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Summary 

The antigenicity and protective effect of 3 strains of avian infectious bronchitis 
virus inactivated by  beta-propiolactone were studied. Chickens administered 
2 doses of the inactivated Connecticut strain (IBV-46) vaccine by aerosol at 3-week 
intervals had significant levels of virus-neutralizing antibodies and were resistant 
to infection by the Massachusetts strain (IBV-41) as determined by virus isolation 
attempts.  Antibody levels in chickens given inactivated Iowa 33 and Iowa 609 
were not significant and they were not resistant to infection by  IBV-41. 

1. Introduction 

Immuni ty  to avian infectious bronchitis (AIB), a highly contagious viral infec- 
tion of the respiratory tract  of chickens has been studied using live and inactivated 
virus vaccirres (6). Live virus vaccines are administered in the drinking water (6) 
or by an aerosol (7) and are known to induce a good immune response if used 
properly (15). An aerosol of high-embryo-passaged AIB virus has been reported to 
induce a partial resistance to infection of the trachea, which was suggested to 
be a local tissue immunity (7). Recent evidence indicated low-embryo-passaged 
AIB virus vaccines induce a good degree of protection of the trachea against infec- 
tion (17). 

Chickens vaccinated with a BPL-inactivated AIB virus vaccine have been 
reported to have neither detectable levels of virus-neutralizing (VN) antibodies 
nor resistance to infection (1, 8, 14). However, more recent evidence shows that  a 
BPL-inactivated AIB virus vaccine administered by an aerosol and concurrent 
subcutaneous inoculation induced significant levels of VN antibodies and afforded 
a good degree of protection against infection (4). 

Immunization of the human respiratory tract with inactivated influenza A2 
I-IongKong virus (13) and rhinovirus type 13 (ii), administered by an aerosol, 
indicates that a significant protective effect was observed when compared to 
individuals vaccinated by subcutaneous or intra-muscular routes. 
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I m m u n i z a t i o n  of t h e  r e s p i r a t o r y  t r a c t  b y  e i t he r  l ive  or  i n a c t i v a t e d  v i rus  

vacc ines  appea r s  to  be  of p r i m e  i m p o r t a n c e  in p r e v e n t i n g  an  in fec t ion .  Th is  s t u d y  

was i n i t i a t e d  to i n v e s t i g a t e  t h e  e f f i cacy  of B P L - i n a c t i v a t e d  A I B  v i rus  vacc ines ,  

a d m i n i s t e r e d  b y  an  aerosol  in p r o t e c t i n g  the  t r a c h e a  aga ins t  in fec t ion  a n d  a u d i t o r y  
signs of t h e  disease.  

2. Materials and Methods 

2.1. V i r u s  

Two strains of Massachuset ts  serotype (IBV-41; Iowa-33) and one representa t ive  
s train of 2 o ther  serotypes (Connecticut  IBV-46;  Iowa  609) were used. B P L - i n a c t i v a t e d  
monova len t  vaccines were prepared  f rom Iowa-33 in the  10th embryo  passage, IBV-46 
8th embryo  passage and Iowa-609 10th embryo  passage. IBV-41 in the  8th embryo  
passage was given as an aerosoled challenge. All viruses had 50 per  cent  embryo-  
infect ive-dose (EIDs0) t i ters  of 10 s.a-s.5 per ml. 

2.2. V a c c i n e  P r e p a r a t i o n  

Be ta -prop io lac tone- inac t iva ted  I B V  vaccines were prepared  according to a 
modif ica t ion  of the  m e t h o d  described by  MeDOUGALL (]0),  using infected al lantoie-  
amniot ic  f luid (AAF). Stock virus was di luted 1:10 in t ryp tose  phospha te  b ro th  (TPB), 
wi th  0.1 ml  being inocula ted  into the  al lantoic  sac of 9-day-old embryos.  Inocu la ted  
eggs were incuba ted  for 24 hours at  37 ~ C, and candied wi th  dead and sluggish embryos  
being discarded. The  remainder  were held at  4 ~ C for 3- -  4 hours.  The  A A F  was aspirat-  
ed, pooled and clarified a t  1000 • g for 20 minutes ,  t hen  s tored a t  - -70  ~ C. The A A F  
was thawed  at  4 ~ C, clarified, and brought  to 37 ~ C in a circulat ing water  bath.  B P L  
(Aldrich Chemical  Co., Milwaukee, Wisc.) was added to the  A A F  (1:2000) and then  
incuba ted  for 90 minutes  a t  37 ~ C wi th  cons tan t  agi tat ion.  Af te r  inac t iva t ion ,  A A F  
was concent ra ted  by  dialysis against  po lye thylene  glycol 20-M (Union Carbide Corp., 
South  Charleston, W. Va.) to approx ima te ly  one-four th  the  original volume.  Inac t i -  
va t i on  was tes ted  by  inoculat ing 0.1 m] of inac t iva ted  and concent ra ted  A A F  into the  
al lantoic  sac of 20 9-day-old embryos,  wi th  incubat ion  a t  37 ~ C. No deaths  occurred 
dur ing incubat ion  and embryos  were free of typical  I B V  lesions on the  7th day.  

2.3. C h i c k e n s  

Whi te  Leghorn  chickens ha tched  f rom eggs cert if ied to be free of I B V  (SPAFAS Inc. ,  
Norwich,  Conn.) were reared in isolat ion unti l  3 weeks old. 

2.4. V a c c i n a t i o n  

Ten ml  of inac t iva ted  vaccine  was adminis tered  by  aerosol (4) to 3 groups of 20 
3-week-old birds, each group receiving one of the  3 vaccines.  A four th  group of 10 birds 
served as un t r ea t ed  controls.  A second aerosol exposure was given 3 weeks later.  

2.5. V i r u s  N e u t r a l i z a t i o n  

Blood samples were t aken  f rom 10 birds by  cardiac punc ture  before vacc ina t ion  
and were free of V N  ant ibodies  to the  a forement ioned  A I B  virus  strains. Addi t iona l  
blood samples were t aken  f rom the  prineipals  at  weekly intervals  and controls before  
challenge. Sera of individual  birds in each group were used in VN tests  (3) per formed 
against  i ts homologous strain,  while sera of controls were tes ted  for ant ibodies  to all 4 
strains. Serologic response was considered significant if the  p laque- reduct ion  neutral iz-  
ing-index (PR-NI)  were 1.5 or greater  (9). This index was calculated by  t ak ing  the  
difference be tween  the  log10 virus  control  t i te r  and the  log10 vi rus-serum ti ter .  

2.6. I m m u n i t y  C h a l l e n g e  

The i m m u n i t y  of half  of the  principals  and controls (Trial 1) was chal lenged 
2 weeks af ter  the  second aerosol exposure ; the  remaining  birds '  (Trial 2) i m m u n i t y  was 

1 Ment ion  of commerc ia l  products  does no t  const i tu te  endorsement .  
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challenged 2 weeks later. Challenge was by an aerosol of 1.0 ml of IBV-41 (10 s EIDs0/ 
ml) per group. Birds in Trial 1 were individually examined at 96 hours' postehallenge 
(PC) for rales. At this time, tracheal swabs were made and suspended in 3 ml of TPB 
containing penicillin, dihydrostreptomyein and myeostatin, with storage at --70 ~ C. 
The birds in Trial 2 were examined for rales at 96, 120, 144 and 168 hours PC, with 
tracheal swabs being made at 96 and 144 hours PC. 

2.7. V i r u s  I s o l a t i o n  
Five 9-day-old embryos were inoculated via the allantoic sac with 0.1 ml of swab 

material. Eggs were examined daily for deaths and on the 7th day for dwarfing and 
stunting of the embryos. Deaths occurring within 24 hours were considered nonspecific. 

3 .  R e s u l t s  

The immune  response to BPL- inac t iva ted  AIB virus vaccines adminis tered 
by  an aerosol, as determined by  PI~-NI's,  virus isolation (VI) and respiratory signs 
are shm~a~ in Table 1. Significant P R - N I ' s  were detected in a t  least 80 per cent of 
the birds which received inact iva ted  IBV-46. Their serum antibodies had develop- 
ed by  2 weeks after the ini t ial  aerosol of IBV-46 and  persisted in birds of Trial  1 
and 2 un t i l  they were challenge-exposed. Control serum P R - N I ' s  were de termined 
to be nonsignif icant  for both  Trials, as were the 2 groups which were administered 

Iowa 33 and  Iowa 609. 
Virus isolation was positive from at least 80 per cent of the birds in the 4 groups 

at  96 hours PC in Trial  1. I n  Trial 2, IBV-46 birds were negat ive for VI  at  96 and  
144 hours PC. Iowa 33 birds were 100 per cent for VI, with the Iowa 609 group 
being 80 per cent a t  96 hours and  100 per cent positive at  144 hours PC. Controls 

were 100 per cent VI positive at  96 and 144 hours PC. 
The n u m b e r  of principals and  controls with respiratory invo lvement  was low 

as shown in Table 1. Birds of the IBV-46 group were negat ive for both  trials, while 
the highest incidence occurred in birds of the Iowa-33 group. Only one bird, a 
control, had respiratory signs for the 4 days of observat ion in Trial 2. 

Table 1. Serologic Response and Challenge o] Immunity o/Chickens Admin- 

Strain Trial 2 3 4 

Serologic 

IBV-46 1 1.3--2.1 c 8/9 d 1.0--2.4 9/10 1.5--2.0 10/10 
2 1.3--2.1 8/10 1.3--2.2 9/10 1.3--2.1 8/10 

Iowa-33 1 0.2--0.8 0/10 0.2--0.7 0/10 0.4--1.0 0/10 
2 0.4--0.8 0/10 0.4-- 1.1 0/10 0.5-- 1.1 0/10 

Iowa-609 1 0.0--1.2 0/10 0.0--1.0 0/10 0.0--1.0 0/10 
2 0.1--0.7 0/10 0.2--0.9 0/10 0.1--0.7 0/10 

Controls i ND -- ND -- 0.7-- 1.3 0/I0 
2 N D  - -  ND -- ND -- 

a Weeks after inital aerosol. 
b Days after challenge of immunity. 
e Range of plaque-reduction neutralization-illdex. 
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4. Discussion 

The 3 strains of AIB virus (IBV-46, Iowa-33, Iowa-609) used as vaccines had 
previously been shown to be antigenic after BPL-inactivation and inoculated 
subcutaneously into susceptible chickens (5). Their PI~-NI range was 2--3 log10 
higher (IBV-46, 3.3--5.0; Iowa-33, 1.1--4.7; Iowa 609, 1.5--4.6) 2 weeks after 
the second inoculation, than those obtained with 2 aerosol doses in this study. 
The amount of antigen per bird was the same (0.5 ml) in both instances, so the 
difference in the PR-NI could have been due to adjuvant in the inoculated vaccine 
or insufficient intake of aerosoled vaccine. 

The efficacy of low-egg-passaged live Connecticut type (IBV-46) AIB vaccine 
in immunizing against infection by Massachusetts type (IBV-41), has varied from 
being" complete (2) to partial resistance (15, 16, 17). I t  is apparent from the data 
presented, that  2 doses of BPL-inactivated IBV-46 administered by an aerosol 
has the ability to immunize the trachea against an infection by IBV-41, while 
Iowa-33 and Iowa-609 provided no protectiorL as determined by virus isolation 
from challenge-exposed birds. 

The author agrees with published reports (2, 17) that  respiratory signs have 
little significance in evaluating immunity in challenge-exposed birds, as observa- 
tions of these signs were sporadic in the controls. 

The use of inactivated AIB virus vaccines have a greater potential today than 
ever before, as we continually learn of latent virus infections of the respiratory 
tract  of supposedly recovered chickens (12). Viruses such as AIB, infectious 
laryngotracheitis and Newcastle disease, which cause respiratory diseases of 
chickens, are reported to be spread naturally by aerosols produced from the 
respiratory tracts of diseased birds and may persist as latent infections without 
clinical illnesses. Therefore, immunization of the respiratory tract, principally the 
trachea, using inactivated AIB virus vaccines, would reduce the incidence of 
primary infection and latent infections caused by live virus immunizing 
agents. 

istered Two  Doses o / B P L - I n a c t i v a t e d  A I B  V i rus  Vaccines by an  Aerosol 

response a Virus isolation b :Respiratory signs b 

5 4 6 4 5 6 7 

NDe 8/10 ND 3/10 ND ND 
1.0--2.1 8/10 0/10 0/10 0/10 0/10 0/10 

ND s11o ND 4IlO ND ND 
0.2--1.1 0/10 10/10 10/10 5110 2/10 5110 

ND 9/10 ND 5/10 ND ND 
0.1--0.7 0/9 9110 10/10 l/J0 0/10 2110 

ND 9/10 ND 3/10 ND ND 
0.6--1.2 0/9 9/9 9/9 219 1/9 2/9 

ND 
o/lo 

~ D  
3/10 

N D  
3/10 

ND 
1/9 

d Numerator number having positive response; denominator number tested. 
e Not done. 



70 CoRIa: Inact ivated Avian Coronavirus Vaccine Administered by Aerosol 

Aeknowledflments 
The technical assistance of ?Cir. Jerold Peterson is gratefully acknowledged. 

References 
1. BRION, A., A. Mo~AILLON et A. CAKALA: Valeur de la vaccination eontre la 

bronchite infectieuse par virus inactiv6 ~ la bdta-propiolactone, lqech, vdter. 2, 
85--91 (1969). 

2. BURKE, C. N., and R. E. LUGINBUHL : The effect of parameter selection in evalua- 
tion of infectious bronchitis virus vaccine. I. Evaluation of the Connecticut strain 
by virus recovery tests. Avian Dis. 16, 467--480 (i972). 

3. CORIA, M. F. : Intracellular avian infectious bronchitis virus: detection by fluo- 
rescent antibody techniques in nonavian kidney cell cultures. Avian Dis. 13, 
540--547 (i969). 

4. COI~IA, M.F. ,  and M. S. HOFSTAD: Immune response in chickens to infectious 
bronchitis, strain 33. I. Response to beta-propiolactone-inactivated virus. Avian 
Dis. 15, 687--695 (1971). 

5. CoRIA, M. F. : Serologic response of chickens to seven strains of avian infectious 
bronchitis virus inactivated by beta-propiolactone Avian Dis. 16; 1103--1108 (1972). 

6. CUN~INGHAM, C. It. : Avian infectious bronchitis. Advanc. vet. Sci. and Comp. Med. 
14, 105--147 (1970). 

7. HOFSTAD, M. S.: Immuni ty  following aerosol exposure to high-embryo-passage 
avian infectious bronchitis virus. Avian Dis. 11, 452--458 (1967). 

8. HROT•ATKA, L., and L. G. RAGGI: Studies on inactivated infectious bronchitis 
vaccine. I. Response in White Leghorn pullets. Avian Dis. 14, 471--478 (1970). 

9. LUKERT, P. D. : A plaque-reduction method for the detection of neutralizing anti- 
bodies for infectious bronchitis virus. Avian Dis. 1O, 305--313 (1966). 

10. McDouGALL, J.  S.: Avian infectious bronchitis: the protection afforded by an 
inactivated virus vaccine. Vet. Rec. 85, 378--381 (1969). 

11. PERKINS, J.  C., D. N. TUCKER, H. L. S. KNOPF, R. P. WENZEL, A. L. KAI'IKIAN, 
and R. M. CiZA~OCK: Comparison of protective effect of neutralizing antibody in 
serum and nasal secretions in experimental rhinovirus type 13 illness. Amer. J .  
Epidem. 90, 519--526 (1969). 

12. TURNER, A. J.  : Persistence of virus in respiratory infections of chickens. Aust. Vet. 
J.  48, 361--363 (1972). 

13. WALDMAN, R. H., J.  J.  lV[AlgN~ and P. A. SMALL, J~. : Immunizat ion against influ- 
enza prevention of illness in man by aerosolized inactivated vaccine. J.  Amer. med. 
Ass. 207, 520--524 (1969). 

14. WINTERFIELD, 1~. W. : Immuni ty  response from an inactivated infectious bronchitis 
vaccine. Avian Dis. 11, 446--451 (1967). 

15. WI~TERFIELD, R. W. : Respiratory sig~ls, immunity response, and interference from 
vaccination with monovalent and multivalent  infectious bronchitis vaccines. Avian 
Dis. 12, 577--584 (1968). 

16. WINTERFIELD, R.W. ,  and A. FADLY: Criteria for examining the immune response 
to infectious bronchitis virus. Avian Dis. 15, 56--67 (1971). 

17. WINWERFIELD, R. W., A. M. FADLu and A. A. BICKFO~D : The immune response 
to infectious bronchitis virus determined by respiratory signs, virus infection, and 
histopathologieal lesions. Avian Dis. 16, 260--269 (1972). 

Author 's  address: Dr. M. F. CORIA, National Animal Disease Laboratory, Agricul- 
tural Research Service, United States Department  of Agriculture, P.O.Box 70, Ames, 
IA 50010, U.S.A. 


