day 28 PV, IBDV-specific antibod-
ies appeared and further increased by day 43 PV, until the end of the
experiment. In the uninoculated broiler chicken group, maternal
antibody levels declined below the baseline value by day 14 PV in
the absence of an active antibody response (data not shown).

The tissue distribution of the subcutaneously applied IBDV-Icx
virus and the quantitative analysis of the viral load in the IBDV-
positive organs were studied in this paper. The vaccine virus was
detected in the bursa of Fabricius in SPF chickens from day 14 PV
until the end of the experiment, at day 21 PV. Appearance of IBDV
as late as day 14 PV was unexpected, comparing to the results
obtained from in ovo IBDV-Icx experiments. Corley et al (15) dem-
onstrated the IBDV-Icx virus proteins in the bursa of Fabricius in
SPF chickens at day 6 post in ovo vaccination (PIOV) using antigen
capture ELISA (ACCE). Jeurissen et al (4) detected the IBDV-Icx virus
in the bursa of Fabricius by immunohistochemistry from day 10 until
day 19 PIOV, when only a few small spots of the virus were seen.
Furthermore, in our experiment no virus was found in any other
tissues we tested, while IBDV-Icx antigen was detected in the spleen
and thymus by others (4,15). To confirm our results, IFA and a more
sensitive method, the nested PCR, were used to test all bursa of
Fabricius samples.
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Results coincided with those obtained by RT-PCR, namely, IBDV
was detected only in the bursa of Fabricius on day 14 and day 21 PV
(Table I, Figure 2). As the results of the IFA, nested PCR, and RT-PCR
were the same in the case of bursa of Fabricius, similar results were
expected for the spleen, thymus, and cecal tonsil samples, therefore,
these were tested only randomly and all proved to be negative.

Sensitivity of the PCR assays utilized in our study was similar to
those published by Phong et al (16) and Wu et al (17). The discrepancy
between results in the literature (earlier detection in the bursa of
Fabricius and positive signals in the thymus and spleen) and our
results (later detection and lack of signal in other lymphoid tissues)
could be due to the different route and timing of vaccine delivery.
Sharma (18) found differences between vaccination in ovo or at hatch,
namely, tissue distribution, was more extensive and virus levels in
tissues were higher if the vaccine was given in embryonated eggs.
Komine et al (19) demonstrated that vaccine efficiency and virus
detection after vaccination depend on the mode of application. Based
on the results of Jochemsen and Jeurissen (20) an in ovo applied
antigen is taken up by the embryo orally and transferred into the
gastrointestinal system and the lungs, unlike in the situation following
subcutaneous application. Therefore, it can be assumed that different
types of cells, lymphoid tissues, and/or mechanisms may take part
in the immune response against the same antigen resulting in differ-
ent pattern of virus replication. It should also be taken into consider-
ation that Iex vaccines of different companies may contain different
amounts of specific antibodies (in view of the confidentiality of the
composition). Kumar and Charan (21) have shown that IBDV coated
with different units of antibodies showed different degrees of replica-
tion. Consequently, the amount of antibodies in the IBDV-Icx could
exert an influence on the onset and degree of virus replication.

In the maternally immune broiler chickens, the virus was detected
between day 17 and day 43 PV, until the end of the trial period. In
this group, a few days delay was observed in the first detection when
compared to the results of the SPF chickens, probably due to the
inhibiting effect of Mabs. The decline of Mab was previously found
to correlate with timing of bursal destruction caused by the IBDV-Icx
(22). In this study, decline of ELISA titers by day 14 PV could allow
the onset of virus replication around this time and the first detection
3 d later. Corley et al (23) examined the distribution of IBDV-Icx virus
in tissues in the presence of high levels of Mab and detected it as
early as day 3 PIOV in the bursa of Fabricius by nested PCR (unfor-
tunately, it is not clear whether the thymus and spleen were tested
or not). On the other hand, ACCE was not able to show IBDV antigen
in any tissue tested (23). Nested PCR was used in this experiment
and virus was undetectable before day 18 in the bursa of Fabricius,
furthermore, any other tissue tested randomly remained negative.
However, persistence of the vaccine virus in the broiler chicken
group was unusually long. In the broiler chickens, only one study
reported similar length of persistence of a variant, non-attenuated
IBDV strain given to 1-day-old maternally immune chickens and
detected after between 2 and 6 wk by using RT-PCR (24). In SPF
chickens, IBDV persisted for about 4 wk in the bursa of Fabricius
after inoculation at 2 wk of age with a variant IBDV strain (25) or
with a bursa of Fabricius-derived IBDV strain (26).

A relative quantification of viral load was made in the IBDV-
positive bursa of Fabricius samples originating from different time

points after vaccination. Previous studies used real-time PCR to
measure IBDV RNA levels or to detect mutations in IBDV strains
(27-30). In the present study, the sequence-specific TagMan probe
was used for the 185 rRNA and for IBDV, in separate tubes. The
widely used 185 rRNA was chosen as an internal control because of
its abundance and stability during the infection. For example, the
average C, values for 185 in the broiler experiment were 10.9, 11.0,
and 11.1 at day 17, day 28, and day 34 PV, respectively, indicating
the consistency throughout the infection. However, some individual
samples showed fluctuations in the C; values (the biggest difference
between 2 samples was 2.8 C; representing about 7 times difference
in dilution) originating from sampling and RNA purification. To
minimize these variations, the differences for 185 rRNA were used
to correct the C; values for IBDV. In both experiments, the highest
virus amounts were detected in those bursa samples, which proved
to be RT-PCR positive at the earliest time, at day 14 PV in the SPF
chickens and at day 17 to day 21 PV in the broiler chicken group
(Table II, Figure 1). These levels gradually declined during the trial
period. As both groups sero-converted due to vaccination, this
decline could be explained by the active immune response that
restricted the virus replication and induced gradual clearance of the
virus from the bursa. In the SPF chicken group, the relative virus
level reduced to one quarter during 1 wk. In the broiler chicken
group, viral levels decreased from about 600 to 10 during the 4-week
trial period (Figure 1). Moody et al (27) showed that IBDV completely
cleared from the blood by the 4th d after infection, however, the virus
persists for a longer time in the bursa of Fabricius, the target organ
for virus replication (31,32). The detectable levels of vaccine virus
were measured by the end of both experiments in the bursa of
Fabricius indicating even longer persistence than shown.

In conclusion, the subcutaneous IBDV-Icx vaccination resulted
in delayed vaccine virus replication in the bursa of Fabricius
compared to in ovo vaccination, and it also caused long persis-
tence of IBDV-Icx virus in maternally immune broiler chickens.
Gradually decreased viral RNA levels were measured in the
positive organs of both SPF chicken and broiler chicken groups
throughout the experimental period. The applied real-time PCR
procedure has been proven to be an accurate, sensitive, and repro-
ducible quantitative tool to compare the relative viral levels in
the bursa.
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