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H3 INFLUENZA A VIRUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of Ser. No. 15/725,735,
filed Oct. 5, 2017, which is a continuation of Ser. No.
14/840,759, filed Aug. 31, 2015, which is a continuation of
U.S. patent application Ser. No. 14/255,719, filed Apr. 17,
2014, which is a continuation of U.S. patent application Ser.
No. 13/839,111, filed Mar. 15, 2013, which is a continuation
of U.S. patent application Ser. No. 12/503,712, filed Jul. 15,
2009, which is a divisional of U.S. patent application Ser.
No. 11/033,248, filed Jan. 11, 2005, which applications are
incorporated herein by reference.

STATEMENT OF GOVERNMENT RIGHTS

This invention was made with government support under
2001-35204-10184 awarded by the USDA/NIFA. The gov-
ernment has certain rights in the invention.

BACKGROUND

Influenza is a major respiratory disease in some mammals
including horses and is responsible for substantial morbidity
and economic losses each year. In addition, influenza virus
infections can cause severe systemic disease in some avian
species, leading to death. The segmented nature of the
influenza virus genome allows for reassortment of segments
during virus replication in cells infected with two or more
influenza viruses. The reassortment of segments, combined
with genetic mutation and drift, can give rise to a myriad of
divergent strains of influenza virus over time. The new
strains exhibit antigenic variation in their hemagglutinin
(HA) and/or neuraminidase (NA) proteins, and in particular
the gene coding for the HA protein has a high rate of
variability. The predominant current practice for the preven-
tion of flu is vaccination. Most commonly, whole virus
vaccines are used. As the influenza HA protein is the major
target antigen for the protective immune responses of a host
to the virus and is highly variable, the isolation of influenza
virus and the identification and characterization of the HA
antigen in viruses associated with recent outbreaks is impor-
tant for vaccine production. Based on prevalence and pre-
diction, a vaccine is designed to stimulate a protective
immune response against the predominant and expected
influenza virus strains (Park et al., 2004).

There are three general types of influenza viruses, Type A,
Type B and Type C, which are defined by the absence of
serological crossreactivity between their internal proteins.
Influenza Type A viruses are further classified into subtypes
based on antigenic and genetic differences of their glyco-
proteins, the HA and NA proteins. All the known HA and
NA subtypes (H1 to H15 and N1 to N9) have been isolated
from aquatic birds, which are though to act as a natural
reservoir for influenza. H7N7 and H3N8 Type A viruses are
the most common causes of equine influenza, and those
subtypes are generally incorporated into equine influenza
vaccines.

Thus, there is a continuing need to isolate new influenza
virus isolates, e.g., for vaccine production.

SUMMARY OF THE INVENTION

The invention provides isolated H3 equine derived influ-
enza type A virus that was isolated from a foal that suc-
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cumbed to a fatal pneumonia, which virus has characteristic
substitutions at residues 78 and 159 of HA (numbering of
positions is that in the mature protein which lacks a 15
amino acid signal peptide), i.e., the residue at position 78 of
HA is not valine and the residue at position 159 is not
asparagine. In one embodiment, the isolated H3 influenza A
virus of the invention has a conservative substitution at
residue 78. e.g., a valine to an alanine substitution, and a
nonconservative substitution at residue 159. e.g., an aspara-
gine to a serine substitution. In one embodiment, the isolated
H3 influenza A virus of the invention has a residue other than
methionine at position 29, e.g., a nonconservative substitu-
tion, a residue other than lysine at position 54, e.g., a
nonconservative substitution, a residue other than serine at
position 83, e.g., a nonconservative substitution, a residue
other than asparagine at position 92. e.g., a nonconservative
substitution, a residue other than leucine at position 222.
e.g., a nonconservative substitution, a residue other than
alanine at position 272, e.g., a conservative substitution,
and/or a residue other than threonine at position 328, e.g., a
conservative substitution. Conservative amino acid substi-
tutions refer to the interchangeability of residues having
similar side chains. For example, a group of amino acids
having aliphatic side chains is glycine, alanine, valine,
leucine, and isoleucine; a group of amino acids having
aliphatic-hydroxyl side chains is serine and threonine; a
group of amino acids having amide-containing side chains is
asparagine and glutamine; a group of amino acids having
aromatic side chains is phenylalanine, tyrosine and trypto-
phan; a group of amino acids having basic side chains is
lysine, arginine and histidine; and a group of amino acids
having sulfur-containing side chain is cysteine and methio-
nine. In one embodiment, conservative amino acid substi-
tution groups are: threonine-valine-leucine-isoleucine-ala-
nine; phenylalanine-tyrosine; lysine-arginine; alanine-
valine; glutamic-aspartic; and asparagine-glutamine.

In one embodiment, the influenza virus of the invention
includes one or more viral proteins (polypeptides) having
substantially the same amino acid sequence as one of SEQ
ID NOs:1-8, 17 and/or 18, so long as the HA has the
characteristic substitutions at residues 78 and 159. An amino
acid sequence which is substantially the same as a reference
sequence has at least 95%, e.g., 96%, 97%, 98% or 99%,
amino acid sequence identity to that reference sequence, and
may include sequences with deletions, e.g., those that result
in a deleted viral protein having substantially the same
activity or capable of being expressed at substantially the
same level as the corresponding full-length, mature viral
protein, insertions, e.g., those that result in a modified viral
protein having substantially the same activity or capable of
being expressed at substantially the same level as the
corresponding full-length, mature viral protein, and/or sub-
stitutions, e.g., those that result in a viral protein having
substantially the same activity or capable of being expressed
at substantially the same level as the reference protein. In
one embodiment, the one or more residues which are not
identical to those in the reference sequence may be conser-
vative or nonconservative substitutions which one or more
substitutions do not substantially alter the expressed level or
activity of the protein with the substitution(s), and/or the
level of virus obtained from a cell infected with a virus
having that protein. As used herein, “substantially the same
expressed level or activity” includes a detectable protein
level that is about 80%, 90% or more, the protein level, or
a measurable activity that is about 30%, 50%, 90%, e.g., up
to 100% or more, the activity, of a full-length mature
polypeptide corresponding to one of SEQ ID NOs:1-8, 17 or
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18. In one embodiment, the virus comprises a polypeptide
with one or more, for instance, 2, 5, 10, 15, 20 or more,
amino acid substitutions. e.g., conservative substitutions of
up to 5% of the residues of the full-length, mature form of
a polypeptide having SEQ ID NOs: 1-8, 17 or 18. The
isolated virus of the invention may be employed alone or
with one or more other virus isolates, e.g., other influenza
virus isolates, in a vaccine, to raise virus-specific antisera, in
gene therapy, and/or in diagnostics. Accordingly, the inven-
tion provides host cells infected with the virus of the
invention, and isolated antibody specific for the virus.

The invention also provides an isolated nucleic acid
molecule (polynucleotide) comprising a nucleic acid seg-
ment corresponding to at least one of the proteins of the
virus of the invention, a portion of the nucleic acid segment
for a viral protein having substantially the same level or
activity as a corresponding polypeptide encoded by one of
SEQ ID NOs:1-8, 17 or 18, or the complement of the nucleic
acid molecule. In one embodiment, the isolated nucleic acid
molecule encodes a polypeptide which has substantially the
same amino acid sequence, e.g., has at least 95%. e.g., 96%,
97%, 98% or 99%, contiguous amino acid sequence identity
to a polypeptide having one of SEQ ID NOs: 1-8, 17 or 18.
In one embodiment, the isolated nucleic acid molecule
comprises a nucleotide sequence which is substantially the
same as, e.g., has at least 50%, e.g., 60%, 70%, 80% or 90%
or more, contiguous nucleic acid sequence identity to, one of
SEQ ID NOs:9-16, or the complement thereof, and encodes
a polypeptide having at least 95%. e.g., 96%, 97%, 98% or
99%, contiguous amino acid sequence identity to a poly-
peptide having one of SEQ ID NOs:1-8, 17 or 18.

The isolated nucleic acid molecule of the invention may
be employed in a vector to express influenza proteins, e.g.,
for recombinant protein vaccine production or to raise
antisera, as a nucleic acid vaccine, for use in diagnostics or,
for vRNA production, to prepare chimeric genes. e.g., with
other viral genes including other influenza virus genes,
and/or to prepare recombinant virus, e.g., see Neumann et al.
(1999) which is incorporated by reference herein. Thus, the
invention also provides isolated viral polypeptides, recom-
binant virus, and host cells contacted with the nucleic acid
molecule(s) and/or recombinant virus of the invention, as
well as isolated virus-specific antibodies, for instance,
obtained from mammals infected with the virus or immu-
nized with an isolated viral polypeptide or polynucleotide
encoding one or more viral polypeptides.

The invention further provides at least one of the follow-
ing isolated vectors, for instance, one or more isolated
influenza virus vectors, or a composition comprising the one
or more vectors: a vector comprising a promoter operably
linked to an influenza virus PA DNA for a PA having
substantially the same amino acid sequence as SEQ ID NO:5
linked to a transcription termination sequence, a vector
comprising a promoter operably linked to an influenza virus
PB1 DNA for a PB1 having substantially the same amino
acid sequence as SEQ ID NO:3 linked to a transcription
termination sequence, a vector comprising a promoter oper-
ably linked to an influenza virus PB2 DNA for a PB2 having
substantially the same amino acid sequence as SEQ ID NO:4
linked to a transcription termination sequence, a vector
comprising a promoter operably linked to an influenza virus
HA DNA for a HA having substantially the same amino acid
sequence as SEQ ID NO: 1 linked to a transcription termi-
nation sequence, a vector comprising a promoter operably
linked to an influenza virus NP DNA for a NP having
substantially the same amino acid sequence as SEQ ID NO:6
linked to a transcription termination sequence, a vector
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comprising a promoter operably linked to an influenza virus
NA DNA for a NA having substantially the same amino acid
sequence as SEQ ID NO:2 linked to a transcription termi-
nation sequence, a vector comprising a promoter operably
linked to an influenza virus M DNA for a M a having
substantially the same amino acid sequence as SEQ ID NO:7
(M1) and/or SEQ ID NO: 17 (M2), linked to a transcription
termination sequence, and/or a vector comprising a pro-
moter operably linked to an influenza virus NS DNA for a
NS having substantially the same amino acid sequence as
SEQ ID NO:8 (NS1) and/or SEQ ID NO:18 (NS2), linked
to a transcription termination sequence. Optionally, two
vectors may be employed in place of the vector comprising
a promoter operably linked to an influenza virus M DNA
linked to a transcription termination sequence. e.g., a vector
comprising a promoter operably linked to an influenza virus
M1 DNA linked to a transcription termination sequence and
a vector comprising a promoter operably linked to an
influenza virus M2 DNA linked to a transcription termina-
tion sequence. Optionally, two vectors may be employed in
place of the vector comprising a promoter operably linked to
an influenza virus NS DNA linked to a transcription termi-
nation sequence, e.g., a vector comprising a promoter oper-
ably linked to an influenza virus NS1 DNA linked to a
transcription termination sequence and a vector comprising
a promoter operably linked to an influenza virus NS2 DNA
linked to a transcription termination sequence. An influenza
virus vector is one which includes at least 5' and 3' noncod-
ing influenza virus sequences.

Hence, the invention provides vectors. e.g., plasmids,
which encode influenza virus proteins, and/or encode influ-
enza VRNA, both native and recombinant VRNA. Thus, a
vector of the invention may encode an influenza virus
protein (sense) or VRNA (antisense). Any suitable promoter
or transcription termination sequence may be employed to
express a protein or peptide, e.g., a viral protein or peptide,
a protein or peptide of a nonviral pathogen, or a therapeutic
protein or peptide. In one embodiment, to express VRNA,
the promoter is a RNA polymerase 1 promoter, a RNA
polymerase Il promoter, a RNA polymerase III promoter, a
T3 promoter or a T7 promoter. Optionally the vector com-
prises a transcription termination sequence such as a RNA
polymerase | transcription termination sequence, a RNA
polymerase II transcription termination sequence, a RNA
polymerase III transcription termination sequence, or a
ribozyme.

A composition of the invention may also comprise a gene
or open reading frame of interest, e.g., a foreign gene
encoding an immunogenic peptide or protein useful as a
vaccine. Thus, another embodiment of the invention com-
prises a composition of the invention as described above in
which one of the influenza virus genes in the vectors is
replaced with a foreign gene, or the composition further
comprises, in addition to all the influenza virus genes, a
vector comprising a promoter linked to 5' influenza virus
sequences linked to a desired nucleic acid sequence, e.g., a
c¢DNA of interest, linked to 3' influenza virus sequences
linked to a transcription termination sequence, which, when
contacted with a host cell permissive for influenza virus
replication optionally results in recombinant virus. In one
embodiment, the DNA of interest is in an antisense orien-
tation. The DNA of interest, whether in a vector for vVRNA
or protein production, may encode an immunogenic epitope,
such as an epitope useful in a cancer therapy or vaccine, or
a peptide or polypeptide useful in gene therapy.
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A plurality of the vectors of the invention may be physi-
cally linked or each vector may be present on an individual
plasmid or other, e.g., linear, nucleic acid delivery vehicle.

The invention also provides a method to prepare influenza
virus. The method comprises contacting a cell, e.g., an avian
or a mammalian cell, with the isolated virus of the invention
or a plurality of the vectors of the invention, e.g., sequen-
tially or simultaneously, for example, employing a compo-
sition comprising a plurality of the vectors, in an amount
effective to yield infectious influenza virus. The invention
also includes isolating virus from a cell infected with the
virus or contacted with the vectors and/or composition. The
invention further provides a host cell infected with the virus
of'the invention or contacted with the composition or vectors
of the invention. In one embodiment, a host cell is infected
with an attenuated (e.g., cold adapted) donor virus and a
virus of the invention to prepare a cold-adapted reassortant
virus useful as a cold-adapted live virus vaccine.

The invention also provides a method to induce an
immune response in a mammal, e.g., to immunize a mammal
against one more pathogens. e.g., against a virus of the
invention and optionally a bacteria, a different virus, or a
parasite or other antigen. An immunological response to a
composition or vaccine is the development in the host
organism of a cellular and/or antibody-mediated immune
response to a viral polypeptide, e.g., an administered viral
preparation, polypeptide or one encoded by an administered
nucleic acid molecule, which can prevent or inhibit infection
to that virus or a closely (structurally) related virus. Usually,
such a response consists of the subject producing antibodies,
B cell, helper T cells, suppressor T cells, and/or cytotoxic T
cells directed specifically to an antigen or antigens included
in the composition or vaccine of interest. The method
includes administering to the host organism. e.g., a mammal,
an effective amount of the influenza virus of the invention,
e.g., an attenuated, live virus, optionally in combination with
an adjuvant and/or a carrier, e.g., in an amount effective to
prevent or ameliorate infection of an animal such as a
mammal by that virus or an antigenically closely related
virus. In one embodiment, the virus is administered intra-
muscularly while in another embodiment, the virus is
administered intranasally. In some dosing protocols, all
doses may be administered intramuscularly or intranasally,
while in others a combination of intramuscular and intrana-
sal administration is employed. The vaccine may further
contain other isolates of influenza virus including recombi-
nant influenza virus, other pathogen(s), additional biological
agents or microbial components, e.g., to form a multivalent
vaccine. In one embodiment, intranasal vaccination with
inactivated equine influenza virus and a mucosal adjuvant,
e.g., the non-toxic B chain of cholera toxin, may induce
virus-specific IgA and neutralizing antibody in the nasoph-
arynx as well as serum IgG.

The equine influenza vaccine may employed with other
anti-virals. e.g., amantadine, rimantadine, and/or neuramini-
dase inhibitors, e.g., may be administered separately in
conjunction with those anti-virals, for instance, administered
before, during and/or after.

Further provided is a diagnostic method which employs a
virus of the invention, an isolated viral protein encoded
thereby, or antisera specific for the virus or protein, to detect
viral specific antibodies or viral specific proteins.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-1R. Sequences of A/Equine/Wisconsin/1/03.
SEQ ID NOs:1-8, 17 and 18 represent the deduced amino
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acid sequence for HA, NA, PB1, PB2, PA, NP, M1, NS1,
M2, and NS2, respectively, of A/Equine/Wisconsin/1/03.
SEQ ID NOs:9-16 represent the mRNA sense nucleotide
sequence for HA, NA, PB1, PB2, PA, NP, M (M1 and M2)
and NS (NS1 and NS2), respectively, of A/Equine/Wiscon-
sin/1/03.

FIG. 2. Sequence alignment of HA-1 of A/Equine/NewY-
ork/99 (SEQ ID NO: 19) and A/Equine/Wisconsin/1/03
(SEQ ID NO:20).

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

As used herein, the term “isolated” refers to in vitro
preparation and/or isolation of a nucleic acid molecule, e.g.,
vector or plasmid, peptide or polypeptide (protein), or virus
of the invention, so that it is not associated with in vivo
substances, or is substantially purified from in vitro sub-
stances. An isolated virus preparation is generally obtained
by in vitro culture and propagation, and is substantially free
from other infectious agents.

As used herein. “substantially purified” means the object
species is the predominant species, e.g., on a molar basis it
is more abundant than any other individual species in a
composition, and preferably is at least about 80% of the
species present, and optionally 90% or greater, e.g., 95%,
98%, 99% or more, of the species present in the composi-
tion.

As used herein. “substantially free” means below the level
of detection for a particular infectious agent using standard
detection methods for that agent.

A “recombinant” virus is one which has been manipulated
in vitro, e.g., using recombinant DNA techniques, to intro-
duce changes to the viral genome.

As used herein, the term “recombinant nucleic acid” or
“recombinant DNA sequence or segment” refers to a nucleic
acid, e.g., to DNA, that has been derived or isolated from a
source, that may be subsequently chemically altered in vitro,
so that its sequence is not naturally occurring, or corre-
sponds to naturally occurring sequences that are not posi-
tioned as they would be positioned in the native genome. An
example of DNA “derived” from a source, would be a DNA
sequence that is identified as a useful fragment, and which
is then chemically synthesized in essentially pure form. An
example of such DNA “isolated” from a source would be a
useful DNA sequence that is excised or removed from said
source by chemical means. e.g., by the use of restriction
endonucleases, so that it can be further manipulated, e.g.,
amplified, for use in the invention, by the methodology of
genetic engineering.

Influenza Virus Type A Structure and Propagation

Influenza A viruses possess a genome of eight single-
stranded negative-sense viral RNAs (VRNAs) that encode at
least ten proteins. The influenza virus life cycle begins with
binding of the hemagglutinin (HA) to sialic acid-containing
receptors on the surface of the host cell, followed by
receptor-mediated endocytosis. The low pH in late endo-
somes triggers a conformational shift in the HA, thereby
exposing the N-terminus of the HA2 subunit (the so-called
fusion peptide). The fusion peptide initiates the fusion of the
viral and endosomal membrane, and the matrix protein (M1)
and RNP complexes are released into the cytoplasm. RNPs
consist of the nucleoprotein (NP), which encapsidates
VRNA, and the viral polymerase complex, which is formed
by the PA. PB1, and PB2 proteins. RNPs are transported into
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the nucleus, where transcription and replication take place.
The RNA polymerase complex catalyzes three different
reactions: synthesis of an mRNA with a 5' cap and 3' polyA
structure, of a full-length complementary RNA (cRNA), and
of genomic VRNA using the cRNA as a template. Newly
synthesized vRNAs, NP, and polymerase proteins are then
assembled into RNPs, exported from the nucleus, and trans-
ported to the plasma membrane, where budding of progeny
virus particles occurs. The neuraminidase (NA) protein
plays a crucial role late in infection by removing sialic acid
from sialyloligosaccharides, thus releasing newly assembled
virions from the cell surface and preventing the self aggre-
gation of virus particles. Although virus assembly involves
protein-protein and protein-vRNA interactions, the nature of
these interactions is largely unknown.

Any cell, e.g., any avian or mammalian cell, such as a
human, canine, bovine, equine, feline, swine, ovine, mink,
e.g., MvLul cells, or non-human primate cell, including
mutant cells, which supports efficient replication of influ-
enza virus can be employed to isolate and/or propagate
influenza viruses. Isolated viruses can be used to prepare a
reassortant virus, e.g., an attenuated virus. In one embodi-
ment, host cells for vaccine production are those found in
avian eggs. In another embodiment, host cells for vaccine
production are continuous mammalian or avian cell lines or
cell strains. It is preferred to establish a complete charac-
terization of the cells to be used, so that appropriate tests for
purity of the final product can be included. Data that can be
used for the characterization of a cell includes (a) informa-
tion on its origin, derivation, and passage history; (b)
information on its growth and morphological characteristics;
(c) results of tests of adventitious agents; (d) distinguishing
features, such as biochemical, immunological, and cytoge-
netic patterns which allow the cells to be clearly recognized
among other cell lines; and (e) results of tests for tumori-
genicity. Preferably, the passage level, or population dou-
bling, of the host cell used is as low as possible.

It is preferred that the virus produced by the host cell is
highly purified prior to vaccine or gene therapy formulation.
Generally, the purification procedures result in the extensive
removal of cellular DNA, other cellular components, and
adventitious agents. Procedures that extensively degrade or
denature DNA can also be used.

Equine Influenza Virus Detection

Disease causing equine influenza viruses are generally
Type A influenza viruses of the H7N7 (equi-1) and H3N8
(equi-2) subtypes. These generally differ from the subtypes
that cause infection in man (HIN1, H2N2 and H3N2).
Equine influenza is contracted by either inhalation or contact
with secretions (e.g., physiological fluid) containing live
virus. The virus infects the epithelial cells of the upper and
lower airways and can cause deciliation of large areas of the
respiratory tract within 4 to 6 days. As a result, the muco-
ciliary clearance mechanism is compromised and tracheal
clearance rates may be reduced for up to 32 days following
infection. Bronchitis and bronchiolitis develop followed by
interstitial pneumonia accompanied by congestion, edema
and leukocyte infiltration. In general, H3N8 viruses cause
more severe disease than H7N7 viruses; viruses of the H3N8
subtype are more pneumotropic and have also been associ-
ated with myocarditis.

Clinical signs in previously influenza-naive animals are
easily recognizable. Influenza is characterized by its sudden
onset with an incubation period of 1 to 3 days. The first sign
is an elevation of body temperature (up to 41° C.), which is
usually biphasic. This is followed by a deep dry cough that
releases large quantities of virus into the atmosphere often
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accompanied by a serous nasal discharge, which may
become mucopurulent due to secondary bacterial infection.
The other most commonly observed clinical signs are myal-
gia, inappetance, and enlarged submandibular lymph nodes.
Edema of the legs and scrotum is observed very rarely. The
severity of the disease varies with the dose and strain of
virus and the immune status of the horse.

Previously healthy, immunocompetent adult horses usu-
ally recover from uncomplicated influenza within 10 days,
although coughing may persist for longer. If secondary
bacterial infection occurs, it can prolong the recovery
period. However, relatively high mortality rates have been
recorded in foals, animals in poor condition and donkeys. If
maternal antibody is absent at the time of exposure, young
foals may develop a viral pneumonia leading to death.
Deaths among adult animals are usually a consequence of
secondary bacterial infection leading to pleuritis, suppura-
tive pneumonia or rarely, purpura haemorrhagica. Sequelae
of equine influenza can include chronic pharyngitis, chronic
bronchiolitis, myocarditis, and alveolar emphysema, which
can contribute to heaves, and secondary sinus and guttural
pouch infections.

Clinical signs in animals partially immune as a result of
vaccination or previous infection are more difficult to rec-
ognize as there may be little or no coughing or pyrexia.
Whereas spread of infection throughout a group of naive
animals is always rapid, there have been outbreaks in which
the infection circulated subclinically in vaccinated horses for
18 days before inducing recognizable clinical signs.

Outbreaks of infectious respiratory disease may be caused
by various agents, including equine herpes viruses, rhino-
viruses, adenoviruses, and arteritis viruses, Streptococcus
equi, or S. zooepidemicus. A presumptive diagnosis of
influenza based on clinical signs should be confirmed by
virus isolation or detection, or by serological testing. Labo-
ratory confirmation of a clinical diagnosis may be by tradi-
tional isolation of virus from nasopharyngeal swabs or
serology to demonstrate seroconversion, or by rapid diag-
nostic tests which detect the presence of viral antigens, viral
nucleic acid, or virally infected cells in respiratory secre-
tions. Rapid diagnostic tests, despite their convenience and
ease of use, provide little or no information about genetic or
antigenic characteristics of the infecting strain of virus and
do not allow isolation of the virus.

Nasopharyngeal swabs for virus isolation or detection
should be taken as promptly as possible. Results of experi-
mental challenge studies suggest that peak viral titers are
obtained during the initial 24 to 48 hours of fever, on the
second or third day after infection, and the duration of viral
shedding is usually not more than 4 or 5 days. Nasal swab
samples are taken by passing a swab as far as possible into
the horse’s nasopharynx via the ventral meatus to absorb
respiratory secretions. Swabs should be transferred imme-
diately to a container with virus transport medium and
transported on ice to maintain viability of the virus. Virus is
unlikely to survive if dry swabs are taken and there is an
increased chance of contamination if bacterial transport
medium is used. Nasal swab samples may be inoculated into
the allantoic (or amniotic) cavity of 9- to 11-day-old
embryonated hens’ eggs. After incubation at 33-35° C. for 3
days, the allantoic fluid is harvested and tested for haemag-
glutinating activity. Alternatively, cell culture may be used
to isolate viruses. Influenza infection can also be diagnosed
by comparison of the results of serological testing of an
acute serum sample taken as soon as possible after the onset
of clinical signs and a convalescent serum sample taken 2 to
4 weeks later.
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The haemagglutination inhibition (HI) test measures the
capacity of influenza-specific antibody present in serum
samples to inhibit the agglutination of red blood cells by
virus. Sera are heat-inactivated and pre-treated to reduce
non-specific reactions and serially diluted prior to incubation
with a standard dose of virus in a U-bottomed microtiter
plate. A suspension of red blood cells is added and, after a
further incubation period, examined for agglutination. A
four-fold rise in virus-specific antibodies indicates infection.
Whole virus antigen may be used for H7N7 viruses, but
Tween 80-ether disrupted antigen is usually required to
enhance the sensitivity of the assay for H3N8 viruses. In
repeatedly vaccinated horses, infection may fail to stimulate
a 4-fold increase in HI titer.

The single-radial haemolysis (SRH) test, although less
strain-specific, is more reproducible and less error prone
than the HI test and, as it is a linear test, is more sensitive,
enabling detection of smaller increases in antibody induced
by infection in heavily vaccinated horses. The SRH test is
based on the ability of influenza-specific antibodies to lyse
virus-coated red blood cells in the presence of complement.
Test sera are added to wells punched in agarose containing
coated red blood cells and complement and allowed to
diffuse through the agarose for 20 hours. The areas of clear
zones of haemolysis around the wells are proportional to the
level of influenza antibody present in the serum samples.

If horses are vaccinated in the face of infection, it may not
be possible, using the HI and SRH assays, to determine
whether any increase in antibody levels is due to vaccination
or infection.

Influenza Vaccines

A vaccine of the invention includes an isolated influenza
virus of the invention, and optionally one or more other
isolated viruses including other isolated influenza viruses.
West Nile virus, equine herpes virus, equine arteritis virus,
equine infectious anemia lentivirus, rabies virus, Eastern
and/or Western and/or Venezuelan equine encephalitis virus,
one or more immunogenic proteins or glycoproteins of one
or more isolated influenza viruses or one or more other
pathogens, e.g., an immunogenic protein from one or more
bacteria, non-influenza viruses, yeast or fungi, or isolated
nucleic acid encoding one or more viral proteins (e.g., DNA
vaccines) including one or more immunogenic proteins of
the isolated influenza virus of the invention. In one embodi-
ment, the influenza viruses of the invention may be vaccine
vectors for influenza virus or other pathogens.

A complete virion vaccine may be concentrated by ultra-
filtration and then purified by zonal centrifugation or by
chromatography. It is inactivated before or after purification
using formalin or beta-propiolactone, for instance.

A subunit vaccine comprises purified glycoproteins. Such
a vaccine may be prepared as follows: using viral suspen-
sions fragmented by treatment with detergent, the surface
antigens are purified, by ultracentrifugation for example.
The subunit vaccines thus contain mainly HA protein, and
also NA. The detergent used may be cationic detergent for
example, such as hexadecyl trimethyl ammonium bromide
(Bachmeyer, 1975), an anionic detergent such as ammonium
deoxycholate (Laver & Webster, 1976); or a nonionic deter-
gent such as that commercialized under the name TRITON
X100. The hemagglutinin may also be isolated after treat-
ment of the virions with a protease such as bromelin, then
purified by a method such as that described by Grand and
Skehel (1972).

A split vaccine comprises virions which have been sub-
jected to treatment with agents that dissolve lipids. A split
vaccine can be prepared as follows: an aqueous suspension
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of the purified virus obtained as above, inactivated or not, is
treated, under stirring, by lipid solvents such as ethyl ether
or chloroform, associated with detergents. The dissolution of
the viral envelope lipids results in fragmentation of the viral
particles. The aqueous phase is recuperated containing the
split vaccine, constituted mainly of hemagglutinin and
neuraminidase with their original lipid environment
removed, and the core or its degradation products. Then the
residual infectious particles are inactivated if this has not
already been done.

Inactivated Vaccines.

Inactivated influenza virus vaccines are provided by inac-
tivating replicated virus using known methods, such as, but
not limited to, formalin or B-propiolactone treatment. Inac-
tivated vaccine types that can be used in the invention can
include whole-virus (WV) vaccines or subvirion (SV) (split)
vaccines. The WV vaccine contains intact, inactivated virus,
while the SV vaccine contains purified virus disrupted with
detergents that solubilize the lipid-containing viral envelope,
followed by chemical inactivation of residual virus.

In addition, vaccines that can be used include those
containing the isolated HA and NA surface proteins, which
are referred to as surface antigen or subunit vaccines.

Live Attenuated Virus Vaccines.

Live, attenuated influenza virus vaccines can be used for
preventing or treating influenza virus infection. Attenuation
may be achieved in a single step by transfer of attenuated
genes from an attenuated donor virus to a replicated isolate
or reassorted virus according to known methods (see, e.g.,
Murphy, 1993). Since resistance to influenza A virus is
mediated primarily by the development of an immune
response to the HA and/or NA glycoproteins, the genes
coding for these surface antigens must come from the
reassorted viruses or clinical isolates. The attenuated genes
are derived from the attenuated parent. In this approach,
genes that confer attenuation preferably do not code for the
HA and NA glycoproteins.

Viruses (donor influenza viruses) are available that are
capable of reproducibly attenuating influenza viruses, e.g., a
cold adapted (ca) donor virus can be used for attenuated
vaccine production. Live, attenuated reassortant virus vac-
cines can be generated by mating the ca donor virus with a
virulent replicated virus. Reassortant progeny are then
selected at 25° C., (restrictive for replication of virulent
virus), in the presence of an appropriate antiserum, which
inhibits replication of the viruses bearing the surface anti-
gens of the attenuated ca donor virus. Useful reassortants
are: (a) infectious, (b) attenuated for seronegative non-adult
mammals and immunologically primed adult mammals, (c)
immunogenic and (d) genetically stable. The immunogenic-
ity of the ca reassortants parallels their level of replication.
Thus, the acquisition of the six transferable genes of the ca
donor virus by new wild-type viruses has reproducibly
attenuated these viruses for use in vaccinating susceptible
mammals both adults and non-adult.

Other attenuating mutations can be introduced into influ-
enza virus genes by site-directed mutagenesis to rescue
infectious viruses bearing these mutant genes. Attenuating
mutations can be introduced into non-coding regions of the
genome, as well as into coding regions. Such attenuating
mutations can also be introduced into genes other than the
HA or NA, e.g., the PB2 polymerase gene (Subbarao et al.,
1993). Thus, new donor viruses can also be generated
bearing attenuating mutations introduced by site-directed
mutagenesis, and such new donor viruses can be used in the
production of live attenuated reassortants vaccine candidates
in a manner analogous to that described above for the ca
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donor virus. Similarly, other known and suitable attenuated
donor strains can be reassorted with influenza virus to obtain
attenuated vaccines suitable for use in the vaccination of
mammals (Enami et al., 1990; Muster et al., 1991; Subbarao
et al., 1993).

It is preferred that such attenuated viruses maintain the
genes from the virus that encode antigenic determinants
substantially similar to those of the original clinical isolates.
This is because the purpose of the attenuated vaccine is to
provide substantially the same antigenicity as the original
clinical isolate of the virus, while at the same time lacking
pathogenicity to the degree that the vaccine causes minimal
chance of inducing a serious disease condition in the vac-
cinated mammal.

The virus can thus be attenuated or inactivated, formu-
lated and administered, according to known methods, as a
vaccine to induce an immune response in an animal, e.g., a
mammal. Methods are well-known in the art for determining
whether such attenuated or inactivated vaccines have main-
tained similar antigenicity to that of the clinical isolate or
high growth strain derived therefrom. Such known methods
include the use of antisera or antibodies to eliminate viruses
expressing antigenic determinants of the donor virus; chemi-
cal selection (e.g., amantadine or rimantidine); HA and NA
activity and inhibition; and nucleic acid screening (such as
probe hybridization or PCR) to confirm that donor genes
encoding the antigenic determinants (e.g., HA or NA genes)
are not present in the attenuated viruses. See, e.g., Robertson
et al., 1988; Kilbourne, 1969; Aymard-Henry et al., 1985;
Robertson et al., 1992.

Pharmaceutical Compositions

Pharmaceutical compositions of the present invention,
suitable for inoculation, e.g., nasal, parenteral or oral admin-
istration, comprise one or more influenza virus isolates, e.g.,
one or more attenuated or inactivated influenza viruses, a
subunit thereof, isolated protein(s) thereof, and/or isolated
nucleic acid encoding one or more proteins thereof, option-
ally further comprising sterile aqueous or non-aqueous solu-
tions, suspensions, and emulsions. The compositions can
further comprise auxiliary agents or excipients, as known in
the art. See, e.g., Berkow et al., 1987, Avery’s Drug Treat-
ment, 1987; Osol, 1980. The composition of the invention is
generally presented in the form of individual doses (unit
doses).

Conventional vaccines generally contain about 0.1 to 200
ng, e.g., 30 to 100 pg, of HA from each of the strains
entering into their composition. The vaccine forming the
main constituent of the vaccine composition of the invention
may comprise a single influenza virus, or a combination of
influenza viruses, for example, at least two or three influenza
viruses, including one or more reassortant(s).

Preparations for parenteral administration include sterile
aqueous or non-aqueous solutions, suspensions, and/or
emulsions, which may contain auxiliary agents or excipients
known in the art. Examples of non-aqueous solvents are
propylene glycol, polyethylene glycol vegetable oils such as
olive oil, and injectable organic esters such as ethyl oleate.
Carriers or occlusive dressings can be used to increase skin
permeability and enhance antigen absorption. Liquid dosage
forms for oral administration may generally comprise a
liposome solution containing the liquid dosage form. Suit-
able forms for suspending liposomes include emulsions,
suspensions, solutions, syrups, and elixirs containing inert
diluents commonly used in the art, such as purified water.
Besides the inert diluents, such compositions can also
include adjuvants, wetting agents, emulsifying and suspend-
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ing agents, or sweetening, flavoring, or perfuming agents.
See, e.g., Berkow et al., 1992; Avery’s, 1987; and Osol,
1980.

When a composition of the present invention is used for
administration to an individual it can further comprise salts,
buffers, adjuvants, or other substances which are desirable
for improving the efficacy of the composition. For vaccines,
adjuvants, substances which can augment a specific immune
response, can be used. Normally, the adjuvant and the
composition are mixed prior to presentation to the immune
system, or presented separately, but into the same site of the
organism being immunized. Examples of materials suitable
for use in vaccine compositions are provided in Osol (1980).

Heterogeneity in a vaccine may be provided by mixing
replicated influenza viruses for at least two influenza virus
strains, such as 2-20 strains or any range or value therein.
Influenza A virus strains having a modern antigenic com-
position are preferred. Vaccines can be provided for varia-
tions in a single strain of an influenza virus, using techniques
known in the art.

A pharmaceutical composition according to the present
invention may further or additionally comprise at least one
chemotherapeutic compound, for example, for gene therapy,
immunosuppressants, anti-inflammatory agents or immune
enhancers, and for vaccines, chemotherapeutics including,
but not limited to, gamma globulin, amantadine, guanidine,
hydroxybenzimidazole, interferon-a, interferon-f, inter-
feron-y, tumor necrosis factor-alpha, thiosemicarbarzones,
methisazone, rifampin, ribavirin, a pyrimidine analog, a
purine analog, foscarnet, phosphonoacetic acid, acyclovir,
dideoxynucleosides, a protease inhibitor, or ganciclovir.

The composition can also contain variable but small
quantities of endotoxin-free formaldehyde, and preserva-
tives, which have been found safe and not contributing to
undesirable effects in the organism to which the composition
is administered.

Pharmaceutical Purposes

The administration of the composition (or the antisera that
it elicits) may be for either a “prophylactic” or “therapeutic”
purpose. When provided prophylactically, the compositions
of the invention which are vaccines are provided before any
symptom or clinical sign of a pathogen infection becomes
manifest. The prophylactic administration of the composi-
tion serves to prevent or attenuate any subsequent infection.
When provided prophylactically, the gene therapy compo-
sitions of the invention, are provided before any symptom or
clinical sign of a disease becomes manifest. The prophylac-
tic administration of the composition serves to prevent or
attenuate one or more symptoms or clinical signs associated
with the disease.

When provided therapeutically, an attenuated or inacti-
vated viral vaccine is provided upon the detection of a
symptom or clinical sign of actual infection. The therapeutic
administration of the compound(s) serves to attenuate any
actual infection. See. e.g., Berkow et al., 1992; and Avery,
1987. When provided therapeutically, a gene therapy com-
position is provided upon the detection of a symptom or
clinical sign of the disease. The therapeutic administration of
the compound(s) serves to attenuate a symptom or clinical
sign of that disease.

Thus, an attenuated or inactivated vaccine composition of
the present invention may be provided either before the
onset of infection (so as to prevent or attenuate an antici-
pated infection) or after the initiation of an actual infection.
Similarly, for gene therapy, the composition may be pro-
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vided before any symptom or clinical sign of a disorder or
disease is manifested or after one or more symptoms are
detected.

A composition is said to be “pharmacologically accept-
able” if its administration can be tolerated by a recipient
mammal. Such an agent is said to be administered in a
“therapeutically effective amount” if the amount adminis-
tered is physiologically significant. A composition of the
present invention is physiologically significant if its pres-
ence results in a detectable change in the physiology of a
recipient patient, e.g., enhances at least one primary or
secondary humoral or cellular immune response against at
least one strain of an infectious influenza virus.

The “protection” provided need not be absolute, i.e., the
influenza infection need not be totally prevented or eradi-
cated, if there is a statistically significant improvement
compared with a control population or set of mammals.
Protection may be limited to mitigating the severity or
rapidity of onset of symptoms or clinical signs of the
influenza virus infection.

Pharmaceutical Administration

A composition of the present invention may confer resis-
tance to one or more pathogens, e.g., one or more influenza
virus strains, by either passive immunization or active
immunization. In active immunization, an inactivated or
attenuated live vaccine composition is administered prophy-
lactically to a host (e.g., a mammal), and the host’s immune
response to the administration protects against infection
and/or disease. For passive immunization, the elicited anti-
sera can be recovered and administered to a recipient sus-
pected of having an infection caused by at least one influ-
enza virus strain. A gene therapy composition of the present
invention may yield prophylactic or therapeutic levels of the
desired gene product by active immunization.

In one embodiment, the vaccine is provided to a mam-
malian female (at or prior to pregnancy or parturition), under
conditions of time and amount sufficient to cause the pro-
duction of an immune response which serves to protect both
the female and the fetus or newborn (via passive incorpo-
ration of the antibodies across the placenta or in the mother’s
milk).

The present invention thus includes methods for prevent-
ing or attenuating a disorder or disease, e.g., an infection by
at least one strain of pathogen. As used herein, a vaccine is
said to prevent or attenuate a disease if its administration
results either in the total or partial attenuation (i.e., suppres-
sion) of a clinical sign or condition of the disease, or in the
total or partial immunity of the individual to the disease. As
used herein, a gene therapy composition is said to prevent or
attenuate a disease if its administration results either in the
total or partial attenuation (i.e., suppression) of a clinical
sign or condition of the disease, or in the total or partial
immunity of the individual to the disease.

At least one influenza virus isolate of the present inven-
tion, including one which is inactivated or attenuated, one or
more isolated viral proteins thereof, one or more isolated
nucleic acid molecules encoding one or more viral proteins
thereof, or a combination thereof, may be administered by
any means that achieve the intended purposes.

For example, administration of such a composition may
be by various parenteral routes such as subcutaneous, intra-
venous, intradermal, intramuscular, intraperitoneal, intrana-
sal, oral or transdermal routes. Parenteral administration can
be accomplished by bolus injection or by gradual perfusion
over time.

A typical regimen for preventing, suppressing, or treating
an influenza virus related pathology, comprises administra-
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tion of an effective amount of a vaccine composition as
described herein, administered as a single treatment, or
repeated as enhancing or booster dosages, over a period up
to and including between one week and about 24 months, or
any range or value therein.

According to the present invention, an “effective amount”
of'a composition is one that is sufficient to achieve a desired
effect. It is understood that the effective dosage may be
dependent upon the species, age, sex, health, and weight of
the recipient, kind of concurrent treatment, if any, frequency
of treatment, and the nature of the effect wanted. The ranges
of effective doses provided below are not intended to limit
the invention and represent dose ranges.

The dosage of a live, attenuated or killed virus vaccine for
an animal such as a mammalian adult organism can be from
about 10-10"°. e.g., 10°-10'2, plaque forming units (PFU)/
kg, or any range or value therein. The dose of inactivated
vaccine can range from about 0.1 to 1000, e.g., 30 to 100 g,
of HA protein. However, the dosage should be a safe and
effective amount as determined by conventional methods,
using existing vaccines as a starting point.

The dosage of immunoreactive HA in each dose of
replicated virus vaccine can be standardized to contain a
suitable amount, e.g., 30 to 100 pg or any range or value
therein, or the amount recommended by government agen-
cies or recognized professional organizations. The quantity
of NA can also be standardized, however, this glycoprotein
may be labile during purification and storage.
Compositions and Dosing for Equine Influenza Vaccines

Equine influenza vaccines generally include representa-
tive strains of H7N7 and H3N8 subtypes either as inacti-
vated whole virus or their subunits. They provide protection
against influenza by inducing antibody to the surface gly-
coproteins, in particular to HA, which is essential for viral
attachment and entry into cells, and/or potentially important
cell-mediated immune responses to other viral proteins.
Vaccination is helpful in preventing influenza but the pro-
tection is short-lived (3-4 months using conventional inac-
tivated virus vaccines), so the frequency of vaccination
varies according to how often the horse will likely come in
contact with the virus (see Table 1). The usual procedure for
the primary course is vaccination with a single dose fol-
lowed 3 to 6 weeks later with a second dose. Vaccine
manufacturers recommend that booster vaccinations be
given at 6- to 12-month intervals thereafter. Alternatively, a
horse is administered one 1 to 2 ml dose, e.g., via intramus-
cular (IM) injection, a second 1 to 2 ml dose 3 to 4 weeks
later at a different injection site, e.g., via IM injection, and
optionally a third 1 to 2 ml dose, e.g., IM or intranasal (IN)
administration. Each 1 to 2 ml dose of vaccine may contain
approximately 1-500 billion virus particles, and preferably
100 billion particles. Horses in contact with a large number
of horses, for example, at a boarding stable, training centers,
racetracks, shows, and other such events, are often vacci-
nated every 2-3 months. A three-dose primary series has
been shown to induce a higher and more persistent immunity
than the recommended two-dose series regardless of the age.

Using conventional vaccines, it is advisable to vaccinate
young horses, particularly racehorses and other competition
horses, at 4 to 6 month intervals for several years after their
primary course of vaccinations. It has been demonstrated
that inclusion of an additional booster vaccination between
the second and third vaccination recommended by the
vaccine manufacturers is of benefit to young horses. An
annual booster will usually suffice for older horses such as
show jumpers and brood mares that have been vaccinated
regularly since they were foals. Vaccination in the face of an
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ongoing outbreak is sometimes practiced, but is not likely to
be effective without an interval of at least 7 to 10 days before
the freshly vaccinated horses are exposed to infection.
Equine influenza outbreaks are not seasonal as in man but
are frequently associated with sales or race meets where
horses from different regions congregate and mix. It may
therefore be advantageous to time additional booster vacci-
nations to be given prior to such events.

Brood mares should be vaccinated in the later stages of
pregnancy, but not later than 2 weeks prior to foaling, to
ensure a good supply of colostral antibodies for the foal.
Foal vaccinations should begin at 3-6 months of age, with a
booster at 4-7 months, again at 5-8 months, and repeated
every three months if the foal is at high risk of exposure.

16

Example

An approximately 36-hour-old Morgan/Friesian colt was
referred to the large animal hospital at the University of
Wisconsin for an evaluation of altered mentation (mental
status), first noticed shortly after birth. Parturition had been
unobserved, but the foal had been found separated from the
mare by a fence at a few hours of age. The foal was
ambulatory and able to nurse when first discovered but
showed progressive disorientation, apparent blindness, and
aimless wandering during the following 36-hour period. A
SNAP immunoglobulin G (IgG) assay (Idexx Laboratories,
Westbrook, Me.) at 24 hours of age had shown an IgG
concentration>800 mg/dl., and a CBC performed at that

TABLE 1
Foals & Foal &
Weanlings Weanlings
from from non-
Vaccinated Vaccinated Performance Pleasure  Brood-
Mares Mares Yearlings Horse Horses mares
Influenza  1st Dose: 1st Dose: Every 3-4 Every 3-5 Annual At least
inactivated 9 months 6 months months months with semi-
injectable  2nd Dose: 2nd Dose: Boosters  annual,
10 months 7 months prior to with 1
3rd Dose: 3rd Dose: likely Booster
11-12 months & months exposure  4-6
Then at 3 Then at 3 weeks
month intervals month prepartum
intervals
Influenza  1st Dose: 1st Dose: Every 4-6 Every 4-6 Every Annual
intranasal 12 months; has 12 months;  months months 4-6 before
cold- been safely has been months breeding
adapted administered to safely
live virus ~ foals less than  administered

11 months to foals less
than 11

months

Influenza vaccines may be combined with tetanus or
herpesvirus antigens as well as other pathogens, e.g., equine
pathogens. The immune response elicited by tetanus toxoid
is much more durable than that induced by influenza antigen.
In an intensive influenza vaccination program, vaccines
containing influenza only are thus preferred.

Levels of antibody (measured by the SRH assay) required
for protection of horses have been identified through vac-
cination and challenge studies and from field data. Because
the vaccine-induced antibody response to HA in horses is
remarkably short-lived, adjuvants such as aluminum
hydroxide or carbomer are normally included to enhance the
amplitude and duration of the immune response to whole
virus vaccines. Subunit equine influenza vaccines containing
immune stimulating complexes (ISCOMs) are also immu-
nogenic.

Historically, antigenic content in inactivated vaccines has
been expressed in terms of chick cell agglutinating (CCA)
units of HA and potency in terms of HI antibody responses
induced in guinea pigs and horses, neither of which yields
reproducible results. The single radial diffusion (SRD) assay
is an improved in vitro potency test that measures the
concentration of immunologically active HA (expressed in
terms of micrograms of HA) and can be used for in-process
testing before the addition of adjuvant.

The invention will be further described by the following
non-limiting example.
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time was normal. The foal was treated twice with dimethyl
sulfoxide 1 g/kg IV, diluted in 5% dextrose before referral.

At presentation, the colt wandered aimlessly, bumped into
objects, and appeared blind with sluggish but intact pupil-
lary light responses. When positioned under the mare, the
foal nursed successfully. Physical examination was unre-
markable. A CBC and serum biochemistry were normal,
including a serum IgG concentration of 937 mg/dl. mea-
sured by radioimmunodiffusion.

Initial treatment for presumptive hypoxemic, ischemic
encephalopathy included a 250 ml. loading dose of 20%
magnesium sulfate for 1 hour, followed by a constant rate
infusion at 42 ml./h and thiamine hydrochloride 2.2 mg/kg
IV 24 h. Antimicrobial therapy consisted of amikacin 20
mg/kg IV q24 h and procaine penicillin G 22,000 U/kg IM
q12 h. Omeprazole 1 mg/kg PO q24 h also was administered
to the foal to help prevent the development of gastric ulcers.

The foal’s mental status remained static during the next
24 hours, and additional treatment with mannitol 1 g/kg IV
q24 h and dexamethasone sodium phosphate 0.1 mg/kg IV
q24 h on days 2 and 3 of hospitalization was not associated
with improvement. On day 3, the foal underwent general
anesthesia for a computerized tomographic scan of the skull
and proximal spine, which was normal. A cerebrospinal fluid
sample was obtained from the lumbosacral space and was
normal on cytologic evaluation and had a normal protein
concentration.

On day 4 of hospitalization, the foal developed a right-
sided head tilt but otherwise remained static through day 5
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of hospitalization. Magnesium sulfate therapy was discon-
tinued on day 5, but the remainder of the therapeutic
regimen was unchanged. On day 6, the foal had 2 brief,
generalized seizures that were controlled with midazolam
0.05 mg/kg IV. Between seizures, the foal was still bright,
afebrile, and nursing.

On day 7 of hospitalization, the foal became febrile (40°
C.) and developed a mucopurulent nasal discharge and
progressive tachypnea with diffuse adventitious crackles and
wheezes on auscultation. Fever, mucopurulent nasal dis-
charge, and coughing had been noted in several other mares
and foals in the neonatal care unit during the previous 7
days. Antimicrobial therapy was changed to ticarcillin/
clavulanic acid 50 mg/kg IV g8 h had gentamicin 6.6 mg/kg
IV q24 h, and the foal was treated with polyionic fluids,
although it was still nursing. During days 8-10, the foal’s
neurologic status continued to improve, with a resolution of
the head tilt and a return to normal mentation, but the
tachypnea, dyspnea, and adventitious lung sounds worsened.
Thoracic radiography at this time showed a severe, diffuse
bronchointerstitial pattern. Aminophylline 0.5 mg/kg IV q12
h by slow infusion and nasal insufflation of oxygen were
instituted on days 9 and 10 of hospitalization. Serial arterial
blood gas analysis identified severe hypoxemia (PaO,, 52
mm Hg), hypercapnia (PaCO,. 68.4 mm Hg), and reduced
oxygen saturation (76%) by the end of day 10. Conse-
quently, the foal was placed on a mechanical ventilator.
Ventilatory support and total parenteral nutrition were con-
tinued for 48 hours, during which time arterial blood gas
values normalized on 100% oxygen. Antimicrobial therapy
was continued as before. When challenged on day 13 by the
removal of ventilatory support, the foal developed severe
dyspnea and cyanosis and was euthanized at the owner’s
request. An aerobic culture of a transtracheal aspirate
obtained on day 13 grew Klebsiella pneumoniae and
Escherichia coli resistant to ticarcillin/clavulanic acid and
gentamicin.

A complete gross and histopathologic postmortem exami-
nation was performed, as well as a real-time quantitative
polymerase chain reaction (PCR) evaluation for the presence
of equine herpes virus (EHV)-1 and EHV-4 in samples of
nasal secretions; serologic tests to determine if there was
exposure to equine viral arteritis virus; and a Directigen Flu
A assay (Bectin Dickinson and Co., Franklin. N.J.) and virus
isolation from samples of nasal secretions to test for the
presence of influenza virus. Samples of nasal secretions
were collected with Dacron swabs that were subsequently
placed in 2 mL of viral transport media containing phos-
phate-buffered saline, 0.5% bovine serum albumin, and
penicillin G, streptomycin, nystatin, and gentamicin. The
nasal swab samples were collected on day 8 of hospitaliza-
tion. Follow-up evaluations for the influenza virus included
immunohistochemistry on snap-frozen and formalin-fixed
lung, abdominal viscera, and central nervous system tissues
for the presence of influenza nucleoprotein (NP) expression,
virus isolation from frozen lung tissue, and viral sequence
analyses. Gross post-mortem examination identified severe
diffuse interstitial pneumonia and subdural hemorrhage on
the caudal ventral surface of the brain around the pituitary
gland but no evidence of sepsis or pathology in other organs.
Histopathologic examination of the lung identified necro-
tizing bronchitis and brochiolitis, diffuse squamous meta-
plasia, and multifocal interstitial pneumonia. A mild mono-
nuclear infiltrate lined the lower airways and, occasionally,
areas of alveolar collapse associated with congestion and
exudate. Evaluation of the brain tissue revealed a mild
dilatation of the ventricular system with diffuse white matter
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vacuolation, particularly in the cerebellum. Cresyl violet
staining for the presence of myelin was performed on
multiple sections and showed diminished but present myelin
throughout the brain and spinal cord when compared to
tissues from an age-matched control stained in parallel.
Additional histopathologic abnormalities in the central ner-
vous system included an apparent absence of the molecular
layer within the cerebellum. Serologic tests for equine viral
arteritis and a real-time PCR assay for EHV-1 and EHV-4
DNA were negative.

The presence of influenza virus in nasal secretions ini-
tially was confirmed by a positive Directigen assay. Previous
studies have documented the sensitivity and specificity of
this assay when applied to equine nasal secretion samples
(Morely et al., 1995 and Chambers et al., 1994). Samples of
the nasal swab transport media also were inoculated into the
allantoic cavity of embryonated chicken eggs and onto
Madin-Darby canine kidney (MDCK) cells growing in
24-well cell culture plates. Cytopathologic effects consistent
with influenza virus growth were observed in the inoculated
MDCK cells, and an agent that caused the hemagglutination
of chicken red blood cells was isolated from the inoculated
eggs (Palmar et al., 1975). The presence of influenza virus
in the MDCK cell cultures was confirmed by the immuno-
cytochemical staining (Landolt et al., 2003) of the inocu-
lated cells with an anti-NP monoclonal antibody (Mab)
68D2 (kindly provided by Dr. Yoshihiro Kawaoka. Univer-
sity of Wisconsin-Madison School of Veterinary Medicine)
with positive (swine influenza virus inoculated) and negative
(mock inoculated) control cells included on the same plate.
The identity of the virus as an H3-subtype equine influenza
virus was confirmed by reverse transcription-PCR amplifi-
cation of the hemagglutinin (HA) gene from the isolate, with
primers described in Olsen et al. (1997), followed by cycle
sequencing of the full-length protein coding region of the
HA gene and pairwise comparisons to viral sequences
available in GenBank (DNASTAR software, version 4.0 for
Win32. Bestfit, Madison, Wis.). The virus was shown to be
derived from the North American lineage of H3 equine
influenza viruses by a phylogenetic analysis that used a
maximum parsimony bootstrap analysis (PAUP software,
version 4.0b6; David Swofford, Smithsonian Institution,
Washington, D.C.) of the HA sequence compared to refer-
ence virus strains with a fast-heuristic search of 1,000
bootstrap replicates. Similar analyses of portions of the
nucleotide sequences of the nonstructural protein gene (544
nucleotides sequenced) and the NP gene (885 nucleotides
sequenced) further confirmed the identity of the virus as a
North American-lineage equine influenza virus. This virus is
now defined as A/Equine/Wisconsin/11/03. FIG. 1 provides
sequences for the coding region of each gene of that virus.

The presence of influenza virus also was assessed in the
lungs and other tissues of the foal. Specifically, immuno-
histochemistry with Mab 68D2 showed scattered, widely
dispersed areas of influenza virus NP expression (predomi-
nantly localized around airways) in the frozen as well as the
formalin-fixed lung tissue samples. NP expression was not
shown in the other viscera or in the central nervous system.
In addition, influenza virus was isolated in MDCK cells (and
confirmed by immunocytochemistry and HA gene sequenc-
ing) from a sample of the frozen lung tissue.

Acute respiratory distress syndrome (ARDS) in neonatal
foals has been documented as a consequence of bacterial
sepsis (Wilkins, 2003; Hoffman et al., 1993), perinatal
EHV-1 (Frymus et al., 1986; Gilkerson et al., 1999) and
EHV-4 (Gilkerson et al., 1999), and equine viral arteritis
infection (Del Piero et al., 1997). Less severe lower airway
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disease occasionally is documented with adenovirus and
EHV-2 infections, particularly in the immunocompromised
patient (Webb et al., 1981; Murray et al., 1996). Bronchoint-
erstitial pneumonia and ARDS are high-mortality respira-
tory diseases of older foals with several potential causes,
including bacterial and viral infections (Lakritz et al., 1993).
Whether it occurs in neonates experiencing septic shock or
in older foals with diffuse bronchointerstitial pneumonia,
ARDS is characterized by acute-onset, rapidly progressive,
severe tachypnea. The increased respiratory effort, worsen-
ing cyanosis, hypoxemia, and hypercapnia that accompany
ARDS frequently are poorly responsive to aggressive
therapy (Wilkins, 2003; Lakritz et al., 1993). It is a category
of respiratory disease with several potential etiologies and a
mortality rate that frequently exceeds 30% despite intensive
treatment with antimicrobials, oxygen, anti-inflammatory
agents, brochodilators, and thermoregulatory control.
Equine influenza is a well-documented cause of upper
respiratory disease in horses worldwide (Wilkins, 2003; Van
Maanen et al., 2002; Wilson, 1993), but very little informa-
tion exists in the literature about the manifestations of this
disease in neonates. A single report describes bronchointer-
stitial pneumonia in a 7-day-old foal from which equine
influenza A was isolated (Britton et al., 2002); this foal
resembles the foal described herein.

The foal detailed in this study was one of several hospi-
talized horses that developed fever, mucopurulent nasal
discharge, and coughing during a 2- or 3-week period.
Clinical signs in the other affected horses, including high-
risk neonates, generally were confined to the upper respira-
tory tract, except for mild systemic signs of fever and
inappetance. The reason for the severity of the pulmonary
failure in this foal is unclear. Treatment did include the
potentially immunosuppressive drug dexamethasone and
general anesthesia for a diagnostic procedure, both of which
may have predisposed the foal to the development of pneu-
monia. The impact of the foal’s neurologic disease on the
development and progression of respiratory disease also is
unclear. The histologic findings of diffuse vacuolization,
decreased myelin throughout the central nervous system,
and absent molecular layer within the cerebellum do not fit
any specific clinical or histopathologic diagnosis. The foal
could have had impaired central control of respiration,
because the areas of the brain involved in the control of
respiration (the pons and medulla oblongata) showed diffuse
vacuolization and diminished myelin staining. Any subse-
quent impairment of ventilation would likely have been a
terminal event given the normalcy of ventilatory function
until several days after hospitalization. However, the abnor-
mal mentation from birth, the vacuolization, the decreased
myelinization in the central nervous system, and the cer-
ebellar abnormalities are suggestive of a concurrent, con-
genital neurologic abnormality, which may have compro-
mised the foal’s ability to respond to worsening respiratory
function. The focal hemorrhage observed on the caudal
ventral aspect of the brain was mild and was possibly a
consequence of trauma during one of the seizures the foal
experienced.

The mare had been vaccinated semiannually against influ-
enza for the past 2 years with a killed product and was given
a booster vaccination in late pregnancy. Considering the
evidence of adequate passive transfer in this foal, these
antibodies apparently did not confer adequate protection for
the foal. Furthermore, phylogenetic analysis of the isolate
obtained from the foal characterized it as an H3N8 subtype,
and the commercial product used to vaccinate the mare in
late pregnancy contained an influenza virus strain of the
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same subtype, suggesting that passive transfer cannot be
guaranteed to protect against natural infection under certain
circumstances. This lack of vaccine efficacy is consistent
with a recent study by Mumford et al. (2003) that describes
the failure of commercially available H7N7 and H3N8
equine influenza virus vaccines to protect adults against
clinical respiratory disease that results from a natural infec-
tion with certain H3N8 virus strains. The transtracheal
recovery of 2 bacterial species that were resistant to the
antimicrobial regimen in place at the time of death con-
founds the conclusion that influenza was the sole cause of
death. However, postmortem examination identified no
gross or histopathologic evidence of sepsis, and synergism
occurs between the influenza virus and some bacterial
pathogens, combining to cause pneumonia with increased
mortality (McCullers et al., 2003; Simonsen, 1999). Fur-
thermore, the isolation of the infectious virus and the immu-
nohistochemical demonstration of viral antigen from the
lung tissue obtained postmortem, 6 days after the virus
initially was recovered by a nasopharyngeal swab, provide
strong evidence of a pathologic contribution from influenza
virus in this foal’s respiratory failure.

To compare the growth characteristics of avian, equine,
human, and porcine lineage viruses in primary canine respi-
ratory epithelial cells and to investigate the species influence
on their growth characteristics, cultured cells were infected
at an MOI of 3 with viruses including A/Equine/Wisconsin/
1/03 and incubated for up to 10 hours. The other viruses
included six human and swine influenza A virus isolates
(A/Phillipines/08/98, A/Panama/2002/99, A/Costa Rica/07/
99; A/Swine/NorthCarolina/44173/00, A/Swine/Minnesota/
593/99, A/Swine/Ontario/00130/97, and two equine influ-
enza viruses (A/Equine/Kentucky/81 and A/Equine/
Kentucky/91). At the end of the experiment, the cells were
formalin fixed for immunocytochemistry and flow cytom-
etry analyses.

The six human and swine influenza virus isolates men-
tioned above readily infected substantially all (80-90%) of
the canine respiratory epithelial cells and grew to high titers
(10°-3-107 TCID,,/ml) in those cells. A/Equine/Kentucky/81
and A/Equine/Kentucky/91 were highly restricted in their
infectivity (<10% of the cells infected) with little (10*7
TCIDsy/ml for A/Equine/Kentucky/81) or no (for A/Equine/
Kentucky/91) detectable viral growth. In contrast, A/Equine/
Wisconsin/1/03 infected a larger percentage (about 30%) of
the primary canine respiratory epithelial cells and grew to
substantially higher titers (about 10*® TCID,./ml) in those
cells. The results demonstrated that all influenza A viruses
tested were able to infect canine primary respiratory epithe-
lial cells. However, the infectivity and replication charac-
teristics of the viruses were strongly lineage-dependent.

Dubovi et al. (2004) noted recurrent outbreaks of severe
respiratory disease characterized by coughing and fever in
greyhound dogs at racing kennels in Florida. Most affected
dogs recovered, but some succumbed to a fatal hemorrhagic
pneumonia. Lung tissues from 5 of the dogs that died from
the hemorrhagic pneumonia syndrome were subjected to
virus isolation studies in African green monkey kidney
epithelial cells (Vero), Madin-Darby canine kidney epithe-
lial cells (MDCK), primary canine kidney epithelial cells,
primary canine lung epithelial cells, primary bovine testicu-
lar epithelial cells, canine tumor fibroblasts (A-72), and
human colorectal adenocarcinoma epithelial cells (HRT-18)
(Dubovi et al., 2004). Cytopathology in the MDCK cells was
noted on the first passage of lung homogenate from one of
the dogs, and the loss of cytopathology upon subsequent
passage to cells cultured without trypsin coupled with the
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presence of hemagglutinating activity in culture superna-
tants suggested the presence of an influenza virus (Dubovi et
al., 2004). The virus was initially identified as influenza
virus by PCR using primers specific for the matrix gene. The
canine influenza virus has been designated as the A/Canine/
Florida/43/04 strain. Based on virus isolation from the lungs,
the presence of viral antigens in lung tissues by immuno-
histochemistry, and seroconversion data, Dubovi et al.
(2004) concluded that the isolated influenza virus was most
likely the etiological agent responsible for the fatal hemor-
rhagic pneumonia in racing greyhounds during the Jackson-
ville 2004 outbreak, and that this was the first report of an
equine influenza virus associated with respiratory disease in
dogs (Dubovi et al., 2004). The HA protein of the canine
isolate differs from the A/Equine/Wisconsin/l/03 strain by
only 6 amino acids.
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porated herein by reference. While in the foregoing speci-
fication this invention has been described in relation to
certain preferred embodiments thereof, and many details
have been set forth for purposes of illustration, it will be
apparent to those skilled in the art that the invention is
susceptible to additional embodiments and that certain of the
details described herein may be varied considerably without
departing from the basic principles of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 565
TYPE: PRT
ORGANISM:

Influenza A Virus

<400> SEQUENCE: 1

Met Lys Thr Thr Ile Ile Ile Thr His

1 5

Leu
10

Leu Leu

Gln Asn Pro Ile Ser Gly Asn Asn Thr Ala Thr Leu

Ala Val

35

Ala Thr Leu Val Thr Ile

40

Asn Gly Lys

45
Ile Glu
50

Val Thr Ala Thr

55

Glu Val Gln Ser

60

Asn Leu

Ile Ser Ile Leu

70

Lys Asn Asn

65

Cys Tyr Arg Asp

75

Gly

Ile Ala Met

85

His
90

Leu Asp Leu Gly Asp Pro Cys Asp

Glu Asn Trp Asp Leu Phe Ile Glu Arg Ser Ser Ala

Trp

Cys

Ser

Ile

Arg

Ala

Phe

Ala

Leu

Asp

Ser

Asn

Phe

Ser

Tyr Ser

15

Gly His

Asp Gln
Met

Gly

Thr
80

Cys

Gln
95

Tyr

Asn Cys
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-continued

24

Tyr

Ser

145

Ser

Pro

Tyr

Leu

Gln

225

Gln

Ile

Phe

Ile

Asn

305

Pro

Asn

Phe

Arg

Thr

385

Glu

Ile

Gln

Lys

465

Cys

Arg

Asn

Pro

Ser

130

Thr

Phe

Thr

Ile

Tyr

210

Gln

Ser

Leu

Lys

Asp

290

Asp

Lys

Val

Ile

Tyr

370

Gln

Arg

Glu

Asp

His

450

Thr

Phe

Asn

Arg

Tyr

115

Gly

Gln

Phe

Leu

Trp

195

Ile

Thr

Gly

Met

Leu

275

Ile

Lys

Tyr

Pro

Glu

355

Gln

Ala

Thr

Arg

Leu

435

Thr

Arg

Lys

Gly

Phe
515

100

Asp

Thr

Asn

Ser

Asn

180

Gly

Gln

Ile

Arg

Ile

260

Lys

Cys

Pro

Ile

Glu

340

Asn

Asn

Ala

Asn

Arg

420

Trp

Ile

Arg

Ile

Thr
500

Gln

Ile

Leu

Gly

Arg

165

Val

Ile

Glu

Ile

Ile

245

Asn

Thr

Val

Phe

Arg

325

Lys

Gly

Ser

Ile

Glu

405

Ile

Ser

Asp

Gln

Tyr
485

Tyr

Ile

Pro

Glu

Arg

150

Leu

Thr

His

Ser

Pro

230

Ser

Ser

Gly

Ser

Gln

310

Gln

Gln

Trp

Glu

Asp

390

Lys

Gln

Tyr

Leu

Leu
470
His

Asp

Lys

Asp

Phe

135

Ser

Asn

Met

His

Gly

215

Asn

Ile

Asn

Lys

Glu

295

Asn

Asn

Ile

Glu

Gly

375

Gln

Phe

Asp

Asn

Thr

455

Arg

Lys

His

Gly

Tyr

120

Thr

Gly

Trp

Pro

Pro

200

Arg

Ile

Tyr

Gly

Ser

280

Cys

Val

Thr

Arg

Gly

360

Thr

Ile

His

Leu

Ala

440

Asp

Glu

Cys

Tyr

Val
520

105

Ala

Ala

Ala

Leu

Asn

185

Ser

Val

Gly

Trp

Asn

265

Ser

Ile

Asn

Leu

Gly

345

Met

Gly

Asn

Gln

Glu

425

Glu

Ala

Asn

Asp

Ile
505

Glu

Ser

Glu

Cys

Thr

170

Asn

Ser

Thr

Ser

Thr

250

Leu

Val

Thr

Lys

Lys

330

Ile

Val

Gln

Gly

Ile

410

Lys

Leu

Glu

Ala

Asn
490

Tyr

Leu

Leu

Gly

Lys

155

Lys

Lys

Asn

Val

Arg

235

Ile

Val

Met

Pro

Val

315

Leu

Phe

Asp

Ala

Lys

395

Glu

Tyr

Leu

Met

Glu
475
Ala

Arg

Lys

Arg

Phe

140

Arg

Ser

Asn

Gln

Ser

220

Pro

Val

Ala

Arg

Asn

300

Thr

Ala

Gly

Gly

Ala

380

Leu

Lys

Val

Val

Asn

460

Asp

Cys

Asp

Ser

Ser

125

Thr

Gly

Gly

Phe

Glu

205

Thr

Trp

Lys

Pro

Ser

285

Gly

Tyr

Thr

Ala

Trp

365

Asp

Asn

Glu

Glu

Ala

445

Lys

Met

Ile

Glu

Gly
525

110

Ile

Trp

Ser

Ser

Asp

190

Gln

Lys

Val

Pro

Arg

270

Asp

Ser

Gly

Gly

Ile

350

Tyr

Leu

Arg

Phe

Asp

430

Leu

Leu

Gly

Gly

Ala
510

Tyr

Val

Thr

Ala

Ser

175

Lys

Thr

Arg

Arg

Gly

255

Gly

Val

Ile

Lys

Met

335

Ala

Gly

Lys

Val

Ser

415

Thr

Glu

Phe

Gly

Ser
495

Leu

Lys

Ala

Gly

Asp

160

Tyr

Leu

Lys

Ser

Gly

240

Asp

Tyr

Pro

Ser

Cys

320

Arg

Gly

Phe

Ser

Ile

400

Glu

Lys

Asn

Glu

Gly
480
Ile

Asn

Asp
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-continued

26

Trp Ile Leu Trp Ile Ser Phe

545

Cys

530

535

Leu Leu Gly Phe Ile Met

Asn Ile Cys Ile

565

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Ile

Ile

Trp

65

Tyr

Pro

Phe

Thr

Gly

145

Ile

Trp

Gln
225

Thr

Lys

Ile

Ser
305

Thr

Asn

Leu

Leu

Ile

50

Tyr

Tyr

Phe

Val

Phe

130

Thr

Gly

Ser

Thr

Pro

210

Glu

Asp

Asp

Ile

Cys
290

Ser

Asp

Pro

Ile

Val

Arg

Asn

Met

Ser

Ile

115

Phe

Val

Gln

Ala

Gly

195

Val

Ser

Gly

Gly

Glu
275
Arg

Asp

Thr

Asn

Ile

20

Leu

Glu

Thr

Asn

Lys

100

Arg

Leu

Lys

Ser

Thr

180

Pro

Asp

Ser

Pro

Arg

260

Glu

Asp

Leu

Pro

470

550

Influenza A

2

Gln

5

Asn

Asn

Tyr

Ser

Asn

85

Asp

Glu

Thr

Asp

Pro

165

Ala

Asp

Ile

Cys

Ala

245

Val

Cys

Asn

Ser

Arg

Lys

Val

Asn

Asn

Thr

70

Thr

Asn

Pro

Gln

Arg

150

Asn

Cys

Asn

Ile

Thr

230

Asn

Ile

Ser

Trp

Tyr

310

Gly

Ile

Ile

Asn

Glu

55

Ile

Glu

Gly

Phe

Gly

135

Ser

Val

His

Gln

Asn

215

Cys

Arg

Gly

Cys

Thr
295

Thr

Glu

Ala Ile Ser Cys Phe Leu Ile Cys Val

540

Trp Ala Cys Gln Lys Gly Asn Ile Arg

Virus

Ile

Leu

Arg

Thr

Lys

Pro

Ile

Val

120

Ser

Pro

Tyr

Asp

Ala

200

Ser

Ile

Gln

Gln

Tyr
280
Gly

Val

Asp

Ala

His

25

Thr

Val

Tyr

Leu

Arg

105

Ser

Leu

Tyr

Gln

Gly

185

Ile

Trp

Lys

Ala

Thr

265

Pro

Thr

Gly

Ser

555

Ile Gly Phe
10

Val Val Ser

Asp Leu Asn

Arg Val Glu

60

Ile Glu Arg
75

Cys Glu Ala
90

Ile Gly Ser

Cys Ser Pro

Leu Asn Asp
140

Arg Thr Leu
155

Ala Arg Phe
170

Lys Lys Trp

Ala Val Val

Ala Gly Asp
220

Gly Asp Cys
235

Lys Tyr Arg
250

Asp Ile Ser

Asn Glu Gly

Asn Arg Pro
300

Tyr Leu Cys
315

Gln Phe Thr

Ala

Ile

Cys

45

Lys

Pro

Gln

Arg

Ser

125

Lys

Met

Glu

Met

Asn

205

Ile

Tyr

Ile

Phe

Lys
285
Ile

Ala

Gly

Ser

Ile

30

Lys

Ile

Ser

Gly

Gly

110

Glu

His

Ser

Ser

Thr

190

Tyr

Leu

Trp

Phe

Asn

270

Val

Leu

Gly

Ser

Leu

15

Val

Gly

Thr

Asn

Phe

95

His

Cys

Ser

Val

Val

175

Val

Gly

Arg

Val

Lys

255

Gly

Glu

Val

Ile

Cys

560

Gly

Thr

Thr

Gln

Glu

80

Ala

Val

Arg

Asn

Lys

160

Ala

Gly

Gly

Thr

Met

240

Ala

Gly

Cys

Ile

Pro
320

Thr
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-continued

28

Ser

Gln

Ser

Lys

385

Gly

Cys

Glu

Asp

Phe
465

Pro

Gly

Gly

370

Asp

Tyr

Leu

Thr

His

450

Asp

Leu

Thr

355

Phe

Gln

Ser

Val

Thr

435

Lys

Ile

Gly

340

Asp

Glu

Ile

Gly

Pro

420

Ile

Ile

Asp

325

Asn

Val

Ile

Arg

Ser

405

Cys

Trp

Ala

Lys

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Asp Val Asn

1

Ala

Gly

Tyr

Gln

65

Gly

Glu

Tyr

Asn

145

Gly

Glu

Asp

Lys

Ile

Thr

Ser

50

Leu

Tyr

Ser

Ile

Asp

130

Thr

Arg

Glu

Asn

Gln
210

Ser

Gly

35

Glu

Asn

Ala

His

Gln

115

Trp

Ile

Leu

Met

Met

195

Arg

Thr

20

Thr

Lys

Pro

Gln

Pro

100

Gln

Thr

Glu

Met

Glu
180

Thr

Leu

757

Lys

Trp

Ile

Arg

390

Phe

Phe

Thr

Ser

Met
470

Gly

Ala

Lys

375

Gln

Thr

Trp

Ser

Trp
455

Influenza A

3

Pro

5

Thr

Gly

Gly

Ile

Thr

85

Gly

Thr

Leu

Val

Asp

165

Ile

Lys

Asn

Thr

Phe

Tyr

Lys

Asp

70

Asp

Ile

Arg

Asn

Phe

150

Phe

Thr

Arg

Arg

Leu

Pro

Thr

Trp

Gly

Cys

Phe

Val

Arg

135

Arg

Leu

Thr

Met

Lys
215

Tyr

Gly

360

Ile

Val

Leu

Val

Ser

440

Ser

Gly

345

Arg

Arg

Ile

Pro

Glu

425

Ser

Trp

Virus

Leu

Tyr

Met

40

Thr

Pro

Val

Glu

Asp

120

Asn

Ser

Lys

His

Val

200

Ser

Phe

Thr

25

Asp

Thr

Leu

Leu

Asn

105

Lys

Gln

Asn

Asp

Phe

185

Thr

Tyr

330

Val

Thr

Asn

Ile

Val

410

Met

Ser

His

Leu

10

Gly

Thr

Asn

Pro

Glu

90

Ser

Leu

Pro

Gly

Val
170
Gln

Gln

Leu

Lys

Ile

Gly

Asp

395

Glu

Ile

Ile

Asp

Lys

Asp

Val

Thr

Glu

75

Ala

Cys

Thr

Ala

Leu

155

Met

Arg

Arg

Ile

Gly

Ser

Trp

380

Asp

Leu

Arg

Val

Gly
460

Val

Pro

Asn

Glu

60

Asp

Met

Leu

Gln

Ala

140

Thr

Glu

Lys

Thr

Arg
220

Phe

Arg

365

Thr

Pro

Thr

Gly

Met

445

Ala

Pro

Pro

Arg

45

Ile

Asn

Ala

Glu

Gly

125

Thr

Ser

Ser

Arg

Ile

205

Thr

Gly

350

Thr

Gln

Asn

Lys

Lys

430

Cys

Ile

Ala

Tyr

30

Thr

Gly

Glu

Phe

Thr

110

Arg

Ala

Asn

Met

Arg
190

Gly

Leu

335

Phe

Ser

Asn

Trp

Lys

415

Pro

Gly

Leu

Gln

15

Ser

His

Ala

Pro

Leu

95

Met

Gln

Leu

Glu

Asn
175
Val

Lys

Thr

Arg

Arg

Ser

Ser

400

Gly

Glu

Val

Pro

Asn

His

Gln

Pro

Ser

80

Glu

Glu

Thr

Ala

Ser

160

Lys

Arg

Lys

Leu
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-continued

30

Asn
225
Ile

Thr

Met

Asp

305

Met

Leu

Lys

Pro

Thr

385

Ala

Thr

Lys

Leu

Arg

465

Lys

Tyr

Gly

Gln
545

Cys

Lys

Asp

Cys
625

Asn

Thr

Ala

Leu

Gly

Met

290

Asn

Ile

Ser

Gly

Ala

370

Lys

Ser

Val

Thr

Ile

450

Phe

Ser

Arg

Val

Ile

530

Met

His

Lys

Gly

Cys

610

Asn

Ser

Met

Thr

Ala

Gly

275

Thr

Thr

Thr

Ile

Tyr

355

Gly

Lys

Leu

Leu

Thr

435

Val

Tyr

Tyr

Tyr

Ser

515

Lys

Ala

Arg

Leu

Gly
595
Leu

Pro

Ala

Thr

Pro

Arg

260

Asn

Asn

Lys

Tyr

Ala

340

Met

Met

Lys

Ser

Gly

420

Tyr

Asn

Arg

Ile

Gly

500

Gly

Asn

Leu

Gly

Trp

580

Pro

Lys

Leu

Val

Lys

Gly

245

Arg

Glu

Ser

Trp

Ile

325

Pro

Phe

Leu

Ile

Pro

405

Val

Trp

Ala

Thr

Asn

485

Phe

Ile

Asn

Gln

Asp

565

Glu

Asn

Trp

Asn

Val

Asp

230

Met

Ile

Lys

Gln

Asn

310

Thr

Ile

Glu

Ala

Glu

390

Gly

Ser

Trp

Pro

Cys

470

Arg

Val

Asn

Met

Leu

550

Thr

Gln

Leu

Glu

Pro
630

Met

Ala

Gln

Cys

Lys

Asp

295

Glu

Arg

Met

Ser

Ser

375

Lys

Met

Ile

Asp

Asn

455

Lys

Thr

Ala

Glu

Ile

535

Phe

Gln

Thr

Tyr

Leu
615

Phe

Pro

Glu

Ile

Glu

Ala

280

Thr

Asn

Asn

Phe

Lys

360

Ile

Ile

Met

Leu

Gly

440

His

Leu

Gly

Asn

Ser

520

Asn

Ile

Ile

Arg

Asn
600
Met

Val

Ala

Arg

Arg

Lys

265

Lys

Glu

Gln

Gln

Ser

345

Ser

Asp

Arg

Met

Asn

425

Leu

Glu

Val

Thr

Phe

505

Ala

Asn

Lys

Gln

Ser

585

Ile

Asp

Ser

His

Gly

Gly

250

Leu

Leu

Leu

Asn

Pro

330

Asn

Met

Leu

Pro

Gly

410

Leu

Gln

Gly

Gly

Phe

490

Ser

Asp

Asp

Asp

Thr

570

Lys

Arg

Glu

His

Gly

Lys

235

Phe

Glu

Ala

Ser

Pro

315

Glu

Lys

Lys

Lys

Leu

395

Met

Gly

Ser

Ile

Ile

475

Glu

Met

Met

Leu

Tyr

555

Arg

Thr

Asn

Asp

Lys

635

Pro

Leu

Val

Gln

Asn

Phe

300

Arg

Trp

Met

Leu

Tyr

380

Leu

Phe

Gln

Ser

Gln

460

Asn

Phe

Glu

Ser

Gly

540

Arg

Arg

Gly

Leu

Tyr
620

Glu

Ala

Lys

Tyr

Ser

Val

285

Thr

Ile

Phe

Ala

Arg

365

Phe

Val

Asn

Arg

Asp

445

Ala

Met

Thr

Leu

Ile

525

Pro

Tyr

Ser

Leu

His

605

Lys

Ile

Lys

Arg

Phe

Gly

270

Val

Ile

Phe

Arg

Arg

350

Thr

Asn

Asp

Met

Lys

430

Asp

Gly

Ser

Ser

Pro

510

Gly

Ala

Thr

Phe

Leu

590

Ile

Gly

Glu

Ser

Arg

Val

255

Leu

Arg

Thr

Leu

Asn

335

Leu

Gln

Asp

Gly

Leu

415

Tyr

Phe

Val

Lys

Phe

495

Ser

Val

Thr

Tyr

Glu

575

Val

Pro

Arg

Ser

Met

Ala

240

Glu

Pro

Lys

Gly

Ala

320

Val

Gly

Ile

Pro

Thr

400

Ser

Thr

Ala

Asp

Lys

480

Phe

Phe

Thr

Ala

Arg

560

Leu

Ser

Glu

Leu

Val
640

Glu
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-continued

32

Tyr

Ser

Tyr

Tyr

705

Arg

Lys

Leu

Asp

Ile

Gln

690

Arg

Ala

Asp

Arg

Ala

Leu

675

Lys

Arg

Arg

Glu

Arg
755

Val

660

Asn

Cys

Pro

Ile

Phe

740

Gln

645

Ala

Thr

Cys

Val

Asp

725

Ala

Lys

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Lys

Trp

Glu

65

Thr

Thr

Lys

Thr

145

Asp

Leu

Leu

Arg

Ser

225

Glu

Glu

Glu

Tyr

Met

50

Met

Asn

Trp

Val

Phe

130

Asp

Val

Thr

Gln

Glu
210

Ser

Gln

Arg

Ile

Thr

35

Met

Ile

Asp

Trp

Tyr

115

Gly

Val

Ile

Ser

Asp

195

Leu

Val

Met

Ile

Leu

20

Ser

Ala

Pro

Ala

Asn

100

Lys

Pro

Asn

Met

Glu

180

Cys

Val

Tyr

Tyr

759

Thr

Ser

Asn

Gly

710

Ala

Glu

Thr

Gln

Leu

695

Ile

Arg

Ile

Influenza A

4

Lys

5

Thr

Gly

Met

Glu

Gly

Arg

Thr

Val

Pro

Glu

165

Ser

Lys

Arg

Ile

Thr
245

Glu

Lys

Arg

Lys

Arg

70

Ser

Asn

Tyr

His

Gly

150

Val

Gln

Ile

Lys

Glu

230

Pro

Leu

Thr

Gln

Tyr

55

Asn

Asp

Gly

Phe

Phe

135

His

Val

Leu

Ala

Thr
215

Val

Gly

His

Arg

680

Phe

Ser

Ile

Met

Ser

665

Gly

Glu

Ser

Asp

Lys
745

Virus

Arg

Thr

Glu

40

Pro

Glu

Arg

Pro

Glu

120

Arg

Ala

Phe

Thr

Pro

200

Arg

Leu

Gly

Asp

Val

Lys

Ile

Gln

Val

Thr

105

Lys

Asn

Asp

Pro

Ile

185

Leu

Phe

His

Glu

650

Trp

Ile

Lys

Met

Phe

730

Ile

Leu

10

Asp

Asn

Thr

Gly

Met

90

Thr

Val

Gln

Leu

Asn

170

Thr

Met

Leu

Leu

Val
250

Ile

Leu

Phe

Val

715

Glu

Cys

Met

His

Pro

Ala

Gln

75

Val

Ser

Glu

Val

Ser

155

Glu

Lys

Val

Pro

Thr
235

Arg

Pro

Glu

Phe

700

Glu

Ser

Ser

Leu

Met

Ala

Asp

60

Thr

Ser

Thr

Arg

Lys

140

Ala

Val

Glu

Ala

Val
220

Gln

Asn

Lys

Asp

685

Pro

Ala

Gly

Thr

Gln

Ala

Leu

45

Lys

Leu

Pro

Ile

Leu

125

Ile

Lys

Gly

Lys

Tyr

205

Ala

Gly

Asp

Arg

670

Glu

Ser

Met

Arg

Ile
750

Ser

Ile

Arg

Arg

Trp

Leu

His

110

Lys

Arg

Glu

Ala

Lys

190

Met

Gly

Thr

Asp

655

Asn

Gln

Ser

Val

Ile

735

Glu

Arg

15

Ile

Met

Ile

Ser

Ala

Tyr

His

Arg

Ala

Arg

175

Glu

Leu

Gly

Cys

Ile
255

Arg

Met

Ser

Ser

720

Lys

Glu

Thr

Lys

Lys

Met

Lys

80

Val

Pro

Gly

Arg

Gln

160

Ile

Glu

Glu

Thr

Trp

240

Asp



33

US 10,369,212 B2

-continued

34

Gln

Ser

Ile

Glu

305

Ser

Ser

Lys

Arg

Ile

385

Ala

Asp

Gln

Trp

Pro

465

Ser

Ser

Leu

Ile

545

Lys

Phe

Ser

Thr

Pro
625
Arg

Asn

Gly

Ser

Ala

Gly

290

Gln

Ser

Val

Ile

Ala

370

Val

Met

Leu

Leu

Gly

450

Asp

Lys

Ile

Ser

Ile

530

Leu

Ile

Glu

Gly

Phe

610

Pro

Gly

Tyr

Ala

Leu

Asp

275

Gly

Ala

Phe

Lys

Arg

355

Thr

Ser

Val

Asn

Leu

435

Ile

Met

Met

Asp

Pro

515

Tyr

Val

Gln

Pro

Phe

595

Asp

Glu

Ser

Asn

Leu

Ile

260

Pro

Ile

Val

Ser

Arg

340

Val

Ala

Gly

Phe

Phe

420

Arg

Glu

Thr

Gly

Arg

500

Glu

Ser

Asn

Trp

Phe

580

Val

Thr

Gln

Gly

Lys

660

Thr

Ile

Leu

Arg

Asp

Phe

325

Glu

His

Ile

Arg

Ser

405

Val

His

Pro

Pro

Val

485

Phe

Glu

Ser

Thr

Ser

565

Gln

Arg

Ala

Ser

Met
645

Ala

Glu

Ala

Ala

Met

Ile

310

Gly

Glu

Glu

Leu

Asp

390

Gln

Asn

Phe

Ile

Ser

470

Asp

Leu

Val

Ser

Tyr

550

Gln

Ser

Thr

Gln

Arg
630
Arg

Thr

Asp

Ala

Ser

Val

295

Cys

Gly

Glu

Gly

Arg

375

Glu

Glu

Arg

Gln

Asp

455

Thr

Glu

Arg

Ser

Met

535

Gln

Asp

Leu

Leu

Ile

615

Met

Ile

Lys

Pro

Arg

Leu

280

Asp

Lys

Phe

Met

Tyr

360

Lys

Gln

Asp

Ala

Lys

440

Asn

Glu

Tyr

Val

Glu

520

Met

Trp

Pro

Val

Phe

600

Ile

Gln

Leu

Arg

Asp

Asn

265

Leu

Ile

Ala

Thr

Leu

345

Glu

Ala

Ser

Cys

Asn

425

Asp

Val

Met

Ser

Arg

505

Thr

Trp

Ile

Thr

Pro

585

Gln

Lys

Phe

Val

Leu
665

Glu

Ile

Glu

Leu

Ala

Phe

330

Thr

Glu

Thr

Ile

Met

410

Gln

Ala

Met

Ser

Ser

490

Asp

Gln

Glu

Ile

Met

570

Arg

Gln

Leu

Ser

Arg
650

Thr

Gly

Val

Met

Lys

Met

315

Lys

Gly

Phe

Arg

Ala

395

Ile

Arg

Lys

Gly

Leu

475

Thr

Gln

Gly

Ile

Arg

555

Leu

Ala

Met

Leu

Ser
635
Gly

Val

Thr

Arg Arg Ala

Cys

Gln

300

Gly

Arg

Asn

Thr

Arg

380

Glu

Lys

Leu

Val

Met

460

Arg

Glu

Arg

Thr

Asn

540

Asn

Tyr

Thr

Arg

Pro

620

Leu

Asn

Leu

Ala

His

285

Asn

Leu

Thr

Leu

Met

365

Leu

Ala

Ala

Asn

Leu

445

Ile

Gly

Arg

Gly

Glu

525

Gly

Trp

Asn

Arg

Asp

605

Phe

Thr

Ser

Gly

Gly

270

Ser

Pro

Arg

Ser

Gln

350

Val

Ile

Ile

Val

Pro

430

Phe

Gly

Val

Val

Asn

510

Lys

Pro

Glu

Lys

Ser

590

Val

Ala

Val

Pro

Lys
670

Val

Thr

Thr

Thr

Ile

Gly

335

Thr

Gly

Gln

Ile

Arg

415

Met

Gln

Ile

Arg

Val

495

Ile

Leu

Glu

Ile

Ile

575

Gln

Leu

Ala

Asn

Val
655

Asp

Glu

Val

Gln

Glu

Ser

320

Ser

Leu

Arg

Leu

Val

400

Gly

His

Asn

Leu

Val

480

Val

Leu

Thr

Ser

Val

560

Glu

Tyr

Gly

Ala

Val
640
Phe

Ala

Ser
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-continued

36

Ala

Gly

705

Lys

Arg

Arg

Val

690

Pro

Ala

Lys

Ile

675

Leu

Ala

Asn

Arg

Arg
755

Arg

Leu

Val

Asp

740

Met

Gly

Ser

Leu

725

Ser

Ala

<210> SEQ ID NO 5

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Glu Asp Phe

1

Ala

Asn

Ser

Ser

65

Gly

Thr

Lys

Ile

Ile

145

Tyr

Thr

Gln

Gly

Ser
225
Cys

Ile

Gly

Glu

Lys

Asp

Gly

Arg

Thr

Glu

Tyr

130

His

Thr

Ile

Ser

Thr

210

Leu

Ile

Glu

Pro

Lys

Phe

35

Phe

Asp

Asp

Arg

Asn

115

Tyr

Ile

Leu

Arg

Glu

195

Met

Glu

Glu

Pro

Pro
275

Ala

20

Ala

His

Pro

Arg

Ala

100

Arg

Leu

Phe

Asp

Gln

180

Arg

Arg

Asn

Ser

Phe
260

Cys

716

Phe

Ile

710

Ile

Ser

Ile

Leu

695

Asn

Gly

Ile

Asn

Influenza A

Val

Met

Ala

Phe

Asn

Thr

85

Glu

Phe

Glu

Ser

Glu

165

Glu

Gly

Lys

Phe

Lys
245

Ser

His

Arg

Lys

Ile

Ile

Ala

70

Met

Lys

Val

Lys

Phe

150

Glu

Met

Glu

Leu

Arg

230

Leu

Lys

Gln

Gln

Glu

Cys

Asn

55

Leu

Ala

Pro

Glu

Ala

135

Thr

Ser

Ala

Glu

Ala

215

Val

Ser

Thr

Arg

680

Ile

Glu

Gln

Leu

Leu

Leu

Gly

Thr
745

Virus

Cys

Tyr

Thr

40

Glu

Leu

Trp

Lys

Ile

120

Asn

Gly

Arg

Ser

Thr

200

Asn

Tyr

Gln

Thr

Ser
280

Phe

Gly

25

His

Leu

Lys

Thr

Phe

105

Gly

Lys

Glu

Ala

Arg

185

Ile

Tyr

Val

Met

Pro
265

Lys

Gly

Ser

Asp

730

Asp

Asn

10

Glu

Leu

Ser

His

Val

90

Leu

Val

Ile

Glu

Arg

170

Gly

Glu

Ser

Asp

Ser

250

Arg

Phe

Lys
Lys
715

Val

Ser

Pro

Asp

Glu

Glu

Arg

75

Val

Pro

Thr

Lys

Met

155

Ile

Leu

Glu

Leu

Gly

235

Lys

Pro

Leu

Glu
700
Leu

Val

Gln

Met

Pro

Val

Ser

Phe

Asn

Asp

Arg

Ser

140

Ala

Lys

Trp

Arg

Pro

220

Phe

Glu

Leu

Leu

685

Asn

Ala

Leu

Thr

Ile

Lys

Cys

45

Val

Glu

Ser

Leu

Arg

125

Glu

Thr

Thr

Asp

Phe

205

Pro

Glu

Val

Lys

Met
285

Lys

Lys

Val

Ala
750

Val

Ile

30

Phe

Val

Ile

Ile

Tyr

110

Glu

Lys

Lys

Arg

Ser

190

Glu

Asn

Pro

Asn

Met

270

Asp

Arg

Gly

Met

735

Thr

Glu

15

Glu

Met

Ile

Ile

Cys

95

Asp

Val

Thr

Ala

Leu

175

Phe

Ile

Phe

Asn

Ala
255

Pro

Ala

Tyr
Glu
720

Lys

Lys

Leu

Thr

Tyr

Glu

Glu

80

Asn

Tyr

His

His

Asp

160

Phe

Arg

Thr

Ser

Gly

240

Arg

Gly

Leu
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-continued

38

Lys

Tyr

305

Ser

Thr

Lys

Ala

Lys

385

Arg

Leu

Ala

Glu

Ile

465

Gln

Lys

Asn

Asp

Ile

545

Met

Trp

Glu

Lys

Pro

625

Leu

Gly

Arg

Ser

Ser

Leu

290

Asp

Ile

Trp

Asp

Leu

370

Asp

Ser

Thr

Pro

Val

450

Asn

Leu

Thr
