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Vaccination of Congenitally-Iniiiiune Chicks against hTewcastle Disease 
Virus (33057) 

H. D. STONE AND W. A. BONEY (Introduced by M. H. Roepke) 
National Animal Disease Laboratory, Animal Disease and Parnsite Research Division, Agricultural 

Research Service, U S .  Department of Agriculture, Ames, Iowa 50010 

Young chicks with congenitally derived an- 
tibodies to Newcastle disease virus (NDV) 
are refractory to early vaccination ( 1-6). 
This refractoriness is generally attributed to 
incomplete immunological competence of the 
chicks and to an abrogating effect of mater- 
nal antibodies on the vaccine antigen. Active 
immunization of these chicks has been satis- 
factorily achieved only by intranasal inocula- 
tion with live (usually attenuated) virus. 
Lancaster ( 7 )  has recently presented a com- 
prehensive review of the problems of estab- 
lishing a uniformly successful vaccination 
procedure. 

For broiler chicks, satisfactory immunity, 
i.e., >SO% protection, is desired up to 8 or 
10 weeks of age. Levels of congenital immu- 
nity in commercial hatches are rarely this 
high and, moreover, this protection is short- 
lived. Recently, interest has been revived in 
the prophylactic utility of both convalescent 
NDV-immune serum and 7-globulins from 
fractionated antisera (8). Passive immunity 
conferred by these preparations is frequently 
incomplete, particularly when challenged 
with highly virulent (velogenic) strains of 
NDV. 

We have tried to develop a simple vaccina- 
tion procedure for broiler chicks combining 
both passive and active immunization in a 
single subcutaneous (s.c.) inoculum. Our ob- 
jective was to achieve early, sustained 
prophylaxis that would provide >8OC/O 
protection for 8-10 weeks. The vaccine 
should be noninfectious and useful for both 
susceptible chicks and those with maximal or 
nominal levels of congenital immunity. 

We report here the achievement of protec- 
tive levels of immunity with a vaccine con- 
taining chemically-inactivated virus antigen 
in the form of antigen-antibody complexes 
(AgOAb), free homologous antibody, and an  
aluminum hydroxide adjuvant. This admix- 
ture of components was chosen because i t  

might be expected to fulfill two conditions 
considered paramount for a satisfactory com- 
bination vaccine: ( i)  the humoral level of 
congenitally acquired antibody should not be 
lowered as a result of vaccination, and (ii) 
the form and quantity of antigen adminis- 
tered should insure its persistence in the 
chick beyond any refractory period. A vari- 
ety of control preparations evaluated the 
effectiveness of this combination vaccine. 

Materials and Methods. Antigen and anti- 
body. The GB-Texas strain of NDV (9) was 
used exclusively. It was propagated in 10-day 
embryonating eggs and attained titers of 
10"*'. ELDSo/ml in the allantoic fluid (AF) 
at harvest (40- to 48-hour incubation, 0.1 ml 
of inoculum containing 1 04." ELDGo). Pooled 
AF  virus was inactivated with 0.270 (v/v) 
P-propiolactone (BPL for 2 hours at 25°C 
and stored a t  -60°C until used as antigen. 
Homologous antibody was obtained from 
chickens vaccinated subcutaneously ( s.c.) 
with a standard killed NDV vaccine (11) 
and subsequently hyperimmunized with a 
challenge inoculation of 1 @a', BLDBO giv- 
en intramuscularly (i.m.) . Antisera were col- 
lected 2 weeks after this challenge. Antibody, 
as immune globulins, was separated from 
pooled an tisera by ammonium sulfate precipi- 
tation (s saturation, O"C, 3 times precipi- 
tated). Globulin precipitates were reconsti- 
tuted to the original serum volume with 
0.85C/C NaCl (saline), and then dialyzed 
against saline for 4 days at 4OC. When 
assayed for hemagglutination inhibition (HI )  
by the constant virus-decreasing serum 
method ( l o ) ,  the globulins contained 1280 
HI units,/ml, i.e., about 50% of the HI 
activity of the original pooled antiserum. 

Experimental chicks. White leghorns, 1-2 
days old, were used. They represented chicks 
of four different immune levels and were 
tested with the experimental vaccine as sepa- 
rate groups. These groups were: susceptible 
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FIG. 1 .  A. Newcastle disease virus antigen in potassium phosphotungstate-negative stain. Intact 
antigen particle and three hemagglutinins (‘rosettes’). B. Newcastle disease virus antigen-antibody 
complexes in potassium phosphotungstate-negative stain. Note that the blebbed portion (arrow) of 
the large antigen particle at the left is devoid of antibody. Scale bar represents 50 mp. 

chicks, chicks of nominal immunity, congeni- 
tally-immune chicks protected to an interme- 
diate level against NDV, and high level con- 
geni tally-immune chicks. Susceptible chicks 
were obtained from a flock that had no his- 
tory of Newcastle disease or NDV vaccina- 
tion. 

Chicks of nominal passive protection were 
produced artificially from susceptible chicks 
by s.c., injection of NDV antiserum in the 
sternum region (640 HI units, 0.5 ml). They 
were used in experiments 1 day later. Twen- 
ty percent of these chicks survived a chal- 
lenge inoculation of lo4.*-’ BLDs0 2 weeks 
later. 

Congenitally-immune chicks with an in- 
termediate level of immunity were obtained 
from hens vaccinated twice with killed NDV 
vaccine (11). Fifty-two percent of these 
chicks were immune to challenge a t  2 weeks 
of age. Six comparable hatches of chicks were 
used over a 13-month period. 

Congenitally-immune chicks with high 
levels of protection were obtained from a 
flock that had been vaccinated with killed 
NDV vaccine (1 1) and subsequently hyper- 
immunized with a live virus challenge. 
Chicks in this group were 100% immune to 
challenge up to 3 weeks of age. Various 
hatches of these chicks, used over an 
18-month period, had comparable levels of 
congenital immunity. 

Experimental, antigen-antibody complex 
vaccine. Preliminary trials (unpublished) in- 
dicated that the following volume ratio of 

components was satisfactory: 50: 5:45 (BPL- 
killed AF virus antigen:immune globulin 
preparati0n:adjuvant). To form the Ag-Ab 
complexes, antigen and the immune globulin 
preparation were mixed in the ratio 50:5 and 
incubated at room temperature for 2-3 
hours and then overnight a t  4°C. After in- 
cubation, this reaction mixture contained 40 
HI units/ml indicating an antibody excess. 

Electron micrographs of Ag*Ab complexes 
showed that antigen particles were covered 
with a thick, matted layer (presumably anti- 
body) not present on antigen particles before 
incubation with immune globulins (Fig. 1 ) . 

The complete vaccine was compounded by 
blending 55 parts of the Ag-Ab complex 
preparation with 45 parts of the aluminum 
hydroxide adjuvant (Amphojell) in a War- 
ing Blendor2 ( O O C ,  3-5 min, high speed 
setting). The vaccine was generally used 
immediately although some lots were used 
after storing for several months at 4OC. No 
loss in its immunogenic potency was noted 
during this storage. 

Control preparation. Compositions of the 
control formulations were as follows: ( i )  50 
parts BPL-killed antigen: 5 parts phosphate 
buffered saline (PBS) :45 parts adjuvant; 
(ii) 50 parts BPL-killed antigen:5, parts nor- 
mal chicken globulin:45 parts adjuvant; (iii) 
50 parts BPL-killed antigen: 5 parts immune 
globulins:45 parts PBS; (iv) 55 parts 

1 Wyeth Laboratories, Inc., Philadelphia, Pennsyl- 
vania. 

2 Waring Corporation, New York, New York. 
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PBS:45 parts adjuvant; (v) 5 parts immune 
globulins:95 parts PBS; and (vi) 51 parts 
immune globulins:45 parts adjuvant: 50 parts 
PBS. In control Nos. 2 and 3, antigen and 
globulin preparations were incubated together 
as described for the test vaccine. All control 
formulations were compounded by blending 
as described for the test vaccine. 

The complete spectrum of these controls 
was used only in experiments with suscepti- 
ble chicks. For chicks with a nominal level of 
passive immunity, all formulations except 
No. 1 were used. For chicks with high levels 
of congenital immunity, only control formula- 
tion No. 1 was used, i.e., antigen:PBS:ad- 
juvant but without immune globulins. 

None of these special control preparations 
was tested in chicks with an intermediate 
level of congenital immunity. In all experi- 
ments, however, groups of nonvaccinated con- 
trol chicks representing the appropriate level 
of immunity were challenged. 

Vaccine administration and challenge. The 
test vaccine and control formulations were 
given in a 1.0-ml volume applied S.C. in the 
dorsal region of the neck. This route was 
chosen to provide a slow release of the immu- 
nogen into the lymph and blood since Brun- 
ner et al. (12) have shown that NDV- 
Ag*Ab complexes are cleared more rapidly 
from the blood (in mice) than native anti- 
gen. Furthermore, it was known that anti- 
body synthesis may be suppressed by in- 
travenous (i.v.) administration of Ag*Ab 
complexes formed in the region of antibody 
excess with other antigens ( 13-1 5) .  

Beginning a t  2-weeks postvaccination and 
following a t  1- to 4-week intervals thereafter, 
chicks in each immune level group were giv- 
en an i.m. challenge injection of l e a 5  
BLDSO of the GB-Texas strain. Those that 
survived 2 weeks and did not exhibit nervous 
signs or paralysis were considered protected. 

Nonvaccinated susceptible chicks were 
also included in each challenge to confirm its 
effectiveness. 

Results. All nonvaccinated susceptible 
chicks used as controls died from the challenge 
dose lW5 BLDBo, of the GB-Texas strain. 

Challenge response of high level immune 
chicks. Chicks given the experimental AgAb 

- TEST VACCINE "1 10 -,,,,-,,.,- . . UNYIYED.CON:-\ . . , 
_I__"."...." CONTROL No. 1 a L-\ 

0 
I 2 3 4 5 6 7 8 9 1 0  

WEEKS POST VACCINATION 

FIG. 2 .  Challenge response of 1- to 2-day-old high 
level congenitally immune chicks after vaccination 
with antigen-antibody complex vaccine. 

"Composition of control No. 1, antigen:PiBS: 
adjuvant (50:5:45). 

complex vaccine maintained greater than 
75 % protection throughout the 10-week test 
(Table 1-A and Fig. 2) .  Chicks given control 
formulation No. 1 containing antigen and ad- 
juvant but without antibody did not maintain 
a comparable level of protection, e.g., at 4- 
weeks postvaccination (PV) only 50% sur- 
vived challenge and, by the tenth week, less 
than 30% survived. The congenital immuni- 
ty of nonvaccinated controls appeared to per- 
sist for about 3 weeks; however, it waned 
thereafter and less than 50% survived chal- 
lenge at 6-weeks PV or later. 

Challenge response of intermediate level 
immune chicks. Chicks given the AgAb com- 
plex vaccine maintained greater than 80% 
protection throughout the 10-week test except 
those challenged a t  3-weeks PV (Table 1-B 
and Fig. 3) .  At this challenge, only 65% 
survived. Less than 50% of the nonvac- 
cinated congenitally-immune controls sur- 
vived challenge after 2 weeks and their pro- 
tection was nil after 5 weeks. 

Challenge response of nominally-immune 
chicks. These chicks responded to the Ag*Ab 
complex vaccine somewhat better than the 
high level congenitally-immune chicks, par- 
ticularly from the fourth week PV; during the 
last 5 weeks of the test their protection was 
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greater than 90% (Table 1-C and Fig. 4) .  
In contrast, the nonvaccinated artificially- 
immune controls all died from challenge after 
the second week PV. With one exception, 
described below, none of the control formula- 
tions elicited an immune response in these 
chickes. Chicks given control preparation No. 
2 containing antigen, adjuvant but with “nor- 
mal chicken globulins” as a substitute for 
homologous antibody, responded in an unex- 
pected manner; during the first 4 weeks PV, 
less than 40% survived challenge whereas a t  
5 weeks PV or later, greater than 70% sur- 
vived (Fig. 4).  

1001 

TEST VACCINE 
\: -,,.--,-- UNVACCINATED CONTROLS 

a 
,“ 40 

!. --”- U N W C I N A T E O  CONTROLS 
. - CONTROL No.2 a 

A . . . . . . ,  
1 2 3 4 5 6 7 6 9 1 0  

0 

WE€KS POST WCCINATION 

FIG. 4. Challenge response of 1- to 2-day-old 
nominal level artificially-immune chicks after vac- 
cination with antigen-antibody complex vaccine. 

Composition of control No. 2,  antigen:normal 
chicken globu1ins:adjuvant (50: 5 : 45). 

with chemically-inactivated virus antigen in 
the form of Ag*Ab complexes, excess homolo- 
gous antibody, and an adjuvant. This combi- 
nation of components was also immunogenic 
in susceptible chicks but afforded somewhat 

0 . . . . . . . . -  4 
I 2 3 4 5 6 7 8 9 1 0  

”\_ 
WEEKS POST UKCINATION 

FIG. 3 .  Challenge response of 1- to 2-day-old 
intermediate level congenitally-immune chicks after 
vaccination with antigen-antibody complex vaccine. 

Challenge response of susceptible chicks. 
The experimental Ag-Ab complex vaccine and 
Nos. 1 and 2 control formulations induced 
greater than 85% protection throughout the 
test (Table 1-D and Fig. 5 ) .  The two con- 
trol formulations did not contain homologous 
antibody but appeared to afford a higher 
level of protection (95-1007( ) than the 
test vaccine up to the fourth week PV. All 
nonvaccinated chicks and those receiving 
control preparations that did not contain both 
antigen and adjuvant died as a result of the 
challenge a t  3 weeks. 

Discussion. Our observations suggest that 
the apparent immunological refractoriness of 
day-old NDV congenitally-immune chicks 
can be overcome by appropriate vaccination 

100 
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-TEST VACCINE 
-,,,,-.,.,- UNVACCINATED CONTROLS 
-CONTROL No. 1: .---------- CONTROL No.2 I .i 10 

0 1 .  g . .  . . . . 1 
I 2 3 4 5 6 7 6 9 1 0  

WEEKS POST VACCINATION 

FIG. 5’. Challenge response of 1- to 2-day-old 
susceptible chicks after vaccination with antigen- 
antibody complex vaccine. 

a Composition of control No. 1, antigen:PBS:ad- 
j u van t ( 5 0 : 5 : 4 5 ) 

’’ Composition of control No. 2,  antigen:normal 
chicken globulins; adjuvant (50: 5 :45). 
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less protection than simple antigen-adjuvant 
vaccines up to 4-weeks PV. This result may 
be due to a temporary conference of refracto- 
riness by the antibody given in the experi- 
mental vaccine. 

The factors that may have contributed to 
overcoming the chick’s refractoriness have 
not been clearly identified. I t  seems reason- 
able to us, however, that both passive immu- 
nity and antigen persistence were important 
vaccination parameters. Since the AgAb 
complex vaccine contained unbound anti- 
body, we assume the level of congenitally- 
derived antibody was not lowered as a result 
of vaccination. Passive immunity may have 
been enhanced by the unbound antibody. 
However, vaccine-equivalent concentrations 
of immune globulin in control preparations 
given to susceptible chicks and nominally- 
immune chicks did not confer protection be- 
yond 3 weeks. l t  seems unlikely that this 
additional passive immunity could, alone, ac- 
count for the sustained high level of protec- 
tion afforded by the experimental vaccine. 
The effective concentration of immunogenic 
components of the experimental vaccine may 
have been increased by comminution of the 
Ag*Ab complex aggregates in the blendor. In 
addition to the well-known adjuvant effect of 
aluminum hydroxide gels, the presence of a 
thick, matted covering of antibody may have 
enhanced antigen persistence by a t  least 
three mechanisms: ( i )  stabilization of the 
antigen particles against disruption by nor- 
mal chicken globulins, which induce pleomor- 
phic changes and degradation (16) ; (ii) re- 
duction of the rate of antigen diffusion from 
the injection site; and (iii) masking of the 
identification of the antigen as a “foreign 
substance” thereby reducing the rate of its 
clearance by phagocytosis. If these assump- 
tions are correct, immunological refractor- 
iness in other species and with other infec- 
tious entities may be overcome by a similar 
approach in vaccine development. 

Summary. One to 2-day-old chicks with 
different levels of passive immunity and con- 
trols were vaccinated with an homogenate of 
chemically-inactivated Newcastle disease vi- 
rus antigen-antibody complexes, excess anti- 

body, and aluminum hydroxide adjuvant. The 
antigen-antibody complex vaccine protect- 
ed 65% or more of the chicks (usually 
> 80%) against a challenge dose of 1@.’, 
BLD,,, for a t  least 10-weeks postvaccina- 
tion. Comparable protection was not achieved 
in the passively-immune chicks when vac- 
cinated with preparations containing only an- 
tigen and adjuvant. In  susceptible chicks, 
however, the antigen-antibody complex vac- 
cine did not confer any better protection 
against challenge inoculation than did simple 
vaccines. I t  was concluded that immunologi- 
cal refractoriness of congenitally-immune 
chicks can be surmounted by appropriate 
vaccination with an an tigen-anti body com- 
plex vaccine. 

We wish to thank A. E. Ritchie for his electron 
microscopic observations and for helpful assistance 
with the manuscript. 
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