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In Genome Sciences Foege S-110

Evolution of influenza

Today:Today:

1. Global health impact of flu
     - why should we care?

2. What is influenza?
      - what are the components of the virus and

how do they change?

3. Where does influenza come from?
       - are there animal reservoirs?

4. Predicting the future of influenza
- can we predict strains to make vaccines?

Global impact of fluGlobal impact of flu

• Flu is a highly contagious respiratory illness which
infects millions of people every year and kills
hundreds of thousands

• Caused by influenza viruses (A, B, C)

• Estimated to infect 100 million people each year in
the northern hemisphere alone

• Huge impacts on morbidity and mortality, but also
economic impacts

Global impact of fluGlobal impact of flu

• Typical patterns is a regional epidemic every year
beginning in late winter and lasting a couple of
months

• These yearly epidemics are caused by established
influenza A lineages (H1N1, H3N2) that continued
to circulate after being introduced to the human
population

• Every 10-50 years sees a pandemic variant that
sweeps across the globe, infecting a large
proportion of humans

Global impact of fluGlobal impact of flu

• Pandemics occurred in 1890, 1918, 1957, and
1968.  The 1918 Spanish flu epidemic probably
infected about 50% of the human population and
represents the most intense culling of humans.

• It is very likely that pandemic influenza will return

• Evolutionary tools can help fight currently
circulating influenza, and possibly dampen the
effects of future pandemic strains

• Antigenic drift versus antigenic shift
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What is influenza?What is influenza?

• There are 3 main types of influenza virus: A, B,
and C

• We’ll concentrate on influenza A, the most
important from the human standpoint

• Negative-stranded RNA viruses with segmented
genome

• 8 RNA segments encoding around 10 proteins

What is influenza?What is influenza?

• 2 glycosylated proteins on the
surface, HA (hemagglutinin)
and NA (neuraminidase)

• HA and NA are involved in
virus attachment and
release from hosts cells

• They are the primary targets of
the immune system in humans
(and swine)

• Different strains of influenza
are typically named for their
HA and NA genes, eg. “H1N1”

What is influenza?What is influenza?
• The virus is capable of generating a

lot of genetic variability

• First, like other RNA viruses, the
lack of proofreading and high error
rate of the viral polymerase leads to
high mutation rate.

• This high mutation rate, in turn,
leads to a high substitution rate.

• (Substitutions are mutations that
have become fixed through genetic
drift or natural selection)

• When these substitutions occur in
antigenic epitopes, they can lead to
escape mutants (antigenic drift)

What is influenza?What is influenza?
• The segmented nature of the

influenza genome leads to another,
more dramatic source of variability

• Reassortment can occur when one
host is co-infected with two different
strains, and the progeny viruses get
some gene segments from one
“parent” and some from another

• For example, if you were infected
simultaneously with both H1N1 and
H3N2, you might generate an H1N2
virus that could infect someone else
and start a “new” epidemic

Reassortment possible
since HA and NA are
encoded on different RNA
segments.

Where does flu come from?Where does flu come from?
• Reassortment gets particularly bad

when HA and/or NA genes that are
new to the human population are
introduced

• There are 15 HA subtypes in the
gene pool of influenza that infects
wild birds (H1-H15)

• Birds are a reservoir of human
influenza, the source from which
new viruses may periodically
emerge

• Importation of a variant to which few
or no humans have prior immunity
(antigenic shift) is the cause of the
periodic pandemics
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Where does flu come from?Where does flu come from?

• Since pigs can be infected with both avian and
human influenza, and various reassortants have
been recovered from pigs, it has been suggested
that pigs might play the role of intermediary in the
generation of reassortant pandemic strains

• In 1979, for example, an avian influenza A began
infecting swine in Northern Europe.  This lineage
has since clearly mixed with locally circulating
human lineages, and has picked up human H and
N2 HA and NA segment via reassortment

Where does flu come from?Where does flu come from?

• 1997, it became clear that avian influenza could
also jump directly from birds into humans

• The Hong Kong 1997 variant was an avian H5N1
virus that infected 18 people and killed 6

• Luckily, the virus was poorly transmissible in
humans (if at all)

• What would happen if someone got infected with
avian H5N1 from their chicken, and also human
H1N1 from their co-worker?

1918 Flu1918 Flu

• 1918 Spanish flu probably infected about 1 billion
of the world’s 1.8 billion people, and led to the
death of perhaps 50 million (>30% US population)

• Two waves, first not too deadly. Most deaths
occurred in a second 8-week window, October-
November 1918

• Most deaths due to complications like pneumonia,
dehydration

• Unusual pattern of mortality, with healthy young
adults, 20-25, most affected.

How would you determine origin of
1918 flu strain?

-Recent adaptation human strain?
- Avain origin?
-Swine origin?

Phylogenetic analysis to
determine origin of 1918 flu -

was it avian?
• Use fixed tissue from 1918 to PCR

amplify flu strain
• Sequence genes and place in known

phylogeny of influenza from different
taxa
– Problem with not have complete data for all

taxa
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Note diversity in avain. Now place in 1918 influenza

• Use distance NJ method
– What about parsimony and ML?

• Bootstrap tree (100 replicates)
– Need more replicates

1918 flu group is closest to avian
than any other strain. Conclusions from tree

• 1918 strain clusters within mammalian
lineage

• Closest mammalian strain to avian
– Low bootstrap support

• Could have jumped avian, then resided
in mammalian before becoming highly
virulent.

Other evidence of avian origin: Structural studies suggest
avian origin

• Purify/express HA from 1918 virus
• Crystalize structures and solve

– Problem with structures crystalized in different
solutions. Structures not static images as we view
them.

• Compare structures between human H1
(1918 strain), H5 and avian.

• Avian strain has unique fold.
• 3D structures more conserved than primary

structure?
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Comparison of HA from

1918 (red), Human H5 (green)

and avian (blue)

Green = human H5
Red = 1918
Orange = Avian

Detail of region characteristic of avian HA

Summary from structural
studies

• 1918 contains structures unique to
avian influenza

• Similar to human influenza strains,
worked out details of how it evolved to
bind human.

Where did 1918 influenza
come from

• Phylogenetics points to mammalian
• Structural biology suggests avian
• May have jumped from avian into

mammalian host, adapted then caused
epidemic
– Young were hardest hit in 1918, could

older adults had antibodies from prior less
pathogenic strain?

Newest results:
Tumpey TM, et al. A two-amino acid change in the hemagglutinin
of the 1918 influenza virus abolishes transmission. Science. 2007

Feb 2;315(5812):655-9.

• Took 1918 flu strain used site directed
mutagenesis to mutate 2 residues back to
avian form (involved in sialic acid binding)

• Infected ferrets
– Ferrets became infected and sickened, but flu did

not transmit
– Suggests strain adapted from avian to human

• Could the sites have been predicted?
• Concerns regarding reconstructing pandemic

flu virus?

How to design a vaccine
against influenza?
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How to design a vaccine
against influenza?

Influenza tree has main lineage
termed trunk. Tip lineages only
last on average 1.5 years. Can
we predict which tip lineage will 
continue along trunk. If so, this
is a good strain to design vaccine 
against for the  following year.

Take subset of tree, and all viruses
present that year  - predict which 
one persists to next year

From which strain did
This lineage derive?

Which of these survive?
How predict?

How to design a vaccine
against influenza

• Predict sites under positive selection
• Look at lineages with most changes in

these sites

Determining sites under
positive selection

• Calculate probability of observing 8
nonsynonymous changes in 10
substitutions
– Need to know proportion of

nonsynonymous sites (p) and synonymous
sites (q)
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This is same probability theory as with coin toss

Positively selected codons
fall in several functional
regions

Positively selected
sites fall in receptor 
region

Subset of codons used for
prediction

• Positively selected
• Antigen Binding site A and B (AB)
• Antigen Binding site C,D, E (CDE)
• Sialic acid receptor binding site (RBS)
• Fast - undergoing largest replacements
• Random

Basics of test

• Make tree with all extant lineages
• Group codons based upon predetermined

codon sets.
• Count number of NS changes for each codon

set.
• Assign the most likely to persist as that strain

with most NS changes.
– Those with most changes likely to escape immune

response.
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Success with + selected sites  = 82%
Functional subsets not as predictive.

Summary

• Influenza phylogenetic tree has single
main lineage

• Lineages with most changes at
positively selected sites are most likely
to predict evolution of influenza.

• No casual explanation for adaptive
evolution
– Sites with known function not predictive.

Could method be improved?

• Use maximum likelihood to predict sites
under positive selection.
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This study used just HA gene.
What about phylogenies using

whole genome?

Tree from Genome

Without HA or NA

All samples from
NY state

Questions
• What are two ways the 1918 flu was shown to

be of avian origin.
• What is antigenic drift and antigenic shift
• How does reassortment work in influenza

virus?
• Describe one way to predict the evolution of

human influenza.
• How would 3D structures help determine

relatedness of 1918 strain and avian
influenza?

• What is difference between epidemic and
pandemic?


