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SUMMARY

Three cell cultures were used in this work to propagate and replicate the
infectious bursal disease virus (IBDV), (primary chicken embryo fibroblast
cells "CEF" and two cell lines, African green monkey kidney cells (VERO)
and baby hamster kidney cell (BHK) and compare their sensitivity to that of
embryonated chicken eggs in order to use the selected cell culture adapted
IBDV in the routine serum neutralization test (SNT) and evaluate its
immunogenicity and pathogenicity in chicken. It was found that: 1- The
cytopathic effect (CPE) of the IBDV in CEF and BHK was similar where it
began to be pronounced after 9 passages at 2 days post inoculation (PT) and
took 3 days in both cell culture. The cell culture adapted IBDV lost its
infectivity to the embryonated chicken egg at the passage No. 5 as after the
passage No. 2 the EID50 was 1022 per 0.1 ml. The peak virus titre (10

TCID50 / 0.1 ml) was detected at 54 and 60 hours post inoculation in BHK
and CEF respectively, while the virus titre in VERO cells reached a plateau
105 TCID50 / 0.1 ml at 60 hours PI. 2- The detection of the level of
antibody titre in the sera of vaccinated chicken, using the microtitre
neutralization test and embryonated chicken eggs (ECE) revealed

comparable results. 3- These preliminary studies indicated that the cell
culture adapted IBDV could be used safely as a vaccinal strain in the
production of cell culture vaccine, as it gave a good immunity when
compared with the egg adapted imported vaccine.

Key words: IBDV-vaccines - cell culture - Egypt

INTRODUCTION

Infectious bursal disease virus has been adapted to replicate and
produce cytopathic effect (CPE) in various primary cell cultures from
chicken embryo origin (CEF) (Petek and Mandelli, 1968; Gelenczei and
Juniger, 1970), in turkey embryo fibroblast (TEF) and in duck embryo
fibroblast (DEF) (McNulty et at., 1979).

Much works have been done on virus grown in embryonated chicken
eggs (Benton et at., 1967, Kosterset et at., 1972 and Winterfield, 1969).

Some workers have characterized the growth of IBDV in cell
cultures from the bursa of Fabricius and chicken embryo kidney (CEK)
(Lukert and Davis, 1974) and in primary cultures of macrophages and
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lymphocytes (Mora, 1966). Few researches have reported growth of IBDV
in mammalian continuous cell lines (Rinaldi et at., 1972 and Petek etat.,
1973). Such cell lines were derived from rabbit kidney cells (RK-13). Lukert
et at. (1975) adapted IBDV to VERO cells.

Several vaccines have been developed and some of them have been
shown to produce mild form of the disease causing an effect on the bursa of
Fabricius that can lead to immuno - suppression (Winterfield, 1969).

The objective of the present study is to search for the suitable cell
culture specially the continuous cell line to adapte the IBDV to replicate and
produce CPE for use in routine virus neutralization test (VNT) for evaluation
of different IBDV vaccines which have performed in embryonated chicken
eggs as this method is specific and sensitive but it is more time consuming
and less economic since it requires large number of embryonated chicken
eggs. Also, to investigate the possibility of using this adapted cell culture
strain in immunological trials to could be used as a cell culture vaccine.

MATERIAL and METHODS

(A) Material:

1. IBD viruses:

1.1. Viruses used for SNT:
An attenuated egg adapted IBDV strain was obtained from Animal Health
Research Institute, Dept. of Immun. Its titre was 108 EID50 / ml. It used
for the propagation in different cell cultures and immunological
experiments in chicken.

1.2. Virulent IBDV :
It was isolated from the bursa of Fabricius of IBDV infected chickens. Tts
titre was 108 EID5( / ml. It was given to chicken as a challenge virus via
the eye drop route as a dose of 50 EIDsg.

1.3. Vaccines :
Six types of commercial inactivated and live vaccines were supplied by
different companies and were designated as follows:

1.3.1. Inactivated vaccines :

a.Variant strains of IBDV (Baxendale type 1; Manryland type 1; Delware
1084 and 1084 E type 1). They were obtained by MBL Company, Lot
No. 3916.
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b. Winterfield 2512 strain (produced by MBL Lot No. 4901).

c. Intervet strain (produced by Intervet, Lot No. 49031).

d. Gumboro D78 (produced by Intervet International, Boxmeer, Holland,
Lot No. 49039).

1.3.2. Live vaccines :
Strain D78 vaccine (produced by Intervet) with a titre of 1065 EID50 /
ml. These vaccines were used for experimental vaccination of chicken as
the routine evaluation of them.

2. Newcastle disease viruses (NDV) :

2.1. Virulent NDV :
Velogenic viscerotropic NDV (VVNDV) locally isolated strain (Sheble
and Reda, 1967) of a titre 108.5 EID50 / ml was used for challenge test at
a dose of 0.5 ml containing 103 EID50 / bird via I'M route.

2.2. Live attenuated vaccinal NDV (HBj strain) :
It was a commercial live vaccine supplied by Intervet Company, Lot No.
50046. The EID50 of this strain was 1097 / ml. It was used for the
immunosuppression experiment.

3. Cell cultures :

3.1. Primary chicken embryo fibroblast cell culture (CEF) :
It was prepared according to Plowright and Ferris (1959) as modified by
Osman et at. (1985).

3.2. Cell lines : _

A. African green monkey kidney cell culture (VERO) :
VERO established by Yasumara and Kawatika (1963) were obtained
kindly from NAMRU-3, Abbasia, Cairo.

B. Baby Hamster Kidney cell culture (BHK) :
BHK2] colon 13 grown as monolayer cultures were obtained also kindly
from NAMRU-3.

3.3. Cell culture media :
Minimum Essential Medium (MEM), with Hank's salts (obtained from
Gibco limited, P.O. Box 35, Paisley, Scotland) was prepared according to
the manufacturer's instruction. It was supplemented with 10% new-born
calf serum (obtained from Gibco) as growth medium at pH of 7.2.

4. Embryonated chicken eggs (ECE) :
Nine to ten day-old ECE were supplied by United Company Poultry
Production were used for virus titration, SNT and preparation of primary
CEF.
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§. Serum samples :
Serum samples were obtained from 4-5 weeks old chickens after 28 days
of their inoculation intraocularly with 103 EID50 / ml of clarified 10 %
w/v bursal homogenate in addition to serum samples from non inoculated
chickens as control samples. These samples were inactivated at 560C for
30 minutes then kept at - 200C until used as positive and negative antisera
in SNT.

6. Chickens :
Three hundred, one to four weeks old, susceptible 320 chickens were
obtained as one day old from UCPP and kept in isolated area until they
subjected to different experiments.

B. Methods :

1. Serum neutralization test (SNT):
It was carried out according to Jackwood et at. (1982) using the different
cell cultures in the microtitre plates according to Rossiter et at. (1985).

2. Virus titration :

2.1. Titration in ECE :
The NDV and IBDV strains were titrated in 9 to 11 day old ECE. Such
titration was done according to the method for examination of poultry
biologies (1963). The ETDsa was estimated accordin *0 Reed and
Muench (1938).

2.2, Titration in cell cultures :
It was carried out using all prepared cell culture and ten dilutions of cell
culture adapted IBDV in microtitre plates as described by Ferreira (1976).
The virus titre was calculated according to Reed and Muench (193 8).

2.3. Growth curve of IBDV in cell cultures :
The three used cell culture were grown in ordinary cell culture tubes.
Each tube was inoculation with 0.1 ml of the highest titre virus passaged,
each in the corresponding cell culture. The virus was allowed to adsorb to
the cells for 1 hour at 370C then the non-adsorbed virus washed and
discarded and each tube was supplied with 1 ml of fresh maintenance
MEM. On 0 hour then 6 hours intervals, 2 of these tubes were picked up
and kept at - 700C till the total virus yield was measured.

Experimental design :

Two experiments were done
A. Experiment No. (1) :
Included two steps :
a. Trals to adapted the IBDV to cell culture: Three different cell culture
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were used (primary CEF, VERO and BHK) to choose the best one to
adapted and replicate the virus with a high titre in a short time.

. The use of this cell culture adapted IBDV in the routine SNT to evaluate
the different strains of IBDV vaccines using the microneutralization test.
In this experiment six different serotypes of IBDV vaccines from different
commercial companies were used. They were designated as mentioned in
material and methods. After ordinary vaccination of chickens for the
routine evaluation of such vaccines, the immune response of vaccinated
birds was compared using the method of inoculation in ECE and cell
culture microneutralization test to choose the more sensitive, specific, less
time consuming and economic method.

. Experiment No. (2) :

Estimation of the immunogenicity of cell culture adapted IBD virus in
chickens as a preliminary studies to be used in the production of cell
culture IBDV vaccine and compared it with the available imported

commercial egg adapted vaccines. Two steps were done :

. Tria’s to determine tne best dose of vaccination anc compare petween 2
cell origins of adaptation (VERO and BHK adapted IBDV); in this test
240 (4 weeks old) chickens were divided into 4 groups where groups 1
and 2 (80 birds / group), and vaccinated with different doses (0.5, 1.0, 1.5
and 2 ml) of both cell culture adapted IBDV individually via the drinking
water. The two groups (groups 3 and 4) (40 birds / group) were kept as
controls. Fifteen days post vaccination, serum samples were obtained
from all groups then challenged except one group (group 4) kept as a
negative control. Each bird was given one drop of virulent IBDV (local
field isolate of 103 EID50 / ml) via the eye. Serum samples were collected
from all chickens after 15 days post vaccination and inactivated at 560C
for 30 minutes.

. Trials to compare the immunogenicity and pathogenicity of IBDV adapted
to the best cell culture of choice with the best dose, with the available
commercial IBD vaccines. In this experiment 80 four-weeks old

susceptible chickens were divided into 4 groups where group 1 and 2 (25
birds / group) were vaccinated with different 2 types of IBDV vaccines
(cell culture adapted IBDV and live attenuated egg adapted commercial
IBDV vaccine). These vaccines were given via drinking water where each
vaccine was diluted to give 50 EID50 or TCIDS5(Q per chicken. Before
administration of the vaccines in drinking water, the chickens were

deprived from water for 2 hours. The other 2 groups (15 birds / group)
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were kept as controls and all birds were observed for clinical signs of IBD
and deaths attributable to vaccination. Five randomly selected birds from
each vaccinated group were necropsied 7 days post vaccination in
addition to 2 chickens from the control group. The bursae of these
necropsied birds were examined for any lesions due to vaccination. The
living vaccinated birds received live attenuated NDV (HB1) vaccine via
the drinking water to check the immunosuppression effect. This vaccine
was diluted to contain 1067 EID50 / dose. Three weeks post vaccination,
all  chicken groups were checked for the immune response and challenged
at the same time with virulent IBDV and VVNDV where each bird was
received one drog containing 103 EID50 / dose via the eye route and 0.5
ml containing 10° EID50 / dose via /M route; of VIBDV and VVNDV
respectively. Deaths were recorded when they occurred. All survived
chicker were necropsied and their hursae were examined for TRD) legigng
and trials of virus recovery from the organs of dead birds were done.

RESULTS

Experiment (1) :

Trials to adapted the IBDV on cell culture - Table (1) showed the
comparison between the ability and sensitivity of the three used cell culture
for propagation and replication of IBDV. After the first passage, the virus
produced its CPE within 4, 7 and 9 days post inoculation in CEF, VERO and
BHK cell cultures respectively recording a titre of 102 TCID50/ml. The virus
began to increase logarithmically after several passages where its titre
reached up to 103 TCID50 /ml after 10 passages when the CPE began to
appear after 2, 3 and 2 days post inoculation in CEF, VERO and BHK
respectively. The cell culture adapted IBDV lost its infectivity to the ECE at
the passage No. 5 as after the No. 2, the EID50 was 102-2 /0.1 ml.

Table (2) explained the growth curve of IBDV in both of CEF,
VERO and BHK. Virus titration was done in each respective cell culture on
6 hours intervals. at 36 hours post-inoculation, the virus titre reached 103
TCIDs0 / ml in the three cell cultures but it reached 105 TCID50 / ml after
60 hours in both CEF and BHK and afier 72 hours post inoculation in
VERO.

Table (3) showed the comparison between the level of the immune
response in the sera of vaccinated chickens with the different IBDV vaccines,
using both of the method of inoculation in ECE and microneutralization test.
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From this table, it was found that both methods were similar in indicating the
neutralizing antibody as after 10 days from the first dose of vaccination with
live attenuated IBDV (strain D78), the NI in egg inoculation method was
ranging from 1.5 (in 5 samples) to 3.7 (in 1 sample). The same samples gave,
using the microneutralization test; gave titres ranging from 1:4 (in 2 samples)
to 1:32 (in one sample) while 5 samples showed 0 titre. Five days post the
second vaccination, the table showed that the NI was ranging from 2.1 to 4
(in 3 samples out of 10)using ECE inoculation while in case of the use of
micro-SNT, the same samples showed titres of 1:64 (in 4 samples out of 10).
Thirteen days post the second vaccination, the NI using the egg inoculation
method, was ranging from 1.5 (in 3 samples) to 3.2 (in 2 samples) and case
of micro-SNT, the antibody titres were ranging from 1:4 to 1:64.

Also, the table showed the SNT titres in each sample 21 days post
vaccination with the different inactivated commercial vaccines.

Fig. (1) showed the growth curve of IBDV in both of CEF, VERO
and BHK.

Experiment (2) :

Table (4) revealed the best dose of choice for vaccination after
inoculation of various doses of cell culture adapted IBDV in susceptible
chickens. It was found that when the birds vaccinated with 1 ml showed 100
% protection and a NI of 2.8 (arithmetic mean). The same protection % was
obtained when the chickens were inoculated with a dose of 1.5 and 2 ml of
the vaccine while a dose of 0.5 ml gave a protection of 80 % with SNT titre
of 2.0 (arithmetic mean).

Table (5) showed the comparison between the immunogenicity and
pathogenicity of both live attenuated cell culture adapted IBDV and available
live attenuated egg adapted IBDV vaccine. The immune response of
vaccinated chicken was determined by challenging birds with a known
virulent IBDV and VVNDV and by measuring the serum neutralizing
antibody titres, 21 days post vaccination in addition to the body weight loss
and bursal lesions records. The table revealed that there were no bursal
lesions observed at 7 days post inoculation with both vaccines. The SN
antibody titre at 21 days post vaccination was ranging from 1:4 to 1,128 in
the chickens vaccinated with cell culture adapted vaccine while it ranged
from 1:4 to 1:64 in the other group. The protection % was 90 and 85 in
groups 1 and 2 respectively after challenge with virulent IBDV. The
vaccinated chickens showed no bursal lesions after challenge, while in case of
control birds, the bursae were enlarged oedematous and yellowish in colour
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and the IBDV was recovered from them. Also, the results of this experiment
showed that there was no any immunosuppression as the vaccinated chickens
in both groups had 90 to 85 % protection respectively after challenged with
virulent VVNDV while the control birds showed nervous manifestation
before death and NDV was recovered from the infected organs.

DISCUSSION

Lukert et at. (1975) adapted the IBDV to cell cultures as the vaccine
virus presently used in the United States, for the control of IBD, is not
completely attenuated and produced some mortalities.

Propagation of infectious bursal disease virus (IBDV) in chicken
embryos has been described by various investigators (Hitchner, 1970 and
Winterfield et at., 1972).

Several workers have reported on the propagation of IBDV in
different cell cultures prepared from chickens or chicken embryo (Kosters
and Pau’sen, '977; Mora, 1966 and _ukert et at.,, 2975) in trials to adaptec
the virus to cell cultures and detect the pathogenicity and immunogenicity of
such adapted virus in chickens in order to overcome the incomplete
attenuated vaccines that used foe controlled exposure of flocks with enzootic
IBD.

Propagation of IBDV in continuous cell lines originated from African
green monkey kidney (VERO) was reported by Lukert et at. (1975). Hirai
and Caluck (1979) propagated the virus in bursa (B-cells) derived
lymphoblastoid cell line with maximum virus yield obtained 3 days post
inoculation.

This study was done to find an alternative to embryonated chicken
egg (ECE) inoculation that could be used in routine SNT or IBDV antibody.
The use of a cell culture, specially a continuous cell line, has several
advantages over the use of primary cell cultures. Maintaining a continuous
cell line is more cost effective than propagating CEF from SPF chicken
embryos. The primary cell cultures have an end life span in vitro, while the
continuous cell lines can be cultured without end. Also, the primary avian cell
cultures may contain extraneous avian viruses not found in mammalian cell
cultures. '

Our results indicated that IBDV replicated and produced CPE in the
two cell lines (VERO and BHK) used in this study similar to that produced in
CEF cell cultures. Although, the CEF seem to produce CPE faster than the
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cell lines but there was no difference in their sensitivity. As after the first
passage, the onset of CPE began to appear at 4, 7 and 9 days post

inoculation in CEF, VERO and BHK, respcctwely and took at least 9 days in
the three cell cultures and the titre was 102 TCID50 / 0.1 ml. After 8
passages, the onset of CPE began to produce at 2 days PI in both CEF and
BHK and continued for 3 and 4 days respectively where its titre reached 10°
TCID50 / 0.1 ml, while in case of VERO cells, the CPE appeared after 3
days and lasted for 4 days showing a titre of 103 TCID50 / 0.1 ml (table 1).

So, our results agreed with Lukert et at. (1975) as they found that the titre of
IBDV in VERO cells during the first passages was 103 PFU / ml at 3 days
and 1053 PFU / ml at 7 days. Also, they found that the plaques not

produced in VERO cells until the fourth passage and took 13 days to become
visible. After 8 passages in VERO cells; plaques developed 7 days PI.

The growth curve of IBDV in the three used cell cultures, indicated
that the virus growth curve was similar in both of CEF and BHK, although
the peak titre was reached to its plateau after 54 hours PI in case of BHK
after 60 hours PI in case of CEF as the titre was 10° TCID50 /0.1 ml in case
of VERO cells, the peak titre reached after 66 hours PI (table 2 and Fig. 1).

Dehorah et at. (1987) used three mammalian continuous cell lines
(MA, 104, VERO and BGM-70). The results indicated that IBDV produced
CPE in the first passage in BGM-70 cells, by 72 hours PI. The CPE of the
virus in these cells was similar to that in CEF. The peak titre of IBDV in
CEF was detected at 40 hours PI. The quantity of IBDV in BGM-70 reached
a plateau at approximately 54 hours PI.

IBDV adapted to BHK cells was used for additional studies as the
CPE produced at 54 hours PI with a titre of 10° TCID50 / 0.1 ml (table 2).

The antibody titres obtained by using both of inoculation in ECE and
microneutralization test, indicated that SNT in cell cultures was similar in
sensitivity and specificity as ECE, but SNT in cell cultures is more economic
where it does not need large numbers of eggs in addition to the fact that a
large number of samples can be screened for antibodies, so, it is less in time
consuming.

According to the results obtained in this study, it was concluded that
the cell lines can be used in place of ECE and CEF cell cultures for the
purpose of SNT. Our results agreed with Dehorahg et at. (1987) who found
that virus neutralization test in CEF and BGM-70 cell cultures produced
comparable results.
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The objective of the second experiment is a trial to determine the
immunogenicity and pathogenicity of cell culture adapted IBDV when used
as a vaccinal strain for chickens.

Our results showed that the best dose that gave a 100 % protection
after challenge of vaccinated birds with virulent IBDV, was 1 ml via drinking
water where the arithmetic mean of NI at 15 days post inoculation with 1 ml
of cell culture adapted IBDV on both VERO and BHK via drinking water,
was 2.5 and 2.8 respectively. While, 0.5 ml gave a 80 % protection (Table
4). El-Ibiary et at. (1992) found that the protection rate is proportional to the
amount of introduced antigen. To produce an efficient immunity level, a full
dose of live vaccine (1 ml) should be given orally.

Lukert et at. (1975) proved that the VERO cell adapted IBDV was
completely attenuated and effective as a vaccine when given subcutaneously
and not effective when administrated via the drinking water. Bur the chicken
kidney cell culture adapted virus could be administrated in drinking water
without mortalities or body weight loss following vaccination.

Our results indicated that the BHK cell culture adapted IBDV could
be used as a vaccine. Table (5) showed that there was no any bursal lesions 7
days post vaccination and there was no mortality or loss in body weight
during the observation period. The vaccinated birds showed SN antibody
titre ranging from 1:4 to 1:128 as 8 chickens out of 20, gave a titre of 1:128;
4 birds gave 1:64 and 5 birds gave 1:16 SNT, while the vaccinated chickens
with the live attenuated commercial IBD vaccine gave SNT titre from 1:2 to
1:64, 21 days post vaccination. The protection % after challenge with
virulent IBDV was 90 % in vaccinated chickens with cell culture adapted
IBDV and 85 % with commercial IBD vaccine (Table 5). The results
indicated that the cell culture adapted IBDV can be used safely as it had no
any immunosuppressive effect where the protection % after the challenge
with VVNDV was 90 5 and 85 5 in both of group 1 and 2.

Skeels et at. (1979) found that the virus was not detected in tissues of
birds given the cell culture adapted IBDV at 3 weeks of age.

From the previous results, it was concluded that the continuous cell
lines can be used in place of primary CEF and egg inoculation method in the
purpose of SNT. Also, the BHK cell adapted IBDV was effective and safely
used as a vaccine.
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Table (1):Comparison between the onset of the cytopathic
effect (CPE) of IBDV in different cell cultures.

- ——

Type of cell culture

Passage,No.

CEF VERO BHK ECG

OnCPE THTi. OnCPETH. Ti. OnCPETH. Ti Ti

- L2 ] R

and
o

o))

[]
NONON NN W W W A A
W W WA OO O ©
oA A DWW WNN
W W W W W W ;Mo O ~
A B A B A A ~N ~N @ ©
oo s B W OW W NN
N NN WA D D D W
W W A OO O O © ©
UL AW oW oW N
O C O 0O O O N W O =

*On.CPE= Onset of CPE in days posl inoculation.
**T.H.= Time of harvestation in days post inoculation.

***Ti.=Titre (log 10).{TCIDgg in case of cell cultures and ElDsg in case of ECG
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Table (3)

Comparison between the neutralizing antibody tltre

in vaccinated chickens using microneutralization test and egg

inoculation method.

Strains of IBDV
commercial
vaccines

No. of
serum
samples

SNT titre

{logz) using IBDV

Neutralization
index using 2g¢
adapted 1BDV

A. Live attenuated
vaccines (Dow)
10 days post 1 st

vaccination 10

5 days post 2 nd

vaccination 10

13 days post 2 nd
vaccinaiiuvu

0(3)" 4(2), &, 16(3), 32

B(2), 16(2), 32(2), 64(4)

4451, Bizi, 1623,

3.7:3,2:.8(2) 2.5,
1505

4(3),3

5,302},
2-5(2) ;2.1

1
i e o

g~ e
Sedall gds VL deigieney

1,829, 1513}

B. Inactivated 18D
vaccines

1. Variant strain
vaccine (MBL
Company} Lot. No.
3516 3
Strain Blendax
type 1, Maryl and
type 1 Delwar
1048A typez 1
1084E type 1

2. Inactivated
Intervet 2512
strain 3
MBL Company, Lot
No. 49031

3. Inactivated
Winterfield 2512
strain, Lot No.

4901 ¥ 13

4. Inactivated Dsa
strain propagated
on cell culture to 3
make master seed
Lot. No. 45039

16, 32, 84

16(3)

16{5), 32(3), €6413)

64(3)

2.68(3)

3.2(56},
(3)

3:013) 2.4

3033

bt G | s

Number of positive samples.
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Table (5): Comparison between the immunogenicity and
pathogenicity of IBDV adapted to BHK cells and available
commercial live attenuated IBDV vaccine.

Post vaccinal Type of virus Route of Days post No.of Gp.1 Gp.2 Con.gp.

reactions Strain in S vaccinatio- birds

n.
-Bursal lesions -ve -ve  -ve
drinking

-Mortality 'IBDV water 7 5/Gp. -ve -ve -ve

-Weight loss -ve -ve -ve

-lmmuno-supp-

ression test: HB, drinking 7 20/Gp

-SNT titre for ‘water

IBDV 21 +ve +ve -ve
post

-Challenge IBDV

reaction:

Protection% I1BDV eyedrops 10 20/Gp. 90 85 0
post

Bursal lesions challe- -ve -ve +ve
nge.

VVNDV I'M 10dpc. 90 85 0
N.B.
Gp.=Group -ve=no lesion or no SNT titre.

+ve=presence of bursal lesions and in case of SNT, it means that in group 1,the
SNT titres were 4(1),8(1),16(5),32(1),64(4)&128(8) while in group2,these titres

were 2(1),4(6),8(2),16(2),32(4)&64(5);21 days postvaccination with IBDV vacci-
nes.

Group1 was vaccinated with cell culture adapted IBDV vaccine.
Group2 was vaccinated with commercial egg adapted IBDV vaccine.
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