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Inéreasing evidence suggests that’ neurminidue—inhibi'tion antibodies
(M) contribute ;.O' immunity against influenza. The serum NIAB
response to Nl and N2 neuraminidase antigens was measured after each of
: Otve annual vaccinations (1976 - 1980) in 69 aged and chronically i1l
patients (mean birth date 1902+2). Of the 69 patients selected for
this clinical study, 47 were vaccina‘ted vhereas 22 served as
non—vaccinazed controls. Sera were collected before, two months, and

one year after each vaccination.

Test antigens used were recombinant viruses A/Prague/1/56 -

A/USSR/92/77 (H7N1) and A/Prague/1/56 — A/Port Chalmers/73 (HIN2).
L} . '

»
L

An economical mini neuraminidase—inhibition (MNI) test, based on the
same principles as the standard WHQ method, was developed in our
laboratory. The standardized and reproducible @NI test was used to

measure NIAB in test sera..

% .
" The data obtained -from testing patient sera for NIAB demonstrated: the
following:
N

1. The most significant increase in NIAB response to ~t:he N1 component
of the vaccines occurred following the first N1 immunization with
the bivalent A/New Jersey/8/76 - A/Victoria/3/75 (MJ-VIC) vaccine.

A smaller increase occurred after the second Nl vaccination by'the
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trivalent A/USSR/92/77 - A/Texas/1/77 — B/Hong Rong/2/73
(USSR—TEX—imK) in vaccine 3. Of the 39 patients vaccinated with,
the NJ-VIC vaccine, the number (X) with‘NT.AB ‘titres > 1:10

incréased from 25(64%) pre-vaccination to 33(85Z) éfter, and

included 21(54%) with a 2> 2-fold increase.. The gec;metric mean titre

(GMT) demntmstra.r.ed a highly significant increase from 10.5 to 18.3
{p<0.001). Corresponding valies in the -22 non—vaccinated controls
'remaiued unchanged with a prevalence of NIAB titre; .>, 1:10 in
9(&11') and a Glﬂ"‘ of-8.8. Followin\g the second N1 challenge, the
prevalence.in vaccinees of NIAB-tit;}é 2 1:10 increased from
32/47(68%) pre-vaccination to 35/47(75%) after, and included
11/47(23%) with 3> 2-fold increase; the GMT rose {nanificantly
from 11.8 l':o 13.6 (p).0.05). The controls remained relatively
stable, the prevalence >of titres » 1:10 in 8/20(40Z) and the GMT

at 9.0. ; . o
' . . .

In the same group of patients, the only significant increase in
NIAB response to the N2 component of the vaccines .oceurred
fallowing vaccine 2; bivalent A/Victoria/3/75 — B/Hong Kong/72;
(VIC~-BHK). The NIL esponse also increased, but insignificantly,
after vaccine 3(USSR~TEX-BHK). Following vaccine 2; patients with
NIAB titre » 1:10 increased from 27/47(57%) before to 36/{16(771)
after vaccination,’ including 18/47(38%) with a 32 Z-folg' increase,
and a.highly signficant rise in G{frm 11.6 to 17.3 (p<0.001).
Correspondingly, in the controls the ptevaience inereased slightly

from 11/21(52%) to 14/21(67%), including 2/21(10%) with a3 2-fold

increase, whereas the GMT was mdintained at 11.0, After vaccine 3,

R
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 insignificantly from 14.0 to 16.3 (p. D 0.

ix

the prevalence of vaccinees with NIAB titte >,1:1b increased froa
.3.1/47(6‘62) before vaccination- to 34/47(72%) after uﬂ the GMT rc;se
). The controls ‘
remained relatively stable, the prévalence of titres 31:10 in

13/20(65Z) and the GMT at 10.7.

-

2 ) s

Continuing immunization with either N1 or N2 vaccine nents did

not ‘elicit further significant NIAB response.

. Lot
The GMT -usually declined within one year after each vaccination (N1
or N2). Re~immunization, however, boosted the GMI' which was
maintained at levels equivalent to, or slightly higher than, that

of the initial pre—immunization GMT.

During the five year period, usually the majority of ‘the same

- patients respgnded well to N and N2 vaccine challenges. Of the

8
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INTRODUCTION

Influenza viruses are well known etiologic agents of acute respiratory

. diéeases causing sporadic, epidemic and pandemic infections not only in
human population but also in a wide range of animal and avian species.
Influenza viruses, p;rticularly type A , have been shown to givé rise to
infectious disease characterized by a high rate of morbidity which can
result in excess mortality in high risk groups such as the aged and

chronically ill. -

Since the first iaolgtion of influenza virus in ferrets by Smith et al
(1933), in England, it has become one of the most extensively studied
viruses. Due to ;heir affinity for certain mucins, inofluenza viruses,
were named as nyov;rpées and ultiﬁately grouped'in the family Ortho—
myxoviridae (Fenner, 1975). Orthomyxoviruses are characterized by a
single-stranded segmented ribonucleic acid (RNA) in a helical
nucleocapsid surr;unded by a matrix and an ether-sensitive, lipid-
bilayer envelope through.which'the ﬁorphologically and antigenically
different surface glyc0proteins;;ﬁéﬁagglutinin (H) and néur;minidaae (M
protrude (Fig 1). Influenza viruses wére shown to adsorb to,
agglutinate, and elute from fowl erythrocytes and other animal species
(Hirst, 1942). Based on antigenically distinct ribonucleo- protein
(RNf) and matrix (M) protein antigehs, three different types of
influenza viruses have béen chara;terized and designated as A, B, and C
{Chanock ei 31, 1971). Such antigenic-distinctions were docﬁménted

using the complement fixation test (Lief and Henle, 1959), imminodouble

e



Figure 1: Schematic illustration of the structure of influenza virus
particle. (From Laver W.G.. In “Medical Virology~ -
Orthomyxoviruses —, Fenner F.J. and White D.0., eds. (1976),
378. Academic Press, New York, S4n Francisco, London.
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diffusion (Schild and Pereira, 1969: Schild, 1970), and hybridii&tion
techniques (Scholtissek et al, 1976). - The new recommendation by Assaad
et al, (1980) proposes different designations for both human and avian

hemagglutinin and neuraminidase antigens of influenza viruses (Table 1).

Antigenic variatiom 1n-1nfluenza viruses is well documented in its
continual bccurtenée within group A influenza (Pereira, 1979; Laver et
al, 1980; Schild et al, 1980; Van Wyke et al, 1930) and to a lesser
extent in group B (Webster and Laver, 1975; Briedis et al, 198l1) whereas
in group C it appears to be very minor to stable (Meier—Ewert et al,

1981; Chakravefty, 1978: Compans et al, -1977).

JInfluenza Virus Structure

Influenza are relatively large viruses with molecular weights ranging '
from 151 x 10 to 360 x 106 daltons (Scholtissek, 1978). The pleomorphic
particles are usually therical, with diameters of approximately 80-120
'nl'(, establighed by. ultrafiltration and by negatively stained electron
micrographs (Horme et al, 1960; Hoyle et al, 1961). Filamentous forms
usually occur on fresh isolation from human clinical specimens (Choppin’
eﬁ al, 1960). The speélfi; inféctivity of the firamentous forms was
found to be higher than that of spherical virions, and they contain more
RNA per particle than do the spheres (Ada et al, 1958). Electron-dense
micrographs and biochemical studies reveal that the virus core

nucleocapsid contains nucleoprotein in association with single-stranded

RNA genome of a negative (non-message) polarity (Baltimore, 1972) and is
¢
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Table l:"Proposed subtypas of hnnulul:.inln and neuraminidase antigens of
influenza A viruses:

Propol.;i subtypes of hemaglutinin Pravliou.l‘ subtypas
antigens (1971 system)
m HO, Hl, Hswl
T ]
B3 H3, Heq2, Hav?
Ha Havéd
H5 Hav$s
Hb Havé
A7 Heql, Havl
H8 Hav8
H9 Havd
" ulo Hav2
H1l Havl
H12 Havl0
Proposed subtypes of nsuraminidase antigens
Nl Nl
N2 N2
N3 Nav2, Navl
H4 Navéd
NS Navs *
NG Navl
. N7 Neql
N8 Neq2 ]
N9 Havt

*Prom: Assaad, F.A., Brés, P., Chi-Ming, C., and Dowdla, W.R. (1980). A
ravision of the system of nomenclature for influenza viruses: a WHO
menorandum. Bull. W.H.0. 38: 585 - 591.



associated with an BNA-dependent ENA transcriptase. The RNA genome is
segmented and currently eight'ggnonic segnents are identified (Barry &
Mahy, 1979,.Pons, 1976; Palese & Schulman, 1976; McGeoch et al, 1976),
which code for seven viral s;rﬁctural proteins and three non—structusral.
proteins (Dimmock et al, 1980; Baez et al, 1981). The total molecular
weight (M.W.) of the RNA gen;ne is approximately 4-5 x 106 daltons.
-(Choppin'aﬂd Compans, 1975a). The molecular weights and characteristics

~—

of each of the proteins coded for by the eight segments are listed in
Table 2. It is evident that due to the presence of a segmented ge;one,
influenza virus undergoes a high frequency reconbinafion or gene
reassortment resulting in the production of novel viral straigs of
different antigenic composition (Bean et al, 1980; Hébster and Laver,
1975; Webster & Laver, 1980; Moss et al 1980; Schild et al, 1980) to

which the human population lacks previous experience.

The micleoprotein (NP) which has a M.W,. raﬁ&ing between 55-65,000
daltons (Choppin_and Compans, 1975b; Pons, 1976; Inglis et al, 1976,
Rohde et al, 1977) is closely associated with the RNA genome in the form
of RNA-protein complexes. This type spegific antigen forms the basis

for :;: classification of influenza virises into the designated types A,
B, and C (Chanock et al, 1971; Assaad et al, 1980). The nucleocapsid 1is-
overlaid by the matrix .(M) protein antigen vhich is the most abundant
component of the virus particle (Compans et al,’1970; Schulze, 1970).

The M prgtein is in tyrﬁ encapsulated by'an outer lipid bilayer, which

is of ﬁoat origin, and in which the hydrophobic ends of the two surface

glycoprotein projections, hemagglutinin (H) and neuraminidase (N), are
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Table 2: Virus specific polypeptides and antigens of influenza virus particle
* and infected cella®.

Polypeptide

Polypepcide

H.H. Function

Approximate
oo« of molecules
per virus
particle

Assignment to structural-

and satigenic componants
of virus

Pl
P2,
P3

EE

B

NS1
Ns52
NSJ

84 ,000~94& ,000 unknown

60,000 Neuramio—

idase

$3,000 Rucleo~

capaid

?

58,000
28,000

Hemag-
gluctinin

27,000
1t ,000%

Matrix
Protein

23,000
11,000
unknown

unknown

50 *

100-200

1000

1000

Jooo

ainor, internal non—
glycosylated proteins,
associated with poly-
merasa activity. Unknown
antigenicity.

surfage glycoprotein,
antigenically variable,
strain specific

Internal, non-glyco-
sylated proctein, assoc—
iated with RMA. Type
specific. Antigenically
stable.

Surface glycoprotein.
Heavy (HAl) and light
conponants(HA2) chaios
linked by disulphide
bonds. Anci-genically
variable & strain
specific,

Major internal non-glyce
-sylated proteins. Anti-
genically stable. Type
spacific associated with
lipid bilayer.

Non-structural virus -
coded proteins. Synthes-
ized in cytoplasm and
aigrate to mucleus of

infected cells.

*Modified from Stuart-Harris and SchildJ (1976); Scholtissek (1978); Schild

{1979).

PFrom: Lamb and Choppin (1981}; and Allen et &l (1980).
: Molecular Weight.

M.W.
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embedded (ane? and Valentine, 1969).

{
The structure of influenza viruses has been extensively reviewed by many
authors (Kilbourne, 1975, Stunrt-ﬂarria and Schild, 1976; Scholtissek,
1978; Laver & Air, 1980). In gthis thesis we will focus upon curreat data

available regarding the structure and function of influenza viruses.
Nucleic Acid

Influenza A virus gznu-e‘ranges in size from 890-2500 nucleotides (Palese

& Schulman, 1976) and contains eight single stranded RNA segments (McGeoch

“et al, 1976; Palese & Schulman, 1976). Each strand encodes at least ome

nonoc#ﬁfronic polypeptide (Ritchey & Palese, 1976; Scholtissek et al,
1976; Lamb and Choppin, 1979) hence, the genome contains information for
seven atructural polypetiden and two non- structural NS1 and NS2
polypeptides and possibly a :hird NS3 polypeptide (Baez et al, 1981). The
genome undergoes continuous variations of which two are: . | g
a) reassortment between hnnan 1nf1uenza viruses and animal influenza
viruses (Young and Palese, 1979; Desselberger et al, 1978) and

b) sequential mutation in individual genes of viruses of, the same type
particularly type A, (Young et al, 1979). Gradunl uutationn can cause

changes in antigenic properties known as “drifts”. Hore abrupt chanses .

in antigen known as “"shifts” result from recombination or reassortment

involving exchange of ome or ho:g'of the RNA segments 4 and 6 which code
for hemagglutinin (H) and neuraminidase' (N), respectively (Laver & Webster
1979; Porter et al, 1980). Each segment codes for a single viral

polypeptide protein (Scholtissek, 1978), with the exception of segment

—



-
8 which codes for the two nonstructural proteins, KS1 and NS2, (Lamb and
Choppin, 1979; Inglis et al, 1979). Little is known concerning the
functions of the nonstructural polypeptidan in the virus rupiicition
cycle. Early in the infeétion RSl (M.W. 23,000) is synthesized in the
cytoplasm (ékehzl, 1973):and ilgrates 13;0 the host cell ‘nucleus (Krug &
Soeiro; 1975) but lat;r accunulatgs in th; cytoplnkl (Shaw & Co.pan;,
1978). Synthesis of NS2 (M.W. 11,000) occurs only late in infection and
remains in the cytoplasm (Lamb et al, 1978). The coding regions for NSl
and NS2 polypeptides on the RNA segment overlap by about 144-159
nucleo:idea (Lamb et al, 1980). Hall and Air (1981) utilizing
complementary DNA techniques, examined gene segment 8 fron.a number of
human influenza A viruses isolated over a period of 43 years and
representing H2N2 and H3N2 subtypes. They suggested that umlike
segments & and 6 which code for H and N, respectively, segment B was far.
more conserved during the reassortment events which were -responsible for
the Fntigenic shifts HINL to H2N2 to H3N2. Segment 7 was recently found
to code for two‘polyéeptides of 27,000 (matrix protein) and an |
additional protein of appro ely 11,000 daltons (Allen et al,}1980).
The other polypeptidei coded for by viral RNA include nucleocapsid .
protein (NP) coded for by segment 5, and three polypeptides (P1, P2, P3)
associated uiﬁh polfnerase activity, coded for'hy segments 2,3, and 1,

fespectively (Schoit;aaek, 1978).
Nucleoprotein (NP) ’
The NP has a molecular weight of 55,000 to 65,000 daltons (Pons, 1976;

Ritchey and Palese, '1976; Rohde et al, 1977, Winter & Fields, 1981): It

binds several molecules of the P pilypeptides (Bishop et al, 1972) and



1s also specifically associated with matrix (M) pro:eiﬁu(xges & Dimmock,
1981). The NP is believed to play an important role in the replication
of influenza virus. Hudson et al (1978) have shown that during
infection at 4°C, which allows events to proceed up to viral
transcription, inflﬁenzh virus NP accumulates in the nucleus, but when
cells are warmed to 37°C the najoricy of the NP migrates from the
nucleus to the cytoplasm, The NP is sequestered within the virion
(Compang & Dimmock, 1969) and, thereforé, is not subject to the
antigenic selection pressure exerted on the externally located H and N.
At least five different antigenic sites,can‘he resolved in
nucleoproteins from diﬁfe;ent Sudman 1nf1;enza A strains {(Oxford et al,
1978; VanWyke et al, 1980). The éirst'direct evidence for antigenic
variation in the NP was reported by Schild et al (19795 who demonstrated
that NP of PR/8/34 (HONL) strain differs antigenically from the NP of
H3N2 strains. This variation was confirmed by Van Wyke et al (1980) who
also suggested thaﬁ antigenic variation in the NP of influenza A viruses
proceeds independently of changes in the viral surface antigens and that
point mutations and genetic reassortment may account for NP variability./
The complete structure of the gene encdding the NP of human influenza

virus A/PR/8/34 has been determined. It was found that RNA segment 5

‘contains 1565 nucleotides and encodes a protein of 498 amino acid

regidues of 56,106 dalton molecular weight (Winter & Fields, 1981).

Matrix (M) Protein

' The Matrix (M) protein which is the most abundant component of the
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influenza virus particle, is situated beneath the outer lipid bilayer
envel;pe‘and surrounds the nucleoprotein (Scﬁuize,'1970, 1972). It has
been shown that purified”M protein hl; a marked affinity for lipids and
is easily incorpofa:ed into lipid vesicles (Bucher et al, 1980;
Gregoriades, 1980; Gregoriades & Prangione, 1981). Th; M pro:eiﬁ
appears t§ be anchored to lipid vesicle; by a fragment oanpproxinately
5,000 daltons which remains in usod.ation with the lipid ?siclg. This
may indicate that a specific portion’ of the M molecule has a high
affinity for lipid bilayer in situ (Gregoriades & Frangione, 1981) and
planar iipid bilayer membranes (Kharitonenk& et ﬂ., 1980). Hat‘rixv ’
protein is found on smooth and rouéh endoplasmic reticulum and never

free in the cytoplasm (Hay, 1974). It is also present in high
concénﬁrations in the mucleus even early after infection EGregoriades,
1977) and on the surface of infected cells (Yewdell et al, 1981). The
recently obtained nucleotide sequence of RNA segment 7 of PR/8/34 strain '
has been found to code for two M proteins: ML containing 252 awmino'acids
which is of 27,000 daltons; and Hi containing 97 amino acids which 18 of
11,000 daltons (Allen et al, 1980; Winter & Fields 1980; Lamb & Choppin,
1981). Antibody to M protein is oot apparenﬁly protective against

1nf1uenz5 as was shown in infected mice (Virelizier et.al, 1976).

Hemagglutinin (H)

Structure and Biochemical Properties

[

0f the two surface antigens, hemagglutinin is considered quantitatively

the major surface glycoprotein (White, 1974) and the antigen against
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which neutnralizing antibodies are directed {(Drezniek et al, 1966; Laver
and Kilﬁourne, 1966 ). S:;ucturally, H 18 an elongated cylindrical
trimer, 135A long, with a triangular croes—section varying in radius
from 15A to AOA'(ﬁiJsou et al, 1981), The H is initially synthesized as
a single polypeptide of about'Séo amino acids witﬁran apparent mﬁlecular
welght of 65,000-on'SDS polyacrylamide gels (Skehel, 1972; Klenk and
Rott, 1973; Nakamura and Compang, 1978}. Subsequently, the polypeptide -
is glycosylated in the Eouéh eﬁdoplasmic reticulum and the mplecular i
weight increases to approximately 75,000 (Elder et al, 1979; Wateyfield
et al, 1979). During biosynthesis disulphide bonds are formed and three
identical H molecu;es, through non—-covalent interactions, férm a trimer
of a molecular weight of 210,000 (Wiley et al, 1977). Each H monomer is
found to be cleaved by host plasma protease to form two disulphide

" bonded polypeptides HAl and HA2, respectively (Laver, 1971; Brown et al,
1980; Garten et al, 1981), a heavier HAl chain of M.W. 47,000, and a
lighter chain FA2 M.W. 30,000 (Dopheide and Ward, 1981). The cleavage
has been found to be essential for virus 1nfe;tivity (Klenk et al, 1975;
Lazarowitz and Choppin, 1575), and a precondition for the fusion
capacity of the H (Huang et al, 1980 b, 1981; Rott et al, 1981).
Helenius et al (1980), Huange et al (1980; 1981), Meada et al (1981) and
White et al (1981: 1982) demonstrated that the hemaggi;tinin (H) plays a
key role in the fusion of influenza viruses with lipoaomeg‘or tissue
culture target cells., It was shown that fusion occﬁrre& only when

1) The precursor H was proteolytically cleaved into HAl and HA2,
respectively where the sialic acid-receptor binding site(s} and the

fusogenic activity were located 2) The pH as acidic (low) ranging from
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5.2 = 5.5 (as in the lysosomal compartment). The acidity causes.the
protonation of the exposed N-terminal of HA2 rendering it hydrophobde,

thus enabling it to insert into the cell membrane.

In addition to H, Huang et al (1980) demonstrated that the presence of
Neuraminidase (N) was also required for fusion. They found out that
alt?ough H caused the adsorption of the virus to the liposome, however,
fusion.occurred oniy when soluble N was added to the medium concluding
"that bogh H and N were required and play a complementary role in fusion.
Therefore, antiboéigs againét both H and N would be importaht in
pteyenting the fusion capaicty of these antigens with the cell membrane

and consequently may prevent penetration and infection.

Strain specific differences in the susceptibility of the H to cleavage
account for differences in ho;t range and pathogenicity (Rott et
al,(1980; Bosch et al, 1979). Two major types of carbohydrate side
chains exist on the H polypeptide, a) complex type I that containg
mannose, glucosamine, galactose, and fucose; "b) mannose-rich type 11
which contains only mannose and glucosamine (Schwarz et al, 1977;

Nakamura and Compans, 1978; Collins and Knight, 1978). Schwarz and

N
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Klenk (1981), found distinct quantita ive and quslitative differences

between the carbohydrates of 21 influ nza A\strains in the distribution
of type I and type 11 side chaﬁns on-. and HA2 fragments; the majority
being located on HAl. Schwarz and Klenk (1981) suggested that the
pripary structure of the ﬁélypeptide‘is.an important determinant for the
carbohydrat® molety of the H. The structure of the H trimer consists 6£f
two distinct regions, the first being a long fibrous region containing
residues from both HA? and HAl and is centered on a 768 triple-stranded
«-helical coiled-coil extending from the nemgrane surface. The second
region consisting of a globular region which contains residaes entirely
from HAL, sits on top of the fibrous stem, and includes an 8-stranded
B;structuré which provides the framework for thg sial;c acid receptor
binding site (Wilson et al, 1981). Th:\:EIno acld sequence analysis of
several strains has recently been completéd, and 1t was shown that
depending on the subtype, each monomer of the trimeric glycoprotein
consists of 318-328 amino acid residues on the heavy (HAl) chain and
221-222 residues on the light (HA2) chain (Wara and Doﬁhiede, 1980;
Dopheide and Ward; 1980, Min-Jou et al, 1980; Gething et al, 1980;
Sleigh et al, 1980),and that both HAl and HA2? are connected by a
disulphide bond. The HAl, besides containing most if not all of the
antigenic activity of hemagglutinin (Jackson et al, 1979; Sleigh ét al,
1981), contains most of the carbohydrate whereas HA2 has hydrophobic
pr;peftigs. Antigenic drift in influenza A viruses 6ccars by.selection'
of variants with altered hemagglutinin and neuraminidase molecules that’

are Imperfectly neutralized by the host's immune system (Dowdle et al,

1974). Webster & Laver (1980) suggested that changes in certain amino
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acid sequence residues of the HAl are wore important than others in

producing a new variant with an epidemiological potential.

Determinant Sites of Hemagglutinin

The most highly conserved sequence in the H is the amino terminus of
HA2. This reglon 1s associated with the activity bf which the virus
peneﬁra%es the host—ce1l membrane {Wilson et al, 1981). Further
gnalysis of the antigenic structure of H revealed that there are 3-4
defined antigenic sites or &eterminants on the hemagglutinin molecule,
as revealed by highly épecific hjbrigom.a (monoclonal) antibodies
(perhard et al, 1981; Breschkin et al, 1981; Weba:er and Laver, 1980).
One of the four regions is completely distinct and contains epitopes
recognized by several monoclones. Thé two other regions are apparently
distinct, but not coypletelj remote, from the first major region. The
fourth negion is physically unrelated carthe others, and unlike the
first three regions which show neutralizing activity, it has no such
activity (Breschkin et al, 198l). Lubeck and Gerhard (1981) suggested
that two of the four antigenic sites are predominantly cross-reactive,

which suggests that parts of these sites are either structurally

overlapping or im close proximity.

Functions of Hemagglutinin
Hemagglutinin antigen is recognized as the major antigenic component

playing a sighificant role in infection as well as immunity (Kilbourme,

.

1978). Hemagglutinin is the means by which influenza virus adheres to

-

susceptible cells. It was demonstrated in vitro using liposomes

r
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containing both the ‘H and N, that such liposomes would adhere;to cell
;lxembranes if H was in the cleaved form. If uncleaved H was used
instead, liposomes only adsorbed to céils without causing fusion of
membranes (Huang et al, 1979; Rott, 1986).

Following'natural infection or immunization, antibody responsé to the
hemaggluﬁinin was found to exhibit extensive cross—reactivity with
related influenza viruses which is a reflection of the cross reactivity
of the antigenic determinants of the H antigen of the virus subtype
(Schild et al, 1974). However, strain-specific (SS) antibodies to the H
were also.found to appear, particularly after a second influenza
infection or immunization by virus of the same type (Laver et ai, 1976;
Oxford and Schild, -1979; Tyrrell and Smith, 1979; virelizier et al,
1979). It was demonstrated by Haaheim and Schild (1980) that the:
strain-specific angibodies not only were considerably more efficient
than the cross— reactive (CR) antibodies in direct virus neutralization
test, but were alsc approximately four-fold more effective than the
cross-reactive antibedies in protectio; against fatal infection in mice.
Siuiiarly, humans (primed adults in particular) responded to initial
infection‘or immunization byvproducing CR and SS antibodies directed
against the first encountered subtype (Oxford et al, 1979).
Furthermore, the 5SS antibodies had a higher capacity to neutralize the
virus (Schild et al, 1977) and to inhibit hemagglutination (ﬁaahein, -
1980). Potter et al (1977) and Larson et al (1978) indicated that
infection or fimmunization with heterologous virus vaccine may induce
protective heterotypic hemagg}utinafion 1nhigiting antibodies against

bV

challenge virus infection. However, homologous virus induces the
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highest degree of protection.

Neuraminidase (N)

Hirstc (1942) was the first to suggest the presence of a functioning
enzyme on the surface of influenza virus. Gottschalk (1957, 1958) aﬁd
Blix et al (1957) éﬁ;racterized the enzyme and established that it
specifically cleaves the a,2-3 glycosidic linkage (Fig. 2) joining the
keto group of N-acetyl-neuraminic acid (gANA), also known as sialic
acid, to carbohydrate moietieslsuch as D-galactose '‘or D-galactosamine,
hence the enzyme was named neuraminidase, The enzyme was later
systematically designated as mucopoi}saccharide—N-acéty1 néuraminyl—
hydrolase, E.C. 3.2.1.18 according to Enzyme Nomenclature {1965).

© Several researchérs and autﬁors have discusse§ and reviewed what is
known of the s:fucture, genetics, chemistry, blological function and the
immunological role of neuraminidase (Stuart-Harris and Schild, 1976;

Bucher and Palese, 1975).

Structure

The N exists on the vifal membrane as a tetrameric head, 8 x 8 oM in
dimension, which is attached to a "fibre™ or "tail™ of 10 oM in length
with a "foqg“ of about 4 nM in diameter (Fig. 3) (Laver & Valentine,
1969; Wrigley et al, 1973). The ‘hequ' have a total molecular weight
of approximately 207,000 daltons while N‘subuni:s with fibers have a

M.W. of approximately 240,000 daltons (Wrigley et al, 1973). More

-

In
o
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' Figure 3: Schematic illustration of che'struc:nre
of neuraminidase.
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recentiy Cabezas et al (1980) using filtration through sephadex G-200
suggested a M.W. of.270,000. Proteolytically derived heads contain
polypéétides of 48,000 dalton M.W. vhereas detergent—derived N has a
M.W. of 60,000 to 63,000 daltons which indicates that the fibre is of
aggioximately 12,000 daltons M.W. (Wrigley et.al, 1973; Fields et a;}
198&). The N must be in a tetrameric form to possess enzymatic activity
(Kendal & Eckert, 1972). It is not known yet whether the tetramer
exists as four equivalent monomers or two types of non—equivalent
monomers. The sedimentation coefficient ranges between 8-9S (Drezniek

et al, 1966; Bucher & Kilbourme, 1972).

The compiete structure of the neuraminidase gene in influenza A/PR/8/34
has been determined. Fields et al (1981) cloning N geme into
bacteriophage M13 and Qeqﬁqncing with dideoxynucleotide chain
terminator, found that the gene is 1,413 nucleotides long, codes for a
protein of 454 amino acids, has a molecular weight of 50,087 daltoas,
-excluding carbohydrates, and has five potential glycosylation sites. In
addiﬁion, the amino acid compoéition-of the N in A/PR/8/34 correlates
reasonably well with the amino acid composition of A/Bel/42 (N1) which
was sequenced by Laver & Baker (1972). The amino acid comp&sition
indicated that the N is rich in cysteine (19 residues), whose position
is still unknown. Fields et al (1981) suggested the presence of one
major hydrophobic region located near the N-terminus and that tﬁe
attachment of prot;;n to the virus membrane occurs through this region.
The ENA segment q"(which codes for neuraminidase) ob:ainedliromxsix Nl
and five N2 inflﬁenza A strains have been sequen;ed from the 3' end of

the viral RNA using the dideoxy method. The above comparative

ity



nucleotide sequencing révealed that in the first 200 nucleotides, 20.
single base changes occurred within the N1 suﬁtype and 26 among the
strains of the N2 subtype. However, there is a region at the N-terminus
of the predicted amino acid sequence which is conserved between the Nl

and the N2 strains (Blok & Aif, 1980a; Pields et al, 1981).

The antigenic variation.of neuraminidase has been examined by several
workers using methods such as RNA-RNA hybridization (Scholtissek et al,
1976), oligonucleotide ma;ping techniques {Nakajima et al, 1978) and
neuraminidase-inhibition test (Aymard-Henry et al, 1973). Antigenic
“drifts” (Paniker, 1968; Schulman & Kilbourne, 1969) and "antigenic
shifts” (pPaniker, 1§ga) have been documented. Antigenic shift in human
influenza viruses occurred in 1957 when the ﬁz subtype replaced the ﬁl.
A comparison of the N-terminal amino acid sequences predicted from RNA
sequencing (Blok & Air, 1980b) show that within a subtype there is a
high degree of ami;; acid comservation, but between the different
gubtypes there is little homoiogy after the first 12 amino acids.
Scholtissek (1979) using the hybridization techanique, and Nakajima et al
(19%8) utilizing oligonucleotide mapping, demonstrated that the recent
influenza virus isolate A/USSR/77 (HIN1) is very similar to the strain
’uhich was present in the 1950's. Only 2 of the 200 nucleotides were
different between the HINl subtypes AJ%HIAVSO and Aluémphis/10/78 (an
A/USSR/77 type strain).

Biological Properties

Although N enzymatic activity has a wide range in cleaving the

A\
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- o-glycosidic bond, it was foﬁnd that N activity was most efficient and .
specific in cleaving <, 2-3 linkages (Drezniek, 1972).: ﬁeuraminidaae
acts omn sevéral natural substrates such as fetuin, bovihe submaxillary
mucin and porcine submaxiilary mucin, or synthetic substrates such as

' 2-phenyl-N~acetylneuraminic acid, 2,P-nitrophenyl-N-acetylneuraminic

~ acid, 2-(3 -methoxyphenyl) =-N- acetylneuraminic acid, and 4 -methyl
umbellifefjl =N- acetylneuraminic acid (Bucher and Palese, 1975). The
pH optimum for N activity is 5.9-6.0 (Aymard-ﬂénr&ret al, 1973; A.P.
Kendal, Personal Communication via R.E. Pyson). The Cemperﬁture optimum
varied with different strains (Bucher and Palese, 1975), although 37°C
was found sgtisfactory in most instances. Dimmock (1971) suggested Ehatdf—/
0.3 oM Ca*'was required for N2 neuraminidse to achieve its maximal

" activity, whereas a 10-fold greater concentration (3mM catt ) was
required for N1 neuraminidase for its maximal acivity. Carroll and
Paulson (1982) also suggested that the addition of 5 mM CaCl2 stimulated
N asctivity 20-100 fold and prevented the ibss of such activity in the N1
serotype. However, such requirements are still controversial and may

largely depend on the strain of the virus and techniques used.

The amount of N incorporated into the virion can be quite variable,
depending on the host cell in which the virus is grown, as well as on
the strain of the virus, ranging from 6% to 142 of the total protein of

the influenza virion (Bucher and Palese, 1975). Kendal et al (1968)
suggésted that the number of N molecules on the virion can be estimated
if the following were known: 1) N con;?nt of the envelope; 2) viral

protein content; 3) molecular weiéht‘of the viral particle; 4) The
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incorporation of Avogadro's number. It was estimated that between
100-200 molecules of N exist on the surface of influenza virus conpargd

to approximately 1000 molecules of H.

Solubilization of N
Neuraminidase can be solubilized by either of two major methods: 1)

ﬁroteolyaia, 2) lysis by detergent. Proteolytic-agents utilized

included trypsin (Noll et al, 1962), chymotrypsin (Rafelson et al, 1966)

and protease (Biddle, 1968). Proteolytically-derived N did not
aggregate, although the 7000-12,000 dalton fiber peptide was lost during
the process (Wrigley et al, 1973). Detergent agents used included
Sodium dodecyl sulfate (SDS) (Laver, 1963), Tween 20 and Tween 80
(Webster and Darlington, 1969), NP40 (Gregoriades, 1972), Triton x-100

(Bucher, 1975), Sarkosyl (Schild et al, 1971).

. Function and Role of Neuraminidase

Neuraminidase exhibits both enzymatic and antigenic activities. This
has lead many investigators to devise methods for the asseasment of N,
pafcicularly as an antigen and itq relation to immunity. Several

o+
techniques have been devised to measure the interaction of N with

antibodies: :

1. Inhibition of enzymatic activity (Aymard-Henry et al, 1973);
Siekmamn et al, 1975)
2. Immunoprecipitation (Easterday et al, 1969)

3. Reduction in plaque size {Jahiel and Kilbourne, 1966)

v
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4, Mouse titration test (Schulman et al, 1968)

5. Imﬁroveﬂ hemagglutination - inﬁibition procedure for measurement of
NI antibodies {(Kendal et al, 1971)

6. Single-radial hemolyais in agarose géla (Callow and Beare, 1976;

Farrohi et al, 1277) ' .

7. Photometric antibody concentr;tion unit (ACU) for titration of
neuraminidase antibodies (Drescheg and Desselberger, 1976) .

8. Enzyme — linked immunosorbent assay (Hurphf et al, 1980).

9. Lectin-neuraminidase test (Luther et al, 1980).

Currently, the neuraminidase-inhibition test (Aymard-Henry et al,'
1973-WHO recommendation; CDC 1975) is the best standardized and most
widely used method to identify N antigens. It was adapted for the

asgessment of N antibodies (Details of the method on page 41).

The function of N is still under investigation. Kilbourne et al (1968),
and Coﬁpana et al (1969) dehonatrated that .neuraminidase—inhibition
antibodies (NIABikgreatly reduced or inhibited viral release from
infected cells but did not affect the infectivity of influenza virus.
Therefore they concluded that N aids in the release of mature influenza
virions from receptors at the surface of infected cells. Kilbourne
(1974) deqonatrated that monovalent aﬁtineuraminidase antibodies
inhibited viral replication in‘a plaque reductiop test. Dowdle et al
(1974), and Palese et al (1974) demonstrated that antineuraminidaae
antibodies prevented virus aggregation. They suggested that N removed

sialic acid from the virion, thus eliminating receptors on the surface



which could cause aggregation of the virus to form conglomerates of up

to 500 particlkes.

Recently, Rott (1980), and Huang et al (19808) suggested that the
presence of neuraminidase is essential for fusiom between the virion and
the plasma membrane of the susceptible cells. They found that the
hemagglutinin alone even in the cleaved form is not able to induce -
fusidn. When liposomes coated with cleaved i without N are strongly
adsorbed to cell membranes; fusiomn occurred‘Bnly when soluble N, viral
or even V. cholerae enzyme (RﬁE) is introduced into the liposome - host
cell mixture. This suggests that both H and N glycoproteins are

required;for penetration and infectivity of influenza virus.

-

b
Neuraminidase and Imm;nity

Currently there is general agreement about the significance and
protective value of adpibodies to hemagglutinin (Potter et al, 1977;
Potter and Oxford, 1579) but some doabt still exists as to whether
antibodies specific for neuraminidase are of significance in prbtection
against influenza. Evidence presented by Schulman et al (1968) has
demonstrated that antineu;aminidase antibodies do offer protection from‘
further influenza infectidn by limitipg the spread of the virus from
already infected cells and the subsequent spread of 1nfec:ioﬁ.‘ Thus
antineuraminidase antibodies do complement the protective effect of
antibodies to hemagglutinin. Monto and Kendall (1973) observed that
during the 1968-1969 outbreak of influenza due to A/Hong Kong/68 (A/HK)
(H3N2) in a population lacking antibodies to H3 of the new virus,

elevated titres of antibody to N were associated with a lower incidence
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of serologically proven infection. Those lacking pre—existing serum
anti-N2 antibodies demonstrated double thé rate of 1nfectlon by A/HK
virus compared with those possessing higher anti-N2 titrés; Murphy et )
al (1972) observed that, in artificially infectéd volunteers, the
clinical respongse, duration of virus shedding and maximal level of virus
shedding correlated inversely with the level of anti-neuraminidase
antibodies in serum. Kilbourme et ﬁl (1572) proposed a new approach to
the‘vaccination against influenza in which recombinant viruses with
relevant or homotypic N to the anticipated challenge yirus.were uged.
This was based on the concept that sﬁch an immunization will result in
the induction of mono;pécific antineuraminidase antibodies which would
not preveat the infection with the challenge virus but would prevent its
spread. However, a superior immunity should develop on subsequent
natural exposure to the virus and conéequently the individual would
posseséa biphasic immunity {anti-H and anti-N} and thus will be

resistant to both infection and illness. Employing the above system

Couch et al (1974)'1mnunized mice and humans with inactivated vaccine

‘prepared from recombinant viruses with irrelevant H from A/Equi 1 (H7)

but a relevant N from A/Hong Kong/68. They demonstrated that the
vaccine induced protection against illness caused by infection with an
influenza virus containing identical N and that the infection induced
regsistance to subsequent challenge with an antigenically related virﬁs.
Kilbourne (1976) vaccinated student volunteers with either the _
conventional biphasic A/England/42/72 (H3N2)'vacc;ue or an experimental
antigenic hybrid (X-38) [(HeqlN2Eng)=(H7N2Eng)] vaccine containing

comparable amounts of the same N, His comparative studies indicated

that the hybrid vacciné was of a superior potency in inducing a response
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to N2, whereas a significant antibody response to N2 (2 4-fold increase)

was observed in 257 of those vaccinated with the conventional vaécine
and in 69% of'those who received the hybrid vaccine. Mean antibody
‘résponse to N2 was tuo'ggld greater in those vaccinated with hybrid
vacciné, Ogra et al (1977) immunized young school children (meaﬁ'age 14
years) with an inactivated recombinant influenza virus véccine specific
for N antigen of A/Port Chalmers/73 [(HeqlN2Ch)=(H7N2Ch)] and with
conventional biphasic Port Chalmers vaccine (H3Ch N2Ch). .Specific
antibody response to the N2Ch antigen of HeqlN2Ch was observed in 90% of
vaccines, Tﬁe investigators indicated that vaccinees with serologically
pProven infection but without clinical illness were found to have titres
of antibody to N before infection that were four- to eight-fold higher
than the titres in vaccinees who were infected, and who'became
clinically 111. However, during a subsequent natural outbreak of
influenza only 51.4% of HP?N2Ch recipients in contrast to 74.3% of the

* H3Ch N2Ch recipients were protected agalnst infection. This finding
suggests that high levels of anti-neuraminidase antibody offer a certain
degree of protection, and that protection against illness correlates
with the.iéfél of pre*éxisting HI and NI antibodies rather than with HI
antibody alone. Kendal et al (1977) propoged that the antibody response
to N can be suppressed if subjects recelving the vaccine have been
primed with its HA component; The results support  the hypothesis that
the immunogenicity of N is greater in populations primed with N but
lacking antibodies to H specific for the immunizing wvirus. This was
demonstrated by studies from 1963-1968, when H2N2 vaccine never induced

NIAB response in more than one-quarter to one-third of the vaccinees,

e

.qi

— i
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whereas H3N2 vaccine (containing novel H) induced NIAB response in 66X~ .

" 96X of the vgtcinpes (Mostow et al, 1975). Utilizing ts-vaccines in

volunteers, Murphy et al (1978) indicated that the failure of A/HK/68,

Udorn/72 and Georgia/74 té-l(E) vaccinees to develop vaccine induced
systemic reactionsumay reflect the presence of pre-inoculation NIAB
before infection. However the Victoria/75-ts-1(E) vaccinees who lacked -
neuraminidase inhibition antibodies, or possessed a low titre of this
an:ibod?, developed syfiptoms and shed more virus, suggesting that NI
immunity can decreas€ the infectivity of a virus in addition tp-

==
modulating the clinical response.

Little work has been done on the response -of anti-neuraminidase
antibodies in the aged. Kendal et al (1973) studied the influenza
neuraminidasé antibody patterns in a population whose birthdates fell
between 1880 and 1953. Sera tested were pooled by two-year age groups.
The nmumber of pools ﬁas 39 and each contained sera from 25 1nd1vidualgi
The results of the ;tudy demonstrated a) distinctive disttibution by age
of anti-neuraminidase antib;dies, and b) that the antigens uh}ch
characterize\ the enzymes of strains of the first infections in childhood
A ‘ .
permanently orient éhe,antibody forming mechanisms. Therefore; on_
subsequent exposure to antigenically related enzymes, the lével of
primary anti-neuraminidasé antibody is reinforced. Besides the humoral
impmunity represeptéd Py aétiboﬂies gpecific for either H or N, theée is
a role played by cell mediated immunity (CMI) although this role is yet
not very clear. Cftotoxic T lyﬁphocyte response has been demonsfr;ted'

in mice to both primary and secondary stimylation and can be strain

specific (Ennis et al, 1977), or crass-reactive (Doherty et al, 1977) or
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both (Effros et al, 1977) depending upon the target-cell system or

viruses employed in cytotoxicity assays. Cambridge et al (1976)

" indicated a lack of response in cytotoxic assays to homologous

neuraminidase antigen. Chow et al (1979) demonﬁtrated that influenza

"immunization induced CMI response to the H and N surface antigens and

suggested that these responses may be important in immunity and recovery
from infiuenza infection. Gt;eenberg et al (1977) iﬁdicated the;t |
lymphocyte cytotokicify to infiuenza virus-infected cells may be
mediated by small quantitiéa of antibody. )Axmerding & Rossiter (1980)
suggested that inoculaéion of mice with live influenza virus resulted in
the induction of cytotoxic thymus—derived (T) lymphocytes and of bone
marrow-derived (B) cells producing antiviral antibodies. Lazer & Wright
(1980) suggested that influenza virus HINL which circulated before 1957

induced long-term CMI for periods of at least 20 years as was

demonstrated by the use of A/USSR/77 (HIN1) virus as test antigen.

Background
In our present study‘ue have utilized the two types of distinct human
related. neuraminidases Currénély known, the Nl of A/USSR/92/73 (HIN1)
and the N2 of A/Port Chalmers/73 (H3N2). They represent respectively
the neuraminidaseityée prevalent before 1957 (N1)|Ekigh reappeared in

autumn of 1977, and the N2 type which emerged after 1957 and is still

the prevalent type (MMWR, 1982). The choice of A/USSR/92/77 (HIN1) and

A/Port Chalmers/73 (H3N2) is justified because of the following facts.



The study population consists of elderly and chronically ill patients of
mean age 80+2 years (see Materials and Methods, p 46) who were
previously exposed to the N1 type neuram{nidée of influenza HINI1
(=HswiN1) which was thought to circulate in 1918-1919, to the Nl of
A/PR/8/34 (BIN1) circulating in 1934-1946, and the N1 of A/FM/1/47
(H1N1) circulating between 1947-1957. With the reappearance of HINl of
AJUSSR/92/77 in 1977 this population could demonstrate reinforced
resistance to HIN1 infectian ﬁy possession of pre—existing
anti-neuraminidase antibodies in the perum‘and the restimulation of such
antibodies upon a second exposure in accordance with the concept of
serological recapitulation (Kendal et al, 1973). If that holds true,
and this defined populatién shows considerable anti- neuraminidase
antibody (NIAB) in their serum, then this may reflec; the fact that such

NIAB contribute to protection.

In Seﬁﬁember and October 1973, A/Port Chalmersy73 (H3N2) a new v#riant
from the parent A/Hong Kong/68 (H3N2){gmerged. In the new variant,
antigenic “drift” occufred particuiarly in the neuraminidase antigen
(Schild et al, 1974). Thus this variant was subsequently accepted as
the prototypé for proceeding (H3N2) strains (Schiid et al, 197&{
Jennikgs -and Miles, 1978). Although the defined elderly population had -
had previous expdsure to (H3N2) type, nevertheless, the new variant
“A/Port Chalmers/73 ghowed a neuraminidase which “drifted” from
A/England/41/72 as demonstrated by a 32-fold reduction in neuraminidase
inhibition antibodies (Schild et al, 1974). Thus it could be possible

that the elderly population is more susceptible to infection by A/Port

Chalmers/73 (H3N2) due to the lack of pré-exiscing neuraminidase
- ]
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antibody to A/Porf Chalmers strain in their sera (Jennings and Hiles,'

1978).

The elaerly and chronically 111 population selected for this pilot study
has continuslly participated in a five-year influenza vaccination ‘
program initiated by E. Perry and R.E. Fyson in July 1976 (see Materials
and Metho&s). This study 18 unique because the anti-neuraminidase
antibodies in a defined elderly population have been monitored and
evaluated over a five-year period of annual influenza impmunization.

The results of this study were utilized to investigate a) the
neuraminidase inhibition antibody response in defined aged and
chronically i1l patients to repeated.annual inf luenza imﬁunizations, and

b) monitoring the persistance and duration of these antibodies.
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MATERIALS AND METHODS
Virusges

Vaéiants

Recombinant influenza viruses. were used bearing relevant N but
irrelevant H antigen. To minimize the possibility of “"steric hiﬁdrance'
by HI antibody; recombinant viruses were used. |

Influenza virus recombinants were:

A/Equi/Prague/i/56 (H7) - USSR/92/77 (N1) (H7NL), and A/Equi/Prague/1/56
(H7) - Port Chalmets/73 (N2) (H7N2). The. designation of H7 for
A/Prague/1/56 1s in accordance with the new system of nomenclature for
influenza viruses (Assaad et al, 1980). The H7 in the new system
(Assaad et al, 1980) correaponds to Heql in the old systen*(chanock et
al, i971). Designa;ions for N1 and N2 remain as in the old system.

Each recombinant virus used contains an irrelevant hemagglutinin (H7),
but relev#nt neuraminidases (N1 and N2). Reconﬁinant virus referetce
strains were kindly provided by D.A. McLeod, Influenza Reference Centre,

Bureau of Microbiology, LCDC, Health and Welfare Canada.
[V

Virus Antigens
Virus Propagation and Antigen Preparation
Recombinant viruses were grown in 10-11 day old chick embryo (CE) as
follows. Ten:fold virus dilutions were made in phosphate-buffered saline

(PBS), pH 7.2, containing 1000 units of pencillin and 1000 ug of
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sirepton_ycin m..xlfate per ml (Appendix A). Volumes of 0.1 |l1 of virus
dilutions were aseptically it\:ocula.ted by the allantoic route using a
tuberculin éyr:l.n.ge. " Each reconbinanll: strain was passaged and harvested
‘on different days to avoid any (:ross-contam:lnntion. A ninimum of - four
- eggs per each dilution were inoculated. " Virus dilutions ranged from
10-1 to 1(;s . Egge were incubated at 33.5°C for 48 hours, chilled
overnight at 4°C and the allantoic flx;id (ALF) harvested. The allantoic
fluid from each egg infected was tested for its viral hemagglutinating
activity by spot hemagglutination test (Appendix B). Viruses were
repassaged in eggs 11 times for H7Nl and 10 times for H7N2, until .
maximum hem;gglutinating activities of 1:640 and 1:320, respectively,
were obtained. Parallel to HA tests, the neuraminidase ‘a'c:ivit'y i..n
virus-infected allantoic fluid (V——AI.!;') of the last few passages was also
measured by the neuraminidase activity test (Aymard-Henry, 1973; C]C,
1'975) to determine r.he' yiﬁs dilution required to produce the antigen
with the maximm neuraminidase activity. Seed virus was obtained by
inoculating eggs w.fth the V-ALF dilution demonstrating the highest
neuranigidase activity. Volumes of 0.1 ml of 165 of H/N1 and 10--‘5 of
HIN2 were inoculated in eggs (on separate days to avoid )
cross—countamination), incubated for 24 hours at 33.5°C and them chilled
overnight at.k"c. The V-ALF of each recombinant virus was hax;veated
separately and clarified by centrifugation at 3500 rpm (2000xg), 4°C,

for 30-45 minutes to remove cell debris.
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The clarified V-ALF was then dispensed in } ana 2 ml vol;mea in clean,
sterile glass vials, labelled as virus seed, and stored at -80°C.
All harvésted V-ALF were tested for bacterial conr.‘aninatim-x by
inoculation.to the media, blood agar plate (BA), cooked meat,
thioglycolate and trypticase soy agar plate. The see&'vi£;s was then
" used to prepare a uniform and homogenous bulk antigen, {nd the same
procedure for egg inoculation as described above was followed bug
incubation was for 48 hours. The H7N1 and H7N2 bulk antigens were
pfepared on separate days to avold any poasibility-of cross— -
contamiﬁation. The identity of the bulk V-ALF antigen was checked by
cross-reaction with reference ferret specific antisera to H7N1 and H7N2
in neuraminidase iéhibition tests (Appendix é). Bulk antigens prepared

were dispensed in 2, 5 and 10 ml volumes in clean and sterile glass

vials, and stored at -80°C.

Micro hemagglutination (HA) test. Virus titration was done as outlined
by the éentre f;r bisease Control (CDC) Manual series No. 6 (1975),
incorporating a slight modification. Viruses were titrated in Linbro

- disposable U-fype microtitration plates using 0.05 ml microdroppers, and
0.05 ml microdilutors. Doubling dilutions of virus in 0.05 mlL volumes
wvere made in‘Pné (pH 7.2) from 1:10 to 1:5120. Rooster RBC (0.5%) at
0.05 wlL. were added to each well, platgg were agitated then incubated on
ice for 30 minutes., C&ntrols consisted of 0.05 ml of 0.5% fowl RBC
(FRBC) 1;lus 0.05 ml of PBS (pH 7.2) only. HA titres were read at a 50%
end point, a modification from the 1002 endpoint used by CDC (1975), and

expressed as tﬁe reciprocal of the dilution.
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Serological Techniques

Hen;gglutina:ion—Iﬂhibition (HI) test ) .
The method followed was as described in detail by tﬁé CDC Manual (1975).
In brief, serial doubling dilutions of 0.025 ml voluﬁes of receptor
destroying enzyme (BDE)-treated sera (Appendix B) wére made in 0.025 ml
- PBS (pE'7.2) at dilutions ranging from 1:10 to 1:5120. ‘Four ,
hemagglutinatigg units (HAD) iAppendix B) of V-ALF test antigen 0.025 ml *
were }edded_ to each well. Contents were mixed and allowed to stand at
rocm temperature (RT) for 30 minutes. A volume of 0.05 ml of 0.5% FRBC .
was added to all wells including RBC controls (0.05 ml PBS and 0.05 ml

of 0.5% RBC) and serum controls (0.025 ml PBS, 0.025 ml RDE treated and
serially diluted reference antiserum and 0.05 ml of 0.5% fowl RBC). The
mixed contents were held at room temperature and read after’30 minutes

at a 100X end point. ’ _ '

Neuraminidase hctivity (NAC) and Neuraminidase— Inhibition (NI) Tests

These tests which are usually used for the identification ;f viral
strains, have been applied to assess the effect of anti-neuraminidase
antibodies (NIAB) in inhibiting neurnminidaaé activity (Aymard-Henry et
al, 1973). Both the NAC and NI tests q;gé;followed the procedure

outlined by Aymard-Henry et al (1973) and CDC (1975) modified from.

-

Warren (1959) and Aminoff (1961).
. ~

rar o st
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The NI test consists of two essential partsE
1. The assay of neuraniniégse activity (Flow Chart No. 1).
Principal steps are as follows:
a, Release of free N- acetylneuraminic acid (5~ acelamido -3, 5 -
dideoxy - N = acetyl - D — glycerol — D = glycerol — monulosonic

acid) from the fetuin substrate by the action of neuraminidase.

b. Conversion of the free N - aéetylneuramiﬁic acid (NANA) to B -
formyl pyruvic acid by periodate oxidation:
Ay . .
c. Extraction of the chromophore in an organic solvent for

spectrophotometric analysis.

This method assesses the potency or activity of neuraminidase from

which the Bcandard’dose for use in the NI test fs determined.

2. Neuraminidase-Inhibition test (Flow Chart No. 2).

The principal steps are:

~a. Incubation of standard neuraminidase dose with serial dilutions

. . of normal and test sera

- b. Determination of the inhibitory action of serum on neuraminidase

activity. ;

b
c. Calculation of NI titres,
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Flow Chart 1 : Step-like procedure of the Mini- and Standard
(WHO)- neuraminidase activity (NAC) tests.

0.05 ml virus -ALF antigen dilutions (1:3 to 1:96)

0.05 ml fetuin mixture

shake & -incubate: 18 houra/37‘c (waterbath)

+
- add 0.05 ml periodate reagent

shake & incubate: 20 minutes/20°C (waterbath)

+
add 0.05 ml arsenite reagent
shake

+

add 0.05 ml thiobarbituric acid reagent

|

shake & place in boiling waterbath/15 minutes

l

place in ice-water for 5 minutes

+
add 1.25 ml butanol reagent

l

shake tubes on mechanical vortex
centrifuge 2-3 minutes 500 xg

l

read in spectrophotometer at 549 nM
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Flow Chart 2 : Step-like procedure of the Mini- and Standard (WHO)-
neuraminidase inhibition (NI) tests. )

0.05 ml test serum of doubling'dilutions (1:10 to 1:320)

0.05 ml standardized virus antigen dilution

l

shake &.incubate: 1 hour/37°C (waterbath)
' +

" add 0.05 ml fetuin mixture

l

shake & incubate: 18 hour‘c (waterbath)
’ +

add 0.05 ml periodate reagent

| .

shake & incubate 20 minutes/20°C (waterbath)
. +'

add 0.05 ml arsenite reagent

l

shake
+

add 0.05 ml thiobarbituric acid reagent

l

shake & place in boiling waterbath for 15 minutes

l

place in ice-water for 5 minutes
+

add 1.25 ml butanol reagent

l

shake tubes on mechanical vortex

|

centrifuge 2-3 minutes 500 xg

|

read in spectrophotometer at 549 nM

et
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Although NAC and NI tests were used as described by Aymard—-Henry et al
(1973) and CDC (1975), certain modificstions were made: 0.4 M phosphate
buffer (PB) was used at pH 6.0 and without the addition of CaCly. 6Hz0
(R.E. Fyson from A.P. Kendal — personal communication). After the
addition of arsenite reagent, test tubes were held at roomltenperaCure
for 5 minutes before the addition of thiobarbituric acid reagent (TAR),
which was used at pH 2.0 instead of pH 2.6 (our own experimental
" trials). After the addition of butancl reagent, test tubes were
incubated fo? 3 minutes at 37°C before being shaken for color extraction
and then replaced in ice-water. After centrifugation, test tubes were
incubated‘é; 37°C for 3 minutes before reading the optical density
(0.D.) at 549 oM. All initial dilutions in the neuraminidase tests were
done on ice. Incubation temperatures of 31°, 33°, 35° and 37°C were
tested for best results. We found that 37°C was the optimal temperature .
in our own laborafory in contrast to 31°C (Results) as suggested by A.P.
Kendal (personal communication ‘via R.E. Fyson), and Kendal et_al,

{1980).

The Standard Neuraminidase Activity Test {(CDC, 1975). Initially,

doubling dilutions of virus -ALF antigen in 0.5 ml volumes were prepared
in 12 x 75.nn test tubes using 0.85X NaCl as diluent. The initf¥al i
dilutions ranged from 1:2 to 1:128 and were later modified to r;nge from
1:3 to 1:96 in 0.6 ml volumes. To 0.05 ml of each dilution which was
transferred into correspouding 16 x 100 mm test tubes using 0.05 ml
micropipet (SMI type D), was added 0.15 ml of fetuin (Spiro methoa)
mixture (freshly reconstituted fetuin mixed with equal volumes of 0.85Z

NaCl and PB), pH 6.0. Controls consisted of a) virus control: 0.05 ml

-



virus and 0.1 ml of 0.85% NaCl and 0.05 ml PB at pH 6.0. b) fetuin
control: 0.05 ml of 0.85% NaCl and 0.15 ml of fefuin mixture. After
sﬁaking, tubes were iancubated at 37°C (waterbath) for 18 hours, followed
by 20°C (waterbath) for a few minutes, then 0.1 ml of periodate (NalO4)
reagent (Appendix A) was rapidly added to ﬁll tubes, the contents |
thoroughly mixed and incubated at 20°C (waterbath) for exactly 20
minutes. with a Cornwall pipettor, 0.1 ml of arsenite (NaAs02) reagent
(Appéndix A) was added to all tubes, mixed thoroughly until the brown
color disappeared, followed sy aAdition of 2.5 ml of freshly prepared
thiobarbituric acid reagent (Appendix A). After thorough mixing, tubes
were placed in a boiling water bath for 15 min;tea. The appearance of a
pink color indicated the presence of -neuraminidese activity. Tubes were
rapidly cooled in an ice water bath, transferred into a water bath at
37°C, and held for approximately 5 minutes. Immediately 4.0 ml of
butanol reagent (Appendix A) was added, the tubes rubber-stoppered and
mixed well with a mechanical vortex, and centrifuged at 4°C for 3-
minutes at 500Xg. The upper butanol-extracted pink layer was examined
in a spectrobhotometer (Beckman Model DB-25) at 549oM using;a sipper
flow cell. Virus and fetuin controlg are color-free. The f;tuin
control was used to calibrate the spectrophotometer to 100Z transmission
{zero 0.D.). on a ﬁ—cycle semilogarithmic graph paper, the vertical
(logarithmic) axis is labelled as the "virus dilution factor™ and the
horizontal (arithmecic) axis a§ the "Optical Density”. From a specific
"virus dilution factor™ on the vertical axis an imaginary line was drawn
until reaching the level on the horizontal axis'co:responding to the
0.D. reading obtained for that specific diluti&n factor and a mark was

made at that point. This step is repeated for the other specific

L]
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*dilution factors” and thelr cc;rresponding 0.D, readings and marks were
made. A “line.of best £it" was then drawn through Ehe points (marks).
Then a vertlical line from the point on the horizontal axis corresponding
to 0.85 0.D. was drawn upwards intersecting'with the "line of best fit".
From the point éf intersection of the "line of besat £it"™ and the
vertical line, a horizontal line was constructed towards the vertical
line bearing the "virus dilution factor™, and the point of intersection
of these two lines represent the dilution of the virus at 0.D. 0.85
which was used in the neuraminiddse-inhibition test (Fig. 4). .
Therefore, the dilution of the virus obtained at 0.D. 549 nM contains
nesraminidase enzymatic activity approximately equivalent to one unit.
One unit of enzymatic activity is defipgd as the amount of the enzyme
that liberates 1 ymol of'N—gcetylneuraminic acid (NANA)/minute at pH

5.9-6.0 and 37°C with fetuin as a substrate {(CDC, 1980).

The Standard Neuraminidase-Inhibition (NI) test. The same equipment and

reagents used for the NACtest were utilized for the NI test. In
performing the test, serial doubling dilutions of test sera were made in
0.85% Nscl'in 12 x 75 mn test tubes. Doupling dilutidns ranged from
1:10 - 1:3é0. With a 0.05 ml micropipet, 0.05 ml of each serum dilution
was transferred to céfreaponding 16 x 100 mm tubes, and 0.05 ml of virus
antigen, previously standardized by NACteat, was then added to each test
tube. Controls for each test included: 1) reference ferret apecific
antiserum {0.05 ml reference serum & 0.05 ml virus antigen), 2) normal
ferret serum (NFtS) (0.05 mlL of NFtS & 0.05 ml virus antigen), and 3)

fetuin contrel (0.1 ml of 0.85Z NaCl solution),
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" £11 tubes were incubated at 37°C (waterbath) 1 hour, then 0.1 ml of

freshly prepared fetuin mixture (reconstituted fetuin in an equal volume

-

of PB, pH 6.0), was added to all te and control tubes which were
further incubated at 37°C (waterbath) for 18 hours. The‘inhibition
effect of the test run was assessed by utilizing the s;ﬁe procedure as
used for neuraminidase activity described above. Optimal 0.D. for test
?nd control sera were measured in a gspectrophotometer at 549 nM. To
obtain the percentage of remaining neuraminidase activity the following
foﬁmla was applied: h

0.D. of ‘};10 test serum/virus mixture x100 =X neuraminidase
0.D. of I\}O normal serum/virus mixture activity

RN

On 3-cycle semilogarithmic paper, the vertical (logarithmic) axis was

marked with "serum dilution factors™ and the horizontal (arithmetic)
axis was percentage (X) ‘ﬁeufaninidase activicty”™ from 0X to 100XZ.
Construction of the “line éf best fit"” was done as fol;owf:'

? ' ’ ;)’
From the 1:10 dilution-aé serum on the vertical axis (Fig. 5), an
imaginary line was traced moving to the right uatil reaching the level
on the hotizoﬁtal ax&k*cor;esponding to the computed neuraminidase
activity for the 1:10 dilution of serum and a mark was made. This
process 18 repeated for the other dilutions of serum. A vertical line ’
ig drawn upward from the horizontal axis corresponding to 502
neuraminidase activity. A "line of best fit™ is drawn through the
points which afel linearly arrayed on both sides of the vertical_line

representing 502 neuramiui&ase activity. From the point of intersection

v

»)
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between the 'linz';f best fit” and the line representing 50
neuraminidase activity, a horigontal line is drawn towards the vertical
" axis b;afing the dilution factors and record the dilutionm factor for the
serum which results in 501 neuraminidase activity with the antigen
tested. This is the neursminidase inhibition titre of the antiserum

with this antigen.
Mini Neuraminidase—Inhibition (MNI) Test

A mini neuraminidase inhibirion test was developed in our laboratory for
‘the purpose of economy. The te;t was based on the same principle as the
standard test, except that vo}unes used were wodified (Table 3). Ther
volunmes ;tilized in the mini test were obtained by a proportional
increase of volumes used in the micro (Essen) test (Thraenhart and
Kuwert; 1976). “The volumes incorporated were as follows: 0.05 ml seru;.
0.05 ml standardized virus antigen, 0.05 ml fetuin mixture, 0.05 ml
periodate reagent, 0.05 ml arseaite reagent, 0.5 al thiobarbituric acid
reagent, and 1.25 ml butanol reagent. The complete mini test (NAC or
NI) from start to end was carried out in 12 x 75 mm test tubes unlike
the standard procedure which required the tranfer‘of 0.05 al of the
initial dilutions made in 12 x 75 mm test tubes to 16 x 100 mm test
tubeg to accomodate the complete test. Therefore, this was another
valuable advantage in ﬁhe mini test by avoiding any error in the tranfer
of dilutions from one set of test tubes to another. Incubation
temperature, pH, and methodology of reagent prepara:ioé were carried out

as described for the standard method (Flow Chart No. 2).

7
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The micro neuraminidase-inhibition test (Thraenhart and kuwert, 1976)
was also tested, but was abandoned becamise it could not be adapted to
the conditions in our laboratory.' The micro té}st- exhibited lower d.D.
readings (Table 3 and Fig. l4 in Results page 74, 124) than the minimum
required 0.D. 0.85 which contains one -enzymatic unit of neuranintd;se.
The comparison of volumes used in standard (macro) ‘-, wmini-, and micro-

NI tests, is detailed in Table 3,

Human Sera
The .participants selected from the total program for the neuraminidase
ar;tibody study included Gé consenting aged and chronically 111 patients
{(mean B.D. 4302 +12). Selection <-)f patients was tes.l:ricted to those who . ,/
ha.d pafticipsted contimually _for five years in the influenza vaccination
program and 'fron whom cmple:e‘“s.enm sanpling had been possible to
obcsin: 0f the 69 patients 59 were females and 10 were males (i’ig. 6).
fn' this projgct 47 vaccinees and 22 nomvaccinated controls were
included. Of the vaccinees 40 were females and 7 were males. The

controls consigted of 19 females 'and 3 males (Fig. 6).

e ' . ' .

Vaccination Program

An influenza. vacc.ination progrn in an Ottaws hospital for ;he aged and
chronically i1l was 1nit1sted in July 1976 by honpita.l suthorir.ies in
&
cdllaboration with E. Perry and R.E. Fyson and is being contimued on an ‘
annual basis, The study is clinical and obsemtiona.l. The |

neuraminidase antibody sspect of the continuing study covers a period in

vhich five annual influenza vaccines have been admimistered, the last in



Ape distribution of patients at 5-year intervals.

Fig. 6 :
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November 1980. Vaccines employed were in accordance with the

recommendations of the National Advisory Committee on Immunization

(Canada), U.S, Surgeon General (CDC Atlanta, Ga.), and the Hogginealth

Organization (WEO). Vaccines were subcutaneously administered. All

vaccines were the inactivated whole-virus type and consisted of the

. following formulations (according to the data of R.E. Fyson and E.

s

I

Perry, with permission 1982-1983):

Vaccine

Vaccine

Vaccine

Vaccine,

Vaccine

-

1-

J

Administered December, 1976. Bivalent Influenza
AjNewiJersey/76 (HIN1) and A/Victoria/3/75 (H3N2)

(NJ-VIC) at 200 chick cell agglutinating (CCA) unjts per 0.5
ml dose.

Administered February, 1978: Bivalent influenza
AIViq:oria/B/?Sl(HBNZ) and B/Hong Kong/72 (VIC-BHK) at 200
CCA units per 0.5 ml doge. .

Administered December, 1978, Trivalent influenza
A/ussalsz/'zr'(mnl),/A/-r'en'u/,lm (43N2), and B/Hong
Kong/2/73 (USSR-TEX-BHK) at 7 pg hemagglutinin (HA) per 0.5.
ml dose. ' .

Administered November, 1979. Trivalent influenza
A/ﬁ?czilllll?hfﬂlnl), A/Texas/1/77 (H3N2) and B/Hong
Kong/2/73 (QRZ-TEI-BEK) at 7 pg BA per 0.5 ml dose.
Administered Hovelber; 1980.. Trivalent influenza
A/Brazil/11/78 (HIN1), A/Bangkok/1/79 (H3N2) hnh .

B/Singapore/222/79 (BRZ-BGK-BSP) at 7 pg HA per 0.5 nl dose.

S



Sera .

Sera for this aspect of the total study numbered 691 colléél:ed from
vaccin'atgd and t_xon-—vacc:l.nated p-af.ienta over the five~year period. Ser.a.
for testing were kindly provided by R.E. Fyson‘ and E. Perry, Department
of Microbiclogy -and Iunmolog';, School of Hédiciﬁe, University of
Ottawa. Collection of sera was made before, 4-8 weeks following, and

approximately one year after each immunization according to the

following schedule:

Pre-vaccine 1 bleed : July, 1976

Post-vaccine 1  bleed: January; 1977

Post-vaccine 1 and pre-vaccine 2 bleed: December, 1977
;oqt-vaccine 2 bleed: March-April, 1978

Pust—vacﬁine 2 and pre—-vaccine 1 'bleed: Hovenber—ﬁeceuber, 1978
Post-vaccine 3  bleed: February, 1979

fost-vaccine 3 and pre-vaccine 4 bleed: Nove-ber; 1979
Post-vaccine 4 bleed: January 1980

Post—vaccine 4 and pre-vaccine 5 bleed: November-December, 1980

Post-vaccine 5 bleed: December 1980 to January 1981.

All gsera allocated for this study were teste;l by the mini NI test. At °
i_ntervds, a mumber of patient sera were selected at ra_ndon and tested
by the standard NI test ia parallé]_. with the MNI tesK/All sera
collecte.d from each patient over the five year period were tested on the
same day and in the same test. With every new batch of sera to be
tested, 3-4 ptev}ously tested sera were also included in the new batch

'

to serve as contro}s for the reproducibility of the test. ‘A_ll sera were.

teasted against recombinant viruses H7Nl and H7N2. Reference normal and
: ]
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specific ferret ahtisera for H7NL and H7N2 were always included as

" controls. Antibody dilutions of ‘test sera from 1:10 to 1:320 were made

in 0.85% NaCl..

Statistical Methods"
LY

The statistical methods used were those outlined ‘by Colton (1974) and

Taylor et al (1979) are as follows:

1 N
Mean (X)= x where: x= total of observations
n= number of observations

=]

L

Geometric Mean titre (GMT) = n[(x.l) (x2) ... (xn)

& ' .-
where: (x1)(x2) .... (xn) = titre of observations

. n ‘= number of observations

Standard Deviation, Arithmetic (SD) = /1‘.1?' -(Exf' /n "
' ) ’ n-1 ’

- 2 N
vhere: ~Ex = sum of squared observations
2 .
(€x) = sum of observations, squared :

n = number of observations,

' _ 2
Standard Deviation, Geometric (SDG) = E(logx-logx)
. . —sx—an_
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\‘ihe-re: E logx = iogarithnic base 10 of titre obeervatic_ms
L logx = logarithmic base 10 of the geometric

mean titre

n = number of observations

Standard Error (SE) = SD_
. JB

where SD = Standard deviation

n = number of observations

Standard Error (SE) for percent responders was done by binomial

distribution:

Percent () SE = P.q
n

where: P = Percent with positive a.n'tibody

q = Percent with negative antibody

n = number of observations

- 2 a
Chi Square (x ) = [(b-c)-1] (with one degree of freedom)
. b+c

where, b = number of patients demonstrating antibody -
changeﬂ__frm low to high

~ ¢ = number of patients demonstrating antibody

;change from high to low.



RESULTS

Virus-Infected AiI;;toic Fluid (V-ALF) e

After 11 passages, recombinant virus H7Nl reached its highest HA titre
(1:640) whereas recombinant H7H2vhad its highest HA titre (1:320) at the
end of 10 passages. The last few passaged V-ALFs weré tested by the
standard WHO neuraminidase testl{Aymard—Beury, 1973; CpC, 1975) for
N.activity. The ueuraninidaae activity unit can be defined as the
highest dilution of the virus which still contains enzymatic activity
approximately equivalent to one'eniynatic unit measured at O.D. 549 nM
(Materials and Methods). The ALF infected with the recombinant H7NL at
optimal dilution of MJS.conaistently yielded the optimal N activity of
one unit of enzyme {corresponding to 0.85 ;c O.D.- 5&9lnH) when the
V-ALF was diluted 1:18 in the NAC test. In contrast, the desired R
activity of ALF infected with reconhﬂ:;n: H7N2 at optimal diiﬂcion of 16'3
was obtained when the V-ALF was diluted 1:25 in ‘the NAC test. This

bulk antigen was used as a asource of antigeﬁ (neuraminidase) throughout

this study.

Reference Specific Antisera for H7/N1 and H7N2

Reference normal and specific ferret sera (kindly provided by D. McLeod,

_ Influenza Reference Centre, Bureau of Virology, LCDC, Health and Welfare’

i

Canada) were used throughout the tesring. Specific ferret sera

" maintained reproéucible NIAB titres of 1:34 to 1:40 for H/Nl and 1:151

to 1:160 for H7R2 (Fig. 7).
. ) ]

B



FERRET SEAUN DILUTION

Figure 7 :
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Neuraminidase Inhibition Test

The WHO standard NI test was used as described by Aymard-ﬂenry‘et al
(1973)‘and CDC (1975) with certain modifications. Several experimental
trials revealed that using 0.4M PB without CaCl2.6H20 produced
equivalent and reproducible N activities at dilutions of 1:18 and 1:25
"for H7Nl and HTNZ,‘réspectively,b(Fig. 3) Eo the PB used with the
addition of>CaCL1.6ﬂzp (Fig. 9). We adopted the use of PB at pH 6.0
(Kendal et al, 1980; A. P. Kendal via R.E. Fyson - personal ‘
communication) instead of pH 5.9 (CDC, 1975). Thiobarbituric acid (TAR)
reagent plays the key role in color extraction. The TBA was found to
have a pH 2.6 when prepared according to the method outliégd by
Aymard-Henry et al (1973) and CDC (1975). Usually somewhat cloudy or
turbid,TAR was obtained when prepared according to the standafd method:
- This cloudiness may have contributed to the formatién of .a white
precipitate i;‘tﬁe test after the process of adding TAR and placing test
tubes in.;.boili§ﬁ water bath for. 15 minutes. The precipitation was
almost completely prevented by lowering th%‘pg of TAR to 2.0 - 2.1.

This gave a reprodﬁciblﬁ sharp, clear pink colorbhithoué the
interference of precipitate in 0.D. readings (Figs. 10,11). Alth&ugh
cDC (}975) suggested that TBA could be stored in a glass—stoppered
bottle at room temperature indefin;;ely, we found that TAR became rather
turbid and developed some precipitates within 48 hours whether it was

used at pH 2.0 or 2.6. Therefore, a fresh TAR reagent was prepared for

each test to substantially reduce the presence of interferring
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‘ P v .
precipitates in 0.D. readings. After ceantrifugation for color

extraction in preparation for spectrophotometer readings, test tubes

*a

were incubated at 37°C (waterbath) for 3 minutes to stabilize O.D.
‘rgadings which fluctu;ted when the Eubes_uere held at 4°C as recommended
’in th standfrd_ﬁethod. Incubation at 37°C (waterh;th) for 3 minutes
may have rén&ered the temperature of the.material tested closer to that
of the épectrophotomet;r, thus adding a-stabilizing factor to the
readings. Idcubgfian temperagures'of 31°, 33°, 35°, and 37°C were
tested for optimal neura;iniaaa;-acti;ity. Our findings suggest that

- 37°%C was most satisfactory and resulted in the production oé sharp and

.

intenge pink color 'with consequent ﬂigh 0.D. readings (Figs. 12, 13).

Mini Neuraminidase-Inhibition Test. . : -

The mini test was based.on principles similar to those of the standard
test (Table' 3). Thé volumes ugsed in the minl test were obtained by a
proportional increase of 2.5 fold the voluﬁes suggested for thé micro NI
test developed ﬁyVSeikmann et al (1975) and séandardized by Thraenhart
and Kuwert (1976). The micro test was tesfed; using fetuin as a -
substrate, but could not be adopted in ournlaboratory because 1t
produced less than one unit of enzymatic activity at 0.85 0.D. reading
{Table 4 and Fig. 14). The acid- ad-glycoﬁrotein, which was utilized in
the micro te;t, was got used in our laggratory begause it was not c°;£

effective. According to the requiremeﬁts of a suitable NI test,

approximately one unit of enzyme activity is required. A 0.85 0.D.
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Table 3: Comparison of volumes used in the Standard -, Mini-,
and (Essen) Micro - neuraminidase inhibition (NI) tests.

Material /Reagent ., _ * Standard Min{  **(Essen) Micro
(ml) {ml) | (ml)
Virus (antigen) = 0205 0.05 . 0.02
Sérul . 0.05 0.05 0.02
Substrate 0.15 0.05 0.02
Feriodate reagent 0.10 0.05 0.02
Arsenire reagent 1.00 - 0.05 . 0.02
Thiobarbituric acid- 2.50 0.50 .0.20
reagent _
butanol reageat 4.00 1.25 0.50
N

* CenEre for Disease Control (1975). Advanced laboratbry tecniques
for influenza wvirus. Immunology series No. 6. Procedural Guide.
pp. 107-129.

** Thraenhart, 0., and Kuwert, E,K. (1976). Standardization of a
rapid modified migro—neuraminidase inhibition test (Essen—NIf) for
influenza virus - neurﬁminidaae antibody assay and comparison with
the W.H.0. method. J. Biol. Stand. 4:225-241.
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VIRUS DILUTION (RECIPROCAL)

Fig. .4:

“The diletion of influenzs H7KI and HIR2? (containing
one unit of neuraminidase activity) obtaioed in the
Essen (micro) neurzminidase test using 0.4 M phosphate

byffer wvithout the additiom of c.ciz.sazo.

Cle
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0.5 0.85 1.0 1.5 2.0
" OPTICAL DENSITY AT 549 nM
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reading ;epruents spproximately one unit of enzyme activity cootained
in the correqpoading particular virus dilutiom (Ay-a;d-ﬂenry et al., .
.1973; CDC, 1975). | ‘ .
’ A total of 63 experimental trials were carried out to standardize the
mini test for reproducibility. The smaller volumes used, compared to
the standard test, produced a sharp and usually more intense ‘color
(neuraminidase activity) without the presence %f interfering
: precipitates (Table 4 and Fig. 15).
The advantages gained by using smaller volumes in the mini test
included: 1) considerable economy on reduction by one-half io cvo—éhi;és
the amount of fetuin sﬁbstrate required 2) increasing the number of sera
tested by the same batch of certain reagents, thus minimizing factors of
variation in the test, 3) the éouplete mini NAC or NI ﬁests‘uere
accommodated in one set of test tubes, umlike tﬂe Standard (WHO)
proceaure wherein»the initial dilutions were made in one set of test -

. tubes and the required volumes transferreg\igsyfz;;:hf:ﬂset of tubes,

4) increasing the sensitivity of the test (Table 4).

The mini test produced almost 2-fold higher 0.D. readings (NAC) (1:32
and 1:41 for H/N1 and H7N2, reapeétively) (Table 4 and Fig. 15) than

at obtained by the standard test (Fig. 9).

Human Participants (Vacéinees‘and'Controls)

r

A five-year annual influenza immunization program was carried out %n an
. ' -
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" Group I (Table 5)

-62- - : S

Ottava hospital for the aged and chr'onicalli 11 hﬁming over 500

patients.’ The ‘total study involved 250-330 vaccinees and over 50

controls each. year.

-

For the NIAB aspect of the study, 69 resident patients (mean B.D. 1902

+#12) were selected. The population chosen represents a well defined

‘group of elder}y and chronically i1l patients most of-vhml wvere born

' a .
before 1900 or bhortly after. The probability that they have been

exposed. to both N1 and N2 antigens 1is high. ‘Distribut':ion by age and sex
ig 1llustrated in Fig. 6. However, because of attrition due to death or
transfer out of hospital, contimal- participation in the program
involved a2 limited number of patients. Therefore, t_his thesis is
Confi!‘-JEd to a core group of patients referred to as group I consi.sting
of up to 6% .\'laccinees who participated, con-tinually in the program,
receiving all five anmal influenza vaccines (V 1-5) and from whom

complete serum sampling was obtained and up to 22 nop—vaccinated

. controls during the same five-year period (CT 5X) from whom; also,

compléte serum sampling ‘was obtained, Va{ccination and gserum sampling »
. .

-were subject to ethical limitation,

v

-

Neuraminidase-Inhibition Antibodies (NTIAB) to H7Nl in Patients Sera:

€

. . ¢ : ,
This group consisted of up to 47 vaccinees who in five anmual

vaccinations received four Nl-vaccines. The controls ineluded up to
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Pre V1 - V5 : PPre—vaccinatidn serum.

Post V1 - V5 : Post-vaccination serum.

24 : Two months.
Y : Approximately one year (10-12 months).

No. Patients Tested: The variation in the number of patients is
due to death by attrition or transfer out of hospital.

SE of GMT : Standard error of the geometric mean titre (GMT).
Z SE : Percent standard error of ;he binomial distribution.’
- Antibody activity not demonstrated.

NJ-VIC : AjHe; Jersey/76(HIN1)-A/Victoria/3/75(H3N2).

.

VIC-BHK ‘: A/Victoria/3/75(H3N2)-B/Hong Kong/72.

USSR-TEX~-BHK  : A/USSR/92/77(HlNl)-AITexas/1/77(H3N2)—
B/Bong Kong/2/73.

BRAZ-TEX—BH& : A/Brazil/11/78(HlN1)-A/Te;as/1/77(H3N2)—
B/Hong Kong/2/73

BRAZ-BGK-BSP : A/Brazil/11/78(HIN1)-A/Bangkok/1/79(H3N2)~
B/Singapore/222/79.
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22 non-vaccinated patients.

The highest NI antibody response occurred ;;Esln 2 months Ffter the
administration of the first N1 vaccine (NJ—VIC).” Of the 39 vacéinéea
those with NIAB titre > 1:10 rose in mmber x) from-ZS(é&l) before
vaccination to 33(85*)' - e€ry, and those with titres between 1:20 to
1:160 increased from IZ:Zz;::{o 23(59%) before and after vaccination,
respectively (Table 5, Fig. 16). This was pafalieled by a highly
significant rise in GMT from 10.5 before vaccination to 18.3 (p < 0.001) -
after (Table 5, Fig. 18). Of the 39 vaccinees, 24(621)'demonstrated a
»2-fold increase in titre including 12(31Z) with 4-fold ghange, and
10(26%) who ser;converted t§ titre 21:10 (Tablebs, Fig,. 19). By- '
contrast, in the 22 patients of the control group, the co¥responding
values remained unchanged with NIABltitreg_E;IGIO in 9(41%) an& between
1:20 and 1:160 in 6(27X) patients (Table 5, Fig. 17), and the GH:
remained stable at B.8 tTable 5, Fig. 18), less than one~half the GMT

(18.3) of the vaccinees.

Following administration of the second vaccine (VIC-BHK), which
contained no N1 antigen, the prevalence in 47 patients of NIAB titre of
'21:10 remained relatively unchanged dropping slightly from 35(75%) to
33(7015 {Table 5, fig. 16) paralléled by an ipgigﬁificant decline in Gﬁp

from 13.6 to 13.2 (Table 5, Fig. 18). This clea illustrated that
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Flgure 18 : Gaometric mesn titres (GMT) of neuraminidass-inhibition antibody
. (NIAB) to influenza HINl in vacciness and non-vaccinated controls
of group L bafore and after administration of each of vaccines 1-5.

o
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]
the lack of NIAB response in patients can be attributed to the absence

of a second Nl annual stimmlation by the second vacecine (VIC-BHK), and
the lack of a natural HINl infection. Similarly, the NIAB prevalence

and GMT of the contrsl group of 22 pa:ienté remained unchanged.

Administration of :heA:hird vaccine (USSR-TEX—BHK).Pthe second H}
stimulus, resulted in a sllght rise iq the prevalence of SIAB titres at
21:10 from 32/47(6é:) before vaccination to 35/47 (75%) after and those
with titres 1:20 %o 1:80 increased from 16/47 (34Z) to 1B/47 (3BX),
ré3pectively (Table 5, Fig. 16). This was aécompanied by a ;tatistically
insignficant rise in the GMI frow 11.8 before vaccination to 13.6 after

-, . .
(p > 0.05) (Table 5, Fig: 18). Of the 47 viaccinees, I1(23X)

demonstrated a » 2-fold, B(171) with.a 3 4~fold incresse in NIAB titre

+

and 5(112) serconverted from titre < 1:10 to > 1:10 (Table 5, Fig. 19).
In contrast, the 20 controls remained relatively unchanged exhibiting a
trend of decline in the prevalence of NIAB titre at 3> 1:10 from 9(45%)
to B(40%) (Table 5, Fig.'l17) ‘and io" the GMT from 9.3 to 9.0 (p > 0.05)
(Table 5, Fig. 18).
. ) .

Following the fourth vaccine (BRAZ-TEX-BHK), thé third N1 stimulus, and
the fifth vaccine (BRAZ-BGK-BSP), the fourth Nl stimulus, littlg change
was elicited. The prevaience in patients of NIAB titre at 2:1£10 ranged

between 30/44 -731/42 (68% — .74Z) (Table 5, Fig. 16) and the GMT ranged

between 12.1 - 11.8 (p »0.05) (Table 5, Fig. 18), respectively. Ia the
- E

-
v
.

.

" R
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controls, the previdlence of NIAB titre at 2 1:10 decliued‘steadily
duéing Ehe.five-year period reaching ' »4/15(271)7(Tab1e 5, Fig. 17).
'In-parallel the GH& drifted &odu to 7.6 (p > 0.05) which was
approximately oné—third less than. that of,the Yaccinees at 11.8 (Table

5, Fig. 18). ' : ‘

The GPﬂ' dropped within a year after each vacci‘mt;on; hovever; annual
re-imsunization boosted the levels of NIAB GMT and maintained them at
h‘igher' ievel_s (211.8_)“ than that of the initial GMT 10.5. 1In

comparison, the GMT of the control group remained relatively unchanged

dropping to as low as 7.6 (Fig. 18) by the end of the five-year period.

L)
!

Neuraminidase-Inhibition Antibody Titres (NIAB) to H7N2 in Patients'

Sera.
Group I (Table §) ’ ‘ . 4

This grouﬁ included up- to 47 vaccinees who received five N2-vaccines and

22 non-vaccinated controls. ' :

‘ F
Administration of the first vaccine (NJ-VIG) did nmot elicit a.
pignifidﬁnt inareasé in NIAQ titré. The prevalence in 39 patients of
NIAB titre at 3> 1:10 only marginally increased from 25 (64%) before

vaccination to 27(69%) after, but those withpgitrggrbetween‘l:ZO and

” o .
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1:160 ha_lgdly changed from 22(56%) before to 21(54i) after vaccination

-

(Table 6, Fig. 20). In parallel the GMT nrgi—;ally di‘oppe‘j from 15.8 to .

15.1 (Table 6, Pig. 22). The 22 controls exhibited a slight decline in

the prevalence of NIAB titre at 2 1:10 and those with titres between

1,;20 and 1:80, re'apectiveiy -frm; 15(68%) to 13(5.9;) and from 9(41%) to
7(322) _(T;ble.ﬁ, Fig. 21). The GMT of .the controls d?opped from 13.3 to
11.3 (Table 6, Pig. 22). Of the 39 vaccinees, s(élz) seroconverted from
£1:10 to 21:10, and 10(261) demonstrated a »2-fold rise in titre

including 8(21X) with a 2 4~fold increase (Table 6, Fig. 23). One (5I)

of t controls serdconve;ted (Table 6).

The highest NIAB re;ponse occurred withio 2 months after administration
of the second vaccine (;IIC-BHK). Patients with NIAB titres'ZI:lo and
those betweéu 1:20 and 1:80 increased in number () f'ron 27/4-7(571)
before vaccination to 36/47(77%) after, and f?bm5£§l47(38ii before to
27/47(57%) after va):c:lnation, respect,ive.ly {Table 6, Fig'. 205. This'

L . '
change in NIAB was accompanied by a highly significant rise in GMI from

11.6 to 17.3 (p<0.001) (Table &, Fig. 22). Eighteen (38%) of the 47

vaccinees exhibited aj2-fold increasé in titre including 12(26%) with a
?4-fold rise, and 9(19%) who ée’rocc.inver:ed to a titre »1:10 (Fig. 23).."
In contrast, pre and pést va;:c:l.nation controls with NIAB tit:iesbal:lo
and those between 1:20 and 1:80 slightly increas-e_d from ,11/21(521)-1:0

14/21(672) and from 6/21(29%) go 7/21(33%), respectively (Tgble 6,

Fig. 21). - .-'*‘ES{
/

[
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Figure I : Ceomstric msesn titres (GNT) of neuraminidase~inhibitiocn antibody
(X1AB) to inflosnza H7N2 {n vaccinees and non—vaccinsted controls
af growp [ Seforew and safter administration of sach of vaccines 1-5.
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Two (20%) of the controls did seroconvert demonstrating ay4—fold rise
in titre (Table 6). The GMT slightly, but insignificantly increased
‘from 10.3 before vaccination to liib ;fter (p>»0.05) (Table 6, Fig. 22)
wvhich was almost one-third less_than the GﬁT (17.3) of the “vaccinees.
_The seroconversion exhibitéd by the controls may be attributed to either
a subclinical 1nfegtion with 1nfluenz; virus or to experinenéal

variations. Kendal-et al (1980) indicated that despite full \\__’1

standardization, the NI test remains subject to an uncontrollable ‘number

of factors.

Following administtation of the third NZ vaccine (USSR-TEX-BHK), the 47
patients exhibited a slight increase 1n:prevalence'of NIAB titréa at

21:10 and titres betweeh 1:20 and 1:80 from 31(66%) bgfore vaccination to
34(722)‘after and from 22(47%) Before to 25(53%) after vaccination,
respectively (Table 6, Fig. 20). This increase was pafalieled by a
statistically insignificant ride in GMT from.l4.2 to 16.3 (p > 0.05)
(Table 6, Fig. 22).‘ of tﬁe vaccinees 8(17X) .demonstrated a »2-fold
rise in titre including S5(11Z) with 3»4-fold increase and 3({6%) who
seroconver;ed fromzz 1:10 to 2 1710 (Fig. 23).: The controls remained

\ rélatively unchangéd with a NIAB prevalg#ce at titre 3 1:10 of:13(651)

(Table 6, Fig. 21) and the GMT at 10.7 (Table 6, Fig. 22).

Administration of the fourth (BRAX-TEX-BHK) and fifth (BRAZ-BGK-BSP) N2
. o ‘ —
vaccihes caused no significant changes in NIAB titre. Of the vaccinees

34/44 (77%) and 33/42 (79%) exhibited a titre of 2 1:10 (Table 6, Fig.

_-—
v
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T ol

20) with respective GMT of 14.8 and 14.4 (Table 6, Fig. 22Z) following
the fourth and fifth vaccinatibns,'respectf%ely. Similarly 21/44 (482)
and 20/42 (48%) of the vaccinees exhibited a NIAB distribution ranging

Bl -

between titres 1:20 and 1:40 following the fourth and fifth vaccines,

‘respéxtively (Table 6, Fig. 20). Correbpondingly, S(11%) of the

e

vaccinees after the fourth, and 12X §fter the. fifth vaccine demonstrated
a »2-fold rise in tirrF including 3(7%) with 3'}6jfold‘increase.qnd
2(51) who seroconverted in both instances (Table 6, Fig. 23). The
controls remained relatively unchanged when, after five years 9/13
(60%) had NIAB titre at ;;i:lp (Table 6, Fig. 21) and the GMI was
9.1—<Tab1e 6, Fig. 2?),vone—third ieea than the GMT 14.4 of the
vaccinees. The GHT in the vacpineés generally dropped within one year
after each vaccination. Annual boosting slightly elevated the GMT, but
after five yearélit-stili.remaiAed lpwer (lh.é) than the initialHGHT
(15.8) but approximh:ely one~third higﬁ;r than that of tﬂg-n;n—

vaccinated controls (9.1).
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DISCUSSION

For the purpose of assessing anti-neuraminidase antibody (NIAB)
levels, recombinant influenza A viruses H7Nl and H7N2 were used
carfying irrelevant H but relevant N. This en;blgd us Lo measure
the levels of antibodies specific f;r N with qinimal interference
from H antibodies by what is k;own as “steric hindrance” ¢

(Kilbourne, 1968 and Hsia et al, 1980).

Normal and specific ferret antisera for N7N1 and H/N2 were utilized

) . - "
as controls thropghout the testing. Our finding that the ferret

” serum was more suitable than rabbit serum is in agreement with the

findings of Kendal et al (1973) who used ferret. serum instead of

rabbit serum in the neuraminidase-inhibition test, Therefore,

rabbit serum was not used in our experimentation. The N inhibitory
fitres of ferret sera were consisténtly reproducible, thus proving

to be accurate controls.

: | : g
The Essen (mlcro) N test developed by Seikman et al (1975) was

. v .
tested for possible uge as an alternative for the unéconomical

standard WHO method. . However, in our Laboratory, little viral N
. - . ‘J,‘ .

activity (leis\:han 0.85 0.D. reading which is the minimum required

/ to contain one enzymatic unit) could be detected by this test, even

when 3 and 18 hour incubation periods were tried. The low N
activity detected by the Essen (micto) N test: could be related to

either or all of the following: a) the use of very small volumes, '

b) characteristics.of different influenza virus straiﬁh; apd c) use
Ry NS ‘ : | ‘ :



9f fetuin substrate rather than the acid cxl-glycoprotein substrate
utilized by Seikman et al (1975) in the Essen (micro) test. -
Therefore, a ;ini test based on Ehe standard WHO test, was

developed. The volumes used in the mini tesf were a proportional’

increase by a factor of 2.5 the volumes utilized in the micro test.
Sixty=three experimental Q}ials were carried out to ensure the
reproducibility of the test and its ;hitability for testing NIAB in
‘human séra. Approxihately~27fold‘higher.N activity of the same
;;r;s antigens was obtained by using. the mini test rather than by
the standard test. fh;s ;ay be due to the greater sensitivity of
tqz test because of the volumes used. Based on the 63 trials, the
suitability of the mini test was demonstrated by the conmstant
reproducibility of NIAB titres 1n‘po;mal and specific ferret
‘antisera controls as well as in the fetuin and Yirus‘contfois which
were always incorporatéd with each set of human sera testéd.
Although great care was taken in stgbilizing and stqndagﬁizing ;he
accuracy and>reproducib111ty of the test, nevertheleds,_the'NI tesc‘
remains subject to a few variaﬁles. Thig waslconfirﬁé& by the coe
(1980) who indicgted‘that the accuracy of thé test relied on many
variables such as buffer, temperature, pﬁ, quality of substrate,
and the possible irregularity in the quality ;f supplied reagenté
and chemicals. In our experimentation, we have found that even the
variation in tﬁe batch of fetuin uﬁed resulted in.g;tréﬁe 6;riation

in, the test which in some cases failed to produce-any reaction.

This was also true with respect to the thiobarbituric acid.- only

4
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and N2 antigens,~

the product specified in this thesis was succesaful in extracting;a
sharp pink color whereas thiobarbituric agig from other -
mamufacturers failed to produce ‘the desire& sharpness in color.

In ;his pilot clinical and observational study, the human
participants represezﬁfd an aged and chronically ill population
(mean birth date 1902 +12). The uniqueness.oﬁlthis project resides
in the fact that the NIAB response following five anmial influenza
vaccines was monitored in a well defined elderly population dﬁring
a five year perficd. Studies carried out by other investigators
were limited to approximately two years and included human
parti;ipants of a wide range of ageé from less than one year to

60 years of age (Slepushkin et al, 1971; Murphy et al, 1972;

‘Kendal et al, 1973; Couch et al, 1974; Kilbourne, 1976; Kendal et

al, 1977; Ogra et al, 1977; Jennings and Miles, :1978; Drescher and
Desselberger, 1980; Hela et al, 1980; Sarateam et al, 1980).
Results were difficult to compare with those of others because:

1) little.work has been done on the value and significance of NIAB,
2) ﬁuch of the previous research on NIAB response wags measured
after one or two vaccinations utilizing different test antigens;
and 3) the 11mited concrete data available such as individual NIAB
titre values rather than tittes obtained from pooled sera and the

NIAB response in aged population ( B0 years of ;ge) to both Nl

.



The elderly participants selected in our study reflect & paé:

. . . . ~ .
experignce and exposure to both types'of influenza neuraminidase

(N1 and N2). Therefore, the majority wéré$assumed to have had
antact-dith the N1 antigen of .the, swine influenza wh;ch c¢irculated
in 1918-1919, the N1 of HINL (A/FM1/47) prevalent'fromigw to 1957
u;til_replaced by H2N2 (Asiaun) in 1957, and finally contact with
the N1 of infiﬁenzaf§/USSR/92/77 (HIN1) virué (Layde et al, 1980).
These particiﬁants_probablg we;; aiso.subjgct te previous contact
with N2 antigen in 1957 wikh Ajsingépor;fsa (H2N2)- and reinforced

>

by the appearance of'A/Hong Kong/68 (H3N2).
. 4
As in other clinical and observational studies involving human
participanfé and our study was also to ethical cohstrainté. In
addition, the study was also limited by uncontroilable factors due
© to attrition by death, traﬁsfer‘opf_of:hospital or lack of consent

to continual participation on tﬁf,ﬁart of the patients.

When investi%ating patients' aéra-for N1 antibody, our d;ta
indicated that the greatest ‘response in vaccinees dccurred .after
Administrat{on of the NJ;VIC Vacéine when:6zi showed<a ?;Z-fOld
rise in NIAB fitre and a highly signifié;nt increas ﬁ the GMT
from 10.5 before vaccination to 18;3 (p«(O.bOl) after. This is
expected since the vacoine contained the N1 antigen of-ﬁJ{?G. Our
result is in close agreement with.th;£ of Kendal et ;l (1977) who
demgnatréted that after a single doée'ofiﬂswlﬂl (HIN1) vaccine,
31/57 (54%) of adults:bﬁtﬁeen 25-54‘}eér3.01d responded to the

A

s
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vaccine demonstrating a 3» 3-fold rise in NIAB titre. Kendal et al

-'(1977) suggested that the reason for this high reapoue(_'ils

attributed to the priming effect as those adults were presumed to

have been infected at sometime between 1930 and 1951 with viruses °
containing N1 neuraminidase.

Our data indicated that 25/39 (64X) had a » 1:10 titre before
immunization and increased by approximately 20X to 33/39 (85%)

after vaccination with NJ-VIC. In comparison, Fletcher et al

' /_\/(1977) demonstrated that of the 30 adults > 65 years of age, 80X

-——

had a > 1:10 NIAB titre before vacctnation and 90X after
administraﬁion of the monovalent NJ/76 vaccine, Thus, the response

in our vaccinees seems to be close to those.étudied by Fletcher et

al (1977). Kendal et al (1977) had suggested that the N of NJ/76

fmd a low activicy -nnd consequentlly a low :[.munogeni&i.ty. '
Nevertheless, at preseni: :the correlation between the activity and
imunogenicity. remains unestablished. I-‘a.ze.kas\ de St. Groth (1963)
had denonstratedh that the N enzymatic activity and antigenicity

were located on different genomic sites amd thus little or oo

correlation existed between the two.

4 - .
The second vaccine (VIC-BHK) did not coantain any Nl antigen. In

the abscence of an artifi&':ial Nl stitplatiou, or a natural
challenge by a wild virus, and over a period of two years, patients
did not demonstrate any NIAB responsﬁ. Therefore, ad:!inis_tratiou
of this vaccine and the response recorded clearly confirms that Nl

antigen of NJ/76 administered in the first vaccine was solely
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responsible for 9timlit1ng the N1 antibody. Vaccinees responded

-~

«mdera:ely following the third vaccine, containing.'the Nl of
USSR/77, when 23X showed a »2-fold increase 1;: titre and the GMT .
rose from 11.8 to 13.6 (p>0.05). The moderate resg_on.sg in
vaccinees‘ was expected si.nce the vaccine contained a low )
concentration of N1 antigen of USSR/77 due to the use of & smaller
dose (7ug H) of the vaccine as compared to the 200 CCA L
concentration used for the NJ/76 vaccine. l{endul et al (1980? had X |
also shown that the N! of USSR/77 1n.va_c,cines was of a low potency, |
thus lower imsunogenicity. It may also be suggested that the !'il "
"antigen of USSR/77 had reinforced the antibody directed against

older antigens encountered such as the Kl of NJ/':'é-like thus

contributing to the higher level of NIAB to NJ/76 rather than to .
the USSR/77 in accordance with the hypothesis of serological |
feupitulation (Kendal et al, 1973). ‘rhe.aged popul:'tion in our

'study was presumed to have been primed by N1 antigen through

exposure to HINl of swine virus in 1918 and.re.stimhtion by HINl

of A/PR/8/34 from 1934-1946 followed by egposure to HINI
(A/FM/1/47) from 1947-1957 and therefore immunization with the
vaccine. containing the USSR/77. reinforced the NIAB to earlier N
.strains with related N1 (Kendal et al, 1977). K.endal et al (1980)
demonstrated that of t:he‘ 21 vaccinees, ( >50 years of age) who
received whole vaccine of USS?JT}; 19T after tﬁe. first vaccine and
242 following the second vaccine exhibited a 3 3-fold rise in NIAB °
titre. In our study, of the 47 vaccinees who received the USSR/77

containing vaccine, 231 exhibited a p 2-fold rise in titre which

could be considered close to the findings of Kendal et l.l (1980).
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Further waccination with the fourth, and f1fth vqg_cines did not

o*

‘stimulate any significant response in r.he) vacciilees even though

tti'ose vaccines ooq;a.it:'ed Nl antigen of-mA'Zl?&.’ One possible
explahation for the- lack of response could be attributed to a
saturation point with the N1 antigen in the sntibody forming

?echauin in the vaccinees or to the lovér potep_r.:y of the N1 - C
antigen 11.:1“' the vaccines where. lower ednce'ntra‘_t'ion"('l'}ig ") vas u.sed

in the llut three vaccines as compared to 200 CCA units used in the

fir!;t_ two nccine;. Thus the: use of ‘repeated -anmual vaccination

. 1 ] - *
should be re—evaluated in light of the results obtained.

)

~

¢
It was observed that NIAB t'i.tre usually dropped ‘within one year
follm_ring-each vaccih.;r.i‘on'. Kouever; annual rewacciﬁtiau wvas
found’ to either 911ght1y bodpc or maintain the GMT at levels higher
or closely equivalent tb{u,thxt of the initial GMT, .Re-vaccination
probably stimulates the .a;:tiﬁgdy foé-ing WIs ‘(B-cella) to )
produce more: antibody. After fivirel years of the program, the GMT of o
the vaccifees was maincained st 11.8 which was higher than the
inicial pre—i.-miznl:ion GMT of 10.-_5. In co‘p.ar:l.son, ‘the GMT of

the contrcls remained unchanged at‘ﬁ.B and slightly dropped after ‘
five years to 7.6 which was less than the initial 8_;8 and ‘ v

approximately one-third less than that of the vaccinees (-11.'8).' ,

Therefore, although the fourth and fifth vaccines did x’ot boost “'the

’ NIAB titre, they maintained the acquired higher ‘value of GMT at ., ,

that level. 3 . v

'
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ke\sane gset of patients' sera was a.].so tested for N2 antibodie
The results ob:ai:ed show that the vaccinees had a high initial
pre—inm;iz&tion NIAB titre ‘at a GMT of 15.8. The high GMT is
attributed to a severe in-hoepital natural outbreak of influenza
‘A/Victoria/3/75 &BB-NZ) in - the -apring of 1976 when 123 patient.:s were

afflicted in a three week period (R.E. Fyson - personal

communication). Sini]:arly, the high initial Gli.'l' demonstrated-by — &

the controls resulted from natural VIC/7S. infection. X
IAs J}

[ . )
—
. 4

At}niuistracion of the first vacc'it.:e (NJ-VIC) did r'aot elicit any
significant response in the vaccinees when the GMT demonstrated a
slight drop from 15.8 to 15.1. The lack of ;élpomle can be
ex‘plained by the fact that the -naturll‘.infegtia; with
.A/Victoria/3/75 (H3N2) had already triggered the antibc_»dy forming
uphanis- ®oosting the NIAB to a certain high level. Ii;trodut;tion
of the first vaccine containing the 'nz of VIC/75 not only uu
probably ::oo soon (app;'oxincel;é -onthlikfollointg the natural /_,)
infection, but also, as has been established, the a‘lntigex;ié-'b
concentration and potency of a vaccine did not match tlut‘ of the
natural (wild) virus (Tyrrell snd Smith, 1979). Consequently the
vaccine did not stimulate a significant response in the v;?ci_neen: .
Kgn;la.l'er. al (1977) demonstrated that the NIAB response to secolpd
dose of“(VICI?S vaccine was low in c;hiitlren' (<17 y;au of age)

presumed to have been primed with the N2 antigen as indicated by

the presence of antibody to A/Victoria/3/75 neuraminidase in some

N .
T e g ard
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prevaccination sera and the ufinding of ant_j_bodj_eg to AlPort
Chaluers/1/73 neuraminidase. /

In our study, the first vaccine administered containing the N2 of
VIC/75 could be considered as a second dose following- the natural

infection with VIC/75. Therefore, based on that fact our results

fall in agreement with the findings of Kendal et al (1977).

It was observed that the GMT of the vaccinees after the ﬂrer.-

vaccine dropped cons:l.derahly within a year to ll.6.- However,

adninia:rnt:lon of the sécond vaccine (VIC-BBK) boosted the NIAB
response to its maximum and the GMT signifimtly ros‘e to 17 .3
(P<0:001). Thus, the NIAB attained 1:3 highest level ‘in the five
yehr period. From this finding one’ cen euily conclude that the -
NIAB us'uel.l'y drops to lower .l'e‘"l. vithin ope year of eu:h
vaccination and that enmnl ré—i-x:iizet_i_m for aelleut two years

vas necessary to boost the NIAB, antibody to a higher levels.

Although a higi}e: GMT (17.3) was obtained opm vece:l:netioa with

4 . .
VIC-BHK than the GMT of 15.8 exhibited by the patients following
the natural infection with VIC/75, nevertheless, the incresse.from

15.8 to 17.3 was not significant (p$0.05).

It was observed, however, that the drop of the NIAB GMT resulting

from the natural infection from 15.8 to 15.1 was not as great u,‘-

after vaccine 2, from 17.3 to 14.2. It has been de.onetrated that

a natural infection produces a stronger stimulation for the

.
[
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.ind maintaining its'continuity.
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1

antibody-forming memory cells than that produced through artificial

vaccination (Tyrell et.dl,_1979). Whether' this indicates a better

!

immunity against re-infection can only be evaluated qpon

. E - h .
afftiisdal, or preferably, natural influenza challenge: The GMT ot

17.3 dropped withip.one year of the secdnd vaccinatign to 141&, but

was boosted insignificantly to 16 .3 ‘(15)0.05) by the third vaccine

'containing the N2 of TEX/??. The . lower responae after the third

vaccine could be attributed to the adninistration of the second

vaceine (VIC-BHK) which had already griggered thei;;tibody foruing
ngchnnisn t; its fullest capacity saturating gye andzbody—forning
mechanisa of the vaccinees with N2 antigen. Thus the third vaccine
merely served in re-stdndl&tingf:he process of';dfihody fdrndtion

”

Inﬁrqduccion of the fourth and Fifth vaccines did mot elicit any
redponne-in vaccinees and the GMT remained unchanged at almost
14.4. This fiuding is comparable to thnt.ot Nl antibody respouse
and inditectly conflrnn the suggestion of a laturation point (Fyson
and:¥efry—-1981) in vaccinees with the N2 antdgen hayond which
further vaccination has no or little. affecf in eliciting a
significant NIAR rnapon:e.

. . v
On comparison of.tha vaccinees with the controls, it was obvious .
tiut thé GMT of the controls fluctuﬁted“imlgniﬁuntly, exﬁihlting
a dncliding trend reaching 9.1 after five years, approximately

one—third less than that of the vaccinees (14.4) at the same time.

-



- Therefore, it can, be concluded that vacéin;tions played an
important role in stimulating NIAB. ;

Similar to the trend exhibitéd by N1 antibody, the N2 antibody GMT
declined within one year after each vaccination. Ko'weve‘r,
re—-vvaccination had cle#rly bodsted or maintained the titres at
higher levels. It could be concluded from this observation th#t‘
although continually repeated .vaccinations may not signifi;cantly
boost the antibody, nevertheless they seem to serve in maintaining.
the continuity of the antibody-forming mechanism. V—S '

: \ )

. It was suggested by Kendal et al (1977) that NIAB response to
vaccination can be suppressed.if subjects receiving the vaccine
were immunologically primed to its hemagglutinin Acomponent, thus
digectiug most of the antibody formation towards the H. This
observation may nloo be applied to our data where the presence of
the H al;tigen in the vnccina. strain may have suppressed r.he
magnitude (capacity) for the formation of KIAB, part:licular.ly in the
later period of the program. A similarity in the response of
vaccinees to Nl.and N2 mﬂge‘m"ﬁvu observed. In both cases, it
vas showr' that one particular vaccine had aigniﬂuntly boosted the
NIAB ;acponu to ith maximum capacity and to almost comparable
Ievels, whereas, the\second consecutive vaccine slightly boosted
the antibody, thus maintaining the continuity of the process.
However, unlike the GMT of the N1 antibody which at the end of the
program was raised to a higher level than that of the initial,

the N2 antibody GMT seemed to remain slightly lower than the

/



initial GMI. This trend could be due to a specific behaviour of N2 _‘

antibody response, as an indirect result of the natural VIC/75

outbreak . (Kendal et al, 1977) or may ‘be due to the antigenic

-
qoncentration of N2 :Ln the vaccine which was insuffic.ient to booat

the NIAB beyond that produced by the natural wild type virus
challenge.

o ' )
Both N1 and N2 antibodies were detectable in patients' sera

19

throughout the duration of the prog‘l.;ln. This is well confirmed by

‘the detection of NIAB not only ia the vaccinees but also in the

controls. Therefore, it could be suggested that NIAB had persisted
duriag the‘specified ﬁriﬁ. Kilbourne (1976) had suggested that N
antibody persisted for a longer period than H ancibody. Whether:
this holdl _true in our study will only be known, when co-parison is
made of the perﬁ.ltanca of anti-H antibody and NIAB 1n the same
sera for the same period, which is presently underway (R;E. Fyson

and E, Perry - personal communication).

Many investigators (Couch et al, 1974; Ksndal et al, 1977; 1980;
Kilbourne, 1976; Murphy et al, 1972; Ogra et al, 1977; and
Slepushkin et.al, 1971) have demonstrated that NIAB are of a
protective value in arufiqig. challenge '_ot;_ natural outbreasks.
Influenza Alroft Chalmers/73 (H3N2) becsuse of its chronological
precedence was not included in the vaccine formulas tn thi;
program. The uﬁ/n was considered a prototype for mcceedt;:g
(H3N2) viruses since it had untlcrgonc a considernbla drift in {ts N

from that of the Alnong Kong/68 (Schild et al, 1974). Kilbourne
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, by us at this time, lhﬂulgl not be ignored. There is increasing
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-

(1975). démonstrated that more NIAB to earlier or‘older N2 antigens
were produced upon yacciﬁatibn with N2 vaccines, -thus prbvlid:lng
additional evidence for the hypothesis of serological
recapitulation. In our case, VIC-, TEX-, and BGK~ containing

vaccines could have reinforced NIAB to earlier N2 antigens such as

A/PC/73 in accordance with the hypothesis. of serological \

recapitulation. Thus it was appropriate to use A/PC/73°N2 as an
antigen in our study where higher NIAB titre was detectable than if

VIC or TEX viruses were used.

3 o T
In considering the range of NIAB titres (<1:10 to 13160) of both

pre—~ and post- vaccination, oﬁr results agree with the findings of

Jennings and Miles (1978). They investigated the prevalence of

NIAB titres in families before the outbreak of influenza A/PC/73

and found that 7/91(8%) of the population had KRIAB titres to PC/73

ranging between 1:10 to 1:100. ' '
The role of cell-mediated immunity (CMI), although not investigated

evidence that OMI plays an important role in immunity to influenza.
&

infection. In vitro testing by Lazar and Wright (1989) demonstrated

that 1y-phocy¥5 cultures obtained from adults who had their last

contact with the HIN1 (A/FM/1/47 prototype) virus circulating

_bennen 1947-1957 were able to transfora when incubated with

A/USSR/77 (HIN1) virus. ‘l'heref&re, it was suggested that influenza
virus can induce long-term CMI for periods of at least 20 years.

Investigating the correlation between antibody and OMI, Greenberg
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et al (1977) showed that small quantities of HI antibody and killérA
- i . ; " _ ‘
(K) lymphocytes were required to mediate lymphocyte cyto;oxici;y to

influenza virus-infected cells. Whether NIAB plays a role similar

-

~

to that of HIAB in mediating lymphocyte cytotoxictty remains as yet

unknown.

hY

\

Further investigations have revealed a link he?weeﬁ influenza virus
1nfec£ion, CMI, and genetic factors. Daisy.et al (1980) indicated
" that infection with live influenza virus in humans had induced an
HLA~-restricted cytotoxic T lymphocyte (CTL) response: Ennis et al
(}982) dannns:{nted that most of the human volunteers, who received
/ ,either live attenuated or 1nact1vn::d influenza vaccines, exhibited
" a rise in their HLA-restricted influenza—specific memory CTL
response. They also noted, however, that soi: of the live vaccine
recipients had a positive CIL responge but not an antibody
" response. 'rt?e study of Ennis et al (1982) left a fgj qu;tiou
unanswered, for example why some individuals develop CTL response
but havg;no antibody’télponie and vice versa, and whether the
presence of enhanced HLA-restricted influenza-specific CTL is
associated with protection of the vacciqnta# individuals when
exposed to virus. Biddison and Shaw (1979) had suggested r.t;at
_virus-immune T cells preferentially ]:yse virus-infected target
cells with wvhich they share-and rucogniz; self antigens coded by
genes that are both linked to the HLA-A and -B loci. They also
demonstrated that in some:donors the lack of CTL responses to

influenza virua‘iq~conjunction with HLA-Al or B7 may be attributed
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to the control by certain regulatory genes that act at the level of

the responder cell. : N

Of the 47 vac;ineés who ‘participated continually in the five year
vaé;ination program 27(57%) respbnded't; one or more of the
vaccines adninister;d exhibiting a rise in NiAﬁ titre. The
response to-various vaccines .differed when soni Yaccineea responded
to only one vaccine whereas others responded to more than‘one
vaccing, In conQ;ast, 20{43%) did not respond at all to anmy of the
. vaccines administered. . <

The good or poor reaponse of NIAB exhib;ted by cértain patients in
out study could have been 1;;1u£nced by certain regulatory genes at
the level of the major histoco-paéibili:y complex. Whether this
posaibility~}s true or not can only be clarified by designing a

special atudy to investigate that aspect of immunity ro influenza.

CONCLUSION:.

A mini neuraminidase inhibition (MNI) test was developed in our'. .

41

laboratory for detecting the neurzminidase inhibitiom’ 1b6&i‘f‘}'

(NIAB) in sera from aged and chronically 111 patients. The MNI =

teast was ‘ntandardized _nd,-besides its economical advantage, wvas
found reproducible and suitable for detecting NIAS.

N



~93~

* \f_‘

Recombinant influenza viruses H7NL and H7NZ were used as test
antigens, thus covering both N1 and N2 type neuraminidase known at

pre'seni:, with minimun steric hindrance by HI antibod‘y..

.The data obtained clearly indicate that at least oune iunfluenza
vﬁcd;ation 1slnecessary to boost;. NIAB titre to a maximal
n;gni'tude. When testing sera against Nl antigen, it was obvious
that the first vaccine (NJ-VIC) 1nduced. t:he- highest NIAB response.
The same gera, when te.sted against N2 antigen, demonstrated ‘that

the- second vaccine (VIC-BHK) elicited the highest NTAB response.

A second consecutive annual vaccination may be required to maintain
the higher levels of NIAB attained snd thus the contimuity of the

antibody—forming mechanisa.

Although " further snanual vaccinations did not aignificantly enhance
 the NI antibody, nevertheless, they seemed to consequently
re-inforce the antibody titre which usually declined within one

year following each annual vaccination. ‘ LT

0f the 47 vacginees, 27(57%) resporded to at least one or mwore
vaccines whereas 20(43%) were non-responders.
o '

" Due to the absence of a major influenza epidemic, the protective

significance of the NI antibody could not be assessed.



FUTURE WORK

Our pilot clinical and observational study raised a number of

questions requiring further investigation:

r

1. Development of a new more sensitive, accurate and less

variable-dependent neuraminidase-inhibition test.
<;;:>The protective value of NIAB. This can only be accurately

asgsessed in the face of a naturaloutbregk of 1influenza. /’T:}

3. The correlation between NIAB and HIAB upon vaccination. This

study is currently undefway by R. . Pyson and E. Perry.

. -

4, The role of cell-mediated immunity against influenza infection

and the BLA?histocompatibility link to good and non-responders

upon vaccination.

S. The correlation between the enzymatic and aﬁEIEg;ic sites of” ////

neuraminidase gene.
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0.01M Phosphate — buffered Saline (PBS) pH7.2 — (CDC Manual, 1975)

8.5 g NaCl -

Na,HPO4 (anhydrous) (Fisher Scientific Co., S$-374)
NaH,PO,.H,0 (Fisher Scientific Co., 5-369)

double distilled wd@$§
stock PB solution: 5.48 g Na,HPO4 + 1.575 g NaH,P0, .H,0:
dissolve in 170 ml double distilled water and

make up to 200 ml.

Working solution: 40 ml stock + 8.5 g NaCl: dissolve in 800 ml
double distilled water and adjust to 1 litre. This is 0.01 M PBS.

Adjust pH to 7.2 with IN NaOR or 1N HCL

Penicillin ~ Streptomycin solution.

6.150 g Penicillin G( M.W. 356.4 at 1,625 units/mg)
-+

12.5 g Dihydfostreptomycin sulfate (M.W. 146.24 at 800 ug/mg)

Add double distilled water to 100 ml.

Therefore J£;>¥olution contains 100,000 units of Penicillin per ml
& 100,000 ug Streptomycin per ml of double distilled water.

Sterilize by filtration using 0.22 um porosity filter. Store at
"'2_0°C. .
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0.05M STE (Sodium, Tris, EDTA)- = (Pons and Hirst, 1968)

-~

0.1 M NaCl, 0.001 M EDTA, 0.05 M Tris-HCl, pH 7.2
! g

NaCl . . '5.84 g
Trizma-HCl (Sigma) 13.22 g
Trizma Bage (Sigma) 1.94 g
EDTA 0-33Gé g

Add double distilled water {DDW) to 1 litre

Phosphate-Buffer (PB) (CDC Manual, 1975)

SFOCk Solution: A Ooli M NHZHPO4 ses s e NS 56078 g/L Hzo'

s- Bo 0.4 H Nanzm4nnzo ‘aessese 550’20 g/L HAO

To make 0.4 M PB, pH 6.0

‘A. 180 ml 0.4 M Naznp64
B. 820 ml 0.4 M NaH,PO,.H,0

Add double distilled water to 1 litre,
Adjust with either A or B to obtain pH 6.0 exactly

0.852 — Saline

8.5 g NaCl (Fisher Scientific Co., S-671)

Add double distilled water to ] litre

+
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" Thiobarbituric Acid Reagent (CDC, 1975)

a

Thiobarbituric acid (Baker analyzer reagent, 5-V77ﬁ)
Sodium sulfate (anhydrous) (Fisher Scientific Co., 5-621) DDW.

-*Dissolve 3.0 g thiobarbituric acid in 500 ml DDE.
Add 35.5 g anhydroys sodium sulfate — dissolve by heating until
completely dissolved. ‘ o _
Cool and store at room temperature (RT) in a bottle.
Reagent was used within 24-48 hours..

Butanol Reagent (CDC, 1975)

1- Butanol (n-butyl alcohol) (Baker Analyzer Reagent — No.3-9054)
Concentrated hydrochloric acid (HCl) (Baker Analyzer Reagent -

Add 50 ml cqpcentratéd HCl to one litre butanol. Mix,

Reagent can be stored at RT in a brown bottle.
Reagent was used within 48 hours. ?

2.5% Sodium Citrate (CDPC, 1975)

Add 2.66 g sodiuq citrate (Nq,cgﬂgoq.ZBZO) to 100 ml DDW.

. Sterilize by filtration through 0.22 u Millipore membrane.
Store at 4° C.

"Liquid Paraffin (oil) (Fisher Scientific Company).
Saybolt viscosity 125/135 (No. 0-119).

L]

[
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Reconstituted Fetuin

- Reconstitute lyophylized fetuin (Gibco. No. R68751 - Grand
Island Biologicals) in sterile double distilled water (DDW) to
B “giye_a final concentration of 48-50 mg protein per ml. Store
" at 4°C and use within 48 hours.

Periodate Reagent

Sodium metaperiodate (Nal04) (Sigma Cheniéal Co. -S5-1878)
Syrupy orthophosphoric acid (Fisher Scientific Co., A-242).
Double distilled water (DDW). :

~

Dissolve 4,28 gm NalO4 in 38 ml DDW.

Add 62 ml Syrupy orthophosphoric acid and mix thoroughly.
Reagent can be stored at room temperature (20-25°C) (RT) in a

'\\___,,_—4a*-“”'_\) brown bottle, indefinitely.

¢

Argsenite Reagent

Sodium arsenite (NaAsOz) (Fisher Scientific Co., $-225).
; Sodium sulfate (anhydrous) (Fisher Scientific Co., S-421)
Concentrated sulfuric acid (Fisher Scieatific Co.)

Dissolve 10 g NaAsOy in 100 ml DDW '
Add 7.1 g anhydrous sodium sulfate to dissolve.
Add 0.3 ml concentrated sulfuric acid

Reagent can be stored indefinitely at RT ir a brown bot@le.
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‘Back Titration of Henagglﬁtinin‘Antigen for HI Test (CDC, 1975)

Add 0.05 ml of PBS pH 7.2, to five wells in the same row in Linbro
disposable tray. "Add 0.05 ml of test antigen to the first well,
and make serial two-fold dilutions through wells 2 to 5, resulting
in 4, 2, 1, 0.05, 0%$AD/0.025 ml in wells 1, 2, 3, 4 and 5
respectively. Add 0.05 ml of 0.5% fowl RBC to each well. The RBC
controls included contain 0.05 ml PBS and 0.05 ml of 0.5% fowl RBC.
Allowed plate to stand at room temperature for 30 minute until cells
in.the RBC control settle at the bottom of the well. Complete
hemagglutination appears in the firét 3 wells, partial or no

. hemagglutinatioﬁ in ue;l.ﬁ. and no agglutination in well 5. This
indicates that the test antigen contains 4 HAU/0.025 ml of virus
dilution.

Treatment (of sera for the removal of non-specific inhibitiors)
with Receptor~Destroying Enzyme (RDE) Vibrio cholerae (CDC, 1975):

The titre of RDE (Microbiological AssociateiZCompany) was
predetermined 'by R.E. Pyson (1973) and the RDE working dilution
received contained 100 units per ml. The method outlined by CDC

(1975) was followed. To each 0.1 ml of serum, 0.4 ml of the
RDE working ailution was added, mixed thoroughly, and incubated .
overnight at 37°C in a waterbath. A volume of 0.3 ml of 2.5%
sodium citrate solution was added, mixed, and incubated in 56°C
waterbath for 30 minutes, then 0.2 ml PBS (pE 7.2) was added. This
treatment would result in a 1:10'd11u;ion of the sera.
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Detection of Virus in Allantoic Fluid

-

-

Spot hemagglutination test

A spot hemagglutination test was used to determine the presence of the
virus in allAntoié fluid of chick emb;yo (CE-ALF). In plastic trays,
cne volume of V-ALF Qas mixed with 4 volumes of PBS and 5 volumes of
0.5% rooster RBC (PRBC) in“PBS (pH 7.2). Controls included normal ALF,
instead of VfALF, mixed with PBS and FRBC as spécified above. Trays

were mixed on ice and HA was read after 30 minutes at 50% end point.

Cross—-reaction neuraminidase-inhibition (NI)
antibody titres of reference ferret specific

antisera to H/N1l and H7N2.

]

| NI titres of ferret antiserum to

virus | H7N1 H7N2

H/NL | 40 <10

HIN2 | <10 ' 160





