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SUMMARY

Three influenza A (H3N2) reassortant whole virus vaccine strains with differing
antibody-inducing capacities in hamsters were investigated morphologically and
antigenically. Although initial measurements of virion circumference, from electron
micrographs of vaccine preparations, suggested a relationship of small virion size
with low immunogenicity, subsequent immunization with, and morphological
investigation of, vaccine virions separated on sucrose gradients, failed to obtain
populations whose antibody-inducing capacity clearly correlated with constituent
virion density, size, morphology or integrity.

However, antigenic investigation using single radial haemolysis (SRH) and
monoclonal antibodies revealed significant differences in antigenic specificity
between the strains. Furthermore, a series of H3N2 isolates, derived using
standard reassortment procedures, also showed differences in antigenic specificity
in their haemagglutination-inhibition (HI) reactions with monoclonal antibodies
after five passages in allantois-on-shell cultures. Variation between these isolates
and their A/Victoria parent virus could be detected using SRH and hamster sera
raised against each isolate.

These results demonstrate variation between candidate influenza A virus
vaccine strains, all possessing the same surface (H3N2) glycoproteins, expressed
as a consequence of the reassortant system used for their production.

INTRODUCTION

Traditionally, strategies for immunization against influenza A viruses have
emphasised the importance of inducing protective antibody to the viral surface
components (Hobson, Curry & Beare, 1973; Smith & Davies, 1977; Oxford el al.
1979). Selection of appropriate reassortant strains having good growth capacity
in eggs and possessing the same surface haemagglutinin (HA) and neuraminidase
(NA) antigens as the currently circulating strain has involved the use of mixed
infections under varying in vitro conditions (Haaheim & Schild, 1976).

However, numerous epidemiological studies document the frequent occurrence
of drifted HA (Yewdell, Webster & Gerhard, 1979) and NA (Laver et al. 1982)
antigens as determined by nucleotide sequencing (Verhoeyen et al. 1980), peptide
mapping (Laver & Webster, 1968) and reactions with monoclonal antibodies
(Webster & Laver, 1980) in naturally occurring influenza viruses. Studies with both
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influenza A and influenza B viruses (Brand & Palese, 1980; Webster & Berton,
1981; Gitelman et al. 1983), have shown such antigenic variants to be manifest in
vitro as a product of multiple passaging in animals, eggs or tissue culture. Recent
work by Schild et al. (1983) with influenza B virus has shown that differential host
cell tropisms of virus subpopulations can lead to selection of antigenically distinct
clones which, according to their passage history after isolation, can be defined by
reactions with a monoclonal antibody panel.

Previous studies in this laboratory (Hamzawi, Jennings & Potter, 1981) have
shown that a series of ten reassortant influenza A viruses, each possessing surface
antigens derived from their H3N2 A/Victoria/75 parent strain, will apparently
induce antibody of differing HI titre in hamsters when inoculated at similar dosage
levels.

Following observations on the size and morphological characteristics of three
of these influenza A viruses, a 'high' (VFEB82), 'intermediate' (A/Victoria/75)
and 'low' (VP1) antibody inducer, we have investigated the possibility of a
morphological basis for the different immunogenicities observed, looked for
evidence of antigenic variation among these viruses, and also for evidence of
antigenic variation occurring within the reassortant system used for their produc-
tion and propagation.

Findings indicate that the basis for the differing immunogenicities of the
reassortant strains lies in an altered antigenic specificity of the viral haemagglutinin.
Implications for vaccine production are discussed.

MATERIALS AND METHODS

Virus strains and vaccine preparations
The source of A/Victoria/3/75 (H3N2) and A/PR/8/34 (H1N1) viruses, and

the derivation of the reassortant influenza viruses VFEB82 (A/FM/l/47x
A/Victoria/75), VP1 and RIT 4050 (A/PR/8/34 x A/Victoria/75), together with
their propagation and cloning, and the preparation of vaccines from them, have
been previously described (Hamzawi, Jennings & Potter, 1981).

Animals

Eight to 12-week-old randomly bred Syrian hamsters were obtained from a
closed colony at the University of Sheffield.

Monoclonal antibodies
Four monoclonal antibodies (as mouse ascitic fluids), HC59, HC14 and

HC20, raised against A/Port Chalmers/1/73 HA and HC170, raised against
A/England/864/75 HA were a gift from Dr A. Douglas, World Influenza Centre,
NIMR, Mill Hill, London.

Single radial diffusion
The method of Wood et al. (1977) was used to determine the HA concentration

of inactivated vaccine preparations. Standard A/Victoria antigen was obtained
from the National Institute for Biological Standardisation and Control, Holly Hill,
London.
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Physical characteristics of virions in inactivated vaccines
(a) Virion size and morphology. After adjustment of vaccine concentrations to

40 fig HA/ml, samples were prepared for electron microscopy using, essentially,
the method of Norang & Codd (1979).

Virus particle circumference was measured from representative electron-
micrographs using an M.O.P 2 (Manual Optional Picture, Model 2, Reichert-Jung).

(6) Separation of virions in density gradients. Concentrated, inactivated virus
vaccine preparations were layered onto 5-40 % linear sucrose density gradients.
After ultracentrifugation for 20 min at 20000 £, 12 or 13 fractions were collected,
their HA and protein content estimated, and fractions from two areas of each
gradient pooled, to give dense and light particle preparations. Final purification
involved ultracentrifugation at 40000 g for 90 min.

Antiserum preparation
Each vaccine preparation in 0-5 ml amounts containing 20 jig HA was admini-

stered to hamsters intramuscularly. Sera were obtained following cardiac puncture
21 days later.

Seroldgical tests
(a) Haemagglutination-inhibition {HI). Sera were tested in microplates using four

haemagglutinating units (HAU) of antigen as described previously (Hamzawi,
Jennings & Potter, 1981) except that sera were pre-treated overnight using
potassium periodate (Hirst, 1948).

(b) Single radial haemolysis (SBH). The method was essentially that of Oxford
et al. (1979), with modifications described elsewhere (Goodeve, Jennings & Potter,
1983; Jennings et al. 1984). Between sera tested on the same immunoplate,
differences in zone area of ^ 48 % were significant and this agrees well with values
quoted elsewhere for influenza A viruses (Oxford, Yetts & Schild, 1982; Jennings
et al. 1984; Al-Khayatt, Jennings & Potter, 1984). Standard reference antisera were
used to eliminate interplate variations.

Homology indices were used for the assessment of antigenic relatedness between
viruses, determined according to a method described by Russell, McCahon & Beare
(1975), where

. . . , zone area when tested vs heterolosous virus strain
homology index = — - - - 2. : .

zone area when tested vs homologous virus
The figure for intraplate variation, ^ 4 8 % (1-48 fold), was used as a basis for
assessing specificity. Therefore to account for maximum possible variation, values
of 1-48 or 0*68 (1/1*48) were used to derive a homology index value of
1.48/0-68 = 2-18. Homology indices of ^ 2-18 or ^ 0-48 (1/2-18) were subsequently
used to indicate significant differences in specificity.

Preparation of cloned passaged virus from mixed infections
Ten-day embryonated hens' eggs were co-infected with cloned, parental influenza

viruses A/Victoria and A/PR8. Infection, limit dilution passage in the presence
of A/PR8 antiserum, incubation and passage in allantois-on-shell (AOS) cultures
have all been described (Hamzawi, Jennings & Potter, 1981).
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Table 2. Serum HI and SBH antibody responses of hamsters to light and dense
fractions of influenza virus vaccine preparations

Hamster sera
raised using:

Virus
vaccine Gradient
strain fraction

VFEB82 Light/top
(9-14% sucrose)

Dense/bottom
(38-40% sucrose)

A/Victoria/75 Light/top
(5-9% sucrose)

Dense/bottom
(38-40% sucrose)

VPI Light/top
(6-12% sucrose)

Dense/bottom
(38-40% sucrose)

Serum HI antibody
responses x RIT 4050

Number of
sera

positive/
total

tested
7/7

8/8

10/10

13/16

6/10

13/17

Mean
titre*

58-0

98-9

63-5

19-5f

22-1

13-2f

SRH antibody responses
x RIT 4050

Number of
sera

positive/
total

tested

7/7

8/8

10/10

13/16

6/10

13/17

Mean
titre

79-8

176-9

36-3

36-3

< 20-Of

27-8f

* Mean values of SRH tests expressed as zone areas (mm8); mean HI titres expressed as
reciprocal geometric mean values,

f Significantly different from HI or SRH titres induced by vaccine prepared from the dense
fraction of VFEB82.

HI and neuraminidase-inhibition (NI) tests (Hamzawi, Jennings & Potter, 1981)
were used to identify strains bearing H3N2 surface antigens after two limit dilution
passages in the presence of A/PR8 antiserum. Allantoic fluid pools from five cloned
isolates at this stage, and also following a further three passages in AOS cultures
were prepared in whole eggs.

RESULTS
Physical characteristics of vaccines prepared from reassortant and parental H3N2
strains

To determine a possible association between morphological characteristics of
VPI, VFEB82 and A/Victoria, and their differing antibody-inducing capacity,
various properties of the strains were investigated. Measurements of virion
circumference show (Table 1) that vaccine prepared from VPI contained signifi-
cantly more particles of smaller size than that prepared from either A/Victoria
(#2 = 85-3;P= < 0001) orVFEB 82 (#2 = 29-2; P = < 0001). Indeed, only 17%
of virions in the VPI preparation had circumferences of > 400 nm.

Table 1 also compares virion size, as determined from circumference measure-
ments, in preparations from both light (5-14 % sucrose) and dense (38-40 % sucrose)
regions of sucrose gradients for each strain. There was no overall correlation of
virions of small circumference (< 400 nm) with either dense or light fraction
preparations, and although vaccine prepared from the dense fraction of VFEB82

8-2
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contained significantly smaller particles than vaccine prepared from the light frac-
tion of the same virus strain, (;\;2 = 14-7; P = < 0-001), the situation was reversed
for VP1 (^2 = 21*4; P= < 0001). In fact, vaccines prepared from the dense
fraction of VFEB82 and the light fraction of VP1 both contained significantly
greater numbers of particles of virion circumference < 400 nm, with one exception,
than all other vaccine preparations.

From electron micrographs of pooled fractions from dense and light regions of
the gradient for each virus strain, estimates of numbers of intact as opposed to
disrupted, and of spherical as opposed to non-spherical particles gave no correlation
of particle integrity or particle shape with density (Table 1).

Antibody responses of hamsters to fractionated vaccine preparations
Immune sera from hamsters inoculated with equivalent jig HA of each light and

dense gradient fraction, for each vaccine, were tested by both HI and SRH using
RIT 4050 as antigen.

With one exception, vaccines prepared from either the dense or light fractions
of VFEB82 apparently induced higher antibody titres than all other preparations
(Table 2). The small numbers of animals tested per group may have resulted in
the rather poor correlation observed between HI and SRH antibody measure-
ments.

To investigate further the basis for the qualitative difference in amounts of HI
and SRH antibody induced by the three viruses, SRH tests were carried out in
which sera from hamsters immunized with various unfractionated virus vaccines,
were tested for antibody using sheep ery throcy tes (SRBC) sensitized with equivalent
HAU amounts of either homologous or heterologous virus. Table 3 shows that,
under these conditions, high antibody-inducing capacity was not consistently
related to VFEB82 vaccine. Thus, although the largest SRH zones were observed
in sera raised using VFEB82 vaccine when homologous virus, or A/Victoria, were
used as antigens, this was not so when these sera were tested using SRBC sensitized
with VP1.

In addition, significant ( ^48%) differences in zone areas of haemolysis are
apparent between VFEB82, A/Victoria or VP1 antisera tested on immunoplates
containing any one of these virus strains as antigens (Table 3). The homology
indices also indicate antigenic unrelatedness between the strains. Values of 2*26
for A/Victoria with VFEB82 antisera, 009 and 007 for VP1 with A/Victoria, and
VFEB antisera respectively, and 032 for VFEB82 with VP1 antisera, all represent
significant differences in antigenic specificity. These findings are supported by the
results obtained when each vaccine preparation was tested by HI against four
monoclonals (Table 3). Significant, ^ 4-fold, differences between VP1 and the
other two strains were revealed using monoclonals HC59 and HC14.

Reactions of cloned passaged virus with monoclonal antibodies
The parental and reassortant strains studied above were the product of the

double-infection system for making reassortant viruses, and all strains had
undergone at least 12 passages in either AOS cultures and eggs (VFEB82 and
A/Victoria) or in tissue cultures and eggs (VP1), before investigation for antigenic
differences.
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Table 4. HI reactivities of five cloned H3N2 mixed infection isolates with
monoclonal antibodies after two and five passages in allantois-on-shell cultures

Virus clone Passage level Monoclonal antibody number
used as
antigen

A
B
C
D
E

A
B
C
D
E

in A-O-S r-
cultures

2
2
2
2
2

5
5
5
5
5

HC170

120*
100
80

100
100

130
140
130
120
180

A

HC59

900
3400
1100
1500
1600

17700
4800
5100
8600

53900

HC14

800
500
700
900
900

6900
4000
2200
3000
3600

HC20

900
1700
2800
1500
1800
5300
8600
8600

35000
76200

A/Victoria/75 — 70 2900 1500 3200

* Titres expressed as the reciprocal of the highest serum dilution causing complete inhibition
of 4HAU of virus. The values represent the geometric means of four repeat experiments.

Using A/PR8 and A/Victoria as parental viruses, a further series of cloned virus
isolates, all bearing parental H3N2 surface antigens, and all derived by similar
procedures, were used to assess the effect of sequential passage on their antigenic
specificity. Table 4 shows the HI reactions, with four monoclonal antibodies, of
allantoic fluid pools prepared from five cloned isolates after either two or five
passages in AOS cultures. After two cloned passages, all clones and their
A/Victoria parent showed similar reactivities (< 4-fold differences) with each
monoclonal. However, after five passages in AOS cultures clone E showed ^ 8-fold
differences in HI titre from clones A, B, C and A/Victoria in reactivity with
monoclonal HC20, and ^ 6-fold differences from clones B, C, D and A/Victoria
with monoclonal HC59. Significant differences were also seen between clone D, and
clones A, B, and C and A/Victoria using monoclonal HC20, and between clone A
and A/Victoria using HC59 and HC14.

Reactions of antisera to cloned passaged virus with A/ Victoria/15 by SRH.
To further assess the antigenic relatedness of the cloned isolates with respect

to their A/Victoria parent, antisera against each clone, at passage levels two and
five, were prepared in hamsters and tested by SRH, together with hamster antisera
against A/Victoria, using A/Victoria as antigen (Table 5).

At passage two, hamster antisera against each of the clones showed similar SRH
reactions with A/Victoria virus. However, these zones of haemolysis were markedly
greater than those observed in the reaction of homologous antisera with A/Victoria.
This altered immunogenicity after two passages suggests a similar antigenic
modification in all the clones, possibly resulting from the presence of A/PR8
antiserum present during the first two cloned passages but not subsequently
included.

At passage level five however, antisera to clone A produced SRH zone areas,
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Table 5. SRH reactivity with A/Victoria/15 virus of hamster antisera to jive
cloned H3N2 isolates after two and five passages in allantois-on-shell cultures

Hamster
antiserum
to clone
number

A
B
C
D
E
A
B
C
D
E

A/Victoria/75
(H3N2
parental
virus)

Passage
level

in A-O-S
cultures

to
 t

o 
to

 t
o 

to

5
5
5
5
5

SRH results against A/Victoria/75 Antigen
A

No. of sera
tested

7
8
8
8
6
8
7
8
8
4

5

Range of
zone area

*52-4-lll-7
13-4-880
26-1-950
22-2-109-9
39-5-129-8
17-6-39-5
40-7-73-1
23-1-53-8
12-6-60-1
14-2-45-7

17-6-56-6

Mean±s.D.
zone area
75-6 ±22
63-6 ±24
61-1±31
66-1 ±29
81-3 ±35

25-9 + 7
550 ±14
35-7 ±9
33-5±17
36-5±13

36-5 ±16

* SRH Values expressed as zone areas (mm2).

in reaction with A/Victoria antigen, that were significantly different from those
elicited by clones B and D, while antisera to clone B induced zone areas
significantly different from those of clones C and E. There was also a significant
difference in the zone areas produced by antisera to clone A at passage level five,
and those seen with antisera to A/Victoria.

DISCUSSION

Previous work in this laboratory described a series of reassortant, H3N2,
influenza A viruses which when inoculated as inactivated whole virus vaccines into
hamsters at equivalent dosages, apparently differed in their ability to induce serum
HI antibody (Hamzawi, Jennings & Potter, 1981). In the case of'low' antibody
inducer, VP1, the present studies suggest a correlation of small virion size with
low immunogenicity. Both reassortants possessed matrix protein derived from the
non-A/Victoria parent virus (Hamzawi, Jennings & Potter, 1981), and association
of a 'foreign' matrix protein with A/Victoria surface proteins during maturation
could result in virions with physical or biological properties altered in some respect
relevant to their immunogenicity. However, density gradient profiles (results not
shown) of VFEB82 and VP1 indicated similar particle distribution, and no
individual population within the three strains examined exhibited an immuno-
genicity correlated exclusively with virion density, size, morphology or integrity.
Subpopulations of wild-type influenza A viruses have been described where
varying matrix protein content was associated with altered buoyant density and
particle morphology (Kendal, Galphin & Palmer, 1977), although these virus
strains were not studied for variation in antibody-inducing capacity.

These results led us to investigate more closely the antigenic relatedness of the
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reassortants and A/Victoria. Recent studies have shown that passage of influenza
viruses in animals, eggs or tissue culture can produce variants in antigenicity
detectable by oligonucleotide mapping, RNA hybridization analysis, or monoclonal
antibody (Brand & Palese, 1980; Gitelman et al. 1983; Naeve, Webster & Hinshaw,
1983; Downie, 1984). Both reassortants used in the present studies had received
at least 12 serial passages from their derivation which may have led to the antigenic
variation between them and A/Victoria virus demonstrable using SRH and
monoclonal antibodies.

In deriving reassortants with the necessary growth capacity (Kilbourne et al.
1971), and preparing these strains for use in inactivated influenza virus vaccines,
at least five passages are required, and using monoclonal antibodies and SRH tests,
the present studies show detectable variation between five H3N2 antigen-bearing
cloned isolates and A/Victoria after just five passages in AOS cultures.

Downie (1984) has recently stressed the importance of using discriminating tests
to characterize influenza strains derived by standard reassortant procedures for
use in vaccines and recommends that both RNA hybridization analysis and
monoclonal antibodies be employed to ensure the antigenic relatedness of the virus
strain finally selected corresponds closely to that of the wild-type virus against
which protection is desired. Our studies are in agreement with this, and show that
both the SRH test and a panel of monoclones are sufficiently sensitive to
distinguish differences between closely-related strains following the five or more
serial passages needed to produce an influenza virus vaccine.

These studies were supported by grant number 313178 from the Medical
Research Council.
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