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Introduction

This discussion will concentrate on influenza A virus but will also include
influenza B virus. Advances in modern virological techniques have advanced our
understanding of influenza A virus and the way that it has evolved. There is now
substantial evidence that influenza A is a zoonosis and that pandemic strains either arise
from genetic reassortment between an avian influenza A virus and a human influenza A
virus or else that an avian influenza A virus directly becomes adapted to humans without
an intermediate step. For example, an average amino acid number in an hemagglutinin
monomer approximates 570. There are only 16 amino acid differences between HA2 and
its closest avian counterpart. With respect to HA3, there are only 10 amino acid
differences. HAS contains the same amino acids with its avian counterpart except for 3
differences. In a remarkable series of ongoing investigations, the 1918 influenza A virus
has been resurrected. Influenza A RNA sequences were obtained from the paraffinized
lung of a soldier in South Carolina dying in 1918 from influenza A. Influenza A RNA
segments were also been obtained from a soldier who died in 1918 in New York. The
lung of an Eskimo woman buried in the permafrost in Alaska also contained influenza A
RNA. Of note, the RNA segments from each of these patients was never longer than 120
nucleotides. It has been possible by RT-PCR and PCR to sequence the hemagglutinin
and the neuraminidase of the 1918 virus as well as its nonstructural proteins, NS and
NS1. These sequences in their cDNA configuration were then compared with sequences
from multiple other HIN1 viruses and from the swine influenza (HswN1) virus that Dr.
Richard Shope isolated from pigs in 1931. It has been possible to place the 1918 viral

segments in phylogenetic trees and to ascertain their relationships with these other




viruses. It has also been possible to search for mutations which confer virulence by
examining the sequences of these proteins. The nonstructural proteins of the 1918
influenza A virus have been sequenced and these proteins have been placed back into a
reassortant virus whose other genomic segments were derived from the WSN variant of
the HIN1 virus. A cold adapted (ca) live attenuated virus vaccine has been tested
successfully in children and should be ready for marketing within the next year. Progress
has been made in the rapid detection and identification of influenza virus from the human
nasopharynx and/or pulmonary secretions so that the diagnosis can be accomplished
within hours of receipt of the specimen in the laboratory. Rapid diagnosis should aid in
the way we manage patients in terms of therapy but also because hospitalized persons can
be isolated early in their course. The structure of the neuraminidase active site has been
elucidated and molecules have been designed to interfere with the action of the active site
on receptor sialic acid residues. These antiviral drugs, the neuraminidase inhibitors, have
been produced and are now available for use in both children and adults to complement
the M2 protein inhibitor drugs (amantadine, rimantadine) for the therapy of influenza.
Basic Virology

Influenza A differs from influenza B virus in that the ribonucleoprotein of each
appears to be antigenically distinct. Influenza C virus also has a distinct
ribonucleoprotein. Influenza A is an enveloped RNA virus, which is usually spherical
and has 3 projections from the surface envelope. The surface projecting proteins are the
hemagglutinin, the neuraminidase and the M2 protein, which acts a hydrogen ion
channel. Under the envelope is matrix protein and underneath that protein and attached

to it are 8 ribonucleoprotein coated genomic segments coding for 10 proteins. There is an



attachment of the matrix protein with ribonucleoprotein, which must be lysed before the
genomic segments can make their way into the cytoplasm of the cell. Each genomic
segment is wound as a heliconucleocapsid and then turned back upon itself to form a
panhandle structure. The 5' and 3' ends are connected to each other. Each genomic
segment contains one or more transcriptase complexes. A transcriptase complex consists
of a polymerase protein that is basic (PB1) and another basic polymerase protein (PB2).
There is an acidic protein, which also functions as a polymerase, called PA. The 8
genomic segments code for HA, NA, RNP, PB1, PB2, and PA; the matrix proteins M1
and M2 are coded by 1 genomic segment and another segment codes for 2 nonstructural
viruses, NS1 and the nuclear export protein (NEP). The hemagglutinin monomer is
approximately 570 amino acids loﬁg; it is divided into 2 parts, HA 1, which attaches to the
sialic acid receptor sites on the epithelial cell surface and HA2, which acts as the fusion
protein and is joined to HA1 by disulfide linkages. The hemagglutinin is a trimeric
protein. The attachment site is at the end of HA1l at the terminal portion of the
hemagglutinin. It is hidden from antibody molecules by glycosylation sites. There are
several important antigenic regions around the receptor site, which mutate with time
producing antigenic drift. The hemagglutinin attaches to the receptor on the cell surface
in an area where there is a clathrin-coated pit. Endocytosis ensues and the endosome
fuses with a lysosome. In the presence of intracellular or extracellular proteases, the
hemagglutinin is cleaved to expose HA2, which then acts to fuse the envelope of the
influenza virion with the envelope of the endolysosome. When single or multiple basic
acids are placed at the cleavage site, HA2 is exposed more easily and such mutations

confer virulence to the virus. After fusion has occurred, the ribonucleoprotein complexes



must be freed from their attachment to the overlying matrix protein. This is
accomplished by the passage of hydrogen ions through a hydrogen channel. In the
presence of a functioning M2 protein, the ribonucleoprotein segments are detached from
the M protein and make their way into the cytoplasm. Amantadine and rimantadine
interfere with the function of the hydrogen ion channel and are known as M2 protein
inhibitors. The transcriptase complex along with the ribonucleoprotein direct the
entrance of each of the genomic segments into the nucleus through a nuclear pore. The
transcriptase complex then makes messenger RNA (mRNA) and a template for viral
replication (template RNA), which can be transcribed back to viral RNA (VRNA). The
transcriptase complex produces a polymethylated cap at the 5! end of the virion, a
segment of invariant nucleotides, which are followed by messenger RNA and a
polyadenylated tail. The messenger RNA is exported back into the cytoplasm where it
binds to ribosomes and induces protein translation. Specific proteins are further
processed by glycosylation at the Golgi apparatus. Both the hemagglutinin and the
neuraminidase are glycosylated. After glycosylation, these proteins move to the cell
surface along with the M2 protein. The matrix protein underlies the plasma membrane
containing HA, NA and M2. The process of packaging occurs which may be inefficient
in that after a replicative cycle only about 10% of virions are infectious. An infectious
virion may contain 8 or even more genomic segments. It is, however, essential that all 8
genomic segments be contained within a single particle. The virus then buds from the
cell, remaining attached through sialic acid residues, which are cleaved enzymatically by
the neuraminidase. Virions have a tendency to retain some sialic acid residues on their

surfaces and autoaggregation may occur which is prevented by the neuraminidase.



Finally, there is attachment of the virion to proteins and mucus and the neuraminidase
can lyse that attachment allowing the virion to remain free in respiratory secretions. The
neuraminidase inhibitors, zanamivir and oseltamivir, are compounds that are designed to
affect the activity of the neuraminidase function and they have been proven to act
beneficially in human infections.

Genetic reassortment occurs when two different influenza A viruses infect a
single cell and the progeny viruses contain genomic segments from each of the parents.
It has recently been shown that live influenza A viruses can be constructed by use of a 12
plasmid system and either Vero or human embryonic kidney cells. Eight of the plasmids
are cDNA copies of the original genomic segment preceded by an RNA polymerase
promoter and followed by an appropriate termination sequence. The remaining 4
elements are protein expression plasmids, which initiate the direct production of the
transcriptase complex proteins (PB1, PB2, PA, RNP) after the plasmids are transfected
into the cell. In such a system (genomic segment linked with tranacriptase complex
proteins), live virions capable of independent replication can result. This process paves
the way for genetic studies because parts of different genomic segments can be placed
into the background of a single virion. For example, it has been found possible to place
the NS genomic segment and the NS1 gene of the 1918 virus into a viable influenza A
virion with the 7 other genomic segments being supplied by a HIN1 WSN virus. By
such reverse genetics, it should be possible to produce a viable 1918 virus. The influenza
A virion is constantly drifting, that is, changing its nucleotide and amino acid structure in

response to the pressure placed upon it by immune mechanisms.



Influenza A as a Zoonosis

Although it has been widely know for a long time that influenza A viruses
circulate in non-human animals, the critical importance of these viruses has only recently
began to be realized. Webster and Laever made the observation that the human HA3,
which began to circulate in 1968, had an amino acid sequence that was just 10 amino
acids different from that of a circulating avian influenza HA3 virus. Now, it has been
determined that there are 15 hemagglutinin subtypes each of which differ by 30% from
the others that currently exist in the world. There are 9 neuraminidase types that
currently exist in the world. This makes for a potential total of 135 hemagglutinin and
neuraminidase combination possibilities. These combinations exist and are propagated in
a relatively unchanging state for the most part in avian species, particularly in waterfowl
like ducks. Influenza A viruses also presently circulate in pigs and horses and have
infected whales, sea lions and other animals. For aquatic avian species there appears to
be very little immune pressure for evolutionary changes in the hemagglutinin or the
neuraminidase. All of these HAs and NAs presently persist in nature relatively
unchanged. In 1957, there was a genetic reassortment event in which an HIN1 virus
reassorted with an avian virus containing an H2N2 hemagglutinin and neuraminidase.
The PB1 from the avian virus also was inserted into the new reassortant. Thus, the 1957
H2N2 virus consist of 3 genetic segments derived from an avian species and 5 genetic
segments derived from an HIN1 virus. The proof of this postulate was conformed by
direct sequencing of each gene segment. The H2 human hemagglutinin differed by 16
amino acids from its closest avian counterpart. In 1968-1969, another pandemic

exchange occurred wherein avian H3 and an avian PB1 reassorted with the H2N2 virus.



The new H3N2 virus that resulted had 2 genetic segments derived from an avian virus
and the 6 remaining ones from the H2N2 virus. These conclusions were drawn from
comparisons of the sequences of each of the genomic segments of the new H3N2 virus.

In 1997, in Hong Kong an unusual even occurred. There were hundreds of
thousands of cases of influenza in avian species in and around Hong Kong and South
China that year. An H5N1 virus was isolated from humans; all of its 8 genomic segments
were derived from a bird influenza virus. The H5N1 virus infected 18 humans of whom
6 died, for a case fatality rate of 33%. On the basis of serological evidence of infection,
persons caring for the cases also were involved. The epidemic in humans was aborted by
the slaughter of over a million birds. In 1999, an HON2 virus emerged and infected two
children. The HON2 virus contained surface proteins endogenous to avian species around
Hong Kong and South China and the 6 other genomic segments had identical sequences
to the H5N1 virus. The H5N1 virus was virulent because of the placement of basic
amino acids at the HA cleavage site. It is conceived that Southern China and the area
around Hong Kong represent a fertile area in which an interchange of human avian and
other mammalian viruses may occur and this region may be an epicenter for the creation
of pandemic influenza A viruses.

Resurrection of the 1918 Virus

In 1889-1890, an influenza pandemic struck the world. In testing the sera of
persons who lived through that period and which were collected before the 1957 and
1968 pandemics, it has been established that the pandemic most likely was caused by an
H3NS8 virus. Although that population from whom the serum samples was taken does

have some H2N2 antibody, that antibody was not considered of high enough magnitude



nor in a sufficient number of people to conclude that an H2N2 virus also circulated in the
latter part of the nineteenth century. Presumably, this H3N8 virus circulated until or
shortly before the great pandemic occurred. This pandemic caused the lives of at least 25
million people around the world and was remarkable in causing the deaths of a
disproportionate number of persons infected in the 15-44 year old age group. The first
historical occurrence of the pandemic occurred in the spring of 1918, at Camp Funston in
Fort Riley, Kansas. The virus was highly infectious, induced immunity but was not
lethal. In September and October 1918 simultaneously in many parts of the world, the
great pandemic occurred with the highly lethal virus and persisted into the spring of
1919.

Historically, disease resembling influenza appeared in swine during the autumn
1918 epidemic. In 1931, Richard Shope isolated the swine influenza virus (HswN1) and
showed that persons living through the 1918-1919 epidemic had neutralizing antibodies
against it. In 1933, Smith, Laidlaw and Andrews isolated the first human virus in ferrets.
It was labeled as an HON1 virus to distinguish it from HswN1, which caused the great
pandemic. In 1929, there was sufficient numbers of cases that a new pandemic was
thought to have occurred producing the new HON1 virus. In 1947, another widespread
epidemic occurred sufficient to suggest a new pandemic virus strain namely HIN1. It is
now apparent from sequence analysis, that all of the viruses circulating from 1918 to
1957 were of the HIN1 subtype. The 1929 and 1947 epidemics resulted from the process
of antigenic drift, which then generated large numbers of cases.

The mystery that has plagued man since the 1918 pandemic is what was the

nature of the virus, where did it originate and what was the basis of its remarkable
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virulence. Young men were noted to die within a day or several days after being
infected, usually of hemorrhagic pneumonia. As a result of modern virological
techniques, it has been possible to resurrect the 1918 virus. Using paraffinized sections
of lung obtained from 2 soldiers and frozen lung from an Inuit woman infected during the
1918 epidemic, 3 isolates have been obtained and are in the process of being sequenced.
One isolate was from the lung of a soldier dying in New York with influenza pneumonia,
another isolate was from a soldier in South Carolina and the third isolate was from the
frozen lung of a woman dying with hemorrhagic pneumonia in Alaska. In the Alaskan
village where this Eskimo woman died (Brevig Mission) there were 72 adult deaths, 85%
of the village’s adult population. Using RT-PCR techniques and PCR, it has been
possible to reconstruct the 1918 virus and there are now articles describing the sequences
of the 1918 hemagglutinin, neuraminidase and the NS and NS1 gene segments of the
virus. It is expected that the sequences of the entire virus will be elucidated within the
next 2-3 years. Sequence analyses of these 3 gene segments place the virus into the
HINI1 subtype. The 1918 virus is most closely related to HswN1 isolated from pigs in
1931. The 1918 virus, however, has many avian features. For the hemagglutinin, in one
of the patients there was a single amino acid change in its attachment site. In the other
two patient isolates, there were two amino acid changes in the attachment site compared
to the closest HIN1 avian virus. Of the 41 amino acids in the 1918 virus subject to
intense immune pressure in humans, 37 match the avian consensus sequence. Modern
human HIN1 HAs have up to 5 glycosylation sites in addition to the 4 found in all avian
strains. The 1918 virus has only the 4 conserved avian sites. Basic amino acid

substitutions around the cleavage site were not noted to occur in the 1918 virus. These
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were noted in the H5 avian virus isolated in 1997 and eliminates that possibility as a
potential virulence factor for the 1918 virus. The neuraminidase active enzymatic site is
identical between HIN1 avian viruses; it was shared by the 1918 virus. Of the
neuraminidase sites subject to antigenic drift and common to N1 and N2, 21/22 match the
avian consensus sequence. The 1918 NA has identical glycosylation sites to avian HIN1
strains. Loss of a glycosolation site in the neuraminidase renders the HIN1 virion more
virulent and capable of attacking the central nervous system; this was not found in the
1918 virus. The NS gene codes for the nonstructural protein 1 (NS1) which is a type 1
(alpha) interferon inhibitor. It also codes for the nuclear export protein (NEP).
Phylogenetic analyses of NS and NS1 place the 1918 virus within or near the root of the
human/swine clade of viruses. Under BSL 3+ antigen containment, transfectant viruses
were generated containing 7 genomic segments from the mouse adapted WSN HIN1
virus and either the 1918 NS1 ORF alone or the entire 1918 NS segment. The 1918
transfectant viruses replicated well in tissue culture but were attenuated in mice compared
with isogenic control viruses.

The best hypothesis concerning the origin of the 1918 virus from phylogenetic
trees and regression lines derived from amino acid changes from antigenetic drift is that
this virus probably arose from an avian progenitor sometime between 1915 and 1918,
became adapted to humans and most probably then spread to swine. It seems most likely
that all of its genetic information was of avian origin but this remains to be proven and as
yet there is no explanation for its hypervirulence. Planned future studies will attempt to
reconstruct the 1918 virus protein by protein by reverse genetics using the 12 plasmid

strategy outlined previously. The mechanism(s) of its hypervirulence should be able to
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be ascertained and this will be new knowledge that may make dealing with pandemic
viruses less difficult. It may be related to a single gene or the interaction of several genes
and obviously must be accomplished under the highest possible safety containment. The
editorial accompanying the generation of the 1918 NS segment transfectant calls
attention to the potential consequences of the use of this technology for destructive
purposes and of the necessity to be certain that this does actually happen.

In 1976, the swine flu incident occurred. During the spring 1976 in Fort Dix,
New Jersey, swine influenza virus was introduced into the recruit population of Fort Dix.
An epidemic ensued which caused over one hundred cases and one death. It was thought
that an epidemic of this magnitude most likely was caused by a virus (A/New
Jersey/8/76) that was a reassortant between HswN1 and H3N2. Since it was antigenically
distinct, it was thought capable of pandemic spread and displacing the H3N2 virus.
Human experience with HswN1 was thought to be limited (1918-1929). It was not
realized that HswN1 was a HIN1 subtype and that the population had extensive (1918-
1957) experience with this group of viruses. The incident resulted in the production of a
vaccine that was eventually administered widely to millions of persons. The vaccine
campaign was aborted because there were no further cases caused by this virus and
because the vaccine was associated with a higher rate of the Guillan-Barre' syndrome. In
actuality, this virus was not a reassortant but merely a swine influenza virus that was
simply easily transmitted in military recruit circumstances and which subsequently
disappeared. In 1977, an HINI virus almost identical to one isolated in 1950 emerged.
It occurred in the setting of the continuing transmission of an H3N2 virus. It did not

displace the H3N2 virus and now circulates with it. The 1977 HIN1 virus is considered
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to be of Eurasian origin, from either Russia or North China. Since this virus is so similar
to a 1950 virus from humans and phylogenetically distant from avian and swine HIN1
viruses, it has been suggested that it arose from “cold storage” and actually may have
escaped from a laboratory. There is no direct proof that this occurred and its origin
remains an enigma.
Influenza Vaccines

The presently available inactivated influenza vaccine is usually a split virus
vaccine, that is it contains a purified hemagglutinin and neuraminidase from an H3N2
virus, an HIN1 virus and a B virus. The antigenic determinates included in the vaccine
preparation are subject to intensive discussions by experts throughout the world.
Important in the determination of the constitution of the vaccine is ascertaining which
virus most successfully is transmitted late in the influenza season and which virus is
transmitted most widely in the southern hemisphere during our summer. Because of
laboratory capability, the southern hemisphere viruses proposed for vaccine consideration
are usually from Australia or South Africa. In adults, only one vaccine dose is necessary
and is usually given before mid-October and produces immunity through the influenza
season, which generally extends through March. A meta-analysis of multiple studies has
been done comparing the efficacy of vaccine to placebo in elderly persons. When the
vaccine strain is similar to the strain that later circulates, almost all the studies
demonstrate a significant benefit. An overall protective efficacy approximates 65% and
this extends to laboratory proven cases of influenza, pneumonia and mortality. Influenza
vaccines are inexpensive, they are widely available and when given yearly the protective

efficacy may increase although this is debated. They are not without complications and
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an occasional case of the Guillan-Barre' syndrome may occur after administration but this
has been a rare event since the 1976 swine flu incident.

A new influenza vaccine has become available utilizing a cold adapted (ca) virus
developed by Masaab and associates. Using genetic reassortment, it is possible to take a
parent strain that is cold adapted and avirulent and infect cells with this virus and the
virus with the surface proteins most likely to be transmitted during the course of the
ensuing influenza season. After selection a vaccine virus is produced that is not capable
of reversion back to wild type and is poorly transmissible but has the surface proteins of
the circulating virus. The vaccine can be given by nasal drops and is much easier to
administer to children. The efficacy of one dose of the ca vaccine is almost equal to that
of two dosages. In children, usually it takes at least two injections of the inactivated
vaccine in order to be protected. These ca vaccine viruses can cause rhinorrhea and a
sore throat but with these exceptions, complications are usually not different from
placebo. In a recent study, vaccine administration led to a reduction of 30% of cases of
febrile otitis media in children. These vaccines have been approved for use by the FDA
but in the year following the publication of the study demonstrating their efficacy,
inspection of the manufacturing process found inadequacies. It is expected that this
vaccine will be approved for distribution in 2001-2002. This new live virus vaccine does
not offer a sufficient advantage in adult populations for it to be preferred over inactivated
vaccine. It is possible that the combined use of the inactivated vaccine in adults and the
live ca vaccine in children will be a subsequent immunization strategy for prevention of

influenza morbidity.
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Influenza Diagnostic Tests

Influenza viruses, both A and B, are easily grown in the laboratory in tissue
culture systems and their identity can be ascertained readily by staining infected cells
with monoclonal antibodies tagged with flourescein. Tissue culture remains the 100%
standard but lately there have been attempts at methods that would produce more rapid
identification of the viruses using nasopharyngeal washes or from nasopharyngeal swabs.
Cells can then be isolated, washed and stained by indirect immunofluorescence using
monoclonal antibodies to ascertain the presence of virus in respiratory epithelium. This
is a rapid process completed within two hours after receipt of the virus in the laboratory
and is consistently sensitive and specific. Critical to the success of the procedure is to
obtain specimens of the highest caliber. There are other rapid methods available. An
EIA method detects viruses by fixing antigen to a membrane and subsequently adding
antibody tagged with an enzyme. If the virus is present a color change is observed upon
addition of a chromogenic substrate. ~Another method relies upon detection of
neuraminidase in respiratory secretions on the basis of a chemical reaction and does not
differentiate between influenza A and B viruses. If neuraminidase is present in secretions
it can be processed so as to act enzymatically on a substrate to release a colored
compound enabling the detection of either influenza A or B virus. The use of rapid
influenza detection tests should be helpful in patient care and elucidating which patients
have influenza when they are admitted into the hospital so that they can be properly
isolated. Ascertaining whether a patient has influenza A or B should be important in
determining which antiviral agent may be best for therapy when the illness is recognized

early. Although these latter tests should become widely available it is probably optimal
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for quality assurance purposes to perform them at some facility in which tests are done
daily along with immunofluorescence and where viral cultures are also performed. In
metropolitan areas, viruses also need to be typed (HIN1, H3N2) and a certain number of
isolates need to be sent to the State Health Department to see if there has been any
significant antigenic drift in isolates in the community during the course of the year.
Therapy of Influenza Infections

There are now four drugs that have been approved by the FDA for the treatment
and prevention of influenza virus infections. Amantadine and rimantadine are useful for
influenza A virus infections if given within 48 hours after onset. They inhibit the
hydrogen ion channel or the M2 protein so that hydrogen ions cannot be transported into
the virion from the endolysome. The ribonucleoprotein, therefore, cannot be detached
from the overlying matrix protein. These drugs prevent entry of the genomic segment
into the cytoplasm. Mutations in the M2 protein are associated with resistance to both
amantadine and rimantadine. Resistance mutations have been found to occur not
infrequently in a setting where patients are treated with amantadine or rimantadine and
close relatives are also being given one of these drugs for prophylaxis. The development
of resistance may limit the widespread use of these two drugs. Amantadine is not
metabolized in the body but is excreted into the urine as an intact molecule. Its dose must
be reduced with renal dysfunction. It has central nervous system side effects such as
jitteriness and insomnia. The ordinary adult dose is 100 mg twice a day. In persons over
the age of 65, the therapeutic dose is 100 mg per day. Therapy usually is given for 5
days. In one study, amantadine when given within 48 hours of the onset of illness, made

a subset of patients into rapid responders, that is they responded to the drug rapidly and,
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within 1-2 days were well. Rimantadine is excreted into the urine but it is also
metabolized so that it has a shorter half-life than amantadine. Its dosage is identical to
amantadine but is reduced less with renal dysfunction. Usually, studies find the duration
of illness with both drugs to be shortened by at least 1-2 days. There is no evidence that
complications after influenza are prevented by therapy with these drugs and no studies
documenting an effect in treating established influenza pneumonia. Both drugs are
inexpensive. Rimantadine is usually preferred because of its relative lack of central
nervous system side effects.

Two new drugs have been FDA approved for the treatment of both influenza A
and B. They are zanamivir and oseltamivir. The drugs were developed by examining the
structure of the active site of neuraminidase and designing molecules, which would
interfere with the activity of that enzyme on sialic acid residues on the cell surface. Since
both influenza A and B viruses have a neuraminidase they can both be treated with either
zanamivir or oseltamivir. Zanamivir comes as an inhaled powder and the patient must
use an inhaler for delivery of the 10 mg dose used for therapy twice a day for 5 days.
Prophylaxis requires 1 dose per day. When given to people with reactive airways
disease, zanamivir can induce worsening of airway obstruction. Oseltamivir can be given
orally for therapy at a usual adult dosage of 75 mg twice a day for 5 days. Prophylaxis
requires 1 dose per day. Both drugs must be given within 48 hours of the onset of illness.
Both drugs shorten the duration of illness by at least 1-2 days and complications of
influenza may be prevented. @ With prophylaxis both drugs have an efficacy
approximately 65% and they can be given for as long as 6 weeks. There is no evidence

of their efficacy in established influenza pneumonia. With oseltamivir there are very few
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side effects aside from headache, nausea and vomiting in a few patients. The cost of the
neuraminidase inhibitors is comparable but more than the H2 protein inhibitors. If only
influenza A is present in the community, the best practice would be to give either
amantadine or rimantadine for influenza illnesses on the basis of cost-benefit
considerations. If both influenza A and B are in the community at the same time, then a
neuraminidase inhibiter probably should be utilized as the drug of first choice if a specific
diagnosis cannot be made. If a specific diagnosis can be made, therapy can be directed
appropriately. Such a rapid diagnosis made be able to be made by the newer influenza

antigen detection tests with or without the use of immunofluorescent techniques.
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