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SUMMARY

Infectious bursal disease virus (IBDV) serotype |
isolates result in serious economic losses to the
worldwide poultry industry. Variant IBDV strains
are usually isolated from flocks vaccinated using
classical IBDV vaccines. Monoclonal antibody
typing has been used to differentiate between
classical and variant strains. A total of 277 bursal
samples from 13 vaccinated broiler flocks were
tested for IBDV subtypes. A panel of 4 monoclo-
nal antibodies directed against VP2 epitopes was
used to test the bursul homogenates using an anti-
gen-capture ELISA (AC-ELISA). Of the total
number of samples, 73.6% were IBDV-antigen-
positive, of which, 41.7% were classical IBDV
and 58.3% were vartant IBDV. DelVE was the

predominant variant detected in the tested flocks
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(51.3% of IBDV-positive samples). Moreover,
47% of the total variants were untypeable. The

presence of variant IBDV in vaccinated Egyptian

broiler flocks demonstrates the need for a revi-

sion of current control strategies and vaccination

programs.

Key words: IBDV; Classical; Variant; Antigen-

capture; Antigenic profile.

INTRODUCTION

Infectious bursal disease (IBD) is an acute highly
contagious viral infection in young chickens. In-
fectious bursal disease virus (IBDV) infections
lead to direct and indirect significant economic
losses to the worldwide poultry industry. The di-

rect economic impact of IBD is due to the high



mortality rates (Chettle et al., 1989; Van Den
Berg et al., 1991), while the indirect impact is
due to immunosuppression of infected birds (Al-
lan et al.,, 1972). Immunosuppression following
IBDV infection is due to virus-induced destruc-
tion of B-lymphocyte precursors in the bursa of
Fabricius (Hirai et al., 1981). IBDV-induced im-
munosuppression is a leading cause of vaccina-
tion failure and bad performance in chicken
(Giambrone et al., 1976; Giambrone et al., 1979).
IBD viruses are non-enveloped, icosahedral
members of the genus Avibirnavirus of Birnaviri-
dae (Dobos et al., 1979; Hirai and Shimakura,
1974). The double stranded RNA genome of
IBDV codes for five proteins. The major structu-
ral proteins of the virion are VP2 and VP3, both
of which are constituents of the IBDV capsid.
VP2 carries the major neutralizing epitopes

(Azad et al., 1987, Becht et al., 1988).

Two distinct serotypes, I and II, have been identi-
fied (Jackwood and Saif, 1987; Jackwood et al.,
1985 ; McFerran et al., 1980). All known patho-
genic IBDV strains belong to serotype 1. Serotype
II viruses infect mainly turkey but have not been
associated with clin’cal disease (Ismail, et al.,
1988). Antibodies against serotype Il do not pro-
tect against serotype I (Jackwood and Saif, 1985).

IBDV serotype I strains are substantially hetero-
geneous with respect to pathogenicity (Lukert
and Sw’ 1997) and antigenicity, as determined

by virus neutralization tests (Jackwood and Saif,
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1987; Snyder, 1988b). Pathogenic IBDV serotype
I isolates are commonly grouped based on anti-
genic and pathogenic properties in one of three
categories; classical, very virulent and antigenic-

variant.

Antigenic-variant IBDV was first reported in the
United States (Rosenberger et al., 1985; Rosen-
berger et al., 1986). Variant strains of IBDV are
usually isolated from vaccinated flocks. These
IBDV variants are antigenically different from
classic strains of IBDV; they lack classical épi-
tope(s) defined by neutralizing monoclonal anti-
bodies (Snyder et al., 1988b; Snyder, 1990 Snyder
et al., 1992). Most of these epitopes are located in
the VP2 hypervariable region (Snyder et al.,
1988a).

IBD was first reported in Egyptian flocks in the
early seventies (El-Sergany et al., 1974). Howev-
er interest in IBDV antigenic characterization was
triggered by the appearance of the very virulent
IBD in vaccinated Egyptian flocks (El-Batrawi,
1990, Khafagy, et al., 1991). Several reports have
classified the Egyptian IBDV isolates as classical
IBDV (Khafagy, et al., 1991; El-Sanousi, et al.,
1992; Bekhit, 1996). On the other hand, some re-
poits have provided partial evidence of the pres-
ence of antigenically variant IBDV strains in
Egyptian flocks. El-Sanoust et al., (1994), were
able to detect BK9 reactive epitopes in one out
of 48 bursal homogenates; BK9 reactive epi-

topes are present on Del/E IBDV variants. Using
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cross-neutralization, Sultan (1995), found 3 out
of 8 IBDV isolates with a significant antigenic di-
vergence from the classical IBDV (only 11.32%
relétedness to classical IBDV). The current status
of IBDV antigenic diversity in Egypt is yet to be

determined.

Characterization of antigenic diversity of IBDV
field isolates in a certain locality is important in
order to develop an effective vaccination program
to control IBD. This importance stems from the
fact that'antigenic variants escape an immune re-
sponse induced by vaccination with classical
standard IBDV vaccines (Rosenberger et al,,
1985).

A new antigen-capture ELISA (AC-ELISA) is
used for the detection of IBDV antigens directly
from bursal samples using a panel of monoclonal
antibodies reactive to a selected group of VP2 ep-
itopes (Lamichhane et al., 2000). This assay uti-
lized the selective binding affinity of neutralizing
monoclonal antibodies to differentiate between
classical and vartant IBDV isolates (Snyder et al.,
1988a; Snyder et al., 1988b; Lamichhane et al.,
2000).

In this study, bursal homogenates from selected
Egyptian broiler flocks were tested using the new
AC-ELISA for the presence of classical and vari-
ant IBDV antigens. The study was done to inves-
tigate the present antigenic profiles of Egyptian

IBD viruses in the light of increasing field reports
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of IBDV-associated problems.
MATERIALS AND METHODS

Samples: Two hundred and seventy seven bursal
samples from 13 broiler flocks were collected.
Breeders of the tested broiler flocks were vacci-
nated with vaccines containing classical IBD vi-
ruses. Samples from examined broilers were
grouped. according to the frequency of sampling
of flock, into two categories: 1) Group 1: singie-
age-testing group (Table 1), and 2) Group 2: mul-
tiplc-age-testing group (Table 2). Bursal samples
of Group 1 were collected from live birds submit-
ted for diagnostic services. Samples from flock
(FN-T) of Group 2 were collected from live birds
on a weekly basis, while samples from the re-
maining two flocks (FC-1 and FC-2) were col-

iccted from dead birds on a daily basis.

Sample preparation and test procedure: IBDV
epitopes were detected using the antigen capture-
ELISA test kit ProFlok( for detection and diffe-
rentiation of 1BDV in bursal tissue (Synbiotics
Europe, Lyon, France). The AC-ELISA kit uti-
lized 4 neutralizing monoclonal antibodies
{MADb): MAD #8, MAb B69, MAb R63 and MAb
#10. The MADb #8 was used for initial screening
of samples because it reacts with a VP2 epitope
conscrved on both classical and variant IBDV.
The remaining MAbs were used for IBDV sub-
typing according to the sample reactivity patterns
(Table 3). IBDV antigens that did not react with

MAb B69 were considered variants (Snyder et
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al., 1994).

Sample preparation and test procedure was done
according to the manufactureris instructions us-
ing reagents provided in the kit. Briefly, bursal
samples were homogenized using sterile sand and
diluted in antigen dilution buffer. Homogenized
samples were frozen at -20°C until testing. Bursal
homogenates were clarified by low speed centrif-
ugation, diluted and added to wells of the mono-
clonal antibody coated plates. After overnight in-
cubation at 4-8C, plates were washed and chicken
IBD positive serum was added. After a 30-min
incubation period at room temperature, plates
were washed and anti-chicken conjugated antiser-
um was added. Plates were incubated as before
and then washed. The substrate solution was add-
ed and the plates were incubated for 15 min. Test
plates were read using automated ELISA reader
(BioTek ELX 800, USA) at 405 nm, after addi-
tion of the stop solution. Samples were consid-
ered positive when the obtained optical density

(OD) values were equal to or greater than 0.600.
RESULTS

Group 1 results: € e hundred and twenty two
samples from group 1| (75.8%) were IBDV posi-
tive (Table 4). The IBDV-positive samples of
Group 1 contained 34.4% and 65.6%, classical
and variant antigens, respectively. The majority
of IBDV variants (70%) were Del/E. Only 30%
of v MDYV variants were untypeable; did not
react with MAb B69 (Table 4).
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In three flocks (FC-3, FN-1, and FN-6) only clas-
sical IBDV antigens were detected. In two flocks
(FC-4 and FN-5) only variant IBDV antigens
were detected (Table 4). While, in four flocks
(FN-4, FN-3, FN-1A and FN-2) both classical
and variant IBDV antigens were detected (Table
4).

Group 2 results: In two flocks (FC-2 and FC-1)
in which sampics were collected from daily mor-
tality starting one day following the last vaccina-
tion date (Table 2}, ciassical antigens were the
predominant antigens detected after 3 weeks of
age (Table 5, Fig. 1 and Fig. 2). Prior to three
weeks of age the predominant antigens detected
were IBDV variants (Table 5 and Fig. 1). In
Flock FN-7, the predominant antigens detected
throughout the duration of the study were variant
IBDV. Antigen detection started at week three of
the study (Table 5 and Fig. 3).

Results summary: IBDV antigens were detected
in 73.6% of the 277 examined samples (Table 6).
The majority of IBDV antigens detected were
variants (58.3%) (Table 6). Del/E was the pre-
domtnant variant detected in the examined flocks
(51.3%). Only 1.7% of the varian{ antigens had
the antigenic profile of RS593, AL2 or a mix of
both variants (Table 6). Using the available mon-
oclonal antibodies, 47.0% of the variants were

untypeable.
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Table 1. Group 1 (Singic-age-testing group) samptes’ data

Vaccinations against IBD Numere
Flock Agw f
(Days) ) Age o
Vaccine Type Strain (Days) Method sampels
FC-5 6-7 | - —_ e ---- - 12
Living Standard —
FC-4 1 15-16 IBD Blen Intermediate plus 2511_2 15 Drinking "
(Chicken cmbryo) strain water
Living Standard o
EN.-5 18 Gl;né)oro Intermediate plus 2285 14 Drinking g
286 (Chicken embryo) strain water
Fving Standard $706 8.15 | Drinking |
FC-3 | 23-24 Bur-706 (Tissue culture) strain and 21 water
. Living Standard , _
EN-4 | 24.25 (Tissue culture) 18
Gumboro i
Living Standard L
228E Intermediate plus 228.E 19 Drmkfng
(Chicken embryo) strain watcr
Living Standard ASL's 14,22 | Drinking
. D [ntermediate ST.12 . 20
FN-1 26 Univax-B (Tissue culture) -12 strain water
Living Standard ASL’s 15 | Drinking
. Intermediate "
Univax-BD (Tissue culture) ST-12 strain water
FN-3 | 28-29 . 32
Living Standard L
Gumboro Intermediate plus ?28_]3 19 Drujkmg
228E (Chicken embryo) strain water
bivine Stancard ASL's 1422 | Drinking 20
FN-1A 32 Univax-BD (Tissue culture) ST-12 strain water
Lving Standard ASL's 1422, | Drinking 9
FN-6 | 33-34 | Univax-BD (Tissue culture) ST-12 strain 26 water
Living Standard ASL's 14,22 | Drinking 14
. nterinediate . " ' )
FN-2 34 Univax-BD (Tissue culture) ST-12 strain water
Total 161
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Table 2. Group 2 (Multiple-age-testing group) samples data

Vaccinations against IBD

. Agw Numere
Flock (Days) Age of
Vaccine Type Strain {Days) Method sampels
07 7
14 Immunoc-comples Chicken 3
FN-7 21 Bursa Plex (Standard 2512 Embryos of In-ovo 10
28 Intermediate 18 duyvs 5
35 virus + antibodies) 8
Total 33
16-17 10
18-19 Living Standard Lukert 14-15 Drinking g
FC-2 | 20-21 Bursine Intermediate plus strain water 6
22-23 Plex (Chicken embryo) 4
24-25 3
Total 32
22-23 10
24-25 Living Standard 10
FC-1 | 26-27 Bur-706 Intermediate S706 | 8,15and 21 Drinking 10
28-29 (Tissue culture) sttain water 11
30-31 i0
Totat 51
Table 3: AC-ELISA reactivity patterns of IBDV antigens
Vairus type MAbL#8 | MAbBGS | MAbB63 | mMab # 10
Classic + + + +
CLS | Y2K + - - t
Del/E + - + -
RS593| AL2 + - - ;

Vet.Med.J..Giza.Vol.51,No. 1{2003}




Table (4): Group | (Single-age testing group) results

Total Total Total Identification of variants
Positive Classical Variants
Flock | (ﬁgyi) Nurmber Del/E RS593AL2 | Uniypeable
sampels | Number | %* INumber | %** [Number| %**
Number| %*** | Number | %*** | Number | %***
i FC-5 6-7 12 0 0.0 0 0 0 0 0 0 0 0 0
} FC-4 15-16 14 i4 100.0 0 0.0 14 100.0 9 64.3 0 0.0 5 357
3 FN-5 18 8 6 75.0 0 0.0 100.0 6 100.0 0 0.0 0 0.0
i FC-3 | 23-24 14 14 100,01 14 100.0 0.0 0 0 0 0 0 0
! FN-4 | 24-25 18 18 100.0 2 11.1 16 88.9 13 81.2 0 0.0 3 18.8
} FN-1 26 20 1 5.0 1 100.0 0 0.0 0 0 0 0] 0 0
.‘ FN-3 28-29 a2 31 96.9 4 12.9 27 87.1 i5 55.6 0 0.0 12 44 .4
: FN-1A 32 20 16 80.0 5 31.3 1l 68.7 7 63.6 0 0.0 4 36.4
| FN-6 | 33-34 9 9 106.0 9 100.0 0.0 0 0 0 0 0 0
| FN-2 34 14 13 929 7 53.8 46.2 100.0 0 0.0 0 0.0
Totals 161 122 {758 | 42 | 344 { 80 65.6 56 | 700 0 0.0 24 30.0

* Positive percentages are relative to the total number of samples.
** Positive percentages are relative to the total number of positive samples.

*** Positive percentages are relative to the total number of variants,
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Table (5): Group 2 (Multiple-age testing group) results

Pg‘gl?\]fc CITagsl:?c!al V..E;ﬁ\;}:ls Identification of variants
Age Number
Flock {da%rs) ol Del/E RS393 or AL2 Untypeable
sampels fNumber| %* |Number| %** [Number| Z%** fovnovnn

Number| %*** | Number | %*** [ Number | %a***

FN-7 07 7 0 0.0 0 0 0 0 N 0 0 0 0 0

14 o 0.0 0 0 0 0 0 0 0 0 0 0
21 10 10 100.0 4 40.0 6 60.0 3 50.0 i 16.7 2 333
28 5 3 60.0 1 333 2 66.7 I 50.0 0 0.0 1 50.0
35 4 50.0 1 25.0 3 75.0 0 0.0 0 0.0 3 160.0
Total 33 17 51.5 6 35.3 1i 64.7 4 36.4 1 9.1 6 54.5
16-17 10 3 30.0 1 333 2 66.7 0 0.0 0 0.0 2 100.0
FC-2 18-19 7 71.8 2 28.6 71.4 () 0.0 0 0.0 5 100.0
20-21 5 83.3 4 80.0 1 20.0 0 0.0 0 0.0 1 100.0

22-23 4 4 100.0 4 100.0 0 0.0 0 (0 0 0 0 Q0
24-25 3 100.0 2 66.7 | 333 0 0.0 0 0.0 1 100.0
Total 32 22 68.8 13 59.1 9 40.9 0 0.0 0 0.0 9 100.0
22-23 10 9 90.0 1 1.1 8 §8.9 | 12.5 0 0.0 7 87.5
FC-1 24-25 10 8 £0.0 i 12.5 7 87.5 0 0.0 0 0.0 7 100.0
26-27 10 70.0 6 85.7 1 14.3 0 0.0 0 0.0 1 1000
28-29 11 81.8 8 £8.9 1 1i.1 0 0.0 0 0.0 I 100.0
30-31 10 i0 100.0 8 80.0 2 20,0 0 0.0 | 50.0 1 50.0
Total 3l 43 84.3 24 558 19 44.2 | 5.3 2 53 17 894

* Positive percentages are relative to the total number of samaples.

** Positive percentages are relative to the total number of positive samapics.
*%* Posilive percentages are relative to the total number of variants.
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Table (6): Summary results of IBDV antigen detection and typing
in bursal homogenates.

Category Number Gt
Total samples 277
positive 204 73.6*

Classical 85 41.7%%
Variants 19 SR 3w
Del/E 61 Y PR
RS5593 or AL2 2 Lo
Untypcable 56 47.0%*

* Positive pereentages are relative o the total number of samples.
** Posilive perceniages are relative 1o the total number of positive samples.
*** Positive percentages are relative 1o the total number of variants,
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Fig. 1: The percentage of detection of classical and vanant IBDV antigens in {lock FC-2 samples com-
pared 1o the percentage of IBDV positive samples.
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Fig. 2: The percentage of detection of classical and variant IBDV antigens in FC-1 samples compated (o
the percentage of IBDV positive samples.

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

Positives percentage

Age (Days)

sz Classical
‘Variant
-~ Tolal

Fig. 3: The percentage of detection of classical and variant IBDV antigens in flock FC-7 samples com-
pared to the percentage of IBDV positive samples.
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DISCUSSION

The severe economic impact of IBDV infections
in poultry flocks warrants the implementation =f
extensive control programs in Egypt. Vaccination
of poultry flocks is the main co-.ponent of most
IBD control programs. »Zust Egyptian flocks are
vaccinated usipg classical live and killed IBDV
vaccines. This is done without proper investiga-
tion of the current genetic and antigenic diversity
among IBDV field strains. Improper vaccine se-
lection constitutes a weakness in any control pro-
gram. IBDV-associaied problems have been re-
ported ir: ffucks that were successfully vaccinated
asaiiist classical IBDV. Some of these IBDV-
associated problems were attributed to circuiating
variant IBDV field strains (Lukert and Saif,
1997). Moreover, maternal antibodies induced by
IBDV vaccines designed to protect against chal-
lenge with classical IBDV isolates do not protect
against challenge with antigenic variants (Rosen-
berger et al., 1985; Saif, 1984).
Field reports of increasing IBDV-associated
problems in vaccinated flocks have triggered the
present investigatior, of IBDV subtypes. The
most feasible approach was the use of the mono-
clonal-based AC-ELISA (Snyder, 1988b). The
AC-ELISA used in this study utilized a panel of 4
monoclonal antibodies developed against IBDV
VP2 epitopes. Screening for IBDV VP2 epitopes
was done directly on bursal homogenates. The

basis for differentiation between classical IBDV

Vet.Med.J).,Giza.Vol.51 No. 1(2003)

and the most common IBDV variants was their
reactivities with MAb B69 (Lamichhane et al.,
26U0; Snyder et al., 1994).

The most interesting finding of this investigation
was that bursal samples from 9 of the 13 tested
flocks had IBDV variant antigens (Tables 4 and
5). Variant IBDV antigens were detected in
58.3% of the total IBDV positive samples (Table
6). Another important finding is the detection of
both classical and variant IBDV antigens in sam-
ples from the same flock. This phenomenon was

present in 7 of the 13 sampled flocks (Tables 4 |
and 5). The high incidence of variant IBDV anti-
gens detected in tested samples indicates circula-
tion of variant IBD viruses despite vaccination of
flocks with classical IBDV vaccines. Variant
IBDV escape in the presence of classical IBDV

vaccination has been previously reported (Rosen-

berger et al., 1986; Snyder, 1990).

Infection of chicken with variant IBDV before 3
weeks of age is possible because variant IBDV
can escape high levels of maternal antibodies pro-
duced against classical IBDV (Snyder, 1992).
This age of susceptibility explains why only vari-
ant IBDV antigens were detected in samplies from
flocks FC-4 and FN-5 (Table 4). The samples
from these two flocks were collected at 18 days

of age, or younger (Table 1).

On the other hand, classical IBD viruses typically
appear at 3-4 weeks of age (Lukert and Saif,
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1997). This may explain why classical but not
variant IBDV antigens were detected from sam-
ples of the three broiler flocks FC-3, FN-1, and
FN-6 (Table4). Samples from these flocks were
collected from birds submitted for diagnostic ser-

vices between days 23 and 34 (Table 2).

The age of susceptibility of classical IBDV may
also explain the predominance of classical IBDV
antigen-detection after 3 weeks of age in group 2
flocks FC-1 and FC-2 (Table 5, Fig. |1 and Fig.
2). Prior to that age, the predominant antigens de-

tected were variant IBDV (Table 5, Fig. 1).

In only one flock from group 2 (FN-7), the pre-
dominant antigens detected throughout the dura-
tion of the study were variant IBDV (Table 5 and
Fig. 3). This is probably due to the relatively high
protection induced by in-ovo vaccination against
classical IBDV (Metwally, 2000). Detection of
variant IBDV up to 5 weeks in bursal tissues is
probably due to antigen persistence. Variant
IBDV antigens have been shown to persist in bur-
sal tissues for 4-6 weeks post- infection (Elanku-
maran et al., 2001). Virus-antibody complexes
cause localization of *;e IBDV to germinal cen-
ters. The presence of the virus for long periods in
commercial broilers may aid in the spread of the
virus to successive crops (Elankumaran et al.,
2001).

We did o0 Jetect IBDV antigens in Flock FN-7
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samples prior to week 3 of the study (Table 5 and
Fig. 3). The reason for this may be that only liv-
ing birds were submitted from this flock and a
relatively small number of which were tested at
week 2 (Tabie 2).

The majority of the IBDV variant antigens detect-
ed (51.3% of IBDV variants) were classified as
Del/E (Table 6). Of the total IBDV variants de-
tected, 47.0% were untypeable with the monoclo-
nal antibody panel used in this investigation, in-
cluding 2 samples that contained either RS593 or
ALZ2 variants or a mix of both, (Table 6). Untype-
able variants will be investigated further when

more monoclonal antibodies become available.

The present study highlights the presence of cir-
culating IBDV antigenic variants in brotler flocks
in Egypt despite the implementation of extensive
vaccination programs. In support of other studies
(Elankumaran et al., 2001), it also provides evi-
dence of the persistence of variant IBDV in vacci-
nated flocks. We propose reviewing the current
vaccination programs to include IBDV strains
representative of the IBDV antigenic diversity in
Egypt. We also propose broadening the base of
screening for variant IBDV in flocks with clinical
problems suggestive of IBDV immunosuppres-
sion. Molecular and phylogenetic analysis of the
detected Egyptian variant IBDV isolates is in

progress to investigate their origins and evolution.
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