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ABSTRACT An immunochromatograhy (IC) based infectious bursal disease virus (IBDV) detection kit, which employed two
anti-IBDV VP2 monoclonal antibodies, was evaluated for rapid diagnosis of infectious bursal disease virus (IBD). The detection
limit of the IC kit for IBDV was 10*' to 10*° EIDsy/mL, indicating that the IC kit detected IBDV sensitively as same as double
antigen capture ELISA but less than a RT-PCR assay. The IC kit did not detect other viral pathogens such as Newcastle disease
virus, infectious bronchitis, avian influenza virus, and infectious larynotracheitis virus. When applied to tissue samples of experi-
mental chickens died 3 or 4 days post infection after very virulent IBDV (strain Kr/D62) infection, the IC kit detected IBDV in
all samples of the bursa of Fabricius, spleen, kidney, cecal tonsil and in 87.5%, 37.5% and 0% of liver, thymus and proventriculus
samples. In particular, BF tissue samples showed stronger signal bands than other tissues. Positive signal was observed. All except
for one thymus sample of samples having negative results by the IC kit showed the same result with DAS-ELISA but RT-PCR
assay detected IBDV in some of IC kit negative samples of thymus and proventriculus. When swab samples from the bursa of
Fabricius of dead chickens (n=231) on field farms were tested, the sensitivity and specificity of the IC assay relative to RT-PCR
was 100% (109/109) and 97.5% (119/122), respectively and kappa value between both assay was 0.97. The kit can provide a useful
aid for rapid detection of IBDV in chickens under field circumstances.
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INTRODUCTION Very virulent strains of IBDV (vvIBDV) with high mortality
have been the source of great economic losses in the poultry

Infectious bursal disease (IBD), caused by infectious bursal industry in Asia, Affica, and South America (Chettle et al., 1989,

disease virus (IBDV) is an acute and highly contagious viral di-
sease in chickens and causes major economic losses in the poul-
try industry worldwide. The principle target organ for IBDV
replication is the bursa of Fabricius (Lukert and Saif, 1997).
IBDV infects the precusors of antibody-producing B cells in the
bursa of Fabricius (BF), which causes severe immunosuppre-
ssion and mortality for young chickens.

IBDV is a member of the Avibirnavirus genus in the family
Birnaviridae (Lukert and Saif, 1997). The IBDV causes severe
immunosuppression and mortality for chickens by destruction of
immature B cells in the BF. There are two serotypes of IBDV
(serotypes 1 and 2). Strains of serotype 1 IBDV causes clinical
disease in chickens whereas serotype 2 viruses are avirulent for
chickens (Ismail et al., 1988).
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Di Fabio et al., 1999, Jackwood and Sommer-Wagner, 2007)
whereas antigenic variant continues to be a problem in the poul-
try industry in North America (Jackwood and Sommer-Wagner,
2005).

Several immunoassays have been developed for the detection
of IBDV in clinical samples from chicken flocks suspected of
IBD. These assays include agar gel immunodiffusion (AGID),
antigen-capture enzyme-linked immunosorbent assay (AC-ELISA),
reverse transcription-polymerase chain reaction (RT-PCR) (Jack-
wood, 2004; Wu et al., 2007). However, those methods have
limited application in clinical diagnosis because they require a
laboratory equipped with special instruments and professional
technicians. Development of an immunochromatography (IC)

based assay for rapid detection of IBDV was reported (Zhang
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et al., 2005). Recently a commercial IC kit (Anigen Rapid IBDV
Ag Test Kit) is now commercially available but are not eva-
luated for applicability in diagnosing IBD in field yet.

In this study, we evaluated the commercial IC kit for rapid
detection of IBDV whether the kit has diagnostic utility in clini-

cal samples from chickens suspected of IBD.

MATERIALS AND METHODS

1. Viruses

Two strains (Winterfield2512 and Ki/D62) of IBDV were
used in this study; the Winterfield2512 strain is commonly used
as vaccine strain and the Ki/D62 strain is a field strain be-
longing to vwIBDV. Newcastle disease virus (B1 strain), HON2
avian influenza virus (MS96 strain), infectious bronchitis virus
(HI120 strain), and infectious laryngotracheitis virus (Sterwin strain)
were also used for specificity test. All viruses were supplied
from the National Veterinary Research & Quarantine Service
(NVRQS) in Korea. These viruses were propagated and titrated
using embryonating chicken eggs from specific pathogen free
(SPF) chickens before use. Infective titers of IBDV were cal-
culated by the reciprocal of virus dilution that can infect 50%
SPF chicken embryos.
2. Tissue IBDV-
infected Birds

Eight SPF chickens died within 4 days after experimental chal-
lenge with very virulent IBDV strain Ki/D62 (10> EIDsy per
bird) were used. All of dead birds showed IBDV characteristic

lesions such as atrophied bursa, and hemorrhage on small intes-

Samples from  Experimentally

tine, at the juncture of the proventriculus and gizzard, muscle,
slightly enlarged spleen with necrotic foci on the membrane.
Three SPF chickens of the same age were also used as control.
Seven tissues including BF, cecal tonsil, spleen, kidney, proven-
triculus, liver and thymus were collected for all of infected and
control birds. A 10% (spleen, kidney, proventriculus, liver and
thymus) or 2% (BF and cecal tonsil) suspension of these tissue
samples were applied for the IC kit (BioNote Inc., Korea) and
double antigen sandwich (DAS)-ELISA (Jeon et al., 2008).

3. Sampling from Dead Birds on Farm
To further evaluate the applicability of the kit for the diag-

nosis of IBD under field conditions, a total of 231 dead birds
between 3 and 6 weeks old were examined. Of them, 109 birds
from two broiler farms A (n=47) and B (n=65) were confirmed
as very virulent IBDV infection while the other birds from one
broiler farm (farm C) (n=122) were diagnosed as no IBDV
infection. Swab samples were collected from the BF of dead
birds under field conditions and then resuspended in 1 mL 0.01
M PBS before use. The swab samples were tested for IBDV.

4. Immunochromatographic Kit

An immunochromatographic (IC) kit for detection of IBDV
was supplied from BioNote, Inc., Korea (Fig. 1). The IC test
kit was designed to detect IBDV in clinical samples based on
the use of two anti-IBDV monoclonal antibodies (mAbs) 1 and
2. The IC test strip was assembled with sample pad, conjugate
pad, nitrocellulose membrane, and adsorption pad. The antibodies
are immobilized to three different regions; colloidal gold-IBDV
mAb1 conjugate on the sample pad (S) zone, IBDV mAb2 on
the test (T) line, and the rabbit anti-mouse IgG on the control
(C) line. The IC test was performed by adding four drops (appro-
ximately 100~150 L) of test sample solution to the S zone.
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Fig. 1. Diagrams of the IBD diagnostic strip structure and prin-
ciple. (A) Structure of the IBD diagnostic strip. (B) Prin-
ciple for the IBD diagnostic strip detection.
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The membrane was observed visually after a 10-min incubation
period at room temperature. Two bands of T and C lines in-
dicate the presence of the IBDV antigen while single band in
the C line indicates the absence of IBDV antigen.

5. Double Antigen Sandwich ELISA

A double antigen sandwich ELISA for detection of IBDV
(Jeon et al., 2008) was performed as follows; MaxiSorp' " ELISA
plates (Nalge Nunc International, Roskilde, Denmark) were coated
with 50 u«L of IBDV-specific monoclonal antibody R63 at the
concentration of 4 xg/mL in 0.01 M phosphate buffered saline
(PBS), pH 7.4at 37T for 1 h with constant shaking. Plates
were washed three times with PBST (0.002 M PBS containing
0.05% tween 20) and then incubated with 50 /L of tissue ho-
mogenates diluted 1:5 in blocking buffer (0.01 M PBS, 0.02%
tween 20, 3% skimmed milk) for 1 h at 37°C. BF homogenate
from experimentally IBDV-infected chicken (NVRQS, Anyang,
Korea) and BF homogenate from mock-infected SPF chicken
were used as positive and negative controls, respectively. Follo-
wing washing step, the plates were incubated at 37°C for 1 h
with hyperimmune anti-IBDV chicken serum diluted 1:1,000 in
the blocking buffer. Following another washing step, the plates
were incubated at 37°C for 1 h with horseradish peroxidase
(HRP)-labelled anti-chicken immunoglobulins antibody (100 ng/
mL) (Kirkegaard & Perry Laboratories, Gaithersburg, MD, USA).
Following another washing step, the plates were incubated for
10 min with the substrate TMB solution (Sigma, USA) and then
colorimetric reaction was stopped by adding a 50 L volume
of 1.0 M HCI solution to all wells. Optical density (OD) rea-
dings were measured at the 450 nm wavelength using ELISA
reader (TECAN, Research Triangle Park, NC, USA). Sample ha-

ving OD value of 0.3 or greater was considered positive.

6. RT-PCR Assay

Total RNA from tissue or swab samples was extracted with
RNeasy mini kit (Qiagen, Valencia, CA, USA) according to the
manufacturer’s instructions. Approximately 1 g of extracted
RNA was used for reverse transcription-polymerase chain reac-
tion (RT-PCR). Oligonucleotides for RT-PCR (forward primer
5'-ACAGGCCCAGAGTCTACACCATAA-3', reverse primer 5'-
ATCCTGTTGCCACTCTTTCGTAGG-3") were designed for a
479 bp-amplification (position: nt 733 ~1212) of VP2 gene (Bar-

lic-Maganja et al, 2002). The RT-PCR was carried out with
one-step RT-PCR kit (Qiagen) in the PCR machine (PTC-220,
MIJ-research, Waltham, MA, USA) under the following con-
ditions: 45 min at 48°C for reverse transcription and 2 min at
94°C for AMV reverse transcriptase inactivation and RNA/
c¢DNA/primer denaturation and 40 cycles of 30 sec at 94C, 1
min at 60°C, and 2 min at 68°C for PCR, and a final extension
step of 7 min at 68 C. The reaction products were analyzed by
gel electrophoresis on 1% agarose gel stained with ethidium

bromide.

RESULTS

1. Sensitivity and Specificity

The sensitivity and specificity of the kit was examined with
2 strains of IBDV and 4 strains of non-IBDV. Serial two fold
dilutions of allantoic fluids of these viruses were applied to the
S zone. When classical IBDV strains 228E and Winterfield
2512/90 were tested, the detection limit of the kit was 10
EIDso per mL and 10*° EIDso per mL, respectively. The IC kit
did not react with any of the other viruses including Newcastle
disease virus (B1 strain), HON2 avian influenza virus (MS96
strain), infectious bronchitis virus (H120 strain), and infectious
laryngotracheitis virus (Sterwin strain), which use for local pro-

duction of poultry vaccines in Korea.

2. Detection of IBDV
fected Chickens

from Experimentally In-

To evaluate the applicability of the IC kit for the diagnosis
of IBD, eight SPF chickens died within 4 days after very viru-
lent IBDV (strain K1/D62) infection were tested. Seven tissues
including BF, cecal tonsil, spleen, kidney, proventriculus, liver
and thymus were included for the testing. These tissue samples
from IBDV infected birds were applied for the IC kit. All sam-
ples of BF, spleen, kidney, cecal tonsil were positive for IBDV.
In particular, all of BF tissue samples showed stronger positive
signal than other tissues. Positive signal was observed in 87.5%,
37.5% and 0% of liver, thymus and proventriculus samples,
respectively. The result by IC kit was compared with result by
DAS-ELISA and RT-PCR assay for the same birds (Table 1).
All of positive samples by the IC kit gave also positive results
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Table 1. A comparison of the results of the immunochromatographic kit and antigen capture ELISA in experimentally very virulent infec-

tious bursal disease virus infected chickens

Tissue tested

Bursa of the fabricius  Cecal tonsil Spleen Liver Kidney Thymus Proventriculus

Infected birds'

ICkit 8/82 8/8 8/8 7/8 8/8 3/8 0/8
DAS-ELISA 8/8 8/8 8/8 7/8 8/8 4/8 0/8
RT-PCR 8/8 8/8 8/8 7/8 8/8 8/8 4/8
Control birds’

ICkit 0/3 0/3 0/3 0/3 0/3 0/3 0/3
DAS-ELISA 0/3 0/3 0/3 0/3 0/3 0/3 0/3
RT-PCR 0/3 0/3 0/3 0/3 0/3 0/3 0/3

1Eight SPF chickens died within 4 days after experimental challenge with very virulent IBDV strain Ki/D62 (105'1 EIDsy per bird).

*No. Positive/No. tested.
Three SPF chickens without vwwIBDV challenge.

by DAS-ELISAs and RT-PCR assays. All except for one thy-
mus sample of samples having negative results by the IC kit
showed the same result with DAS-ELISA but RT-PCR assay
detected IBDV in some of IC kit negative samples (thymus and
proventriculus). All samples collected from control birds were

negative for IBDV by IC kit, DAS-ELISA and RT-PCR assay.

3. Detection of IBDV from Dead Birds in Field

To further evaluate the applicability of the kit for the diag-
nosis of IBD under field conditions, a total of 231 dead birds
between 3 and 6 weeks old were examined (Table 2). Of them,

Table 2. A comparison of the results of the immunochromato-
graphic kit and RT-PCR assay based on bursal swab
samples from dead chickens (#=231) on commercial broiler

farms

Immunochromatographic kit
RT-PCR assay

Positive Negative Total
Pos 109 0 109
Neg 3 119 122
Total 112 119 231

Relative sensitivity=100% (109/109), relative specificity = 97.5%
(119/122), kappa value between two tests=0.97.

109 birds from two broiler farms A (n=47) and B (n=65) were
confirmed very virulent IBDV infection while the other birds
from one broiler farm (#=122) were diagnosed as no IBDV
infection. Each BF sample was tested using the IC kit and a
RT-PCR assay (Barlic-Maganja et al, 2002). The IC kit results
were compared with RT-PCR assay method As shown in Table
1, all of IBDV positive samples with positive RT-PCR results
(n=109) were also positive with the IC kit. When applied to 122
IBDV negative samples, the IC kit gave negative results for
IBDV in 119 birds while the RT-PCR assay were negative for
IBDV in all of birds tested. By the kappa quotient value (Mar-
tin et al., 1988) the agreement between two tests was 0.97. When
inoculated to 10 day-old SPF chicken embryonated eggs, no
IBDV were isolated from three BF samples exhibiting contra-
dictory results between the IC kit and the RT-PCR assay, indi-
cating that the three samples may be false positive for IBDV
in the IC kit.

DISCUSSION

The use of the IC kit has several advantages against RT-PCR
assay. First, the IC kit can be undertaken at the veterinary cli-
nics or on farm, unlike the RT-PCR assay only undertaken in
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the laboratory by a laboratory technician. The procedure is very
simple, rapid and importantly comparable with RT-PCR assay
for detecting IBDV when applied to dead birds suspected of
IBD. Sample preparation (e.g., swab sample) and test performance
(one-step test by sample dropping onto the device) require no
extra equipment unlike RT-PCR assay. In this study, we used swab
sampling as a procedure for BF sample preparation since a 10%
(w/v) homogenates of BF tissue is not suitable for a field vete-
rinarian or farm owner to test easily dead birds under field con-
ditions. Collectively, these observations indicated that the IC kit
might be a rapid and simple immunoassay useful for detecting
IBDV. Second, the IC kit allows it to be implemented rapidly
an appropriate preventive control measures such as movement
control, vaccination, other bio-securities. This is very important
since IBD is highly contagious to susceptible chickens. Third,
the IC kit can be stored at room temperature for long time
(more than 15 months). Several reagents for RT- PCR assay re-
quire storage at —20C or lower. This storage condition makes
it an appropriate test method for ambulatory practice at vete-
rinary clinics, on farm or at diagnostic laboratory.

Of tissue samples from dead birds with vwIBDV infection, BF
showed the strongest positive band signal in IC kit, indicating
principle target organ for detecting IBDV by the IC kit. This is
consistent with the fact that BF has predilection to IBDV repli-
cation (Kéufer and Weiss, 1980; Winterfield et al., 1972). When
applied to BF swab samples of dead birds on IBD outbreak farm,
IC test results were highly correlated with those of RT-PCR
assay (kappa value of 0.92), indicating that the kit can still pro-
vide a useful aid for rapid diagnosis of IBD in chickens under
field circumstances. Thus, test samples for detecting IBDV are
recommended to be taken from primary target organ (e.g., BF)
of dead birds rather recovered or subclinical birds. In addition,
it is notable that IBDV was detected IBDV in all of the BF,
cecal tonsil, spleen, and kidney samples of dead birds by both
IC kit and AC-ELISA. This indicates that if BF sample is not
available, samples of other lymphoid organs (cecal tonsil, spleen)
and kidney may be alternative for diagnosis of IBD. Contradic-
tory results between the IC kit and a RT-PCR assay were ob-
served in some of thymus and proventriculus samples of dead
birds after vvIBV infection. In this study, the detection limit of
the IC kit was 10*' EIDs, per mL to 10*° EIDs, per mL. The

detection limit of the IC kit was the same as double antigen

capture ELISA (10** EIDsy/mL) but lower than RT-PCR (10>
EIDsy/mL) according to the results by Jeon et al.(2008). Thus,
the negative result of some of RT-PCR positive samples by the
IC kit appears to be associated with the kit’s sensitivity due to
low viral load in the samples.

Interpretation of the IC kit result can also be confused by
vaccine strain of IBDV since live attenuated IBDV vaccines are
commonly used in young chickens on farm. Thus, the clinical
picture and pathological changes especially BF in chicken flocks
should be considered and IC kit positive samples, at occasions,
require the pathotyping of IBDV by either sequence analysis or
in vivo pathogenicity test at a diagnostic laboratory. Despite
some limitations, the kit can still provide a useful aid for rapid

diagnosis of IBD in chickens under field circumstances.
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