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INFLUENZA A (H2) STRAINS AND CHALLENGED WITH VIRUSES
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Summary. - Cross-protection of mice immunized with inactivated preparations of human and avian influ-
enza A (H2) viruses was determined after lethal infection with mouse-adapted (MA) variants of human
AlJap x Bell/57 (H2N1) and avian A/NJers/78 (H2N3) viruses. The MA variants differed from the original
strains by acquired virulence for mice and changes in the HA antigenicity. These studies indicated that mice
vaccinated with human influenza A (H2) viruses were satisfactorily protected against challenge with A/Jap x
Bell/57-MA variant; the survival rate was in the range of 61% ~ 88.9%. Immunization of mice with the same
viral preparations provided lower levels of protection against challenge with A/NJers/78-MA variant. Vaccination
of mice with the avian influenza A (H2) viruses induced better protection than with human strains against
challenge with both MA variants. Challenge with A/NJers/78-MA. variant revealed that 76.2% ~ 95.2% of
animals were protected when vaccinated with avian influenza virus strains isolated before 1980, and that the
protection reached only 52.4% - 60.0% in animals vaccinated with strains isolated in 1980 - 1985, The present
study revealed that cross-protection experiments in a mouse model could provide necessary information for
the development of appropriate influenza A(H2) virus vaccines with a potential for these viruses to reappear in
a human population.
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lethal infection

Introduction

A complete protection against influenza virus infection
is remarkably difficult to achieve due to continuous anti-

genic changes of wiral glycoproteins. Rapid evolution of

influenza A virus genes in humans depends on periodic in-
troduction of genes from avian virus pools (Gorman et al.,
1990, 1991). Numerous influenza A virus subtypes and their
variants antigenically related to human epidemic strains have
been conserved in the avian population (Hinshaw et al.,
1982).
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HAT = haemagglutination-inhibition; i.m. = intramuscularly;
in. = intranasally; MA = mousc-adapted; MoAb = monoclonal

Among three subtypes of viral haemagglutinin (HA) de-
termined in humans, influenza A (H2N2) viruses have caused
a major pandemic in 1957 and kept circulating in human
population through 1968. After disappearing from humans,
H2 influenza viruses have been isolated sporadically from
the avian reservoir (Tamovd et al., 1975; Nerome ef al., 1984).
Moreover, evidence was presented for an increased preva-
lence of H2 isolates in wild ducks in North America, preced-
ing the appearance of H2ZN2 viruses in domestic fowl { Web-
ster ef al., 1993). Evolutionary relationships among human
and avian H2 influenza viruses revealed different lineages
(Govorkova et al., 1991; Schifer er af., 1993), and it was
shown that an antigenically conserved counterpart of human
Asian pandemic strain of 1957 continued to circulate in the
avian population (Schiifer ef al., 1993).

An immune response against influenza infection is sub-
type-specific (Ada and Jones, 1986). This underlines the
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Mice immunized with avian strains seemed to be more
protected against challenge with virulent A/Nlers/78-MA
variant. Only three groups of mice tested showed mortal-
ity rates of 40.0% -~ 50% (Table 3). Viruses used for im-
munization in these three groups were isolated in

1980 — 1985. In the other groups of vaccinated animals

mortullty rates did not exceed 15%. Like in the cases of

Allap x Bell/57-MA challenge, the lowest figures were
observed for mice vaccinated with A/Germ/73 and
A/Prim/76 strains (5.6% and 4.8% mortality, respectively).

These studies indicated that protection efficacy was lower
in mice vaccinated with avian influenza A (H2) virus strains
isolated in 1978 — 1985 than in mice immunized with vi-
ruses isolated earlier. Vaccination of mice with avian
influenza A (H2) viruses induced a better protection than
that with human viruses both against challenge with A/Jap
x Bell/57-MA and A/NJers/78-MA variants.

Discussion

It is widely accepted that new pandemic influenza virus
straing emerge by reassortment after double infection of a
common host with a prevailing human strain and another
influenza A virus strain presumably of animal origin. The
influenza A (H2N2) strain, which caused an Asian epidemic
in 1957 and circulated in human population in 1957 — 1968,
obtained three genes coding HA, NA and PB2 proteins from
an avian precursor and other genes from a late human HIN|
strain (Kawaoka et al., 1989). The appearance and preva-
lence of H2 influenza viruses in domestic and wild birds at
modern times (Nerome ef al., 1984; Webster ef al., 1993)
indicate a potential of this subtype to be transmitted to
humans. The existence of a large susceptible population
(Govorkova et al., 1993) makes the opportunity of virus
reintroduction into humans even more real.

The reactogenicity, immunogenicity and protective effi-
cacy of influenza A (HIN1) and (H3N2) virus vaccines has
been well characterized (Cate ef af., 1982; Belshe ef al.,
1984; Sears et al., 1988). Influenza A(H2) virus vaccines
have almost not been studied at all.

This work was undertaken to study the responses and
cross-protection efficacy within H2 subtype of influenza
A viruses under lethal infection with two MA variants.
Preparation of MA variants of influenza virus strains
resulted in changes in the antigenicity of HA, the
phenomenon observed also by other authors (Gitelman et
al., 1984; Lipatov et al., 1995). These MA variants can
serve as a useful tools in the analysis of protective efficacy
and n testing different types of vaccines against influenza
virus in a mouse model,

The main purpose of this work was to determine what
protection could provide immunization of mice with inacti-

vated preparations of human or avian influenza A (H2) vi-
ruses. It was shown that the inactivated whole influenza A
(H2) virus preparations elicited low HAT antibody titers
apparently sufficient for protection against lethal challenge
with either MA variant. Anti-HA antibodies play an impor-
tant role in the host recovery and protection against influ-
enza (Schulman, 1975), but the role of other viral proteins,
especially NA (Johansson et al., 1993), NP (Yewdell er af.,
1985; Stitz et al., 1990) and matrix M2 protein (Treanor er
al., 1990) cannot be excluded. The protection induced by
inactivated human and avian influenza A (H2) viruses most
likely reflect the humoral immune response to HA. The chal-
lenge with reassortant A/Jap x Bell/57-MA containing N1
NA excluded the influence of NA antigen on protective ef~
ficacy. The other challenge virus, A/NJers/78-MA variant,
differed in NA serotype from all human strains containing
NZ NA and from two avian strains containing N9 NA. The
other avian influenza viruses tested, which contained N3
NA, did not show detectable differences from viruses with
other NA subtypes in protection against lethal challenge.
Thus, in the present study, the anti-NA immunity didn’t play
an essential role in protective efficacy.

Under our experimental conditions the role of immunity
against NP and M2 proteins was probably very limited. This
is supported by the findings that mice vaccinated with hu-
man or avian influenza A (H2) viruses were completely sus-
ceptible to lethal infection with A/Aichi/2/68 (H3N2) strain
(data not shown).

The immunization of mice with inactivated preparations
of human influenza A (H2) virus strains provided different
levels of protection. There was no correlation between pro-
tective efficacy and the year of strain isolation. The highest
level of protection against challenge with both MA variants
was obtained for influenza A/Tok/67 strain, which probabl
contains antigenic epitopes related to those of the avian vi-
ruses.

Our results suggest that the immunization of mice with
avian influenza A (M2) virus strains provides a better
protection against lethal infection than that with human
strains, The levels of protection in groups vaccinated with
avian influenza viruses were higher against challenge with
avian than with human MA variant, The level of protec-
tion was lower in the groups of animals challenged with
strains isolated in 1980 — 1985 (52.4% — 60%). From
studies of protective efficacy we could suggest that later
avian strains differed from the earlier ones circulating in
1973 — 1975, This supports the findings of phylogenetic
analysis, which identified three distinct lineages of H2
H/\ one in humans and two in avian species (Schifer e

1093). Attempts were made to correlate antigenic
Lhanges i HA found by HAT analysis with polyclonal
antisera with protective efficacy against the same influ-
enza strains. The analysis of possible evolution relation-










