


 



he release of viral nucleic acids and proteins into the cells’ cytoplasm 

using highly pathogenic 1918 ‘Spanish’ influenza and avian H5N1 influenza viruses. 
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Figure 1.6: The role of the 1918 ‘Spanish’ influenza virus in the pandemics of the 20

Figure 1.11: Broad mechanisms of viral antagonism of the host’s innate immune response. 



tional role of influenza’s NS1 protein in antagonising the cell



Figure 4.1: Analysis of each IFITM3 amino acid’s influence on antiviral restriction of influenza 













“When we think of the major threats to our national secu

– a flu pandemic.”

encapsulated by the virus’ 

determinants of the virus’ ability to infect cells resides in the composition of the 
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fects immune cells, in order to hinder the host’s cellular antiviral response. 



own as “reassortment” and can lead to entirely novel 

the host’s immune system over time

for predicting the viruses’ future antigenicity and spread.



and NA genes leads to the phenomenon of “antigenic drift” wherein the 

and the “shifting” of antigenicity, i
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into the circulating viral population. Typically, such “novel” 

from pigs, which essentially act as “mixing vessels” for both 
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n individual’s genetic predisposition 
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, although the discovery of α



“Spanish influenza killed more people in a year than the Black Death of the Middle Ages killed 

more people in 24 weeks than AIDS has killed in 24 years.”

pandemics have now been experienced in the “modern” era; thus informing us of how the virus 



Verified transmission of a virus between humans, causing “community level outbreaks” within a 

is recorded in more than one WHO region to form “community level outbreaks” on a global scale.

1918 ‘Spanish’ 

‘Spanish’ influenza



fter 1920, the ‘Spanish’ influenza virus

: The role of the 1918 ‘Spanish’ influenza virus in the pandemics of the 20

‘Spanish’ influenza has undergone several genetic reassortments with wild avian influenza viruses to yield the 

are still in circulation, as of 2013. However, the “Russian” strain of H1N1 has been supplanted by the swine
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between the 1918 ‘Spanish’ strain of H1N1 influenza and

t was the first pandemic of the “modern” era, 

he ‘Hong Kong Influenza’ 



‘Fort Dix’ and ‘Russian’ 

is ‘pseudo pandemic’ is more notorious for the vaccine’s side 

related to the strain that had disappeared in the 1950’s but seemingly lacked any evidence of 

“In April 1997 Hong Kong issued a set of postage stamps celebrating the migratory birds that 

flock each winter to the city’s marshes. One of the birds depicted on a new stamp is a 

teal is H5N1. That might well make the falcated teal the duck of the apocalypse.”
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“Influenza viruses are

how the present situation will evolve.”

Since the late 1990’s, much attention had been paid to the emerging avian influenza threat from 

called “avian like swine” virus. As described earlier in section 1.1.3.2, the key to this virus’ 

zoonosis was the pigs’ ability to act as a ‘mixing vessel’ for all of these viruses, which led to the 







infected, with a significant minority of patients being noted as “previously healthy” 







the host’s defence proteins



Broad mechanisms of viral antagonism of the host’s innate immune response.

the host’s defences in order to 

al proteins signal for the destruction of the host’s antiviral 

simultaneously binding to the host’s E3 ligase, which subsequently results in the ubiqu

virions to the cell membrane of the infected cell; preventing escape. However, the virus’ Vpu pro

mimicry: where the virus produces a protein with high similarity to that of the host’s. This is illustrated here by 



released upon detection of viral replication within the cells (top panel). The second “arm” of the innate immune 

an “NK cell”, which subsequently detects which cell is infected before killing the cell to prevent further replication. 

Both “arms” of the innate system interact and work together in order to halt the spread of the virus.

responses are classified as the “adaptive immune response” and are discussed in Section 1.4.2.
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“intramembrane” 
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may be mechanically strengthening the cell’s endosomal membrane (C), which prevents viral membrane (V) fusion. 

The left hand panels show “regular” fusion in the absence of IFITM expression, whilst the right h

omal membrane, which cannot be overcome by influenza’s HA protein.  





pandemic influenza viruses’ nucleoprotein (NP) complex resu

5’ 2’

RNA that is released from RNA viruses upon infection of the cell; a distinct ‘non

self’ signal that is det



The detection of influenza’s vRNA is primarily 





broadly classified into three “types”: I, II and III. 



largely use the same pathway to stimulate ISGs, wherein the receptors’ pre



thase 2), OASs (2’ 5’ oligoadenylate synthases), RNase L, 



eukaryotic initiation factor 2α 



(eIFα), which in turn slows translation 

has been shown to result in a “loss of function” effect; greatly re









exudate “inflammatory” macrophages, in turn increasing the scale of inflammation in the lungs 



are primarily used to immobilise pathogens and consist of a mixture of the neutrophil’s DNA, histones and enzymes.

‡



surface, which are detected by NK cells; thus they are recognised as “self” and are not killed. 



by an interaction by the NK cells’ NKp44 or NKp46 surface receptor and viral HA, which is 



Mx1, which would have bolstered the mouse’s immune state 







“grooves” in their extracellular

; therefore signalling that a cell is “self” and should not become the target 

APCs can undergo “cross presentation” of antigens derived



ologically, the first “wave” of antibody production has a weighting towards 

IgM, the “natural antibody” 

. The second “wave”, which is retained at the 





Figure 1.29, NS1 is capable of interacting with the host’s cells at various points in order to 

alled “stealth phase” is a result of the 



virulence of the 1918 ‘Spanish’ influenza virus. 

functional role of influenza’s NS1 protein in antagonising the 

targets the cell’s mitochondria, but differs insofar that it has been reported to inhibit the 



’s NP could kill 



influenza viruses are used to typify “low pathogenicity” infections, which usually show limited spread, mild 

symptoms and are cleared by the host. The 1918 ‘Spanish’ virus is used to illustrate the effects of “high 

pathogenicity” viruses, whe

being “at risk” of severe influenza viral infection if they are of a certain age (<2 years old, >65 



host’s immune and repair systems.



essed with “low pathogenicity” viruses

hypercytokinemia or “cytokine storms” have been attributed 

However, it should be noted that evidence regarding influenza’s 





split virion and subunit. “Whole inactivated” contains the entire killed virus, “split virion” is 

surfactant treated and contains all envelope proteins and “subunit” only contains HA and NA 







Although ongoing, the initial generation of the “pre CC” murine lines has resulted in the 

. One such study focused on the “extreme” responders to 



A “ ypical” 

The “typical” phenotypic responses 



Deviations from the “typical” phenotypic response to influenza virus infection are seen when 

–

–

–



not the only deviation from the “typical” phenotypic response, as 







knockout mouse’s 





Dulbecco’s Modified Essential Medium

Dulbecco’s Modified Essential Medium

replacement of DMEM by Ham’s F

including RPMI 1640 and Leibovitz’s L



Primer sequence (5’ 3’)







AmBisome (Gilead) was resuspended in sterile water (Sigma), as per the manufacturer’s 

Bone marrow was flushed with Hank’s buffered salt solution (HBSS; Sigma) from WT and 

mice’s hind femurs using a 21





w/v of Tissue Protein Extraction Reagent (Thermo Scientific) containing “cOmplete Protease 

” (Roche). Homogenate was centrifuged at 546×g for 5 minutes and the supernatant was 



–



part of the DNeasy Blood & Tissue Kit (Qiagen); following the manufacturer’s instructions. 

samples were subsequently processed using the manufacturer’s instruction

the primers listed in Table 2.4 and following the standard manufacturer’s protocol

cription Kit (Qiagen) according to the manufacturer’s instructions, with each reaction 



“Transgene Detection Primer Set”, designed to amplify eGFP

according to the manufacturer’s instructions, with the following cycling conditions:





(Invitrogen), according to the manufacturer’s instructions. Pre

o influenza NP (5’

3’, 5’ 3’, 

3’, 5’ 3’) were used 



with Cytofix/Cytoperm (BD Biosciences) according to the manufacturer’s

sciences), following the manufacturer’s 



manufacturer’s protocol.



kit (Affymetrix), following the manufacturer’s instructions. Briefly, sections were rehydrated 

nd were conducted according to the manufacturer’s 



Millipore’s Cytokine/Chemokine 17

Millipore’s Cytokine/Chemokine 4

Millipore’s Immunoglobulin Isotyping Kit (IgA, IgG

Invitogen’s

the manufacturer’s instructions, with >100 bead events being counted per 

manufacturer’s instructions



way Student’s t

Construction of “Best Fit” regressions for ELISA and Luminex assays were conducted using 



“simple” 

in other more “complex” model 
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Percentage of “normal” expression:

’s Mouse Genome Project. To test the effects of the loss of genes 













in the protein’s N



.1: Analysis of each IFITM3 amino acid’s influence on antiviral restriction of influenza and dengue 

scanning mutagenesis was used to examine the individual amino acid’s function on IFITM3









; “Ifitm

“ indicates no plasmid was present, “Ifitm3: +” indicates presence of Ifitm3 plasmid
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successfully reconstituted with the donor’s bone marrow (Figure 4.20



Genomes phased haplotypes from the UK, Netherlands and Germany (Table 4.1). Patients’ 

sequenced the patients’ 



Smith’s group at the WTSI showed evidence for positive 

, namely Tajima’s D, Fay and Wu’s H and Nielsen .’s CLR









Indeed, experiments using the HP 1918 ‘Spanish’ influenza strain and avian H5N1 strains have 





morbidities that were not classed as traditionally “at risk”

study’s 





to be in “high risk” 

as “low risk” succumbing to 

Traditional “at risk” groups have been the target of prioritisation for annual vaccination against 



potentially make the possibility of a “rare” complication stemming from an individual possessing 

infections in “at risk” groups, such as the young and the elderly. 

in the hosts’ respiratory tract
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IFN induction. Host cells are essentially ‘blind’ to the type of invadi





being “at risk”



pathogenic influenza viruses such as H5N1 and 1918 ‘Spanish’ H1N1 influenza

; thus effectively making knockout mice “dual knockouts”



CC genotype, who are genetically “at 

risk” of infection, can be protected by vaccination.









Pathology in Plasmodium bergheiâ€“Infected Mice. 
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