
Marcatori molecolari di 
aumentata patogenicità 
(mutazioni e riassortimenti) 

Piralla Antonio, PhD

FOCUS ON:
INFLUENZA 2017-2018



Shi et al. Nature, 2014

Influenza A – genome and structure  

The FluA contains two major transmembrane glycoproteins (HA and NA). The antigenic
and genetic diversity of these two glycoproteins are used to determine the IAV subtype.
At present, 18 hemagglutinin subtypes (H1–H18) and 11 neuraminidase subtypes (N1–
N11) are recognized.



• These two glycoproteins recognize the same host cell molecule: the sialic
acid (SA) (generic term for the N- or O substituted derivatives of
neuraminic acid) and have a complementary role in the replication cycle.

• The HA initiates the virus entry by binding to the SA and the NA facilitates
the virion release from infected cells through its sialidase activity.

• These two glycoproteins are also linked to infectivity, transmissibility,
virulence, host specificity and resistance to antiviral treatment.

• The equilibrium between the HA binding affinity and the NA enzymatic
activity, also called the HA/NA functional balance, has to be optimal for
good viral fitness (i.e. an efficient replication and transmission).

Key concepts on HA and NA



HA/NA balance

The balance between HA affinity and NA activity as a critical factor 
in host adaptation.



HA role on receptor attachment – sialic acid

HA has an important role in determining host tropism, as it binds to host
cell receptors that contain terminal α-2,6-linked or α-2,3-linked sialic acid
(α-2,6-SA or α-2,3-SA) moieties.

 Binds to cell surface carbohydrate - sialic acid 
 Ubiquitous receptor
 Can be present as part of glycoprotein or glycolipid





• The HA specificity for a 2,3 or a 2,6 SA depends on the HA origin.

• The HA of human-adapted influenza preferentially recognizes receptors
with a terminal a 2,6 SA whereas avian influenza preferentially recognizes
receptors with a terminal a 2,3 SA.

Receptor specificity involved on pathogenicity 



• The predominance of the a 2,6 SA in the upper respiratory tract of
humans is likely to contribute to the limited avian to human transmission.

• It has also been suggested that mucus in the human airway is rich in
soluble a 2,3 SA, which can trap the avian viruses and inhibit replication
and spread.

Receptor specificity involved on pathogenicity 
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Evolution – Genetic drift 

 These are small changes in the genes of influenza
viruses that happen continually over time as the
virus replicates.

 But these small genetic changes can accumulate
over time and result in viruses that are
antigenically different (further away on the
phylogenetic tree).

 Small changes allow evasion of the immune
response the antibody response can be escaped
and infection can occur



 Antigenic shift is an abrupt, major change in
the influenza A viruses, resulting in new
hemagglutinin and/or new hemagglutinin and
neuraminidase proteins in influenza viruses
that infect humans.

 Shift results in a new influenza A subtype or a
virus with a hemagglutinin or a hemagglutinin
and neuraminidase combination that has
emerged from an animal population that is so
different from the same subtype in humans
that most people do not have immunity to the
new (e.g. novel) virus.

Evolution - Genetic shift 
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Human may accelerate the process?  



History of pandemic influenza strains



The HAs of LPAI viruses possess a single basic residue at the cleavage site and are usually
cleaved by proteases found in only a limited number of organs, whereas the HAs of HPAI
viruses possess a series of basic amino acids at the cleavage site, which are cleaved by
proteases present in a range of different host cells.

Horimoto T, Kawaoka Y. Nat Rev Microbiol. 2005 Aug;3(8):591-600.

Cleavage site
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Fundamental question in influenza research (2013): can H5-HA-
possessing viruses support transmission in mammals?

• The genetically modified A/H5N1 virus acquired mutations during passage in ferrets, 
ultimately becoming airborne transmissible in ferrets. 

• None of the recipient ferrets died after airborne infection with the mutant A/H5N1 
viruses.

• Four amino acid substitutions in the host receptor-binding protein hemagglutinin, 
and one in the polymerase complex protein basic polymerase 2, were consistently 
present in airborne-transmitted viruses. 



The HA of the 1918 A(H1N1) IV had
the E190D substitution, that conferred
a double affinity for a2,3 and a2,6 SA
and is likely to have participated in
crossing the species barrier from avian
reservoir to humans. The G222D (H1
numbering) substitution allowed to
restrict the HA specificity to a2,6 SA.

Receptor specificity involved on pathogenicity 
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Patient 
no

Sample 
date ILI NS BAL

1 27/10/2009 severe 222E 222E
2 05/11/2009 severe 222D/N 222D/G/N
3 09/11/2009 severe 222D 222D/G/N

16/11/2009 222D 222D/N
4 25/11/2009 severe 222E/D 222E/D
5 6/11/2009 severe ND 222D
6 21/11/2009 moderate ND 222D/G
7 5/11/2009 moderate 222D 222D
8 18/11/2009 severe 222D 222D/G

21/11/2009 222D 222D
9 18/11/2009 severe 222E 222E/G



Severe cases of influenza 2017-18 season
58 A/H1N1pdm09 cases on ICUs in Lombardy
Overall, mutations (G/N/A) at codon 222 were observed in 5/58 (8.6%) influenza
A/H1N1pdm09 strains.
• 3/9 (33.3%) A/H1N1pdm09 strains detected in LRT carried D222G/N

• 2/49 (4.1%) A/H1N1pdm09 strains detected in URT carried D222G/N
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In 5/7 (71.4%) A/H1N1pdm09 ICU cases the URT sample was negative with at least viral
load >104 RNA copies/ml in LRT samples



Clin Microbiol Infect. 2013 
Jul;19(7):668-73.







• Avian influenza A virus polymerases almost universally contain
a glutamic acid (E) residue at position 627 of PB2, whereas this
residue is frequently mutated to lysine (K) in mammal-adapted
polymerases.

• It has been shown that changing the glutamic acid residue at
position 627 of PB2 to lysine (E627K) restores activity of avian
polymerases in mammalian cells.

• Although adaptive mutations have been demonstrated to
enhance the activity of avian influenza virus polymerases in
mammalian cells, there is disparity in the literature regarding
the mechanism through which these mutations enhance
polymerase activity.

Polymerase mutation (Avian E627 vs human K627)



• In recent years there has been an increasing focus on how host genetic
factors can lead to changes in resistance or susceptibility to influenza A
viruses.

• In recent studies, the single nucleotide polymorphism (SNP) rs12252-C
allele of interferon (IFN)-induced transmembrane (IFITM) has been
shown to shorten IFITM3, leading to decreased inhibition of virus
replication in vitro.

• A single-nucleotide polymorphism (SNP) in the IFITM3 gene, rs12252-C,
has been shown to strongly correlate to worsened disease progression,
as this SNP leads to a truncated splice-variant that affects the protein’s
ability to localize to the membrane (Yang X et al., PLoS One (2015) 10(5):e0124985.; Zhang et al.,
Nat Commun (2013) 4:1418.

Host Susceptibility Factors



Conclusions
• Human and avian influenza viruses are in constant evolution but this

evolution may be driven according to specific roles.

• HA and NA are key proteins for virus evolution and adaptation.

• Influenza variants with mutations conferring HA specificity for a α2,3 SA
(LRT-specificity) have been detected in LRT of patients hospitalized in ICU.

• Host genome implication on virus pathogenicity is still debated.
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