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Introduction

Influenza A, B, and C viruses are the only 
members of the Orthomyxoviridae family, while 
Thogotovirus and Isavirus are not pathogenic to 
humans, and only influenza A and B viruses cause 
significant human disease. The orthomyxoviruses 
are enveloped and have a segmented negative-
sense RNA genome. The segmented genome of 
these viruses facilitates the development of new 
strains through the mutation and reassortment 
of the gene segments among different human 
and animal (influenza A) strains of virus. This 
genetic instability is responsible for the annual 
epidemics (mutation: drift) and periodic 
pandemics (reassortment: shift) of influenza 
infection worldwide.

Influenza is one of the most prevalent and 
significant viral infections. There are even 
descriptions of influenza epidemics (local 
dissemination) that occurred in ancient times. 
Probably the most famous influenza pandemic 
(worldwide) is the Spanish influenza that swept 
the world in 1918 to 1919, killing 20 to 40 
million people. In fact, more people died of 
influenza during that time than in the battles of 
World War I. Pandemics caused by novel 
influenza viruses occurred in 1918, 1947, 1957, 
1968, and 1977, but fortunately none have 
occurred since. New virus strains have been 
detected since the last pandemic, including an 
outbreak of avian influenza first noted in Hong 
Kong in 1997, which has caused some human 
disease and fatalities. Fortunately, prophylaxis in 
the form of vaccines and antiviral drugs is now 
available for people at risk for serious outcomes.

Structure and Replication

Influenza virions are pleomorphic, appearing 
spherical or tubular and ranging in diameter 
from 80 to 120 nm. (See Figure 1). The 
enve lope conta ins two g lycoprote ins , 
hemagglutinin (HA) and neuraminidase (NA), 
the membrane (M2) protein and is internally 
lined by the matrix (M1) protein. The genome of 
the influenza A and B viruses consists of eight 
different helical nucleocapsid segments, each of 
which contains a negative-sense RNA associated 
with the nucleoprotein (NP) and the 
transcriptase (RNA polymerase components: 
PB1, PB2, PA). (See Table 1). Influenza C has only 
seven genomic segments.
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Figure 1
A, Model of influenza A virus. B, Electron micrographs of 
influenza A virus. (A from Kaplan MM, Webster RG: The 
epidemiology of influenza. Sci Am 237:88-106, 1977; B from 
Balows A, et al (eds): Laboratory Diagnosis of Infectious Diseases: 
Principles and Practice, vol 2. Heidelberg, Germany, Springer-
Verlag, 1988.)
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Segment Protein Function

1 PB2 Polymerase component

2 PB1 Polymerase component

2 PB1-F2 Apoptosis of infected cells

3 PA Polymerase component

4 HA Hemagglutinin, viral 
attachment protein, fusion 
protein, target of 
neutralizing antibody

5 NP Nucleocapsid

6 NA Neuraminidase (cleaves 
sialic acid and promotes 
virus release)

7 M1 Matrix protein: viral 
structural protein (interacts 
with nucleocapsid and 
envelope, promotes 
assembly)

7 M2 Membrane protein (forms 
membrane H+ ion channel, 
which causes acidification 
of the viral nucleocapsid 
and target for amantadine, 
facilitates uncoating and 
HA production)

8 NS1 Nonstructural protein 
(inhibits cellular messenger 
RNA translation)

8 NS2 Nonstructural protein 
(promotes export of 
nucleocapsid from nucleus)

The genomic segments in the influenza A 
virus range from 890 to 2340 bases. All the 
proteins are encoded on separate segments, 
with the exception of the nonstructural proteins 
(NS1 and NS2) and the M1 and M2 proteins, 
which are transcribed from one segment each.

The HA forms a spike-shaped trimer; each 
unit is activated by a protease and is cleaved 
into two subunits held together by a disulfide 
bond. The HA has several functions. It is the viral 
attachment protein, binding to sialic acid on 
epithelial cell surface receptors; it promotes 
fusion of the envelope to the cell membrane; it 

Table 1
Products of Influenza Gene Segments

hemagglutinates (binds and aggregates) human, 
chicken, and guinea pig red blood cells; and it 
elicits the protective neutralizing antibody 
response. Mutation-derived changes in HA are 
responsible for the minor ("drift") and major 
("shift") changes in antigenicity. Shifts occur only 
with influenza A virus, and the different HAs are 
designated H1, H2, and so on.

The NA glycoprotein forms a tetramer 
and has enzyme activity. The NA cleaves the 
sialic acid on glycoproteins, including the cell 
receptor. Cleavage of the sialic acid on virion 
proteins prevents clumping and facilitates the 
release of virus from infected cells, making NA a 
target for two antiviral drugs, zanamivir 
(Relenza), and oseltamivir (Tamiflu). 
The NA of influenza A virus also undergoes 
antigenic changes, and major differences acquire 
the designations N1, N2, and so on.

The M1, M2, and NP proteins are type 
specific and are therefore used to differentiate 
influenza A from B or C viruses. The M1 proteins 
line the inside of the virion and promote 
assembly. The M2 protein forms a proton 
channel in membranes and promotes uncoating 
and viral release. The M2 of influenza A is a 
target for the antiviral drugs amantadine and 
rimantadine.

Viral replication begins with the binding of 
HA to specific sialic acid structures on cell 
surface glycoproteins (See Figure 2). The virus is 
then internalized into a coated vesicle and 
transferred to an endosome. Acidification of the 
endosome causes the HA to bend over and 
expose hydrophobic fusion-promoting regions 
of the protein. The viral envelope then fuses 
with the endosome membrane. The proton 
channel formed by the M2 protein promotes 
acidification of the envelope contents to break 
the interaction between the M1 protein and the 
NP, releasing RNPs (ribonucleoproteins) and M1 
protein, allowing uncoating and delivery of the 
nucleocapsid into the cytoplasm.

Unlike most RNA viruses, the influenza 
nucleocapsid travels to the nucleus, where it is 
transcribed into messenger ribonucleic acid 
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(mRNA). The transcriptase (PA, PB1, and PB2) 
uses host cell mRNA as a primer for viral 

mRNA synthesis. In so doing, it steals the 
methylated cap region of the RNA, the 
sequence required for efficient binding to 
ribosomes. All the genomic segments are 
transcribed into 5'-capped, 3'-polyadenylated 
(poly A) mRNA for individual proteins except 
the segments for the M and NS proteins, which 
are each differentially spliced (using cellular 
enzymes) to produce two different mRNAs. The 
mRNAs are translated into protein in the 
cytoplasm. The HA and NA glycoproteins are 
processed by the endoplasmic reticulum and 
Golgi apparatus. The M2 protein inserts into 
cellular membranes. Its proton channel prevents 
acidification of Golgi and other vesicles, thus 
preventing acid-induced folding and inactivation 
of the HA within the cell. The HA and NA are 
then transported to the cell surface.

Positive-sense RNA templates for each 
segment are produced, and the negative-sense 
RNA genome is replicated in the nucleus. The 
genomic segments associate with polymerase 
and NP proteins to form nucleocapsids, and the 

NS2 protein facilitates the transpor t of 
ribonucleocapsids into the cytoplasm, where 
they interact with the M1 protein lining plasma 
membrane sections containing M2, HA, and NA. 
The genomic segments are enveloped in a 
random manner, with 8 to 11 segments per 
virion. This process produces a small number of 
virions with a complete set of the 8 genomic 
segments and numerous defective particles. The 
particles are antigenic and can also cause 
interference, which may limit the progression of 
the infection. The virus buds selectively from the 
apical (airway) surface of the cell as a result of 
the preferential insertion of the HA in this 
membrane. Virus is released approximately 8 
hours after infection.
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Figure 2
Replication of influenza A virus. After binding (1) to sialic acid-
containing receptors, influenza is endocytosed and fuses (2) with the 
vesicle membrane. Unlike for most other RNA viruses, transcription (3) 
and replication (5) of the genome occur in the nucleus. Viral proteins 
are synthesized (4), helical nucleocapsid segments form and associate 
(6) with the M1 protein-lined membranes containing M2 and the HA 
and NA glycoproteins. The virus buds (7) from the plasma membrane 
with 8-11 nucleocapsid segments. (-), negative sense; (+), positive 
sense; ER, endoplasmic reticulum.
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