
The current vaccination strategy against influenza A
and B viruses is vulnerable to the unanticipated emergence
of epidemic strains that are poorly matched by the vaccine.
A vaccine that is less sensitive to the antigenic evolution of
the virus would be a major improvement. The general fea-
sibility of this goal is supported by studies in animal models
that show that immunologic activities directed against rela-
tively invariant viral determinants can reduce illness and
death. The most promising approaches are based on anti-
bodies specific for the relatively conserved ectodomain of
matrix protein 2 and the intersubunit region of hemagglu-
tinin. However, additional conserved determinants for pro-
tective antibodies are likely to exist, and their identification
should be encouraged. Most importantly, infection and cur-
rent vaccines do not appear to effectively induce these anti-
bodies in humans. This finding provides a powerful
rationale for testing the protective activity of these relative-
ly conserved viral components in humans. 

Current influenza virus vaccines attempt to induce
strong antibody responses against the viral glycopro-

teins hemagglutinin (HA) and, with lesser emphasis, neu-
raminidase (NA) because their protective efficacy is well
documented. Thus, typical HA-specific antibodies neutral-
ize viral infectivity and fully protect against infection
when they are present at sufficient concentration in the lin-
ing fluid of the respiratory tract, and typical NA-specific
antibodies inhibit the release of newly formed virus from
infected host cells and thus limit the spread and shedding
of virus during infection. Current vaccines are highly
effective in children and adults (70%–90%), although not
in those >65 years of age (30%–50%) (1). Apart from their
limited efficacy in the elderly, a major drawback of current
vaccines is that the principal vaccine targets, most notably
the distal region of HA, are subject to continuous alteration
in circulating epidemic virus strains (2,3). This process,
termed antigenic drift, results from the high mutation rate

of the viral genome and the continuous selection of
mutants with improved replication characteristics in the
immune human host population. On average, the prevalent
influenza A virus strain acquires 3–4 amino acid changes
per year in HA, with most being located in the regions rec-
ognized by protective antibodies. Every 2 to 5 years, the
accumulation of mutations results in a major antigenic drift
away from the previously circulating strains (4). A more
drastic antigenic change, termed antigenic shift, occurs if a
new HA subtype is introduced into the pool of human virus
strains by reassortment of genes between animal and
human strains or by direct transmission of strains from an
animal reservoir to humans, as has occurred recently with
strains of H5N1, H7N7, and H9N2 (1). Accordingly, the
influenza vaccine must be updated on a regular basis to
reflect the antigenic changes that occur in the pool of cir-
culating virus strains. Because vaccines have to be manu-
factured before the actual epidemic strains are known, a
failure to anticipate emergence of a strain with major anti-
genic drift or shift relative to the vaccine will result in a
substantial reduction or abrogation of vaccine-mediated
protection. 

While antibodies to the immunodominant, but highly
variable, regions of HA and NA can provide potent virus
strain–specific protection, the existence of weaker and
more broadly protective immune activities directed to less
variable regions of viral proteins has long been known (5).
These protective activities have collectively been termed
heterotypic or heterosubtypic immunity because they pro-
vide a measure of protection against viruses of distinct
subtypes. Because of their potential for broadening vac-
cine-mediated protection in humans, they have been stud-
ied extensively in animals and found to be mediated
predominantly by virus-specific memory T cells (6,7),
antibodies (8–10), or a combination of both (11–13). The
reason for these differences in the relative strength of T-
cell and antibody-mediated protection is not clear but
could be attributable to differences in vaccination
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procedures, virus challenge, and read out (how protection
was measured) between the various studies. Pros and cons
of some of these activities in terms of their potential for
development of a broadly protective, “universal” influenza
vaccine are briefly discussed below. 

Memory T Cells 
A large fraction of the virus-specific T-cell response in

mice and humans is directed to conserved determinants of
viral core proteins, and many studies in mice have shown
that memory T cells can accelerate recovery and reduce ill-
ness on virus challenge. Cytotoxic T (Tc) cells were found
to be more protective than helper T cells, and among Tc
cells, protective activity was shown to depend on their fre-
quency (number of virus-specific cells/total cells),
cytokine secretion profile, memory type (central vs. effec-
tor), and even fine specificity. However, in contrast to find-
ings in mice, the protective value of memory Tc cells in
humans remains controversial. The classic study by
McMichael et al. (14) indicated that presence of memory
Tc cells in blood, which could give rise to Tc cells on stim-
ulation in vitro, correlated with reduced virus shedding
3–4 days after volunteers were challenged with a wild-type
virus, but had no significant effect on illness. Subsequent
studies performed in children found no significant differ-
ence in shedding of attenuated vaccine strains in patients
who had recovered from previous infection with a vaccine
or natural strain of a different subtype than did study par-
ticipants who had no evidence of previous virus exposure
(15,16). Similarly, children vaccinated with an H1N1
strain showed no difference in attack rate and febrile respi-
ratory illness during exposure to natural epidemic H3N2
virus from controls who received a placebo (17). 

Although the presence of memory Tc cells in the vacci-
nated children was not demonstrated experimentally, it can
be implied based on findings that infection with a live,
attenuated vaccine or natural virus strain typically stimu-
lates a Tc-cell response in humans. Taken together with the
observation that the degree of antigenic change (drift,
shift) is a major determinant of epidemic severity, little
evidence exists for a substantial protective role of subtype
cross-reactive memory Tc cells in human influenza virus
infection; the contribution of Tc cells per se in the control
of the infection is not questioned, only whether memory Tc
cells provide a further improvement. 

Vaccine-induced or natural upper respiratory tract
infection in humans may not engender an optimally protec-
tive memory Tc-cell population because of insufficient
number or composition. However, a large number of mem-
ory T cells may also result in immunopathologic manifes-
tations (14,18), which tend to be associated with excessive
inflammatory responses in acute infections. Thus, a uni-
versal vaccine based on the induction of a strong memory-

Tc response might necessitate a difficult balancing act
between protection and immunopathologic changes.
Unless one can identify a particularly protective memory
Tc-cell population that is poorly induced by natural or vac-
cine-induced infection, the nondiscriminatory enhance-
ment of memory T-cell populations may not be a
promising approach for a universal influenza vaccine. 

Antibodies Specific for Conserved 
Viral Determinants

A precondition for antibody-mediated protection is the
accessibility of the viral antigen to antibody on infectious
virus particles, intact infected cells, or both. This accessi-
bility restricts the potential targets to conserved structures
of the ectodomains of viral transmembrane proteins HA,
NA, and M2, in the case of influenza A viruses, and HA,
NA, NB, and BM2, in the case of influenza B viruses.
Results of studies reported thus far have focused on M2 of
influenza A and HA of influenza A and B viruses. 

M2 of Influenza A Viruses 
M2 forms tetramers that exhibit pH-inducible proton

transport activity. It regulates the pH of the viral core after
virus uptake into the host cell’s endosomal compartment
during initiation of infection and subsequently of vesicles
that transport the viral transmembrane proteins to the cell
surface during the late stage of infection. M2 tetramers are
expressed at high density in the plasma membrane of
infected cells and are well accessible to M2e-specific anti-
bodies in this location, but only a few copies become
incorporated into the envelope of mature infectious virus
particles (19,20). M2 has a small, nonglycosylated
ectodomain (M2e) of 23 amino acids (aa), not counting
the posttranslationally removed N-terminal Met. This
region has shown only limited variation among human
influenza A viruses. This remarkable degree of structural
conservation of M2e is attributable mainly to its genetic
relation with matrix protein 1 (M1), the most conserved
protein of influenza A viruses with which it shares coding
sequences. Thus, aa residues 1–9 of M2e and M1 are
encoded by the same nucleotides in the same reading
frame and aa 10–23 of M2e and 239–252 of M1 in a  dif-
ferent reading frame. 

Studies by several groups conducted in mice and ferrets
have shown that M2e-specific antibodies, while they did
not prevent infection, restricted subsequent virus replica-
tion and reduced illness and proportion of deaths (20–24).
This antibody response was only poorly induced by infec-
tion, both in mice (22) and humans (24,25). A likely reason
for the poor M2e-specific antibody response is extensive
antigenic competition with HA- and NA-specific respons-
es (26). Thus, in view of the >10-fold difference in
ectodomain size, the frequency of M2e-specific precursor
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B cells must be orders of magnitude lower than the fre-
quencies of HA- and NA-specific precursor B cells.
Assuming that most immunogenic entities generated in the
course of infection contain a mixture of all 3 transmem-
brane proteins, most M2e may be taken up by HA- and
NA-specific B cells, leaving little or none for B-cell recep-
tor–mediated uptake and processing by M2e-specific pre-
cursor B cells. Note that the same phenomenon results also
in a suppression of the NA-specific antibody response by
immunodominant HA-specific B cells (26). Such competi-
tion can be avoided by presenting individual antigens on
physically distinct immunogenic entities to the immune
system (27). The substantial M2e-specific antibody
responses seen in mice after vaccination with dedicated
M2e vaccines (20–24) supports the above explanation.

In view of the poor or absent M2e-specific antibody
response in humans, confirming the genetic stability of
M2e was essential when the virus was propagated in an
immune environment. Replication of A/PR/8/34(H1N1)
(PR8) virus for >3 weeks in severe combined immunode-
ficient (SCID) mice that were chronically treated with
M2e-specific monoclonal antibodies (MAbs) resulted in
the emergence of M2e-escape mutants (28). However,
only 2 distinct escape mutants emerged, 1 with a replace-
ment of Pro at position 10 by Leu (P10L) and the other
with a replacement of the same Pro by His (P10H) (28).
Each of these mutants was isolated repetitively from many
distinct mice treated with distinct M2e-specific MAbs,
which indicates that they represented essentially the entire
range of escape mutants capable of arising from the PR8
wild-type virus under the given experimental conditions.
No escape mutants emerged after 11 consecutive passages
of PR8 in BALB/c mice that had been actively vaccinated
with M2e (unpub. data). In addition, incorporating deter-
minants of potential escape mutants into a polyvalent uni-
versal M2e vaccine would likely further impede
emergence of escape mutants. Indeed, preliminary studies
have shown that no escape mutants emerged in SCID mice
treated with a combination of MAbs specific for M2e of
wild-type PR8 and the P10H and P10L escape mutants
(unpub. data). Thus, although M2e is not totally invariant,
it is remarkably stable, even under immune pressure.

Several vaccination strategies have been evaluated in
mouse and ferret models, including M2-expressing recom-
binant viruses, M2 recombinant proteins (20,21), M2-
encoding plasmid DNA (29), and synthetic M2e peptides
that were chemically linked to carrier proteins or syntheti-
cally linked to defined helper T-cell determinants (22–24).
In most studies in which induction of an antibody response
was confirmed, M2e-specific immunity reduced illness,
but did not entirely prevent it. The best protection was
reported for mice vaccinated by the intranasal route with
an M2e-hepatitis B core fusion protein construct and

detoxified heat-labile Escherichia coli enterotoxin adju-
vant; almost none of these mice died after a virus challenge
that killed 90% of control mice (21). However, in contrast
to the significant protection seen in most mouse models,
pigs vaccinated with recombinant M2e-hepatitis B core
protein or plasmid DNA encoding an M2e-nucleoprotein
fusion protein showed no protection or even had higher
death rates, respectively, after virus challenge (29). This
finding needs to be confirmed, and the explanation for it
remains unknown. At this time, it serves as a reminder that
immune phenomena are complex and that observations
made in 1 species may not apply to another. By the same
token, good protection in an animal model does not guar-
antee protection in humans.

Taken together, the observations that M2e shows mini-
mal antigenic variability, even under antibody-mediated
pressure in vivo, that M2e-specific antibodies typically
restrict virus replication in vivo, and that humans exhibit
low or undetectable M2e-specific antibody titers provide a
strong rationale for further exploration of an M2e-based
vaccine. 

HA of Influenza A and B Viruses 
The HA molecule has a large ectodomain of ≈500 aa. A

posttranslational cleavage by host-derived enzymes gener-
ates 2 polypeptides that remain linked by a disulfide bond.
The larger N-terminal fragment (HA1, 320–330 aa) forms
a membrane-distal globular domain that contains the
receptor-binding site and most determinants recognized by
virus-neutralizing antibodies. The smaller C-terminal por-
tion (HA2, ≈180 aa, excluding transmembrane and cyto-
plasmic domain) forms a stemlike structure that anchors
the globular domain to the cellular or viral membrane.
Sixteen HA subtypes have been identified among influen-
za A viruses (30); 3 of these (H1, H2, H3) have been asso-
ciated with classic influenza isolates, and 3 (H5, H7, H9)
have been associated with recent sporadic human isolates
(1). Influenza B viruses possess only 1 HA subtype.

Although the degree of sequence diversity between
subtypes is great, particularly in the HA1 polypeptides
(34%–59% homology between subtypes), more conserved
regions are found in HA2 (51%–80% homology between
subtypes). The most notable region of conservation is the
sequence around the cleavage site, particularly the HA2 N-
terminal 11 aa, termed fusion peptide, which is conserved
among all influenza A subtypes and differs only by 2 con-
servative aa replacements in influenza B virus. Part of this
region is exposed as a surface loop in the HA precursor
molecule (HA0) (31). However, when HA0 is cleaved into
HA1/HA2, the newly generated terminals separate, and the
hydrophobic fusion peptide becomes tucked into a cavity
of the stem (31). As most HA subtypes are cleaved by
extracellular enzymes, this surface loop may be accessible
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to antibody, at least temporarily, on HA0 expressed in the
plasma membrane of infected host cells. The protective
potential of antibodies directed to this region of HA0 has
been explored in 2 studies by immunization of mice with
synthetic peptides spanning the cleavage site (32,33). Both
studies found that mice vaccinated with a peptide spanning
the HA1/HA2 joining region exhibited less illness and
fewer deaths on virus challenge (32,33). Most importantly,
HA1/HA2 joint-specific antibodies were undetectable in
virus-immune human sera (33). These findings make the
HA1/HA2 joining region another promising candidate for
inclusion in a universal vaccine. Indeed, the authors of 1
study, some of whom had been involved in an M2e-vac-
cine study, commented that joint-specific immunity in the
mouse model was more robust than M2e-specific immuni-
ty (33). 

Although the HA1/HA2-joining region is the most
broadly conserved HA sequence, other determinants on
HA2 are shared between a restricted number of subtypes.
For instance, a MAb that reduced illness and death in pas-
sively immunized mice against viruses of the H1, H2, and
H5 subtypes has been described (34,35). This MAb was
shown to recognize a conformational epitope of HA2 (36),
but no immunogen that could selectively induce this
response has been described. A search for determinants
shared by a more restricted number of closely related sub-
types such as H2 and H5, which display 85% sequence
homology in HA2, or shared by members of the same sub-
type, which typically display >95% sequence homology in
HA2 (30), would be worthwhile, particularly since the
HA2-specific antibody response appears to be induced less
effectively than the HA1-specific response by infection in
humans (37). That many HA2-specific antibodies do not
display substantial antiviral activities in vitro does not pre-
clude protective activity in vivo because the mere binding
of antibody to native HA expressed on infected cells and
infectious virus could mediate protective activity by target-
ing Fc-receptor expressing cells or complement deposition
to these structures. 

Other Viral Transmembrane Proteins 
To our knowledge, conserved determinants for protec-

tive antibodies have not been described for any of the other
transmembrane proteins of influenza A and B virus. BM2
of influenza B virus, the homolog of M2, has only a 6-aa-
long ectodomain (38). This ectodomain is most likely too
small for formation of a BM2-specific epitope because
protein epitopes have usually been found to comprise
12–17 contact residues. NB of influenza B virus also
shows structural similarities with M2 of influenza A virus,
including ion channel activity (39), and has an 18-aa-long
ectodomain. However, NB2 has 2 attached carbohydrate
chains that can be expected to mask the protein core from

recognition by antibody. NA, however, is a good and not
sufficiently explored target for cross-protective antibodies.
Like HA, it displays a large ectodomain of ≈420 aa. Nine
subtypes are recognized among influenza A viruses, while
influenza B virus contains 1 subtype. The C-terminal of the
polypeptide (≈380 aa) forms a globular head that is
anchored to the viral membrane by a flexible stalk. The
globular domain contains the enzyme-active site and all
known antigenic sites. 

Although no cross-protective NA-specific antibody
population has been identified, indirect evidence supports
the existence of cross-reactive determinants on N1 and N2,
the subtypes found in classic human strains. Thus, mice
vaccinated first with a mixture of purified N1 and N2 pro-
teins and subsequently boosted with the individual anti-
gens showed a small memory response also against the
heterologous subtype (40). Given the ample expression
and accessibility of NA on infectious virus and infected
host cells, a search for determinants shared between or
within subtypes would be worthwhile.  

Conclusions
Studies in animal models have yielded clear evidence

for the existence of antibody populations that are directed
to relatively invariant determinants of the ectodomains of
viral transmembrane proteins and are capable of substan-
tially reducing, in some cases even preventing, clinical ill-
ness resulting from influenza virus infection. Additional
highly conserved determinants likely exist, particularly on
HA2 and NA polypeptides, which can serve as targets for
protective antibodies. These targets should be identified
for 2 reasons. First, with the exception of the fusion pep-
tide, none of the presently identified “conserved” determi-
nants is totally invariant, and each of these relatively
invariant determinants may show increased variability
under specific immune pressure. Second, incorporation of
several conserved targets in a universal vaccine may
decrease the likelihood and rate of emergence of escape
mutants and increase the strength of protection. 

None of the identified broadly protective antibody pop-
ulations has been found consistently and at appropriate
concentrations in human sera, which indicates that neither
is effectively induced by natural infection or current vac-
cines. Therefore, the observation that heterosubtypic pro-
tection in humans tends to be low does not exclude the
possibility of substantial protection by these antibody pop-
ulations in humans if it can be induced by a specific vac-
cine. A focused search will likely show additional
relatively conserved target structures for protective anti-
bodies. Any of these responses, if not already induced
effectively by infection or current vaccines, will be worth
pursuing for incorporation into a universal vaccine. The
main difficulty may be to develop in each case an immuno-
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genic moiety that can effectively induce the desired anti-
body population. However, even if an appropriate vaccine
for induction of a desired broadly protective antibody
response cannot be developed, through this research,
humanized antibody reagents may be generated that can be
used to treat life-threatening human infections. In view of
the potential rewards, the universal vaccine approach
should be further explored in animal models and its protec-
tive efficacy assessed in humans. 

None of the universal vaccines studied thus far in ani-
mal models has achieved the level of protection provided
with current vaccines. Still, an optimized polyvalent uni-
versal vaccine, while not preventing infection, may pre-
vent clinical disease, as has been reported already for 2
vaccination modalities (21,23). If the same results applied
to humans, a universal vaccine might replace the current
vaccine. Alternatively, if a universal vaccine can only
reduce, but not prevent, clinical disease in humans, it could
still be used as adjunct to current vaccines and provide
increased resistance in case of the unanticipated emer-
gence of a major drift variant or new subtype. Newborns,
who are at risk for severe disease, would then receive at
least some protection by maternal antibodies. In the elder-
ly, another high-risk population, a universal vaccine may
be particularly advantageous because the protective anti-
bodies are generated by memory B cells that tend to be
maintained into old age and can be recalled by booster vac-
cination. In contrast, the efficacy of current inactivated
vaccines depends greatly on the ability to mount a strong
response to novel (strain-specific) determinants generated
through antigenic drift and shift on HA and NA. This
response requires naive B cells, whose frequency tends to
decrease with increasing age. When all factors are taken
into account, protection against influenza virus infection
likely can be improved by a universal vaccine.

Dr  Gerhard is a professor in the Immunology Program of
the Wistar Institute. He has worked for the past 30 years on issues
related to the recognition of and protection against influenza
virus by the immune system.

References

1. Nicholson KG, Wood JM, Zambon M. Influenza. Lancet.
2003;362:1733–44.

2. Bush RM, Bender CA, Subbarao K, Cox NJ, Fitch WM. Predicting
the evolution of human influenza A. Science. 1999;286:1921–5.

3. Plotkin JB, Dushoff J. Codon bias and frequency-dependent selection
on the hemagglutinin epitopes of influenza A virus. Proc Natl Acad
Sci U S A. 2003;100:7152–7.

4. Smith DJ, Lapedes AS, de Jong JC, Bestebooer TM, Rimmelzwaan
GF, Osterhaus ADME, et al. Mapping the antigenic and genetic evo-
lution of influenza virus. Science. 2004;305:371–6.

5. Schulman JL, Kilbourne ED. Induction of partial specific heterotyp-
ic immunity in mice by a single infection with influenza A virus. J
Bacteriol. 1965;89:170–4.

6. O’Neill E, Krauss SL, Riberdy JM, Webster RG, Woodland DL.
Heterologous protection against lethal A/HongKong/156/97 (H5N1)
influenza virus infection in C57BL/6 mice. J Gen Virol.
2000;81:2689–96.

7. Benton KA, Misplon JA, Lo C-Y, Brutkiewicz RR, Prasad SA,
Epstein SL. Heterosubtypic immunity to influenza A virus in mice
lacking IgA, all Ig, NKT cells, or γδ T cells. J Immunol.
2001;166:7437–45.

8. Epstein SL, Lo C-Y, Misplon JA, Lawson CM, Hendrickson BA,
Max EE, et al. Mechanisms of heterosubtypic immunity to lethal
influenza A virus infection in fully immunocompetent, T cell-deplet-
ed, β2-microglobulin-deficient, and J chain-deficient mice. J
Immunol. 1997;158:1222–30. 

9. Nguyen HH, van Ginkel FW, Vu HL, McGhee JR, Mestecky J.
Heterosubtypic immunity to influenza A virus infection requires B
cells but not CD8+ cytotoxic T lymphocytes. J Infect Dis.
2001;183:368–76.

10. Tumpey TM, Renshaw M, Clements JD, Katz JM. Mucosal delivery
of inactivated influenza vaccine induces B-cell-dependent heterosub-
typic cross-protection against lethal influenza A H5N1 virus infec-
tion. J Virol. 2001;75:5141–50.

11. Liang S, Mozdzanowska K, Palladino G, Gerhard W. Heterosubtypic
immunity to influenza type A virus in mice. Effector mechanisms and
their longevity. J Immunol. 1994;152:1653–61.

12. Gerhard W, Mozdzanowska K, Furchner M. The nature of hetero-
subtypic immunity. In: Brown LE, Hampson AW, Webster RG, edi-
tors. Options for the control of influenza III. Amsterdam: Elsevier
Science; 1996. p. 235–43.

13. Sambahara S, Kurichh A, Miranda R, Tumpey T, Rowe T, Renshaw
M, et al. Heterosubtypic immunity against human influenza A virus-
es, including recently emerged avian H5 and H9 viruses, induced by
flu-iscom vaccine in mice requires both cytotoxic T-lymphocyte and
macrophage function. Cell Immunol. 2001;211:143–53.

14. McMichael AJ, Gotch FM, Noble GR, Beare PAS. Cytotoxic T cell
immunity to influenza, New Engl J Med. 1983;309:13–7.

15. Wright PF, Johnson PR, Karzon DT. Clinical experience with live,
attenuated vaccine in children. In: Options for the control of influen-
za;1986. New York: Alan R Liss, Inc. p. 243–53.

16. Steinhoff MC, Fries LF, Karron RA, Clements ML, Murphy BR.
Effect of heterosubtypic immunity on infection with attenuated
influenza A virus vaccine in children. J Clin Microbiol.1993;
31:836–8.

17. Gruber WC, Belshe RB, King JC, Treanor JJ, Piedra PA, Wright PA,
et al. Evaluation of live attenuated influenza vaccines in children
6–18 months of age: Safety, immunogenicity and efficacy. J Infect
Dis. 1996;173:1313–9.

18. Moskophidis D, Kioussis D. Contribution of virus-specific CD8+
cytotoxic T cell to virus clearance or pathologic manifestations of
influenza virus infection in a T cell receptor transgenic mouse model.
J Exp Med. 1998;188:223–32. 

19. Zebedee SL, Lamb RA. Influenza A virus M2 protein: Monoclonal
antibody restriction of virus growth and detection of M2 in virions. J
Virol. 1988;62:2762–72.

20. Frace AM, Klimov AI, Rowe T, Black RA, Katz JM. Modified M2
proteins produce heterotypic immunity against influenza A virus.
Vaccine. 1999;17:2237–44.

21. de Filette M, Min Jou W, Birkett A, Lyons K, Schultz B, Tonkyro A,
et al. Universal influenza A vaccine: optimization of M2-based con-
structs. Virology. 2005;337:149–61.

22. Mozdzanowska K, Feng J, Eid M, Kragol G, Cudic M, Otvos L, et al.
Induction of influenza type A virus-specific resistance by immuniza-
tion of mice with a synthetic multiple antigenic peptide vaccine that
contains ectodomains of matrix protein 2. Vaccine. 2003;21:2616–26.

Prospects for Universal Influenza Virus Vaccine

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 12, No. 4, April 2006 573



23. Fan J, Liang X, Horton MS, Perry HC, Citron MP, Heidecker G, et al.
Preclinical study of influenza virus A M2 peptide conjugate vaccines
in mice, ferrets, and rhesus monkeys. Vaccine. 2004;22:2993–3003.

24. Liu W, Li H, Chen Y-H. N-terminus of M2 protein could induce anti-
bodies with inhibitory activity against influenza virus replication.
FEMS Immunol Med Microbiol. 2003;35:141–6.

25. Black RA, Rota PA, Gorodkova N, Klenk HD, Kendal AP. Antibody
response to M2 protein of influenza A virus expressed in insect cells.
J Gen Virol. 1993;74:143–6.

26. Johansson BE, Moran TM, Kilbourne ED. Antigen-presenting B cells
and helper T cells cooperatively mediate intravirionic antigenic com-
petition between influenza A virus surface glycoproteins. Proc Natl
Acad Sci U S A. 1987;84:6869–73.

27. Johansson BE, Kilbourne ED. Dissociation of influenza virus hemag-
glutinin and neuraminidase eliminates their intravirionic antigenic
competition. J Virol. 1993;67:5721–3.

28. Zharikova D, Mozdzanowska K, Feng J, Zhang M, Gerhard W.
Influenza type A virus escape mutants emerge in vivo in the presence
of antibodies to the ectodomain of matrix protein 2. J Virol.
2005;79:6644–54.

29. Heinen PP, Rijsewijk FA, de Boer-Luijtze EA, Bianchi ATJ.
Vaccination of pigs with a DNA construct expressing an influenza
virus M2-nucleoprotein fusion protein exacerbates disease after chal-
lenge with influenza A virus. J Gen Virol. 2002;83:1851–9.

30. Fouchier RAM, Munster V, Wallensten A, Bestebroer TM, Herfst S,
Smith D, et al. Characterization of a novel influenza A virus hemag-
glutinin subtype (H16) obtained from black-headed gulls. J Virol.
2005;79:2814–22.

31. Chen J, Lee KH, Steinhauer DA, Stevens DJ, Skehel JJ, Wiley DC.
Structure of the hemagglutinin precursor cleavage site, a determinant
of influenza pathogenicity and the origin of the labile conformation.
Cell. 1998;95:409–17.

32. Horvath A, Toth GK, Gogolak P, Nagy Z, Kurucz I, Pecht I, et al. A
hemagglutinin-based multipeptide construct elicits enhanced protec-
tive immune response in mice against influenza A virus infection.
Immunol Lett. 1998;60:127–36. 

33. Bianchi E, Liang X, Ingallinella P, Finotto M, Chastain MA, Fan J, et
al. Universal influenza B vaccine based on the maturational cleavage
site of the hemagglutinin precursor. J Virol. 2005;79:7380–8.

34. Okuno Y, Matsumoto K, Isegawa Y, Ueda S. Protection against the
mouse-adapted A/FM/1/47 strain of influenza A virus in mice by a
monoclonal antibody with cross-neutralizing activity among H1 and
H2 strains. J Virol. 1994;68:517–20.

35. Smirnov YA, Lipatov AS, Gitelman AK, Claas ECJ, Osterhaus
ADME. Prevention and treatment of bronchopneumonia in mice
caused by mouse-adapted variant of avian H5N2 influenza A virus
using monoclonal antibody against conserved epitope in the HA stem
region. Arch Virol. 2000;145:1733–41.

36. Okuno Y, Isegawa Y, Sasao F, Ueda S. A common neutralizing epitope
conserved between the hemagglutinins of influenza A virus H1 and
H2 strains. J Virol. 1993;67:2552–8.

37. Nakajima S, Nobusawa E. Nakajima K. Variation in response among
individuals to antigenic sites on the HA protein of human influenza
virus may be responsible for the emergence of drift strains in the
human population. Virology. 2000;274:220–31.

38. Paterson RG, Takeda M, Ohigashi Y, Pinto LH, Lamb RA. Influenza
B virus BM2 protein is an oligomeric integral membrane protein
expressed at the cell surface. Virology. 2003;306:7–17.

39. Brassard DL, Leser GP, Lamb RA. Influenza B virus NB glycoprotein
is a component of the virion. Virology. 1996;220:350–60.

40. Johansson BE, Kilbourne ED. Immunization with purified N1 and N2
influenza virus neuraminidases demonstrates cross-reactivity without
antigenic competition. Proc Natl Acad Sci U S A. 1994;91:2358–61.

Address for correspondence: Walter Gerhard, Immunology Program, The
Wistar Institute, 3601 Spruce St, Philadelphia, PA 19104-4268, USA; fax:
215-898-3868; email: gerhard@wistar.org.

PERSPECTIVE

574 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 12, No. 4, April 2006

The print journal is available at no charge to public health professionals

YES, I would like to receive Emerging Infectious Diseases.

Please print your name and business
address in the box and return by fax to
404-639-1954 or mail to

EID Editor
CDC/NCID/MS D61
1600 Clifton Road, NE
Atlanta, GA 30333

Moving? Please give us your new address (in the box) and print the number of your old
mailing label here_________________________________________

�����������	���
������
�
���������
�����




