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ABSTRACT

Two experiments were conducted in order to determine com-
parative severity of gross, histopathologic, and ultrastructural
esions among six lines and five cross-mating of chickens to in-
fectious bursal disease virus (IBDV). In these experiments,
1,260 lines of chickens and 420 cross-mating of chickens and
200 Specific-Pathogen-Free (SPF) chickens were used. In the
=xperiment one, chickens were vaccinated at 4 weeks of age
oy the oral route with a commercial intermediate live IBD vac-
cine. Samples of bursa of Fabricius at 4,8, and 11 weeks (wk)
of age, were collected and fixed in 10% buffer formaldehyde
for histophatologic study, or in a mixture of 2.5% glutaralde-
hyde, 1% paraformaldehyde, 0.05 M caicium chloride in 0.2 M
sodium cacodylate-HCI buffer pH 7.2, 350 mOsm, for TEM
study. Tissue samples were subsequently post-fixed in osmium
and dehydrated through graded alcohol then embedded in ep-
axy resin. Ultrathin sections were doubly stained in uranyl ace-
izte and lead citrate and observed using Hitachi H-7100 TEM.
Seven wk after vaccination, histopathologic study showed bur-
sae atrophy and reduced bursa:body weight (B:BW) ratios,
which may imply a concurrent potential decrease in immune
competence of chickens following IBD vaccination. Transmis-
sion electron microscopy study demonstrated IBD virions in cy-
oplasm of lymphocytes in bursa tissues from vaccinated lines
and cross-mating of chickens and SPF chickens. In experiment
wo, 1,480 lines and 520 cross-mating of chickens and 210
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SPF chickens were challenged with IBD standard challenge vi-
rus, at 4 weeks of age by the eye drop route. The mortality af-
ter challenge was 4% in lines and cross-mating chickens and
29% in SPF chickens. The histopatholgic and ultrastructural le-
sions were studied at 3, 7, and 24 days after challenge. The le-
sions were follicular lymphoid necrosis, depletion, and acute in-
flammation with edema, hemorrhage, and heterophils infilira-
tion through the observation period of 24 days. The severity of
bursal lesions were greater and more persistent in SPF chick-
ens than in the lines and cross-mating chickens. Bursa sam-
ples from infected chicken were macerated and centrifuged,
and the supernatants were directly applied fo membrane sup-
ported grids for negative staining with 1% neutralized PTA. Ul-
trathin sections of bursal tissues from infected chickens re-
vealed viral inclusions in the cytoplasm of lymphocytes and
macrophages. In conclusion, these findings suggest that lines
and cross-mating chickens had greater immune resistance to
IBDV challenge than SPF chickens, which is possibly due to
genetic factors.

Key words: Fabricius bursa, IBD virus, histopathology, TEM.
RESUMEN

Dos experimentos fueron realizados con el objeto de determi-
nar la severidad de las lesiones macroscépicas, microscapicas
y ultraestructurales causadas por la infeccion del virus de la
bolsa de Fabricio (IBDV) en seis lineas y cinco cruces de po-
llos. En el primer experimento, se utilizaron 1.680 pollos de li-
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for histophatologic study, or in a mixture of 2.5% glutaralde-
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sodium cacodylate-HCI buffer pH 7.2, 350 mOsm, for TEM
study. Tissue samples were subsequently post-fixed in osmium
and dehydrated through graded alcohol then embedded in ep-
oxy resin. Ultrathin sections were doubly stained in uranyl ace-
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Seven wk after vaccination, histopathologic study showed bur-
sae atrophy and reduced bursa:body weight (B:BW) ratios,
which may imply a concurrent potential decrease in immune
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SPF chickens were challenged with IBD standard challenge vi-
rus, at 4 weeks of age by the eye drop route. The mortality af-
ter challenge was 4% in lines and cross-mating chickens and
29% in SPF chickens. The histopatholgic and ultrastructural le-
sions were studied at 3, 7, and 24 days after challenge. The le-
sions were follicular lymphoid necrosis, depletion, and acute in-
flammation with edema, hemorrhage, and heterophils infiltra-
tion through the observation period of 24 days. The severity of
bursal lesions were greater and more persistent in SPF chick-
ens than in the lines and cross-mating chickens. Bursa sam-
ples from infected chicken were macerated and centrifuged,
and the supernatants were directly applied to membrane sup-
ported grids for negative staining with 1% neutralized PTA. Ul-
trathin sections of bursal tissues from infected chickens re-
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macrophages. In conclusion, these findings suggest that lines
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IBDV challenge than SPF chickens, which is possibly due to
genetic factors.
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RESUMEN

Dos experimentos fueron realizados con el objeto de determi-
nar la severidad de las lesiones macroscopicas, microscopicas
y ultraestructurales causadas por la infeccion del virus de la
bolsa de Fabricio (IBDV) en seis lineas y cinco cruces de po-
llos. En el primer experimento, se utilizaron 1.680 pollos de li-
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neas genéticas, 420 pollos de cinco cruces genéticos y 200
pollos libres de patdgenos (SPF), que fueron vacunados a las
4 semanas de edad, por via oral con una vacuna intermedia
comercial a virus vivo. Las muestras de bolsa de Fabricio fue-
ron colectadas a las 4 (previo a la vacunacién), 8 y 11 sema-
nas de edad (después de la vacunacion) y fijadas en una solu-
cién formaldehido neutro al 10% para estudio histopatologico
por microscopia aptica (MO), y/o fijadas en una mezcla de glu-
traldehido al 2,5%, paraformaldehido al 1%, 0,5 M Cloruro de
calcio en solucion tamponada de cacodilate de sodio al 0,2 M
pH 7,2, 350 mOsm, para estudio por microscopia electronica
de transmision (MET). Siete semanas después de la vacuna-
cion, la observacion microscopica de las muestras de bolsa de
Fabricio mostro atrofia y disminucion de la relacion bolsa:peso
vivo, lo que puede sugerir que se produjo una disminucion de
la inmunidad en los pollos después de la vacunacion. La ob-
servacion por MET demostiro el virus de IBD en el citoplasma
de linfocitos de la bolsa de Fabricio provenientes de lineas y
cruces genéticos de pollos, asi como en pollos SPF, previa-
mente vacunados. En el segundo experimento, se utilizaron
1.480 pollos de lineas genéticas, 520 pollos de cruces genéti-
cos y 210 pollos SPF, que fueron desafiados a las 4 semanas
de edad con el virus IBD estandar, mediante gota en el ojo. La
mortalidad después del desafio fue del 29% en pollos SPF y
4% en los pollos de las lineas y cruces genéticos. El grado de
las lesiones fue estudiada por MO y MET a los 3, 7 y 24 dias
después del desafio con IBDV. Las lesiones consistieron en
necrosis folicular, deplecién de linfocitos e inflamacion aguda
con edema, hemorragia e infiltracion de heterdfilos, durante el
periodo de observacion de 24 dias. El grado de las lesiones de
la bolsa de Fabricio fue mayor y mas persistentes en los pollos
SPF que en los pollos de las lineas y cruces genéticos. Mues-
tras de bolsas de Fabricio de pollos infectados fueron macera-
das y centrifugadas, y el sobrenadante fue recogido sobre reji-
llas con membrana de soporte y tefidas con tincion negativa
con 1% de acido fosfotungstico. Los cortes ultrafinos prove-
nientes de pollos infectados revelaron la presencia de inclusio-
nes virales en el citoplasma de linfocitos y macréfagos. En
conclusion, estos hallazgos sugieren que los pollos de las li-
neas y cruces genéticos tuvieron una mayor resistencia al de-
safio con el virus de IBD que los pollos SPF, lo que pudiera
deberse a factores genéticos.

Palabras clave: Bolsa de Fabricio, virus IBD, histopatologia,
ultraestructura.

INTRODUCTION

Infectious bursal disease (IBD) was described as a spe-
cific disease by Cosgrove in 1962. It is a highly contagious and
immunosuppressive viral infection in young chickens which
causes damage to lymphoid tissue with special predilection for
the bursa of Fabricius [5, 19, 23]. Also, out breaks commonly

534

appear due to lack of maternal antibodies or response to vac-
cine.

This disease has a short incubation period and appears
suddenly in young chickens, fully susceptible to the clinical dis-
ease, between 3 and 6 weeks of age, usually the disease show
high morbidity and low mortality rates and short duration of
clinical signs. On the ather hand, chickens less than 3 weeks
of age usually do not exhibit clinical signs, but undergo immu-
nosuppression [1, 8, 9, 10, 26, 27, 37, 40].

Clinical signs of IBD are not specific but gross and histo-
pathologic bursal lesions in the initial stages are pathogno-
monic and include degeneration and necrosis of lymphocytes
in the medulla of the bursal follicles. Later, there is infiltration of
heterophils, pyknotic debris, and hyperplastic reticular cells. All
lymphoid follicles are affected by 3 or 4 days after infection and
the bursa of Fabricius increases in size and weight due to se-
vere edema, hyperemia, and marked infiliration of hetrrophils.
As the inflammation reaction declines, cystic cavities develop
in medullary areas of follicles. Hyperplasia of epithelia is pres-
ent, and necrosis and phagocytosis of heterophils and plasma
cells occur, followed by atrophy and fibroplasia of the bursa
[5, 6, 31, 38].

Immunization is the principal method used for the control
of IBDV infection. Especially important is the immunization of
breeder flocks in order to confer maternal immunity to the prog-
eny. However, an universal vaccination program can not be
suggested due to the variability in maternal immunity, genetic
potential, and management [3, 4, 9, 17, 21, 24, 31, 36, 43, 45].

The purpose of this study was to determine, first, the
comparative severity of gross, histopathologic, and ultrastruc-
tural lesions of the bursa of Fabricius in chickens to IBD virus,
and second, the site of IBD virus replication and persistence.

MATERIALS AND METHODS

This study was conducted at the University of Florida,
Poultry Research Buildings, Department of Large Animal Clini-
cal Sciences, College of Veterinary Medicine, and at the Uni-
versity of Costa Rica, Electron Microscopy Laboratory.

Specific-pathogen-free chickens (SPFAS Inc., Norwich,
Con 06360) and chickens from six genetic lines and five
cross-mating (Dekalb Poultry Research, Inc., Chicago, lllincis
0115) were used in these studies.

A commercial IBD intermediate live vaccine (D78, Inter-
vet America Inc.) and Standard USDA field challenge virus
(STC, 12/06/93, provided by the University of Delaware) were
used in these experiments. The IBD challenge virus was
propagated in 9 to 11-day-old SPF embryonated eggs.
Tryptose-phosphate broth with antibiotics (0.61 gm penicillin,
1.31 gm streptomycin sulphate, and 25 gm amphotericin B in
100 mL) was used as the diluent. Chicken embryos were in-
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oculated by the chorioallantoic membrane route with 0.1 mL of
inoculum using a 1 mL syringe with a 20 gauge, 1 %z inch nee-
dle. Infectious chorioallantoic fluid and tissues were pooled, the
=IDsg determined, and the virus was stored at — 70°c in 1 mL
aliquots in sterile screw cap vials. Titers were determined by
the method of Reed and Muench [35]. Thirty SPF chickens,
inree weeks old, were inoculated by eye drop route with 104
EIDso [44]. Three days after infections, the 30 SPF chickens
clinically affected were killed and their bursa of Fabricius were
collected and stored at —70°C to harvest the IBD virus. All
oursa tissues were homogenized and prepared using 20%
oursa weight:volume in tryptose broth with antibiotics. The
oursa homogenate was centrifuged at 1,500 xg for 20 minutes,
and the supernate was collected and stored frozen at — 70°c
until it was used as inoculum. Titration of IBD was performed
using the chorioallantoic nfembrane (CAM) route of inoculation
n 9 to 11 day-old SPF embryonated eggs. Each dilution, rang-
ng from 10 to 10"® was inoculated into three eggs. All eggs
were candled daily and deaths occurring within the first 48
nours were eliminated from the calculations. Seven days post-
noculation, the number of infected and dead embryos were re-
corded and the 50% endepoint determined by the method of
Reed and Muench [36]. Each experimental chicken in the six
aroups received a dose of 10*° EIDsp of the inoculum by eye
drop route.

Before and after IBD vaccination and after IBDV chal-
=nge, samples of bursa of Fabricius from experimental chick-
zns (lines and cross-mating) and SPF chickens were fixed in
10% buffered formaldehyde, embedded in paraffin, sectioned
and stained with haematoxylin and eosin. Tissues were exam-
~ed and scored for histopathologic changes on a scale of: 0,
no lesion: 1, mild-necrosis in isolated follicles; 2, moderate-
a=neralized lymphocyte depletion or isolated follicles with se-
sere depletion; 3, marked-over 50% of follicles with severe
ymphocyte depletion; 4, severe only outline of follicles remain-
ng with few lymphocytes and increase in connective tissue,
cysts and thickened corrugated epithelium; 5 atrophy-
“broplasia and loss of all follicular architecture [30]. Also, to de-
=rmine degree of bursal atrophy bursa/body weight ratios
were calculated as bursa of Fabricius weigth x 100/body
weigth. Bursa of Fabricius samples were collected and pre-
sared for electron microscopic study. These samples were
Zxed in a mixture of 2,5% glutaraldehyde, 1% paraformalde-
nyde in cacodylate buffer, and post-fixed in 1% osmium in
zacodylate buffer [12]. The samples were embedded in low
sensity resin (Spurr, Polyscience, Warrington, PA), sectioned
=t 80 to 90 nm and stained with uranyl acetate and lead mon-
axide [20]. This technique was performed to identify the pres-
=nce of IBD virus and the associated ultrastructural changes in
#e bursa tissues. Fluid suspension of bursa samples from in-
‘zcted chickens were centrifuged at 10,000 xg and the super-
natant prepared by negative staining technique with phospho-
wungstic acid for 2 minutes to observe the morphology of the
2D virus [20].

Isolation attempts were performed by homogenized se-
lected tissues in 3.5 mL TPB broth plus antibiotics and main-
tained in sterile screw tubes at — 70°c until SPF embryos were
inoculated. Three embryos per sample were inoculated and
observed daily for 7 days for evidence of pathologic changes
and death. Blood agar plates were used to detect bacterial
contamination of the inoculum [45].

Data were processed in a PC computer by using the
SAS Program [41]. The data for body weight, bursa weight,
and bursa:body weight ratios, were compared using Least
square analysis of variance (ANOVA). Histophatological scores
for bursa damage were analyzed by estimating proportions for
each line, cross-mating and SPF chickens during the experi-
ments [32].

RESULTS

Experiment 1: Microscopic Lesions

Neither clinical signs of IBD infection nor macroscopic le-
sions in the bursa of Fabricius were observed in the six lines,
five cross-mating and SPF chickens in the experiment one.
The total mortality during this experiment was 4.9% between to
2-3 weeks of age, due to diarrhea and cannibalism.

Least square (LS) analysis of variance for body weight
(BW) showed statistical differences (P<0.0001) for the effect of
lines, cross-mating, week, and the interaction cross-
mating*week with a coefficient of variation of 18.29%. Also,
least square analysis of variance for bursa:body weight (B:BW)
ratios during experiment one showed significant differences
(P< 0,001) for the effect of lines, cross-mating, week, and the
interaction line*week, TABLE I.

At 4 weeks of age (before IBD vaccination), no cross-
mating, line and SPF chickens showed evidence of bursal
damage or atrophy in any of the 12 bursae evaluated from
each group. The B:BW ratios did not show evidence of bursal
atrophy in the experimental chickens.

At 8 weeks of age (4 weeks after IBD vaccination), mi-
croscopic evidence of bursal lesions was detected in lines,
cross-mating, and SPF chickens (12 bursae sampled from
each group), FIGS. 1y 2. Results of histopathological exami-
nation were scored and had the following proportions:
1=69.11%, 2=29.42%, and 3=1.48% for lines and cross-mating
chickens, and 1=25%, 2=80% for SPF chickens. The B:BW ra-
tios decreased for all experimental groups with a range be-
tween 0.33 to 0.66. In addition, the B:BW ratios decreased at 8
weeks of age when these results were compared to the B:BW
ratios at 4 weeks of age.

At 11 weeks of age (7 weeks after IBD vaccination) mi-
croscopic evidence of bursal degeneration and necrosis was
detected in lines, cross-mating, and SPF chicken (12 bursae
samples from each group). Results of histopathological exami-
nation were scored and had the following proportions:
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TABLE |
EXP, 1, LEAST SQUARE (LS) MEANS AND STANDARD ERROR (SE) FOR BURSA:BODY WEIGHT RATIOS OF
EXPERIMENTAL CHICKENS AND SPF CHICKENS BEFORE (4 WEEKS) AND AFTER (8 AND 11 WEEKS) IBD VACCINATION

Experimental

Weeks of age

Group 4 8 11
MEAN' £ SE MEAN' + SE MEAN' + SE

CROSS4 0,707 0,038 0,661 0,054 0, 207 0,038
CROSS: 0,590 0,038 0,499 0, 054 0,259 0,038
CROSS;3 0,516 0,038 0,324 0 054 0,133 0,038
CROSS4 0,613 0,038 0,429 0,054 0,123 0,038
CROSSs 0,640 0,038 0,483 0,054 0,134 0,038
LINE A1 0,440 0,038 0,394 0,054 0,101 0,038
LINE A2 0,431 0,038 0,331 0,054 0,110 0,038
LINE B 0,447 0,038 0,356 0,054 0,150 0,038
LINE C4 0,640 0,038 0,490 0,054 0,135 0,038
LINE C2 0,570 0,038 0,396 0,054 0,133 0,038
LINE C3 0,553 0,038 0,347 0,054 0,148 0,038
LINE Dy 0,721 0,038 0,435 0, 054 0,186 0,038
LINE D2 0,826 0,038 0,547 0,054 0,199 0,038
LINE E+ 0,671 0,038 0,479 0,054 0,132 0,038
LINE E2 0,740 0,038 0,486 0,054 0,175 0,038
LINE E3 0,742 0,038 0,486 0,054 0,170 0,038
LINE F 0,652 0,038 0,447 0,054 0,159 0,038
SPF 0,691 0,038 0,336 0,054 0,295 0,038

"bursa: body weight ratios (gm).

1=2.41%, 2=9.64%, 3=60.24%, and 4=27.71 for lines and
cross-mating chickens, and 2=80%, and 3=20% for the SPF
chickens. B:BW ratios showed evidence of bursa atrophy with
range of 0.10 to 0.29, which would be considered atrophy for
chickens at 11 weeks of age.

Histopathological results at 4 and 7 weeks after IBD vac-
cine administration and the B:BW ratios demonstrated that live
intermediate IBD vaccine could cause mild to marked lesions
in the bursae of Fabricius, FIGS. 1y 2.

Ultrastructural Lesions

At 4 weeks of age (before IBD vaccination) lines, cross-
mating chickens and SPF chickens showed no evidence of ul-
trastructural lesions.

At 8 and 11 weeks of age (4 and 7 weeks after vaccina-
tion) lines, cross-mating chickens and SPF chickens presented
ultrastructural lesions in the bursae of Fabricus. Transmission
electron microscopy (TEM) indicated the presence of viral par-
ticles in the cytoplasm of lymphocytes and macrophages in the
bursae of Fabricius from samples at 4 weeks after IBD vaccine
administration. The average diameter of virus particles was 50
nm and failed to show a crystalloid pattern or a surrounding
membrane, FIG. 3.
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Ultrastructurally, lymphocytes were shrunken and con-
tained lipid vacuoles and mild to moderate disorganization of
cytoplasmic organelles. Nuclear chromatin was aggregated.
Degenerative and necrotic lymphocytes appeared as masses
of electron-dense material and was usually observed within the
cytoplasm of macrophages. Conversely, at 7 weeks after IBD
vaccine administration, no evidence of yiral particles was de-
tected in lymphocytes or any other cell in the bursae of Fabricius.

Experiment 2: Microscopic Lesions

In the experiment two, clinical signs were first observed
in SPF chickens 3 days after IBDV challenge and 4 days after
IBDV challenge in lines and cross-mating chickens. Clinical
signs were depression, ruffled feathers, green diarrhea, ano-
rexia, postration and death. Macroscopically, 3 days after chal-
lenge, the bursae of infected chickens showed an increase in
size and weight, edema, and hypremia. In the chickens which
died during the course of disease, a marked hemorrhagic dia-
thesis. In addition severe bursae edema and necrosis were ob-
served, FIG. 4. At 7 and 24 days after challenge the bursae
were decreased in size and weight, sometimes with yellow to
gray coloration. After IBDV challenge the total daily mortality
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FIGURE 1. MICROGRAPH OF THE BURSA OF FABRICIUS
FROM 8 WK OLD CHICKEN, 4 WK AFTER IBD VACCINE
ADMINISTRATION. BURSITIS SHOWING LYMPHOID FO-
LLICLES WITH LYMPHOCYTIC DEPLETION (ARROW). HE
X 40.

was 4% on lines and cross-mating chickens and 29% on SPF
chickens.

The LS analyses of variance for BW of line, cross-mating
chickens and SPF chickens showed significant differences
(P<0.0001) for the effect of line, cross-mating and day; and did
not show significant differences for the interaction cross-
mating, with a coefficient of variation of 15.2%, TABLE II.

At 33 days of age (3 days after IBDV challenge) lines,
cross-mating chickens and SPF chickens demonstrated micro-
scopic evidence of bursal lesion. Histopathological examination
of bursa tissues from lines and cross-mating chickens were
scored with the following proportion: 1=19.59%, 2=37.55%,
3=35.51%, 4=7.35% and 4=100% for SPF chickens. Histopa-
thological results of bursa tissues from SPF chickens showed
stronger evidence of bursal lesions than the bursal lesions in
lines and cross-mating chickens. Least square analysis of vari-
ance for B:BW ratios showed significant differences
(P>0.0001) for the effect of line, cross-mating and day, the in-
teraction cross-mating*day, with a coefficient of variation of
43.46% B:BW ratios increased at 3 days after IBDV challenge
probably due to acute inflammation in the bursa tissues.

At 37 days of age (7days after IBDV challenge) in lines,
cross-mating chickens and SPF chickens microscopic evi-
dence of bursal lesions increased. Histopathological results
showed the following occurrence: 1=0.83%, 2=6.2%,
3=29.63%, 4=63.37% for lines and cross-mating chickens and
4=100% for SPF chickens. Histopathological results from bursa
tissues of SPF chickens showed more bursal damage than
lines and cross-mating chickens. Bursa:body weight ratios
were decreased at 7 days after IBDV challenge probably due
to atrophy in the bursa tissues, FIGS. 5y 6.

L e

FIGURE 2. HIGHER MAGNIFICATION FROM FIG. 2 ONE FO-
LLICLE (CENTER) WITH NECROSIS AND NECROTIC DE-
BRIS IN THE MEDULLA (ARROW). INTERSTITIAL EDEMA
AND INFILTRATION OF INFLAMMATORY MONONUCLEAR
CELLS (ARROW). HE X 200.

2o

FIGURE 3. TRANSMISSION ELECTRON MICROGRAPHS
(TEM) OF THE BURSA OF FABRICIUS FROM 8 WK OLD
CHICKEN, 4 WEEKS AFTER IBD VACCINE ADMINISTRA-
TION. IBD VIRUS PARTICLES (ARROW) NON-MEMBRA-
NE-BOUND WITH CENTRAL ELECTRON-DENSE CORE IN
THE CYTOPLASM OF LYMPHOCYTE CELL. X 30,000.

At 58 days of age (24 days after IBDV challenge) lines,
cross-mating chickens and SPF chickens presented micro-
scopic lesions in the bursa of Fabricius at the following propor-
tions: 3=7.32%, 4=45.12%, 5=47.56% for lines and cross-
mating chickens and 4=33.33%, 5=66.66% for SPF chickens.
Histopathological results of bursa tissues from SPF chickens
showed increased bursal damage compared to lines and
cross-mating chickens. Bursa:body weight ratios showed evi-
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dence of bursa atrophy 24 days after IBDV challenge in lines,
cross-mating chickens and SPF chickens, FIGS. 7 y 8.

Ultrastructural Lesions

The first ultrastructural change was indentified in the me-
dullary area of the bursal follicles 3 days after IBDV challenge.
Degeneration and necrosis of lymphocytes in the foliicles with
condensation and margination of nuclear chromatin of lympho-
cytes were observed. Bursal cells were widely separated due
to accumulation of intercellular edema fluid and infiltration of
macrophages and heterophils. Viral particles were observed in
the cytoplasm of lymphocytes and macrophages. The degree
of degeneration and necrosis of lymphocytes was greater in
the SPF chickens than lines and cross-mating chickens
throughout experiment two.

At 7 days after challenge, ultrastructural changes ob-
served in the bursae follicles were similar to those described
previously, but lesions were more severe and disseminated.
Frequently, lipid droplets were seen in the cytoplasm of macro-
phages, lymphoid cells, and reticular cells, also in phagolyso-
somes of macrophages. Virions were seen in the cytoplasm of

FIGURE 4. PICTURE OF 4 WK OLD SPF CHICKEN, 3 DAYS
AFTER IBD STANDARD VIRUS CHALLENGE BY EYE ROU-
TE. PATHOGNOMONIC LESIONS OF THE BURSA OF FA-

lymphocytes and macrophages. The virions were 50 to 55 nm BRICIUS INCLUDING SWELLING AND HEMORRHAGE
in diameter with an electron-dense core. Virions appeared in a (ARROW).
TABLE Il

EXP. 2. LEAST SQUARE (LS) MEANS AND STANDARD ERROR (SE) FOR BURSA:BODY WEIGHT RATIOS OF
EXPERIMENTAL CHICKENS AND SPF CHICKENS AFTER (3, 7, AND 24 DAYS) IBDV CHALLENGE AT 4 WEEKS OF AGE

Experimental Days after challenge
Group 3 7 24
LS MEAN' + SE LSMEAN' + SE LS MEAN' + SE

CROSS1 0,59 0,031 0,24 0,031 0,11 0,031
CROSS: 0,55 0,031 0,25 0,031 0,11 0,031
CROSS; 0,51 0,031 0,26 0,031 0,09 0,031
CROSS. 0,61 0,031 0,35 0,031 0,10 0,031
CROSSs 0,50 0,031 0,25 0,031 0,11 0,031
LINE A4 0,41 0,031 0,22 0,031 0,10 ) 0,031
LINE Az 0,37 0,031 0,21 0,031 0,10 0,031
LINE B 0,37 0,049 0,26 0,049 0,10 0,035
LINE C+ 0,49 0,031 0,21 0,031 0,10 0,031
LINE C; 0,50 0,032 0,28 0,031 0,10 0,031
LINE C3 0,45 0,031 0,23 0,031 0,10 0,031
LINE D1 0,60 0,031 0,31 0,031 0,18 0,031
LINE D2 0,64 0,031 0,43 0,031 0,24 0,031
LINE E4 0,59 0,031 0,31 0,031 0,11 0,032
LINE Ez 0,82 0,031 0,45 0,031 0,15 0,033
LINE E3 0,75 0,031 0,37 0,031 0,10 0,031
LINE F 0,61 0,031 0,31 0,031 0,14 0,031
SPF 0,48 0,025 0,20 0,025 0,10 0,025

"burga: body weight ratios (gm).
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o el e - ;%
FIGURE 5. MICROGRAPHS OF THE BURSA OF FABRICIUS
FROM 5 WK OLD CHICKEN, 7 DAYS AFTER IBD STAN-
DARD VIRUS CHALLENGE. LYMPHOID FOLLICLES WITH
SEVERE ACUTE NECROSIS AND LYMPHOID DEPLETION,
EDEMA, AND CYSTIC EPITHELIA (ARROW). HE X 80.

FIGURE 7. MICROGRAPHS OF THE BURSA OF FABRICIUS
FROM 8 WK OLD CHICKEN, 24 DAYS AFTER IBD STAN-
DARD VIRUS CHALLENGE. MOST LYMPHOID FOLLICLES
REPLACED BY ADENOMATOUS STRUCTURES (ARROW)
AND CYSTIC WITH SEVERE ACUTE NECROSIS AND LYM-
PHOID DEPLETION IN THE MEDULLARY AREA, AND REMA-
NENT LYMPHOCYTES IN THE CORTICAL AREA. HE X 200.

hexagonal arrangement surrounded by a single membrane,
FI1GS. 9,10,11.

At 24 days after challenge, the most common lesions ob-
served were degeneration and necrosis of lymphoid cells, an
increase in plasma cells and macrophages, proliferation of
epithelial cells, and fibroplasias. By TEM, neither evidence of
viral particles nor lymphocyte regeneration were seen.

FIGURE 6. MICROGRAPHS OF THE BURSA OF FABRI-
ClUS FROM 5 WK OLD CHICKEN, 7 DAYS AFTER IBD
STANDARD VIRUS CHALLENGE. LYMPHOID FOLLICLES
WITH SEVERE ACUTE NECROSIS AND LYMPHOID DEPLE-
TION IN THE MEDULLARY AREA, AND REMANENTS LYM-
PHOCYTES IN THE CORTICAL AREA (ARROW). HE X 200.

. L4

FIGURE 8. MICROGRAPHS OF THE BURSA OF
FABRICIUS FROM 8 WK OLD CHICKEN, 24 DAYS AFTER
IBD STANDARD VIRUS CHALLENGE. LYMPHOID FOLLI-
CLE WITH SEVERE DEPLETION AND REPLACED BY
ADENOMATOUS INTRAFOLLICULAR STRUCTURES IN
THE MEDULLARY AREA (ARROW). HE X 200.

Virus Isolation and Persistence

Virus isolation was performed in chicken embryos using
homogenized bursal tissues from lines, cross-mating chickens
and SPF chickens. The presence and persistence of the IBD
standard virus was demonstrated. The homogenized bursal
suspension on the chorioallantoid membrane (CAM) of em-
bryonating eggs was positive to IBDV replication and ranged
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FIGURE 9. TRANSMISSION ELECTRON MICROGRAPH
(TEM) OF THE BURSA OF FABRICIUS FROM 5 WK OLD
CHICKEN, 7 DAYS AFTER IBDV CHALLENGE. IBD VIRAL
INCLUSION IN A CRYSTALLINE FORM [ARROW]
ORGANIZED IN A HEXAGONAL PATTERN IN THE
CYTOPLASM OF A LYMPPHOID CELL. X 12,500.

et

from 40% to 93% for the total inoculated eggs, 3 days after
challenge and 50% to 80% were positive, 7 days after chal-
lenge. Typical IBD lesions included edema and plagques on the
CAM, and stunting, cutaneous hemorrhage, enlargement of
liver and sometimes the spleen, pale liver, and poor feathers
development were seen, FIG.12. The IBDV was isolated in low
percentage, from 6% to 20% of the total SPF embryos inocu-
lated with homogenized bursal samples from infected lines,
cross-mating chickens and SPF chickens, 24 days after chal-
lenge. The IBD standard virus not only was possible to isolate
and its persistence inside of infected experimental chickens at
3, 7, and 24 days after challenge were detected, but also IBDV
was demonstrated by TEM when positive homogenized bursae
samples were prepared by negative stain technique, FIG. 13.

Discussion and Conclusion

In experiment 1, results showed a relationship between
degree of histopathological lesions in bursa of Fabricius and
bursa: body weight ratios, TABLE I.
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FIGURE 10. HIGHER MIAGNIFICATION FROM FIG. 9. IBD
VIRAL INCLUSION SHOWING CRYSTALLINE FORM AND
PARTIALLY SURROUNDED BY A SINGLE MEMBRANE
[ARROW] AND ORGANIZED IN A HEXAGONAL PATTERN .
X 40,000.

B

FIGURE 11. TRANSMISSION ELECTRON MICROGRAPH OF
THE BURSA OF FABRICUS FROM 5 WK OLD CHICKEN, 7
DAYS AFTER CHALLENGE. IBD VIRAL INCLUSION IN THE
CYTPLASM OF A MACROPHAGE SHOWING
CRYSTALLINE ARRAY AND PARTIALLY SURROUNDED
BY A SINGLE MEMBRANE (ARROW). X 30,000

Decreasing bursa: body weight ratios (B:BW ) were ob-
served 4 and 8 weeks after IBD vaccine administration which
may imply a concurrent potential decrease in immune compe-
tence of Dekalb (lines and cross-mating) and SPF chickens,
TABLE |. Similar results also have been reported by other in-
vestigators [15, 21, 22, 23, 26, 31, 44]. In this experiment, i
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was demonstrated that moderate to marked bursal atrophy and
bursal depletion occurred following D78 vaccine administration
at 4 weeks of age. This demonstrate that an intermediate live
vaccine virus, such as D78, may be indistinguishable from in-
termediate field IBD virus strains. A reduction in lymphocytes in
the bursa of Fabricius implies potential dysfunction of the im-
mune response and an increased disease susceptibility. Addi-
tionally, if the vaccine virus strain has the ability to remain vi-
able outside the chicken and/or increase in virulence following
serial chicken passages, it would establish a potential persis-
tent infection in the poultry house.

Histopathological lesions in the bursae of Fabricius were
demonstrated in this study 4 and 7 weeks after IBD vaccine
administration. Likewise, B:BW ratios decreased in all lines
and cross-mating chigkens and SPF chickens. Confirmation
that IBD vaccine virus caused lesions in the bursae of Fabri-
cius was demonstrated by detection of ultrastructural lesions in
lymphocytes after vaccine administration. Lesions included
changes in cytoplasm organelles, nuclear chromatin margina-
tion, degeneration and necrotic lymphocytes, and macro-
phages with phagolysosoms. IBD viral particles were seen in
the cytoplasm of lymphocytes and macrophages. Therefore,
these findings suggest that the IBD virus strain used as vac-
cine was capable of replicating in bursa cells. The morphology
and size of these virions were similar to those described in pre-
vious studies [11, 13, 31, 34, 37, 40]. These results could be
explained by the presence of field IBD virus challenge. This
must be considered, as in this study the experimental chickens
and SPF chickens were not in isolation units, but battery type
units. However, clinical signs of IBD or mortality rate were not
observed in the lines and cross-mating chickens and SPF
chickens after vaccination.

In experiment two, clinical signs and macroscopic ob-
servations after IBDV challenge were similar to those de-
scribed in previous studies [5, 7, 18, 19, 22, 23, 24, 43]. Mor-
iality observed after IBDV challenge was higher in the SPF
chickens (29%) than in the lines and cross-mating chickens
4%). The course of the clinical IBD was between 4'° 5 days.
The lines and cross-mating chickens showed few clinical
signs while SPF chickens demonstrated marked clinical dis-
ease. Duration of clinical disease was short in both experi-
mental chickens and SPF chickens. These results suggest
that experimental chickens had better resistance to the IBDV
challenge, probably because they were protected by residual
maternal antibody titers or due to genetic resistance.

Microscopically, extensive bursa lesions were observed
n experimental chicken and SPF chickens at 3 and 7 days af-
ter IBD standard virus challenge. Lesions persisted through
the observation period of 24 days. The severity of bursa le-
sions were greater and more persistent in SPF chickens than
n the experimental chickens. In this study, histopathological
results were similar as described by Cheville [5, 6] and
Faragher y col. [8].

FIGURE 12. PICTURE OF SPF CHICKEN EMBRYOS 17
DAYS AFTER INCUBATION. EMBRYO ON LEFT WAS USED
AS A CONTROL, EMBRYO ON RIGHT WAS INOCULATED
WITH BURSA HOMOGENATE FROM EXPERIMENTAL
CHICKENS INFECTED WITH IBD VIRUS AT 10 DAYS OF IN-
CUBATION. INOCULATED EMBRYO WAS STUNTED AND
WITH POOR FEATHERS DEVELOPMENT.

FIGURE 13. INFECTIOUS BURSAL DISEASE VIRUS (IBDV)
NEGATIVELY STAINED WITH PTA. VIRUS PARTICLES
SHOWING HEXAGONAL SHAPE (ARROW). X 105,000.

At 3 days post-infection, histopathological results were
similar as described by Cheville [5] 48 hours after challenge.
Lesions in the bursa were characterized by follicular lymphoid
necrosis, depletion, and acute inflammation with edema, hem-
orrhages, and heterophils infiltration. The B:BW ratios in-
creased in weight because of acute inflammation due to patho-
genic effects of the IBDV in the bursa cells, TABLE II.

At 7 days post-infection, histopathological results for six
lines and one cross-mating chickens, bursa weight returned to
standard rate, while most of the other cross-mating and SPF
chickens showed bursa atrophy. Lesions in the bursa were ba-
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sically the same as described at 3 days but with more severity,
TABLE II.

At 24 days post-infection, histopathological lesions in-
creased with severe follicular lymphoid depletion and formation
of central cysts lined by cuboidal epithelium, fibroplasia, mono-
nuclear cell infiltration (macrophages, plasma cells) and B:BW
ratios decreased for lines and cross-mating chickens and SPF
chickens due to chronic inflammation with loss of bursal archi-
tecture and fibroplasia.

Ultrastructural lesions observed in the bursa of Fabricius
after IBDV challenge were similar as described in prior reports
[2, 5, B, 31, 35]. Although some differences were found such
as nuclear membrane disruption, bleb-like structures inside
lymphocyte nuclei, and intra-nuclear virus-like particles. These
findings have not been described before but there is no suffi-
cient evidence to confirm that these nuclear changes were due
to IBDV. Lesions consisted primarily of degeneration and ne-
crosis of lymphoid cells which increased and persisted through
24 days after IBDV challenge. Viral inclusions inside phagoly-
sosoms were seen in the cytoplasm of macrophages and viral
inclusions with a hexagonal crystalloid arrangement sur-
rounded by a single membrane were seen frequently in the cy-
toplasm of lymphocytes. These findings suggest that IBDV repli-
cates in bursal lymphoid cells and macrophages. Kaufer and
Weiss [18,19] reported that IBDV replicated not only in lympho-
cytes and macrophages but also in heterohils. Cytolysis of lym-
phoid cells results in the development of the pathognomonic le-
sions and persistence immunosuppression due fo destruction of
immature B-cells in the bursa of Fabricius (2, 5, 6, 16, 41], FIG, 4.

The fact that circulating mature lymphocytes, which pre-
sumably left the bursa before IBDV infection, are not signifi-
cantly infected, probably explains the high IBD antibody titers
which are produces by surviving chickens after IBDV challenge
[2]. However, a conclusive explanation about the stage of de-
velopment which makes B lymphocytes the target cells to IBDV
is still unknown. Therefore, there are a lot of questions about
pathogenesis of IBDV which need to be answered.

Infectious bursal disease virus was isolated from bursa
tissues from infected experimental and SPF chickens mainly at
3 and 7 days after challenge. Over 50% of the inoculated SPF
eggs were positive of the total inoculated SPF embryos. IBDV
was capable of producing typical lesions in inoculated SPF em-
bryos. Affected embryos were stunted with edema, cutaneous
hemorrhages, plaque on the CAM, enlargement of liver and
sometimes spleen, and poor feather development. Negative
staining of homogenated bursae positive to IBDV isolated from
infected experimental chickens and SPF chickens showed viral
particles 50-55 nm diameter and typical morphology, as de-
scribed for IBDV [11, 13, 14, 29, 34, 40], FIGS. 12y 13.

In conclusion, the gross, histopathologic, and ultrastruc-
tural changes in the bursa of Fabricius after IBD vaccine ad-
ministration suggest lesions consistent with immunosuppres-
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sion in experimental chickens and SPF chickens. In contrast,
the gross, histpathologic, and ultrastructural changes in the
bursa of Fabricius after IBDV challenge suggest that experi-
mental chickens (lines and cross-mating) had better immune
resistance to IBD virus than SPF chickens, which is possibly
due to genetic factors.
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