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Summary 
The antineuraminidase (AN) antibody response to vaccination of chickens 

with intact virus and different subunit preparations of the influenza virus strains 
A/Sing/I/57 (H2N2), A/Hong Kong/1/68 (H3N2) and A/Pt. Chalmers/1/73 
(H3N2) was tested comparatively. 

Using a photometric method capable of analysing mixtures of AN antibodies 
against antigenieally different N2 neuraminidases, it was concluded that  vaccina- 
tion with subunits produced by treatment with bromelain and Sarkosyl can yield 
AN antibody response against heterologous neuraminidase. By contrast, vaccina- 
tion with intact and ether-treated virus gave AN antibody response against 
homologous neuraminidase, only. 

These findings were confirmed when testing sera by means of enzyme inhibi- 
tion test and by adsorption expeNments with homologous and heterologous 
neuraminidases. 

The conclusion was reached that the NA's of the strains A/Sing/i/57 and 
A/Pt. Chalmers/1/73 share antigenic determinants and that  the NA of the strain 
A/Hong Kong/1/68 shares antigenic determinants with that  of the strains A/ 
Sing/I/57 and A/Pt. Chalmers/1/73. 

* A portion of the experiments described in this paper has been presented at the 
International Symposium on AnimM and Human Influenzas, Alfort, September t979. 

Abbreviations used • ACU == antibody concentration unit ; AN ~ antineuraminidase; 
HA = hemagglutinin ; HCU = hemagglutinin concentration unit; mU = micro units; 
NA = neuraminidase; NIT = neuraminidase inhibition test; PBS = 0.15 ~ NaC1 solu- 
tion buffered a~ pH 7.0 with 0.01 ~ phosphate. 
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Introduction 

The hemagglutinins (~-HA's) and neuraminidases ( =  N A ' s ) o f  influenza 
viruses show independent antigenic variation (20, 23) which has been assumed to 
result from recombination between strains of human and animal origin (15, 23). 

Another possible explanation is to assume that  antigenic variation occurs by 
rearrangement of antigenic components common to a family of strains and that  
some of these antigens occupy an inaccessible subsurface position (4). 

If this were so, disruption of virus could unmask such antigens. 
This has been repeatedly described for the t tA's  of different, influenza virus A 

strains produced by ether-treatment (4, 10). 
Furthermore, it has been previously reported (5) that  influenza virus N2 NA's 

isolated by use of bromelain-treatment can differ antigenically from the NA 
present on intact virus. 

Therefore, the experiments described in this paper were designed in order to 
examine whether or not vaccination of chickens with viral subunits produced by 
different techniques can yield AN antibody response against heterologous NA. 

The NA's of influenza virus H 2 N 2  and H 3 N 2  strains have been reported to 
be antigenicatty inhomogeneous (6, 12, 17). 

The antigenic relationship between N2 NA's has been examined by means of 
a photometric hemagglutination inhibition test (ACU-test) (8), using recombinants 
possessing a relevant NA and an irrelevant HA (12). 

I t  was found that  three classes of N2 NA, designated NAa, NAb and NAe can 
be defined: NAa is represented by the NA of the strain A/Sing/i/57 and other 
H 2 N 2  strains, NAb by the NA of A/Hong Kong/1/68 virus and NAe by the NA 
of A/Pt. Chalmers/1/73 virus (12). This classification agrees with previous re- 
ports (17). 

Each class of AN a.ntibodies gave different titer ratios when allowed to react 
with the recombinants A/Bel/34 (It0) - -  A/Sing/57 (N2) (-- Bel-Sing), A/equine--  
Prague (Heql)  - -  A/Hong Kong/1/68 (N2) ( ~  X I S - - H K )  and mixtures of both 
reeombinants (12). 

I t  has been found that recording these titer ratios for reference sera and test 
sera can be utilized to determine the concentration of the different classes of AN 
antibodies in the sera to be tested (12). 

This technique has been found to give reliable results when used for analysing 
artificially prepared mixtures of AN antibodies (12). 

This method was used for recording comparatively the AN antibody response 
to vaccination with intact virus and different subunit preparations of the in- 
fluenza virus strains A/Sing/I/57 (H2N2), A/Hong Kong/1/68 (H3N2) and 
A/Port  Chalmers/1/73 (H3N2).  In addition, sera were tested by means of NIT (1) 
and by examining the influence of adsorption with homologous and heterologous 
NA on their AN titers. 

Materials and Methods 

Virus  

The strains of egg-adapted non-inactivated influenza virus employed were: 
A/Sing/I/57 ( t t 2 N 2 ) ( ~  A/Sing), A/Hong t~ong/1/68 ( I~3N2)(= A/HK), A/Pt. 

Chalmers/t/73 (H3N2) (=  A/PC) and the recombinants A/Bel/34 (H0)-~A/Sing/t/57 
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(N2) (=  Bel-Sing) A/equine -1/Prague/56 (Heq l ) - -A / I tong  Kong/1/68 (N 2) (=  × 15- 
HK),  and A/equine --1/Prague/56 (Heq 1)- -A/Port ChMmers/1/73 (N2) (=  eq.-FC). 

Virus was purified by adsorption onto and elution from BaSO4 (7) and sub- 
sequently by several steps of differential eentrifugation and by sucrose-gradient ultra- 
centrifugation (14). Virus was suspended in 0.15 ~ NaC1 solution, buffered at pH 7.0 
with 0.01 3~ phosphate ( ~  PBS). The HA titers were determined by use of the photo- 
metric HCU method and were expressed in terms of HCU units (7). 

Nitrogen Assay 
The nitrogen content of the samples was assayed by means of a Kjeldahl micro- 

technique as described previously (5). 
For the virus strains used, the ratios of HCU's  per y~ ranged from 173 to 477 and 

the ratios of NA to HCU h'om 0.0121 to 0.0286 mU/HCU.  

Ether-Treatment o~ Virus Suspensions 
The technique employed was that  previously described (7, 9). In brief, mixtures 

of one volume of virus suspension and of three volumes of peroxide-free ether were 
incubated for 8 hours at 4 ° C. After overnight separation by holding the mixture at 
4 ° C in a brunet, the aqueous phase was reextracted and excess ether was removed 
with N2. 

Disruption o/ Virus with Bromelain 
Virus was disrupted with bromelain under reducing conditions as described by 

BACHMAYER et al. (2). In  brief, purified virus was suspended in Tris-HC1 buffer (0.1 ~, 
pH 7.2) containing 3 mg/ml of bromelain (Schuchardt GmbI-I and Co., Mfinchen, 
Federal Republic of Germany), 0.05 M 2-mercaptoethanol (Fluka A.G., Buchs, Switzer- 
land) and 0.001 M EDTA (Serva Feinbiochemica, Heidelberg, Federal Republic of 
Germany). After 16 hours of incubation at 37 ° C, suspensions were fractionated by 
ultraeentrifugation at 150,000 × g for 60 minutes. After removal of the supernatants, 
the pellets were resuspended in T~is-HC1 buffer. The supernatants and the resuspended 
sediments were dialysed for 48 hours at 4 ° C against PBS. 

Sarkosyl Treatment o] Virus 
Purified virus was disrupted by means of Sarkosyl as described by STANLEY et al. 

(21). In  brief, to 40,000 to 100,000 HCU's  of purified virus 5 per cent (w/v) of Sarkosyl 
NL 97 (kindly supplied by the Ciba/Geigy A.G., Wehr/Baden, Germany) were added 
and the mixture was incubated at 37 ° C for 30 minutes. 

Subsequently, undisrupted virus and core material was pelleted by centrifugation 
at  90,000 ×g for 60 minutes. The supernatant was carefully withdrawn aa~d the 
sediment resuspended in PBS. The supernatant was dialysed against 0.1 ~I Tris- 
HC1 buffer, pH 8.0, containing 0.1 ~ NaC1 and 0.1 per cent Sarkosyl. 

Neuraminidase Determination 
The activity of NA was assayed by use of the method recommended by the WHO 

(1), using fetuin purchased from K and K Labs., I)lainview, New York, as substrate. 
The NA act ivi ty  was expressed in terms of mU/ml  (1). 

Designation oJ Subunit Preparations 
The symbol " E "  was used for ether-treated virus and the symbols " B "  and "S"  

to indicate that  subunits were obtained by t reatment  with bromelain or Sarkosyl. 
The supernatant fractions were "Sup"  and the sediment fractions "Sed". 

Vaccination Experiments 
Three series of experiments with subunit vaccines and the corresponding intact 

virus vaccines (one series with A/Sing, the second with A/I-IK and the third with A/PC 
virus vaccines) were carried out. In  a fourth series of experiments, chickens received 
monovalent vaccines containing graded amounts of intact virus of the three strains 
employed. Three 8 to 9-week-old chickens were used in each experiment. 
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P r i m a r y  v a c c i n a t i o n  cons is ted  of a 2 m l - - d o s e  of water - in-oi l  emuls i f ied  vacc ine  
( incomple te  F r e u n d ' s  a d j u v a n t  p u r c h a s e d  f rom Difco Labs. ,  De t ro i t )  g iven  in t r a -  
muscu la r ly .  S u b s e q u e n t  vacc i na t i ons  were car r ied  out  b y  i nocu la t i ng  an ima l s  in t ra -  
pc r i tonea l ly  wi th  t h e  same  a n t i g e n  doses as used for p r i m a r y  vacc ina t ion ,  suspended  
in 20 m l  of P B S  w i t h o u t  a d d i t i o n  of a n  a d j u v a n t .  The  doses of N A  g iven  p e r  a n i m a l  
were  expressed  in  t e r m s  of m U  of NA.  

Unless  o therwise  s t a t ed ,  an i m a l s  were v a c c i n a t e d  on  d a y  1 a n d  28. The  vacc ines  
were s to red  a t  - - 2 0 ° C  before  use. Blood  samples  were d r a w n  b y  h e a r t  p u n c t u r e .  
Al iquo t s  of t he  sera  of each  group  were pooled and  t r e a t e d  w i t h  M/90 KJO4.  I n  each  
series of expe r imen t s ,  p r i m a r y  v a c c i n a t i o n  was car r ied  ou t  on  t he  same d a y  a n d  all  
sera  were t e s t ed  in  para l le l  for A N  an t ibod ies .  

Titration o / A N  Antibodies by Means el the Photometric ACU Method 
The  A N  a n t i b o d y  t i t e r s  aga ins t  t he  N A  of tlhe r e c o m b i n a n t  Bel -Sing  ( =  NAa), 

X 1 5 - t t K  ( =  NAb) a n d  eq.-PC ( ~  NAc) were d e t e r m i n e d  as follows: 
As f irst  s tep,  t he  rec iprocal  h ighes t  s e r u m  d i lu t ion  (ds0) y ie ld ing  b i n d i n g  of 50 per  

cen t  of 90 to  t 10 H C U ' s  of each  r e c o m b i n a n t  were de~ermined  as desc r ibed  p rev ious ly  
(11) a n d  t h e  ds0 va lues  f o u n d  were  des igna t ed  D ( reac t ion  w i t h  NA~), D '  ( reac t ion  
w i t h  NAb)  a n d  D "  ( reac t ion  w i t h  NAt) .  

As second step,  t he  pe rcen tages  (a, b, a n d  e) of A N  an t ibod ie s  aga ins t  NA~ (== a), 
NAb ( =  b) a n d  NAe ( ~  c) were d e t e r m i n e d  b y  m e a n s  of t he  m e t h o d  for ana lys i s  of 
A N  a n t i b o d y  m i x t u r e s  (12). Values  no t  d i f fer ing s ign i f ican t ly  ( P < 0 . 0 1 )  f rom 0.01 
were scored  as 0. 

As t h i r d  s tep,  t h e  t i t e r s  of AN" an t ibod ie s  aga ins t  NA~ (=ACUAN, a), NAb 
( = ACUAN, b) a n d  NA~ ( =  ACUA.~, c) were ca lcu la ted  as follows : 

1. ACUAN, a = a . D  
2. ACUAN, b = b . D . n  
3. ACUAN,~ = c . D - o  

n equa l s  t h e  geomet r i c  m e a n s  of d~o va lues  aga in s t  X 15 -HK of sera  p r o d u c e d  b y  
v a c c i n a t i o n  w i t h  i n t a c t  A / H K  v i rus  d iv ided  b y  d~o va lues  aga in s t  BeI .S ing  
(n = 17.26) a n d  

o equa l s  t he  geomet r i c  m e a n s  of ds0 va lues  aga ins t  cq.-PC of sera  p roduced  b y  
v a c c i n a t i o n  w i t h  i n t a c t  A /PC  v i rus  d iv ided  b y  da0 va lues  aga ins t  Bel -Sing  (o .... 3.57). 
Mul t ip l i ca t ion  w i t h  n a n d  o is necessa ry  in o rder  to  c o n v e r t  t i t e r s  (e. g. b • D a n d  

c • D) p e r t a i n i n g  to  t he  r e a c t i v i t y  of an t ibod ie s  w i t h  Bel -S ing  (12) in to  t i t e r s  p e r t a i n i n g  
to  t he  use  of homologous  r e c o m b i n a n t s .  

The  d~0 va lues  a n d  A C U a ~  t i t e r s  p r e sen t ed  in t h e  s u b s e q u e n t  sect ions  are  geomet r i c  
m e a n s  of 8 to  12 de t e r m i na t i ons .  

Titration o / A N  Antibodies by Means o / N I T - T e s t s  
T i t r a t i o n s  were car r ied  ou t  as r e c o m m e n d e d  b y  the  W H O  (i) .  T i te r s  were expressed  

in  t e r m s  of t h e  rec iprocal  h i ghes t  s e r u m  d i lu t ion  i n h i b i t i n g  50 pe r  cen t  of t h e  s t a r t i n g  
N A  ac t iv i ty .  

Adsorption Experiments 
S u p e r n a t a n t s  of sera  adso rbed  w i t h  t he  r e c o m b i n a n t s  Bel -Sing  a n d  eq . -PC were 

p r e p a r e d  as descr ibed  b y  LAvE~ et al. (t6).  I n  brief,  sera  were m i x e d  w i th  a n  excess 
of t h e  r e c o m b i n a n t s ,  a n d  u n b o u n d  v i rus  a n d  t he  r e su l t i ng  v i r u s - - - a n t i b o d y  complexes  
were  s e p a r a t e d  f rom t he  u n b o u n d  a n t i b o d y  b y  m e a n s  of u l t r a cen t r i f uga t i on .  The  
s u p e r n a t a n t s  were r e m o v e d  a n d  t e s t ed  aga ins t  t h e  r e e o m b i n a n t s  Bel-Sing a n d  eq.-PC 
b y  m e a n s  of t he  p h o t o m e t r i c  ACU m e t h o d  (12). 

Statistical Evaluation 
The  l o g a r i t h m s  of t h e  va lues  of t h e  f rac t ions  of A N  an t ibod ie s  (a, b a n d  e) were 

found  to be  n o r m a l l y  d i s t r i b u t e d  a n d  t h e i r  s t a n d a r d  dev ia t ions  d id  n o t  exceed 0.06 log 
uni t s .  
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Using a t-test (22), the logarithms of fractions representing homologous antibody 
(e.g. values of a of sera produced by vaccination with A/Sing virus) were tested for 
significant differences from log i (= 0) and the logarithms of fractions representing 
heterologous antibody (e.g. values of b and e of sera prepared by vaccination with 
A/Sing virus) for significant differences from tog 0.01 (~  --2). Significantly (P < 0.01 ) 
differing values were underlined. The calculation of regression and correlation coef- 
ficients was carried out as described by ~¥EB~R (22). 

tlesults 

Yield o/Detectable NA Activity Found in Subunit Preparations 

Representative examples of the yields of detectable NA activity found when 
preparing viral subunits are listed in Table 1. 

In  comparison to the other strains, bromelain-treatment of the strain A/PC 
resulted in drastic reduction of the NA yield (B, Sup.). This has been described 
previously (3) for the NA of another recent H 3 N 2  strain. In  many cases, less 
than 100 per cent of the NA activity of the starting materials were found after 
disruption of virus. 

I t  is very likely that  subunit preparations contained variable amounts of NA 
which was no longer biologically active but was still antigenic. 

Table 1. Representative examples o] the yields o] NA activity ]ound in subunit preparations 

Yield of NA activity a for strain 

Subunit preparation A/Sing A/HI( A/PC 

Ether-treated 77.1 42.7 56.1 
Bromelain, supernate 99.7 100.0 5.9 
Bromelain, sediment 4.2 3.0 0.4 
Sarkosyl, supernate 59.0 108.1 62.4 
Sarkosyl, sediment t.9 3. t 13.7 

a In per cent of the activity present in the starting material 

Testing o/the AN Antibody Response by Use o~ the ACU Test 

Table 2 presents examples of the AN antibody response to vaccination with 
intact virus and subunit preparations as measured by means of ACU test. 

The ds0 values obtained when testing sera with the recombinants Bel-Sing, 
X15-HK and eq.-PC are listed in columns 6 through 8. Columns 9 through 11 
give the fractions of AN antibodies (a, b and c) and columns 12 through 14 the 
ACUA~ titers against the NA's of the recombinants identified at the head of these 
columns. 

Intact  and ether-treated virus had the same and the other subunit preparations 
a lower antigenicity. 

The conclusion was reached that  vaccination with intact and ether-treated 
virus (Exper. 1, 2, 7, 8, 13 and 14) yielded ACUA~ titers against homologous NA, 
only. 

.By contrast, vaccination with subunits gave ACUaN titers against heter- 
ologous NA: 

16 Arch. Virol. 64/3 
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Vaccination with the sediment fractions of bromelain and Sarkosyl-treated 
A/Sing virus (Exper. 4 and 6) and with the supernatant  and sediment fraction of 
Sarkosyl-treated A / H K  virus (Exper. 11 and 12) resulted in ACUA~ titers against 
the NA of the recombinant eq.-PC. 

The sora obtained by vaccination with the subunits produced by  bromelMn 
~nd Sarkosyl-treatment of strains A /HK and A/PC were found to contain ACUA~ 
titers against the NA of Bel-Sing (Exper. 9 through 12 and 15 through 18). 

These findings were confirmed in at  least two further analogous experiments 
with the following exceptions: In  one experiment, vaccination with the sediment 
fraction of bromelain treated A/Sing virus yielded ACUAs titers against homol- 
ogous NA, only. However, the dose of NA injected per animal was much lower 
(1.13 mU) than in other experiments (5.8 mU). 

In  4 of 9 experiments carried out with the supernatants of Sarkosyl-treated 
A / H K  virus, ACUAs titers against both Bel-Sing and eq.-PC were observed. 

In  two experiments, ACUA~ titers against Bel-Sing but not against eq.-PC 
and in two further experiments ACUAs titers against eq.-PC but not against Bel- 
Sing were found. In  one experiment, ACUA~ titers against homologous NA, only, 
were recorded. 

The doses of NA injected per animal were different in experiments vaccinated 
with intact  virus and with subunits. Therefore, it was examined whether or not 
the finding of heterologous ACUA~ - titers in experimental groups vaccinated with 
subunits could be due to the use of different amounts of antigen in comparison to 
the groups given intact virus. 

Therefore, additional groups of animals were va.ccinated with monovalent 
vaccines containing graded doses of intact, viruses of the strains A/Sing, A / H K  
and A/PC. The NA doses injected per animM ranged from 0.2 to 150 mU. Blood 
samples were drawn 35, 45, 60 and 90 days after pr imary vaccination. 

In  no experiment, heterologous ACUA_~ titers were found. This rules out tha t  
the finding of such titers in sera of groups vaccinated with subunits was caused 
by differences in the amount  of antigen employed when vaccinating animals with 
intact  virus and with subunits. 

Testing o/the AN Antibody Response by Use o/ NIT  

The NIT-t i ters  are given in columns 4 through 6 of Table 3. When comparing 
the ACUA~ ~ titers and the N I T  titers of sera, the following conclusions were 
reached : 

i. Sera without ACUA• titers against heterologous NA were :found to have 
higher NIT  titers with homologous NA than with heterologous NA. By contrast, 
many  sera with ACUAN titers against heterologous NA showed higher NIT  titers 
with the heterologous NA than witch the homologous NA (Exper. 4 and 12, re- 
action with eq.-PC, Exper. 9 through 12, 15 and 16, reaction with Bel-Sing.) 

ii. For each serum, the N I T  titor measured with heterologous NA was divided 
by the N I T  titer obtained with homologous NA. All sera with ACUA~ titers 
against hetcrologous NA were found to give higher values of this ratio for the 
use of the heterologous NA than did the control sera obtained by vaccination 
with intact  virus. 

16" 
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Table 3. Neuraminidase antibody response in, chickens to vaccination with intact virus 
and subunit preparations. Results o / N I  T 

2 3 

Animals vaccinated 
with 

Exp. 
No. Strain Preparation 

4 5 6 7 8 9 

NIT-ti ter  ratios 
NIT-titers against 

recombinant Bel- X 15- 
Sing H K  eq,-PC 

BeL X 15- homol, homol, homol. 
Sing H E  eq.-PC NA NA NA 

t A/Sing In tac t  virus 360 43 < 40 1.00 ~ 0.12 <0.11 
2 Ether-tr. virus 320 40 < 40 1.00 0.12 < 0.12 
3 B, Sup. 200 40 80 1.00 0.20 0.40 
4 B, Sed. 80 40 120 1.00 0.50 1.50 
5 S, Sup. 50 <40  <40 1.00 <0.80 <0.80 
6 S, Sed. 150 <40 80 1.00 <0.27 0.53 
7 A/HK Intact  virus 220 340 180 0.65 1.00 0.53 
8 Ether-tr. virus 60 I10 50 0.54 1.00 0.45 
9 B, Sup. 110 65 <40  1.69 1.00 <0.61 

10 B, Sed. 50 <40  < 40  >1.25  _ b  .......... 
11 S, Sup. 90 70 48 1.29 1.00 0.69 
12 S, Sed. 110 40 80 2.75 1.00 2.00 
13 A/PC Intact  virus <40  40 305 <0.13 0.13 1.00 
14 Ether-tr. virus <40  40 270 <0.15 0.15 1.00 
15 B, Sup. 85 <40  <40 >2.12 -- -- 
16 B, Sed. 70 <40  40 1.75 < 1.00 1.00 
17 S, Sup. 60 <40  150 0.40 <0.27 1.00 
t8 S, Sed. 80 40 310 0.26 0.13 1.00 

Italic values pertain to reactions where ACUAN titers against NA were 
b < 4 0 / < 4 0  was scored as -- 

Table 4. Coe//ieients o/ correlation (r)  and linear regression (a' and b') /or 
between dso and N I T  titers 

found 

relationship 

y x r a" b '  

Log dso Bel-Sing Log NIT Bel-Sing 0.8879 0.2146 0.9668 
Log dso X 15-HK Log NIT X 15-ttK 0.9092 1.3300 0.9827 
Log ds0 eq.-PC Log NIT eq.-PC 0,9469 0.5436 0.8455 

iii. The coefficients of the correlations (r) and of l inear regression (y = a '  x ~- b ' )  
were calculated for the relationship of the logari thms of ds0 values  and  the 
logari thms of N I T  titers. The results obtaines are charted in  Table 4. 

Note t ha t  for each recombinan t  a significant correlation (P < 0.05) and  slopes 
of the regression lines no t  significantly differing from 1.0 (P < 0.05) were obtained.  
Fur thermore ,  the intercepts of these regression lines indicate tha t  the photo- 
metric  ACU test  was more sensitive for AN an t ibody  t i t ra t ion  t h a n  was the NIT.  

The difference in sensi t ivi ty was 1.64 to 3.5 fold for the recombinants  Be]-Sing 
and  eq.-PC and  2 i  fold for the recombinan t  X 15-HK. Due to these differences in 
sensit ivity,  the dr0 values against  X 1 5 - H K  were ia some experiments  (e.g. Ex- 
per. 12) higher t h a n  the dso values agMnst the other recombinants ,  while the re- 
verse was true for the N I T  titers. 
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ldenti/ication o/ A N  Antibodies Against Bel-Sing in A/PC Subunit Antisera by 
Means o] Adsorption Experiments 

Antisera produced by vaccination with A/PC subunits and, as controls, sera 
raised by vaccination with intact A/Sing and A/PC virus were adsorbed with an 
excess of the recombinan~s Bel-Sing or eq.-PC. The ACUA~- titers found in the 
supernatants and in the unadsorbed sera are listed in Table 5. 

Table 5. Adsorption o/antisera with recombinants Bel-Sing and eg.-PC 

1 2 3 4 5 6 7 8 9 

ACUAN-titers against ACUA~-titers against 
Bel-Sing of sera eq.-PC of sera 

Sera raised by 
vaccination with 

adsorbed with adsorbed with 

Exp. unad- Bel- unad- Bel- 
No. Virus Preparation sorbed Sing eq.-PC sorbed Sing eq.-PC 

1 A/Sing Intact virus 639 0 394 0 0 0 
13 A/PC Intact virus 0 0 0 567 280 0 
15 A/PC B, Sup. 88 0 27.4 0 0 0 
16 A/PC B, Sed. 52 0 20.2 0 0 0 
17 A/PC S, Sup. 23 0 19.7 180 71 0 
18 A/PC S, Sed. 46 0 23.7 380 170 0 

Note that  adsorption discriminated between AN antibodies against Bel-Sing 
and eq.-PC, since homologous adsorption of these control sera resulted in complete 
and heterologous adsorption in incomplete removal of ACUA~ titers. The ACUAx 
titers against BeI-Sing of A/PC subunits antisera were completely adsorbed with 
Bel-Sing and incompletely adsorbed with eq.-PC. Thus, these sera showed the 
adsorption patterns expected for the presence of AN antibodies against Bel-Sing. 

D i s e u s s i o n  

The data presented in this paper warrant the conclusion that vaccination of 
chickens with subunits produced by treatment of virus with bromelain and 
Sarkosyl can result in ACUA~ titers against both homologous and heterologous 
NA's. By  contrast, vaccination with intact and ether-treated virus yielded ACUA~ 
titers against homologous AN, only. 

In  many experiments, the sera produced by vaccination with bromelain- and 
Sarkosyl-treated viruses reacted in the ACU test, in the NIT and in adsorption 
experiments like sera raised by vaccination with mixtures of the respective viruses. 

This finding is interpreted to suggest that  the NA's  of the strains tested con- 
tained antigenic determinants which were not detectable in intact or ether-treated 
virus: 

The NA's of A/Sing and of A/PC were found to share antigenic determinants 
and the NA of A/HK to share determinants with the NA's of both A/Sing and 
A/PC. 
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The failure of ether-treated virus to induce ACUAN titers against heterologous 
NA could be interpreted as follows: Ether- t reatment  of influenza virus is known 
to result in subunits carrying both HA and NA (23). By contrast, t rea tment  of 
virus with bromelain and Sarkosyl results in a t  least partial separation of HA 
and NA (2, 21). Therefore, these findings suggest that  separation of both antigens 
is a prerequisite for unmasking NA antigenic determinants possibly hidden or 
sterically hindered by adjacent HA. 

The finding tha t  vaccination with bromelain- or Sarkosyl-treated virus gave 
ACUA~- tigers against heterologous NA's could be explained by  means of following 
two hypotheses: 

i. Influenza virus HA's  and NA's have been reported to contain strain specific 
antigens (SSA) and common antigenic components (CAC) (16, 24). 

I t  has been previously found that  CAC and SSA antibodies are antibodies of 
the same specificity but with differences in quality (in terms of their equilibrium 
constant K for virus-antibody interaction), the CAC antibodies being higher in 
quality (13). 

Then, the conclusion would be reached that. vaccination with subunits pro- 
duced by  means of bromelain and Sarkosyl yielded antibodies of higher quality 
(CAC antibodies) than did vaccination with intact or ether-treated virus. How- 
ever, since the CAC antibodies would be expected to react both with homologous 
and the respective heterologous NA, this assumption could not explain the find- 
ing tha t  heterologous and. no homologous ant ibody response has been observed in 
some experiments. 

ii. As Mternative, it could be assumed tha t  NA's  contain hidden antigenic 
determinants which are present as "major  antigen" on the NA of heterologous 
strains and are only released after splitting of virus. 

This interpretation could account for the experimental results described. 
At present, no s tatement  can be made, which of theses interpretations is the 

correct one. Experiments designed to elucidate this question are in progress. 
The homologous AN antibody response to vaccination with subunits by 

t rea tment  with brome]ain and Sarkosyl was lower than tha t  obtained with com- 
parable doses of intact or ether-treated virus. Reduced antigenicity of subunit 
vaccines has been described previously (18) for influenza vaccines obtained by 
t rea tment  of virus with tri-N-butyl phosphate and Tween 80-ether. 

Vaccination with the supernatants of Sarkosyl-treated virus gave in most ex- 
periments lower AN antibody response than found for vaccination with the cor- 
responding sediment fractions. 

However, since such preparations could contain unknown amounts of NA 
which was still antigenic bug no longer detectable in the neuraminidase test, no 
conclusions as to the relative antigenicity of these preparations are possible. 

The finding that  subunits can induce heterologous NA antibody response is 
of the following practical consequences: 

I t  can be expected tha t  vaccination with subunit preparations could yield a 
broader AN antibody response than  does vaccination with the corresponding in- 
tac t  virus. However, whether or not such broader AN antibody response will 
also result in broader immunity remains to be tested. 
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Fur thermore ,  the  ant igenic  he te rogene i ty  of subuni t  prepara t ions  should be 

t aken  in to  account  when in te rpre t ing  the  results of serologic tests  obta ined  by  use 

of such prepara t ions  (19). 
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