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Summary  

The protective effect of humoral immunity against lethal infection of 
chickens with Newcastle disease virus was studied. 

Chickens hatched from eggs laid by hens vaccinated with live at tenuated 
Newcastle disease virus vaccine possessed antibody to various components 
of the virus, and were resistant to a challenge with a virulent strain of New- 
castle disease virus which was 100 per cent fatal for the offspring of non- 
vaccinated hens. 

Passive administration of antiserum raised against whole virions provid- 
ed susceptible chickens protection comparable to that  seen in the birds 
with maternal antibody. 

When administered passively, both anti-HN serum with virus neutraliz- 
ing activity, and anti-F serum with only marginal virus neutralizing activity 
significantly prolonged the survivM of infected birds but failed to achieve the 
level of protection as afforded by the anti-whole NDV serum. 

The protection provided by the simultaneous presence of anti-HN and 
anti-F serum was significantly greater than that afforded by either alone and 
comparable to that  of anti-whole NDV serum, indicating the complementary 
effect of anti-HN and anti-F antibodies not only in cell cultures as reported 
previously (19), but  also in a natural host. 
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Introduction 

Newcastle disease is a disease of domestic birds with high morbidity and 
mortality. The grave economic consequence of the epizootics has prompt~d 
an intensive study of the disease and its causative agent (2, 3, 9, 10, 12). 

The problem has been practically solved, however, by the introduction of 
live at tenuated vaccine during 1950's (for review, see HANSO~ T et at., 10). 
Since then, little attention has been paid to the detailed mechanism of 
protection provided by vaccine-induced immunity against Newcastle 
disease virus (NDV). It  became known subsequently that  NDV is a member 
of paramyxovirus family and possesses two surface glycoproteins, HN, the 
hemagglutinin-neuraminidase, and F, the fusion protein on its envelope. 

The role of the antibodies to the two envelope glycoproteins in protection 
against lethal infection in experimental animals has been investigated using 
monoclonal antibodies directed to the HN or F of several viruses of para- 
myxovirus group (8, 14, 22). 

I t  is generally agreed that  the protective effect of the antibodies to HN 
glyeoprotein on viral infection is due to their virus-neutralizing activity (8, 
22). On the other hand, the role of antibodies to F glycoprotein in protection 
has not been definitively established. Mnt~z et al. (15) proposed that  the anti- 
body to F is important in the host defence against paramyxovirus infection, 
based on their finding that  t he  antiserum to F protein of SV 5 not only 
neutralized viral infectivity but also inhibited the spread of infection even 
after it had been initiated (16). 

In contrast, some monoclonal antibodies directed to various epitepes of 
F protein were neither neutralizing nor protective (22), whereas others were 
protective despite the absence of virus-neutralizing activity (14). 

We studied previously the effect of rabbit polyclonal antibodies specific 
to ][iN and F proteins of NDV on the infection of cultured cells. While anti- 
HN serum was highly neutralizing, anti-F serum was barely so. Never- 
theless, the coexistence of anti-F serum markedly enhanced the effect of 
anti-HN serum in restricting the spread of infection (19). In the present 
study, we assessed the relative contribution of anti-HN and anti-F anti- 
bodies and their cooperative effect for the protection of baby chickens from 
lethal infection with virulent NDV. 

Materials and Methods 

Embryonated Eggs and Chickens 

Embryonated eggs laid by white leghorn hens were used for preparation of chicken 
embryo cell cultures and egg-grown NDV. The hens had been wccinated against NDV and 
maintained for breeding in Chiba Prefectural Livestock Experimental Station, Chiba, 
Japan. The eggs laid by unvaccinated specified pathogen-free (SPF) white leghorn hens 
were purchased from SPF Poultry Unit, Nippon Institute of Biological Sciences, Tokyo, 
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Japan. Eggs were incubated at 37 ° C and newborn chickens hatched from the eggs were 
kept in flexible plastic film poultry isolators. Eight-week-old SPF chickens used for hyper- 
immunization with NDV or its components were purchased also from SPF Poultry Unit 
described above. 

Cells and Virus 

Madin-Darby bovine kidney (MDBK) cells were grown in Eagle's minimum essential 
medium (MEM) containing 5 per cent fetal calf serum and 10 per cent tryptose phosphate 
broth. Eleven-day-old embryonated hens' eggs were used for the preparation ofmonolayer 
cultures of chick embryo (CE) cells. 

The Italien strain of NDV was used throughout the study. Seed stocks of the virus were 
prepared in the allantoic cavity of embryonated hens' eggs (17). Infectivity of the virus was 
determined by plaque assay in CE cells. Virus to be purified, either radiolabeled or 
unlabeled, was grown in MDBK cells. For enzyme-linked immunosorbent assay (ELISA), 
virus from embryonated eggs was used as antigen. Purification of virus and separation of 
HN and F proteins were reported previously (11). 

Preparation of Antisera 

Hyperimmune sera to purified Newcastle disease virions and to viral glyeoproteins 
were prepared as follows; approximately 500 ~g of u.v.-irradiated virus, HN, F, or a 
mixture of HN and F (HN + F) in PBS were emulsified in Freund's complete adjuvant by 
forced mixing. The mixture was injected intramuscularly (i. m.) into eight-week-old SPF 
chickens at several sites. Six weeks Hater the chickens received the booster injection of the 
respective antigens mixed with Freund's incomplete adjuvant. They were bled two weeks 
later. 

Since chickens immunized with F protein produced low levels of anti-HN antibody, it 
was removed by passing about, 5 ml of the serum through a column ofSepharose 4 B (Phar- 
maeia, UppsMa, Sweden) to which HN protein had been conjugated (19). The absorption 
procedure reduced the hemagglutination inhibition (HI) titer to an undetectable level. The 
antisera were heat-inactivated at 56 ° C for 30 minutes before use. 

Radioimmunoprecipitation and SDS-Polyacrylamide Gel Elec~rophoresis (PAGE) 

The procedure previously described was followed (19), 

HI Test 

HI test was performed on mierotiter trays with 0.5 per cent chicken erythrocytes and 
4 hemagglutinating units (HAU) of Italien strain as antigen. 

ELISA 

Purified virions of egg-grown NDV at a concentration of 0.5 ~tg/ml was attached to the 
solid phase as antigen. The method described previously was followed (20) except for the 
use of peroxidase-conjugated IgG fraction of rabbit anti-chicken IgG serum (Cappel 
Laboratories, Cochranville, PA, U.S.A.). ELISA titer was expressed by the highest 
dilution of serum which gave an optical density (0. D.) value of 0.1. 

Virus Neutralization ~T)  Test 

The method had been described previously (19). Neutralization titer was expressed as 
the highest dilution of serum thai  reduced the number of plaques in CE ceils by 50 per cent. 

Challenge of Newborn Chickens with Virulent ND V 

Immunity afforded to a newborn chicken was assessed by the time interval required for 
the virus to kill the bird. The method had been developed originMIy for the comparison of 
virulence of various NDV strains (21), but was adapted here to the above purpose. A group 
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of four to five 10-day-old newborn chickens received i. m. injection of 0.1 ml each of NDV- 
Italien strain of appropriate dilution, and were housed in one flexible plastic film poultry 
isolator. The chickens were observed for signs of disease. Death usually followed the onset 
of the disease within 18 hours. Observation was terminated on day 10 (240 hours post infec- 
tion) betbre the possible appearance of illness among eagemates resulting from secondary 
spread of infection. Mean death time (MDT) is the average time in hours. 

Passive Immunization 
Nine-day-old chickens were injected intravenously with 0.1 ml of the appropriate 

immune serum or control serum free of NDV antibody. Antisera with NT activity were 
injected at a dose expected to make the serum NT antibody level in the recipient birds 
comparable to that in immune chickens. 

Antisera or normal chicken serum with little or no NT activity were used at the same 
dilution with anti-HN serum. Twenty-four hours later the chickens were challenged i, m. 
with 0.I ml of virus containing I0 PFU/dose. The deaths of chickens were scored and the 
MDT was determined. The statistical significance of the difference of death time between 
control and test groups and between two test groups was assessed by Student's t-test. 

Results 

Maternal Antibodies in the Sera from Newborn Chickens Derived 
from Vaccinated Iter~s 

A n t i b o d i e s  a re  k n o w n  to  be t r a n s m i t t e d  f rom h e n s  to c h i c k e n  e m b r y o s ,  

a n d  hence ,  to  n e w b o r n  c t f ickens  v i a  egg  y o l k  (4, 6). T h e  d e g r e e  a n d  d u r a t i o n  

of i m m u n i t y  to N D V  in  n e w b o r n  c h i c k e n s  h a t c h e d  f rom fer t i l ized  eggs la id  

b y  v a c c i n a t e d  h e n s  were  a s s e s s e d  b y  s e r u m  a n t i b o d y  levels  in  n e w b o r n  
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Fig. 1. Antibody levels against Newcastle disease virus in the offspring of vaccinated hens. 
Five to seven newborn chickens were bled at indicated times after hatching. The sera were 
combined and tested for neutralizing (A) and hemagglutination inhibiting activity (B) 
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Fig. 2. SDS-PAGE of immunoprecipitates with sera from offspring of vaccinated hens. 
MDBK cells infected with NDV were labeled with [35S] methionine :from 12 to 42 hours 
postinfection. At the end of labeling, cells were lysed in RIPA buffer. The lysate was mixed 
with sera from the chickens shown in Fig. ]. Immunoprecipitates were analyzed by SDS- 
PAGE. 1 anti-NDV hyperimmune serum; 2 to 8 newborn chicken sera; 2 day 1; 3 day 5; 

4 day 10; 5 day 15; 6 day 21; 7 day 28; 8 day 36 

chickens. Fig. 1 shows the profile of NT and HI antibodies in the sera collect- 
ed from chickens of various ages. Both antibodies decreased in parallel and 
were no longer detectable at 3 weeks of age. 

The composition of maternal antibodies transmitted to the offspring in 
terms of target antigens was examined. Radiolabeled viral proteins were 
immunopreeipitated by newborn chicken sera and analyzed by SDS-PAGE 
(Fig. 2). All major structural proteins, HN, F, P, NP, and M, were identified 
in the immunoprecipitates with sera from chickens early in life. The relative 
intensities of viral protein bands showed that  the antibody reacting with NP 
was most abundant, followed by tha t  reacting with HN and F in decreasing 
order. Those reacting with P and M appeared to be present in much smaller 
amounts. The amount of HN protein in the immunoprecipitates roughly 
paralleled NT and HI antibody level shown in Fig. 1. 

Susceptibility of Offspring of Unvaccinated and Vaccinated Hens to Newcastle 
Disease Virus Infection 

Newborn chickens with and without maternM antibody were compared 
with regard to susceptibility to infection by NDV (Table 1). Since the Italien 
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strain was highly virulent, a dose as low as 1 PFU was sufficient to kill all 
SPF chickens within 4 days. The MDT was shortened with increasing dose of 
ehalIenge virus. By contrast, the resistance of chickens derived from 
vaccinated hens was remarkable. A challenge dose nearly five orders of 
magnitude higher was required to give rise to an outcome comparable to 
that  in unprotected chickens. The resistance of offspring of vaccinated hens 
was reproduced by passive immunization of susceptible chickens. The serum 
from a SPF chicken immunized with u.v.-irradiated NDV (Table 2) was 
administered intravenously to newborn SPF chickens in a dose that  would 
make the serum NT antibody tiger in the recipient birds equivalent to 
maternM NT antibody level in the offspring of vaccinated hens. That  passive 
immunization had achieved similar levels of circulating antibody, cor- 
responding to N~ antibody liter of 1 : 40, was verified by ELISA titration of 
pooled sera from 5 SPF chickens which received the same dose of antiserum. 
Table 1 shows that a similar degree of protection was afforded by passive 
immunization as that  due to maternal vaccination. Serum ix~ antibody at a 
tiger of 1 : 40, irrespective of whether it is maternal or passively acquired, 
protected the chickens from otherwise lethal challenge with 10 P F U  of 
NDV. 

'Fable 1. Susceptibility of baby chickens of varying immune status to challenge 
with virulent ND V 

M e a n  d e a t h  t i m e  ~ 

V i r u s  d o s e  S P F  c h i c k e n s  
i n o c u l a t e d  C h i c k e n s  wi th  S P F  c h i c k e n s  w i th  p a s s i v e l y  

( P F U / e h i c k e n )  m a t e r n a l  a n t i b o d y  b w i t h o u t  a n t i b o d y  a d m i n i s t e r e d  a n t i b o d y  ~ 

1 _ d  9 4  - -  

1 0  -- 74 > 240  
102 -- 70 --  

103 > 240  66 > 240  
104 > 240  51 > 240  

105 98 46 107 
105-8 90 41 - 

10 ~.s 66 41 - 
107.8 45  -- -- 

10 s-s 27 -- -- 

A g r o u p  of  fou r  to f ive 10-day-o ld  n e w b o r n  c h i c k e n s  r e c e i v e d  i n t r a m u s c u l a r  in j ec t ion  o f  

N D V  I t a l i e n  s t r a i n  a n d  we re  k e p t  for  o b s e r v a t i o n  for 10 d a y s  (240 hou r s ) .  M e a n  d e a t h  
t i m e  w a s  c a l c u l a t e d  as  d e s c r i b e d  in M a t e r i a l s  a n d  M e t h o d s  

u S e r u m  n e u t r a l i z i n g  a n t i b o d y  t i t e r  w a s  a s s u m e d  to be  a p p r o x i m a t e l y  1 : 40  a t  t h e  t i m e  of  

v i r u s  c h M l e n g e  f r o m  t h e  r e s u l t s  s h o w n  in  Fig .  1 
° On  t h e  d a y  be fore  c h a l l e n g e ,  c h i c k e n s  r e c e i v e d  a n  i n t r a v e n o u s  in j ec t ion  o f  t h e  s e r u m  

f rom a c h i c k e n  i m m u n i z e d  w i t h  who l e  N D V  in  a d o s e  w h i c h  w o u l d  m a k e  t h e  s e r u m  

n e u t r a l i z i n g  a n t i b o d y  t i l e r  in  r e c i p i e n t  b i r d s  1 : 40  
d N o t  t e s t e d  
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Biological Properties of Sera from Chickens Immunized with Newcastle Disease 
Virus and Its Glycoproteins 

SPF chickens were immunized with inactivated NDV or viral glyco- 
proteins. The sera were tested for their effects on biological properties of the 
virus (Table 2). Anti-HN antibody had HI and NT activity. Antiserum to F 
protein had no HI and very little NT activity, despite its higher antibody 
titer, as determined by ELISA, than that  of anti-HN serum. Antiserum 
against the mixture of HN and F also had HI, N'I ~, and ELISA antibody 
titers. 

I t  had been shown that  a low NT activity of rabbit anti-P serum was 
markedly enhanced by the addition of t?esh guinea pig serum (19). For  the 
chicken anti-F serum, fresh guinea pig serum had no effect, while the 
presence of fresh chicken serum did ca:use a fourfold increment, in NT titer. 
The activation of the chicken complement system, although less prominent 
than in rabbit antiserum, may contribute to the life-prolonging effect of anti- 
F antibody in vivo as described below. 

Table 2. Antibody titer of chicken hyperimmune sera 

immunizing ~ Ant ibody t i ter  b 

mater ia ls  HI ° NT d CNT ~ ELISA f 

HN 128 3,980 3,980 63,100 
F 4 13 50 316,200 
HN + F 128 1,590 1,590 125,900 
U.V.- i r radia ted NDV 256 3,980 6,310 125,900 

Each serum was obta ined from a single chicken 
b Reciprocals  of highest  serum dilution 
c Hemagglut inat ion inhibit ion tes t  
d Neutral izat ion tes t  

Enhanced  neutral izat ion test .  The neutral izat ion tes t  was performed in the presence  
of fresh SPF-chicken serum at a final concentra t ion of 1 : 342 

r Enzyme-l inked immunosorben t  assay 

Protection of Susceptible Newborn Chickens 
by Antisera Against NDV Glycoproteins 

Susceptible newborn chickens were passively immunized with the hyper- 
immune chicken sera shown in Table 2 and then challenged by otherwise 
lethal NDV infection (Fig. 3). Administration of the anti-whole NDV serum 
provided a complete protection (see also Table 1). At a comparable NT anti- 
body level, the antiserum against HN protein failed to protect  the recipients 
but significantly prolonged the survivM period compared with normal 
chicken serum (MDT 170 hours over 94 hours, P<0.001).  Anti-F serum, 
given at the same dilution as anti-HN serum, was similarly effective (MDT 
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Anti-HN P < 0.001 

Ant i -F  

Anti-(HN*F) 

P<0.1  

P < 0.001 

Anti-NDV 

Normal 

P < 0.001 

100 150 200 

Death time ( H o u r s )  

Fig. 3. Effect ofpassiveimnlunization on deathtime. Groups offour tofive 9-day-oldnew- 
born SPF chickens received intravenous injections of 0.1 ml of immune sera as shown in 
Table 2 or normal chicken serum. Anti-HN and anti-whole NDV sera were diluted 1 : 3, 
while anti-(HN + F) serum was undiluted so as to make the serum NT antibody level in the 
recipient birds 1 : 40. The anti-F serum with a very low NT activity and normal chicken 
serum were given at 1 : 3 dilution. Chickens were challenged 24 hours later with 10 PFU of 
NDV, Italien strain. Columns show death time of individual birds. The survival time was 
censored by negative-exponentiM transformation according to LIDD:ELL (13), using 0.1 and 
240 hours for 0 and T, respectively. Statistical significance of the difference of death time 
between each test group and the control group assessed by Student's t-test is given at t:he 

fight-hand side 

170 hours ,  P < 0.1), in spi te  of  an  N T  act iv i ty  100-fold lower  t h a n  t h a t  of  anti- 
H N  serum.  W h e n  an t i -HN and  ant i -F se ra  were  given s imul taneous ly  in the  
t b r m  of a n t i s e r u m  aga in s t  mixed  H N  + F, the  p ro tec t ion  was  nea r ly  com- 
plete,  s imilar  to t h a t  seen  with ant i -whole  N D V  s e r u m  and  signif icantly 
more  effective t h a n  e i ther  an t i -HN ( P < 0 . 0 2 )  or  ant i -F s e rum ( P < 0 . 0 5 )  
alone.  

Discussion 

The p r e s e n t  s tudy  showed  t h a t  the res i s tance  to in%ction in chickens 
h a t c h e d  f rom vacc ina t ed  hen ' s  eggs  is r e p r o d u c e d  by  pass ive  immuniza t ion  
of suscept ib le  birds.  I t  was  thus concluded t h a t  the res i s tance  of the  fo rmer  
chickens  is ent i re ly  due to the  m a t e r n a l  ant ibody.  Bo th  m a t e r n a l  ant ibodies ,  
t r a n s f e r r e d  to offspr ing via egg  yolk,  a n d  pass ive ly  admin i s t e r ed  a n t i s e r u m  
included an t i -HN and  ant i -F ant ibodies .  The  p ro tec t ive  effect  of  an t i -HN 
an t ibody  is m o s t  l ikely to  be  due to its v i rus  neutra l iz ing act ivi ty  (8, 14, 22). 
By  cont ras t ,  ant i -F s e rum was  m u c h  less efficient in neutra l iza t ion.  Never -  
the less  its pass ive  admin i s t r a t ion  signif icantly de l ayed  the  dea th  of  sus- 
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ceptible hosts and enhanced the protective effect of anti-HN serum. The 
previous (19) and present studies suggest that two mechanisms are involved 
in the protective effect of non-neutralizing anti-F serum. 

The first is the participation of the complement system. The addition of 
complement enhanced virus neutralizing activity of rabbit anti-F serum 
markedly (19) and chicken anti-F serum to a lesser extent (Table 2). The life- 
prolonging effect of chicken anti-F serum (Fig. 3) is also thought to be 
dependent upon chicken complement. The passive administration of rabbit 
anti-F serum was ineffective in delaying the death of NDV-infected 
chickens, despite the fact that rabbit anti-HN serum was as effective as 
chicken anti-HN serum (data not shown). The difference between chicken 
and rabbit anti-F sera may be explained by the inability of the latter to 
activate chicken complement (7). In addition to the enhanced virus neutrali- 
zation, complement may contribute to the protective effect of anti-F serum 
by antibody-dependent complement-mediated cytolysis of virus-infected 
cells. It is worth noting that the virus neutralizing and probably the life- 
prolonging effects of anti-HN serum, unlike those of anti-F serum, do not 
appear to depend upon complement. 

Recent reports that passively administered non-neutralizing monoelonal 
antibodies protected mice from lethal alphavirus infections (5, 18) lend 
support to the role of complement. 

The second mechanism by which anti-F serum may contribute to the 
protection is by restricting infection through inhibition of cell thsion. When 
incorporated in the agar overlay, anti-F serum, virutally ineffective in reduc- 
ing plaque number or plaque size by itself, markedly potentiated anti-HN 
serum in reducing both plaque number and plaque size (19). The chicken 
anti-F serum was similarly shown to reduce plaque size when combined in an 
appropriate concentration with the chicken anti-HN serum (data not 
shown). It is likely that anti-HN and anti-F antibodies cooperate within a 
bird as in cell cultures toward restricting infection. 

The present study showed that the antibody to F protein of NDV, 
although non-neutralizing, makes a significant contribution to the defence of 
the host against an infection of virulent NDV. 

Recently, ABE~ES et al. (1) prepared monoclonal antibodies directed to F 
protein of NDV possessing virus-neutralizing activity. Such antibodies 
would be useful for further elucidation of the mechanism of protection. 
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