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CHAPTER 1: INTRODUCTION

1.1 Overview

Of the three types of influenza viruses (influenza A, B, & C), onfljpenza A
viruses are established in animals other than humans. Influenzaskvinfects a large
variety of animal species, including swine, equine, human, avian andanammals
(Webster et al., 1992). Influenza A viruses are classified acgptdi the two surface
molecules, hemagglutinin (HA) and neuraminidase (NA). Wild aquatds are the
reservoir of all the subtypes of influenza A viruses (H1-H16M1dN9), where they are
usually asymptomatic. Avian influenza A viruses from aquatic bimds feequently
transmitted to domestic birds & swine, and occasionally to aq(seals, whales) or
terrestrial mammals (horses and humans). Since pigs are shbiscéptinfection with
both avian and human influenza A viruses, often being in close conthchwnans or
birds, they play an important role in the zoonosis of influenza éses to humans. By
being susceptible to viruses infecting two different species, ¢thegte a platform for
creation of new ‘reassortant’ viruses for which humans might hideeprior immunity.
For this reason, they are postulated to be the ‘mixing vedselfluenza A viruses
(Webster et al., 1992). Substantiating this fact, swine viruseslassified into ‘avian-
like’, ‘human-like’ and ‘classical swine’, indicating the diféat virus lineages that can
infect swine. Thus it is critical for continuous surveillance wing influenza viruses

throughout the world from an economic, epidemic and pandemic perspective.



1.2 Resear ch objectives

This study intended to genetically characterize four swineenta A isolates
from humans in Kazakhstan over a separated time period. The esairch objectives

are:

I.  Deduce the evolutionary relationship of the four isolates to other mzftueiruses
through phylogenetic analysis of the nucleotide sequences. The viauses
A/Alma-Ata/1044/83, A/Alma-Ata/1417/84, A/Alma-Ata/5/98, and A/Alma-
Ata/32/98.

II. To do complete sequence analysis of the individual genes of theesstdafind

out residues that might potentially play a role in pathogenicity and anfigenic
The results of the study are:

I.  The four isolates are influenza A viruses, and all the eight gehdse four
isolates have 98-99% identity to the ‘classical swine’ isolate
A/swine/Jamesburg/1942, except for the HA of A/Alma-Ata/32/98 wiak
99% identity to the WS/1933 virus.

Il.  The virus isolates probably recogniz2,6 linked sialic acids (present on humans
and swine). The isolates do not seem to carry any obvious amihigaatures’
observed in highly pathogenic viruses.

[ll.  The viruses share a lot of features with the ‘classicalhswiruses, but show

considerable sequence variation at residues that are involved meranti



recognition of the host immune system. These mutations can be pexbttda
influence immune recognition of the viruses by the host.

Considering the rate of mutation of influenza viruses, it's nexhpwmssible that

the viruses were preserved in its entirety in a separataapdog reservoir for
~50 years after their initial circulation in an another contin€hé presence of
these viruses in Kazakhstan could be explained by a combinatiobavétiary
leaks of classical human/swine isolates in the southern USSR in, 1880s
divergence of classical HIN1 in pigs, and the low population density in
Kazakhstan. A more solid swine and human influenza surveillancentrat

Asian countries is necessary to resolve the anachronism.



CHAPTER 2: LITERATURE REVIEW

2.1 Influenza A viruses- Biology and Replication

Influenza A viruses are members of the Orthomyxoviridae fartf@gnus
Influenzavirus A). The influenza A viruses are primarily digtished from influenza B
& C viruses based on the genetic and antigenic differencginnucleoprotein (NP)
and matrix (M) proteins. Whereas influenza A infects a wideetyarof animals,
influenza B & C primarily infects humans (influenza C has &lsen isolated from pigs

& dogs) (Palese et al., 2007).

Influenza A viruses are enveloped single stranded, negative séifseiRises
with a segmented genome. There are eight RNA segments, coditd proteins. The
largest are the polymerase proteins, comprising the polymeaage 2 (PB2; 2341 bp),
polymerase basic 1 (PB1; 2341 bp), and polymerase acid (PA; 2233 bp). drkese
followed by the hemagglutinin (HA; 1778 bp), nucleoprotein (NP; 1565 bp), and
neuraminidase (NA; 1413), matrix (M; 1027 bp), and non-structural proks; 890
bp). PB1, M, and NS code for splice variants PB1-F2 (261 bp), 368 bp), and

NS2/NEP (418 bp) respectively (Palese et al., 2007).

The HA and NA spikes are embedded in the lipid envelope, along witlki2he
(matrix 2) protein (Palese et al., 2007). The HA is the recdypnoling protein mediating
the fusion between virus envelope with the host cell membrane. Ifisgkgiinteracts

with sialic acids on cell surfaces?,3 linked in case of avian an@,6 in case of human
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& swine), and is the major target of host humoral immune respongso(/¢t al., 1990).
The NA helps in the budding of virus particles after infectiomdmgoving sialic residues
from HA as well as the infected cell. Like HA, NA is also unsignificant immunogenic
pressure (Colman et al., 1983). The last component of the envelapapssed of the
matrix proteins. As mentioned earlier, there are two splicednariof the matrix gene,
M1 and M2. M2 protein, serves as an ion channel, and helps in the uncafativeg
virus. Additionally, it also modulates the pH of Golgi apparatusygmng premature
conformational change of the HA protein prior to virus assembly. Mheprotein lies
beneath the lipid envelope, providing rigidity to the membrane (Wieg al., 2006b).
This envelope encapsulates 8 RNA segments, each of which is bgyatedleoprotein
(NP) and bound to the heterotrimeric polymerase complex made,d?PBRand PB2 at
their extremities. This polymerase complex is responsible fanstription and
replication of the viral RNA (Naffakh et al., 2008). Recently acsplariant of the PB1
protein was discovered (PB1-F2), and was found to have pro-apoptaotityg€hen et
al., 2001). The virus also encodes the NS gene, which also has tee\aplants NS1
and NEP. The NS1 protein is multi-functional, with one of its important activity lkeg
antagonist of IFN responses (Hale et al., 2008). The other sphemtv& last influenza
protein is the nuclear export protein (NEP), and is found to be redqair@®NP export

from nucleus into cytoplasm (Neumann et al., 2000).

The infection begins with HA binding to sialic acids on the celfas@s and
subsequent internalization by endocytosis. The acidity of the late@ndagimulates a

conformation change that first involves the cleavage of the HAumec (HAO) into



HA1 and HA2 and subsequently fusion of the virus envelope and membrane of th
endosome. The host range of influenza viruses is frequently assowdh these two
events, with regard to the HA. Other than the sialic acid spéciof avian and human
influenza viruses discussed earlier, the cleavability of HAassociated with both
virulence and host range of influenza viruses. Unlike the low pathogenges, the
HPAI H5 and H7 subtype viruses have a stretch of basic resadules cleavage site. So
while the HA of LPAI viruses can be cleaved only by extracalltdypsin-like proteases
secreted at the lung and intestines of the bird, the HA oflMPéses can be cleaved by
furin-like proteases expressed ubiquitously in the trans-Golgil aeli$. This accounts

for the systemic spread of H5 and H7 HPAI viruses (Steinhauer, 1999).

Acidification of the late endosome also activates ion channel tgci¥i M2
protein, which results in the disassembly of M1 from the vVRNPgttingd in protons to
the viral interior (Colman and Lawrence, 2003). Consequently, the viRMP=eleased
into the cytoplasm and transported to the nucleus, where the trasceapt replication
of the viral RNA takes place. Transcription initiation beginghwthe cap-snatching
mechanism, where capped cellular premessenger RNAs are bowrig2bgnd cleaved
by the endonuclease activity of PB1. This is followed by tragpsen of the VRNA by
PB1, the RNA-dependent RNA polymerase. Termination of mRNA systhasd
polyadenylation occur at an oligoU sequence located near the 5’ ettt ofRNA.
Because of the identity of viral transcripts to cellular mRIN@olyA and 5’cap), they
are translated by the cellular translation machinery. Theslated polymerase proteins

get back into the nucleus to prime more transcription. The polymeassplex (PA, PB1



and PB2) also executes VRNA replication. Replication initiatioprimer independent
and results in the synthesis of complementary copies of theRNA| called cRNA. The
exact function of PA is not yet clear, although it's found tha required for vVRNA
replication. The newly synthesized VRNAs serve as templatendre transcription and
translation processes. Alternatively, they may exit the nucleusetincorporated into
progeny virions. The mechanism which defines this balance is noelyeidated,

although NP and NEP proteins have been proposed to play a role (Palese et al., 2007).

VRNPs exit from the nucleus occurs through association with MIhwhiturn
interacts with NEP. NEP in turn interacts with the cellUld@RM1 nuclear export
machinery which facilitates the whole export process (Cras.,e2003). The interaction
of M1 with the vRNP plays a crucial role in preventing reeofrthe vVRNPs back to the
nucleus and helps in targeting them to the assembly sites apittad side of polarized
cells, which already have the envelope proteins embedded. Thense@tanism which
ensures that all 8 segments are packaged in a single viriongsmptetely understood,
although it is known that they are incorporated according to speagiahanisms (Noda
et al., 2006). Finally, as cited earlier, the NA protein ensuresepnaease of new
viruses by cleaving sialic acid molecules present on both @eluembranes as well as

the HA. The whole replication cycle is summarized in Figure 1.



attachment

release

Figurel1: Influenza A replication cycle (Sorrel EM, 2003)

2.2 Transmission of Influenza

2.2.1 Ecology

Influenza A viruses have evolved to survive and propagate in a wrostyvaf
species. In humans, only H1, H2, H3, N1 and N2 subtypes are known to caasennf
(Webster et al., 1992). In horses, infections have been largelyctedtto H7N7 and
H3N8 subtypes (Webster et al., 1993), and pigs have been known to be infected with only
H1, H3, N1 and N2 subtypes (Webster et al., 1992). But it's agredthehatain species
serve as the universal reservoir of influenza viruses, from viafsagbtypes H1 to H16

and N1 to N9. Infections in most of the avian species are asymptothaghly host
8



adapted), and particularly to wild ducks. This is associated wetrokutionary ‘stasis’ in
those species, wherein the influenza viruses still undergo therasenef mutations, but
which does not lead to amino acid changes (called synonymous sulostitiod converse
is called non-synonymous substitution). Two notable reservoirs &teducks and wild
waterfouls, which are susceptible to influenza viruses of most ofH#heand NA
subtypes. Influenza has also been sporadically isolated from shkigréke gulls, terns,
shearwaters, guillemots and sandpipers. Domestic poultry areuatsgpsible to a variety
of subtypes, of which H5 and H7 are highly virulent, causing 100% aliigrt
experimentally (Webster et al., 1992). Thus it's agreed that asg@nvoir serves as the
pervasive, vast reservoir of influenza viruses, serving to geneeatevariants and
reassortants. This is supported by the findings that aquaticdairds as the ancestor of
all mammalian and equine lineage viruses (Subbarao et al., 2006), mgchhei three
recent human pandemics of 1918, 1957 and 1968. In addition, avian influenza viruses
have also been linked to outbreaks in seals, mink and whales, and d@pesiss like
the dog and cat (Webster et al., 1992; Beeler 2009). The compl@&gieabkustenance

of influenza viruses is summarized in Fig 2.



Seal: H7N7, H4AN5, H3N2
Whale: H13N2, H13N9

Horse: H7N7, H3NS.
Ferret

Swine:
H1IN1, HIN2,

-
7 / k Natural host

Cat, Tiger: H1-H15; N1-N9
H5N1
-
Domestic poultry: H4, 5, 7, Human: HIN1,
9 &10; N1, 2, 4&7. H2N2, H3N2.

Figure 2: Ecology of influenza A viruses. Aquatic species servdasatural reservoir which is
continuously transmitted to other species through a complex netwaekotdgical pathways.
Double headed arrows indicate mutual transmission, and one heas@draticates a one way
transfer to the pointed species (Adapted and modified from Pascua 2006).

2.2.2 Molecular determinants of host range

Since 1997, a series of harsh avian epidemics which had limited human
causalities (H5N1, HON2 and H7N7) caused widespread concern about tifdifyoss
those avian viruses becoming a human pandemic. Despite the conceassfaund that
the human-to-human transmission of these viruses is low, a regigsia pandemic
potential (Landolt & Olsen, 2007). It highlights the presence of hosferdarriers on

transmission of influenza viruses from one species to another. Althtsigistablished

10



that species specificity is most likely a multigenic t(8itibbarao et al., 2006), the HA is
considered to be the most important factor for a species ‘jumptto.o&s stated earlier,
mutations in HA which shift its receptor specificity frar,3 toa2,6 linked sialic acids
is usually associated with capacity to infect human and swine pomsla These
mutations are L226 & S228 in human H3 (Q226 & G228 in avian), and D190 in human
H1 (E190 in avian) (Matrosovich et al.,, 2000). These mutations requingicagt
adaptation in an intermediate host. Since pigs possess the redeptoosh avian and
human influenza viruses (lto et al., 1998, Webster et al., 1992), they lheen
considered to be this “mixing vessel” for emergence of new rdastnr This is
substantiated by the several reassortant viruses circulatsvgne population worldwide
(discussed below). With regard to NA, the stalk length and low ability is postulated
to be adaptations for species specificity. Short stalk lergtssociated with low
pathogenicity, although recent HPAI are found to possess largeodslén the stalk
region. With regard to low pH stability, unlike conventional human virusegl H5N1
could replicate in human intestine, causing gastrointestingbteyns and shed in large
guantities in stool. This is attributed to the low pH stabibfyNA, maintaining its
enzymatic activity at the acidic conditions prevailing in themsach (de Jong et al.,

2005).

With regard to internal proteins, the characteristic mutat@27K (E in human
and K in avian) in PB2 is supposed to determine species spedtficiiice and humans.
NP is also proposed to be the determinant of host range whichteanate or restrict

virus replication (Scholtissek et al., 1985). Further, other internalipsdike PB1, NP,

11



and M genes have also been implicated in species specifititgugh no clear picture
has emerged. Additionally, as discussed earlier, the presencdtipiernbasic residues at

the HA1-HAZ2 cleavage site also determine pathogenicity and probablyspeadieer.

2.2.3 Evolution

Evolution in influenza occurs in two major forms: antigenic dniftl antigenic
shift. Antigenic drift occurs when the virus undergoes mutations désatts in different
antigenic structure, and is thought to be driven by immunogenic presstine bbst.
Antigenic shift is a major change in the viral architectunergin new genes are acquired
through reassortment. Antigenic shift occurs when the sameoteh organism is
infected by two viruses which infect two different species, andreutethe genetic
segments are exchanged between these co-infecting viruseestheg virus is totally
unrelated to any virus the host has ever encountered. Notably, sssrtement events
create major epidemics and pandemics, including the 1957 H2N2 and 1968 H3N2
pandemic. The third but rare form of evolution involves recombination eastw
homologous segments within the virus; although there is ample evidest®w non-
homologous recombination occurs rarely. Nevertheless, a clearepistyet to emerge
about recombination as a source of genetic variation in influenza vifNetson et al.,

2007).

Since the RNA polymerase of the influenza lacks proofreadingtggcthere is
high rate of mutations during replication of the viral genome. Thusglurfection of a

single host cell with one or two viral strains, there theoréyicakists several

12



guasispecies, rather than a homogenous viral population. Although not atitsnata
reassortants are viable, this allows for considerable plgsticiadaptation to a new host
species. Most of these changes occur in genes which are under immanwegssure,
like the HA and the NA, rather than in the internal genes. Thisrimed as positive
selection, theoretically selecting mutants that are mdsttdfithe infected host, and is
frequently associated with changes in amino acid sequences (Watladted 992). In this
regard, a recent development is the concept of ‘neutral’ evolutibetem it has been
proposed that the mutations occurring in the surface genes needceesardy have
antigenic significance. The virus undergoes a lot of these Sileatral’ evolutions for a
considerable amount of time, exploring different options in the host immnearmgpace,
before ‘hitting’ a point wherein its optimally adapted to causpidemic or a possible
pandemic (Koelle et al., 2006). Internal genes (like NP) on the loéimel display a high
degree of host-specific adaptation and a change in them migholagigrnuation of the
viral infection (Webster et al.,, 1992). Rate of mutations of influeAzairuses is
proposed to be at a range of 0.001-0.007 nucleotide substitutions per sieamperhys
number varies between species, and is usually indicates thb [@nipe time the virus
has been associated with a particular host. Thus, ‘old’ viruseseevobre slowly
compared to recent entrants, a classic example of which hasevedutionary stases’ of

influenza viruses in certain avian species, as described earlier (Kretsalit, 2008).
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2.3 Swineinfluenza viruses

2.3.1 History & Epidemiology

Swine influenza was first reported in 1918, as it coincided with gevere
pandemic that was occurring in humans, and was first isolated in $880wWa/1930)
(Shope, 1931). The disease in pigs has a lot of similarities widlaghksin humans, and
was suggested to have had common etiology. Recent sequentheghafman H1 HA
revealed that the virus most probably spread from humans to pigs, ampperted by
observations of veterinarians (during the 1918 pandemic) who describeppterance

of the disease in pigs just after its appearance in humans (Brown, 2000).

Like humans, pigs are predominantly susceptible to three subtype4:; HBNI2
and H1IN2. HIN1 lineage viruses are frequently called ‘classicaheswineage,
indicating their continuing presence in swine populations several deedtéestheir
initial appearance (sw/lowa/1930). Apart from that, recent entnaciteding ‘avian-like’
H1N1, ‘human-like’ & ‘avian-like’ H3N2 viruses also continue to ciatel amongst the
swine herds (Wright et al., 2006a, Olsen et al., 2006). The virusesréananed
endemic in pig populations worldwide, and occasionally result in localeepcs,
especially when there is an antigenic drift. Table 1 sumnsatize epidemiology of

swine influenza viruses
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Table 1: Influenza A viruses circulating in pigs worldwide. Adapted from Brown
(2000).

Subtype | Location Comments
H1N1 North America Derivatives of ‘Classical’ virus, first isolated in 1930
Europe in North America.
Asia
South America
Europe ‘Avian-like’ virus first isolated in 1979
Asia ‘Avian-like’ virus first isolated in 1993
H3N2 Asia ‘Human-like’ virus first isolated in 1970 in Asia
Europe H3N2 human/ classical reassortant in 1984.
North America ‘Triple’ reassortant of human, avian and classical in
1998.
South America
Asia ‘Avian-like’ virus first isolated in 1978
H1N2 Asia Classical’human-like’ reassortant in Japan
Europe Human/’human-like’ reassortant in UK in 1994
North America Classical/triple-reassortant reassortant (H3N2) in
1998

Classical HIN1 were the dominant cause of swine influenza irh Morterica
from the time of their first isolation in 1930 through the 1990s. Additipntiey are
also isolated from South America, Europe, and Asia (Subbarao et al), Z86&lassical
viruses in the US remained largely stable for several dozen ak y@rom 1960s)
antigenically and genetically till the 1990s, after which variamd reassortants were

isolated (Olsen et al., 2006).

Human-like swine viruses were first isolated after the 1968 HaN®lemic and
have since become established in swine populations throughout the Brorkh( 2000).
Human-like swine influenza viruses have been recovered from pigsian Burope, and

North America. The introduction of human-like virus (H3N2) into swineNorth
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America in 1998 was a crucial event in emergence of reasseitases that presently
co-dominate the swine population in the US along with the clad$iddl swine viruses

(Olsen et al., 2006).

There have been at least three wholly avian virus introductionssimine: in
Europe in 1970s, in China in 1990s, and in Canada in 2004 (Pensaert et al., 1981; Guan et
al., 1996; and Karasin et al., 2004). The most interesting was tbduation in Europe,
which has completely replaced the other circulating lineagedinig#o the proposal that
‘avian-like’ viruses have a selective advantage over classidak virus (Brown, 2000).
But contrasting to the European scenario, introduction of avian-likélHa swine in
China has not replaced the classical swine viruses, and both conticiveutate (Wright
et al., 2006b). Unlike the classical swine viruses (before the ameaof H3N2), these
new viruses have shown considerable genetic and antigenic di@&isign et al., 2006),

showing that the viruses are trying to optimally adapt to the new host.

2.3.2 Outbreak, persistence and evolution

Swine husbandry practices directly influence the evolution of infeu@iases in
pigs (Brown, 2000; Easterday, 1980a). Outbreaks occur by introduction of gew{a
a herd, and the virus persists through infection of young susceptiblergigsoduction
of a new stock. In large commercial farms, complete elinonatus becomes possible
only by complete depopulation. The outbreak in a farm is usually iatstowith

outbreaks in several farms within an area, due to widespreadudistn of the virus
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among herds in an area. Transmission is primarily through the nagogbal route, and

is exacerbated by commercial husbandry practices (Brown, 2000).

Though the potential of swine acting as reservoirs of interepizantl long-term
true carrier of influenza has been studied, there is no cleatala¢gect or accept the
hypothesis. Brown (2000) considers the widespread occurrence of iaflirepms and
the husbandry practices make it likely that the virus is continaaintained by passage

to young susceptible pigs.

Evolutionary rate (precisely non synonymous substitutions) of swihgeenza
viruses is generally lower than human influenza viruses, and is prathablyp the weak
immune response mounted by pigs, fuelled by their short life syl continual
availability of non-immune pigs. Specifically, the evolutionaryeret lower for the
classical HLIN1 swine when compared with ‘avian like’ or ‘humé&e’ Iswine viruses,
probably reflecting that more recent ‘avian like’ viruses haveyabtompletely adapted
to the host. Though pigs worldwide harbor viruses (or antibodies) whickirailar to
‘old’ viruses, as mentioned earlier, the possibility of pigs exjstis a long term carrier

of influenza is yet to be clearly established (Brown, 2000).

2.3.3 Zoonotic potential of swineinfluenza

Swine serve as major reservoirs of HIN1 and H3N2 influenza viarsgdy
being susceptible to frequent introduction of new viruses from otheiespétey play a
major role in transmission of influenza viruses to humans. Therseaezal cases of

classical swine viruses isolated from humans in North Ameriith, avfew being fatal.
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Wholly avian H1N1, reassortant H3N2 and reassortant HIN1 have alsoidmésted
from other places (Subbarao et al., 2006; Myers et al., 2007). Mostaddbs have been
people who had direct contact with pigs, and there is no observabtalctirstinction of
swine influenza from conventional human influenza. Further evidenbte igrésence of
viruses (or antibodies) to HIN1 and H3N2 viruses in swine simildnose circulating in
the human population. The intriguing fact is that some H3N2 viruses detected in
swine populations several years after their human counterpartdisappeared, and
have led to the speculation that swine may serve as the intEmapiand long time

reservoir of influenza viruses (Brown, 2000).

Similarly, there is evidence to show that there is diregstsimission of influenza
viruses from pigs to poultry and vice versa. As mentioned eahiemost characteristic
has been the transmission of avian viruses into pigs in 1970s, whiehektablished a
stable lineage there. It has also been found that pigs are suscéptibfection with
avian viruses of all subtypes, from H1 to H13 (Kida et al., 1994). Aswsidering that
neither avian nor human influenza virus can directly infect each, athd that the 1957
and 1968 pandemics were both reassortants between human and avian virsissEg, pig
thought to have played the intermediary role (although there is ect ddvidence)
(Subbarao et al, 2006). Isolation of swine H3N2 viruses from irdechddren in the
Netherlands with genes encoding internal protein of avian origiasgCét al., 1994),
isolation of ‘triple reassortant’ H3N2 viruses in United Stetds, NA and PB1 of
human origin; NP, M and NS genes of classical swine origi2; BA of avian origin)

(Zhou et al., 1999), isolation of a HIN2 virus, derived from a reassastaciaissical
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swine and the ‘triple reassortant’ (Karasin et al., 2000), and $evtier H1N2 and
H1N1 reassortants (Subbarao et al., 2006) substantiate the ‘mixieg)’ ibgory. It is
thus important for continuous surveillance of swine influenza virusegréalicting and

possibility preventing future pandemics.
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CHAPTER 3: MATERIALSAND METHODS

3.1 Virusisolation and propagation

A/Alma-Ata/1044/83 was isolated from the lung of a 65 year old rpateent
who had succumbed to the infection, and had communal and occupational osiitacts
swine. A/Alma-Ata/1417/84 was isolated from the nasal wash 26 year old male
patient, and did not have contacts with swine. A/Alma-Ata/5/98 saated from 27-28
week old abortive material of a 23 year old woman, and had communal tsowitic
swine. Finally, the A/Alma-Ata/32/98 was isolated from 11-12 week aidrtive
placental material of a 25 year old woman. It is interestiingote that except for the
H5N1 avian influenza (Gu et al., 2007), there has not been any oeeotanfluenza
being transmitted to the fetus. The samples were inoculated iatb19day-old pathogen
free chick embryos. Eggs were candled daily to monitor the embrylityorAllantoic
fluid from dead embryos was aseptically harvested, lyophilized and propagatg@iveve

years before it was brought to the University of Maryland.

3.2 RNA extraction and cDNA synthesis

RNA was extracted from allantoic fluid of each sample usihgd®y (Qiagen,
Valencia, CA) spin columns. Briefly, beta-mercaptoethanol RLTebigolution (ratio
10:1000) was added to 200ul allantoic fluid in a 1.5ml tube. After brigingni 70%
ethanol was added and again mixed gently. This was transferred RdlAeasy mini

column for adsorption of the RNA on the membrane, and centrifuged far ami
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maximum speed. The contaminants were subsequently washed oiifnegobty the RPE
buffer and the RNA was eluted in 40ul of RNAse free water. RNi& stored at -7C

freezer and used for subsequent complementary DNA (cDNA) preparation.

The cDNA was prepared by first incubating 4ul RNA, 0.5ug Unil2 usaler
primer (AGCAAAAGCAGG), and 5.5 ul RNAse free Millipore watar 70C for five
minutes. The mixture was immediately incubated in ice. Subsequtglynixture of 4ul
2.5mM dNTPs, 4ul of 5X Reverse transcriptase buffer (Promega, M), RNaseout
(Invitrogen, CA) and 1 ul Reverse Transcriptase AMV (Promega,Wa$) added to the
denatured RNA and incubated in at 42°C for 1 hour for the cDNA syntteesiscur.

Reaction was subsequently stopped by heat inactivation at 70°C for 10 minutes.

3.2 PCR amplification and gel extraction

One micro liter of cDNA was used with 0.75 ul of 100ng/ul forward eeverse
primers (Invitrogen, CA) (universal and gene specific primers), 12.5ul Go-Tagngr
PCR master mix (Promega, WI) and 10ul nuclease free viedBmerase chain reaction
was performed by PTC-200 Peltier thermal cycler (Bio-Ra#l) ®@ith the following
amplification parameters: initial denaturation af®4or 4 minutes, followed by 30
cycles of amplification at € for 20 seconds, 86 for 30 seconds, and Q2 for 5
minutes. After 30 cycles, the final extension was performed®a fi2 10 minutes before

the final incubation at°C.

The PCR products were then run on 1.5% agarose gels stainedthidtinre

bromide, and subsequently the DNA gel purified using the QIAquick Gehé&ion Kit
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(Qiagen, CA). Briefly, the DNA fragment was excised fromgeéand three volumes of
bugger QG was added to one volume of the gel. Following dissolution gékfag 56C,

1 gel volume isopropanol was added and transferred to the QIAquickpmreadumns,

for the PCR product to adsorb on the column membrane. After two buffer washes to wash
out contaminants (buffer QG and PE), the DNA is eluted in 10ul of nuclease freelivate

was stored at -2C for subsequent sequencing reactions.

3.3 DNA sequencing and phylogenetic analysis

DNA sequencing was carried out using the Big Dye Termingt8t0 Cycle
Sequencing Ready Reaction kit (ABI, Foster City, CA), byl#mation of individual
strands of the DNA using 60 ng of a specific inner primer, @glisnce RR-100, and the
sequence buffer for a total volume of 20ul. Subsequently, any unincorptabtddd
ddNTPs and residual contaminants were removed by ethanol precipéatil the DNA
was vacuum dried. The dry DNA pellet was resuspended in HiDi fordea(Applied
Biosystems, CA). The sequences were then resolved on an AppliedtBrasy373 Al
3100 Genetic Analyzer (Perkin Elmer, Norwalk, CT), and sequencesedéesl using
the SegMan program (DNASTAR, Madison, WI). Genomic information waseter
from overlapping sequences covered by forward and reverse pridtetsast two
independent RT-PCR reactions were produced for each gene and usedquencing.

Complete edited sequences were exported to the EditSeq program in the same suite.

Most identical nucleotide sequences available in the influenza seqdatabase

were identified through the publicly available NCBI BLAST program
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(http://blast.ncbi.nim.nih.gov/Blast.cgi). A group of highly related dedst related
sequences were obtained, and few other historically important &ramucally
important sequences were also obtained. Multiple sequence alignnaephyogenetic
analysis were performed usiMdEGA version 4 (Tamura et al., 2007) with the default
parameters for sequence alignment. Neighbor-Joining method was arséuk ftree
construction, and confidence values for the tree topologies welgata by bootstrap
analysis of 1000 pseudo-replicate datasets. The trees weed @dithe Tree explorer
available along with the same suite. Three dimensional protein snwded generated by
means of Swiss-model (Arnold et al., 2006) with the identical huniafilbil8 HA pdb
code: 1lruz) and swine H1 (sw/lowa/1930 pdb code: 1lruy), and the modeds we

visualized using UCSF Chimera (Petterson et al., 2004).
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CHAPTER 4: RESULTS & DISCUSSION

4.1PAIRWISE ALIGNMENT

To ascertain the genetic relationship between the sequencedessothe

nucleotide sequences of the eight segments of the Alma-Ata/1044483was compared

to the corresponding eight segments of the other three viruses, asiarein Table 2.

It can be observed that except for the HA of Alma-Ata/32/98, wisclnly 87%

identical to the Alma-Ata/1044/83 virus, all the other segments| dhalother viruses

were 99-100% identical to each other.

Table 2: Pairwise comparison of the nucleotide sequence of the genersisgAima-

Ata/1044/83 virus with the nucleotide sequences other three isolates.

The 1983 virus (vs.)
Gene Alma-Ata/1044/83 Alma-Ata/5/1998 | Alma-Ata/32/1998

(% identity) (% identity) (% identity)
PB2 (segment 1) 99.95 99.96 99.91
PB1 (segment 2) 100 99.97 99.73
PA (segment 3) 99.9 99.95 99.68
HA (segment 4) 99.88 99.94 87.62
NP (segment 5) 100 100 99.86
NA (segment 6) 99.79 99.86 99.79
M (segment 7) 100 100 100
NS (segment 8) 100 99.84 99.76
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4.2 BLAST Analysis

Most related evolutionary ancestor to the sequenced isolates weradadentif

through the NCBI BLAST progranhttp://blast.ncbi.nlm.nih.gov/Blast.dgiand top

three ‘hits’ for each sequences are provided in Table 3. It can be observed¢pater
the HA of Alma-Ata/32/98 (98% identical to the HA of WS/1933 strain), the individual

genes of the other three viruses are 98-99% identical to the sw/Jamesburgil®942 vi

Table 3: Influenza viruses most related to the sequenced viruses

Gene segment M ost homologous isolate Per centage identity
(1) sw/Jamesburg/42 99%
PB2 (segment 1) (2) sw/lowa/15/30 98%
(3) sw/31 98%
(1) sw/Jamesburg/42 99%
PB1 (segment 2) (2) sw/31 98%
(3) sw/OH/23/35 97%
(1) sw/Jamesburg/42 99%
PA (segment 3) (2) sw/lowa/15/30 98%
(3) sw/lowa/31 98%
HA (segment 4) (1) sw/Almata/1417/84. 99%
A/Alma-Ata/1044/83 (2) sw/Jamesburg/42 99%
A/Alma-Ata/1417/84 (3) sw/lowa/30. 99%
A/Alma-Ata/5/98
HA (segment 4) (1) WS/33 98%
A/Alma-Ata/32/98 (2) sw/Cambridge/39 97%
(1) sw/41/49 99%
NP (segment 5) (2) sw/Jamesburg/42 99%
(3) sw/lowa/46 99%
(1) sw/Jamesburg/42 99%
NA (segment 6) (2) sw/lowa/73 99%
(3)sw/lowa/31 99%
(1) sw/Jamesburg/42 99%
M (segment 7) (2) sw/lowa/15/30 99%
(3) sw/29/37 98%
(1) sw/Jamesburg/42 98%
NS (segment 8) (2) sw/lowa/15/30 98%
(3) sw/lowa/31 98%
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4.3 Hemagglutinin (HA)

4.3.1 Phylogenetic analysis

To deduce the evolutionary relationship of the gene segments of theedsol
viruses, phylogenetic trees were generated with the nucleotipleerszes of all eight
segments with representative sequences in avian (several subtypsesible), classical
swine, ‘avian-like’ swine, ‘human-like’ swine, human H1N1, and the 1957
(A/Singapore/1/57) & 1968 (A/Hong Kong/1/1968 or A/Aichi/2/1968) pandestrains.
Phylogenetic analysis of the HAL1 gene (Fig 3) of the fotusés clearly separates the
tree into classical swine, human H1N1, and other subtypes. Th@-ige8) shows that
the Alma-Ata/32/98 belongs to the human H1N1 clade, placed near the WSti£i83
while the other three viruses are related to the classicaésshade (H1N1), placed near
the sw/Jamesburg/1942 strain. Thus the HA of the viruses is sefall tonder two
groups, the Alma-Ata/32/98 in one and the Alma-Ata/1044/82, Alma-Ata/1417484, a
Alma-Ata/5/98 in the other (referred to as Alma-Ata/1044 clubineon). It is also
interesting to note that the contemporary Mongolian isolategg ggbically closer to

Kazakhstan) are also homologous to an old human isolate, PR/1934 (arrows in Fig 3).
4.3.2 Amino acid comparison with the most identical sequence

Since phylogenetic analysis & BLAST analysis placed tmeses very near to
sw/Jamesburg/1942 and WS/1933 strains, the amino acid sequence A thietlie
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isolated viruses were compared to the aforementioned strains tetigave the
differences (Table 4). It was observed that the Alma-Ata/1044tenl viruses had
undergone seven mutations compared to sw/Jamesburg/1942, and Alma-Ata/8R2/98 ha
undergone six differentiating mutations compared to WS/1933. The sai@ of these

mutations is discussed later.

4.3.3 Receptor -binding sites (RBS)

HA binds to sialic acids, and it has been observed that swine & hunfhaenza
A viruses preferentially bind te 2,6 linked sialic acids, while avian, equine influenza A
viruses preferentially recognize 2,3 linked sialic acids. This change in receptor
specificity is linked to a jump in species barrier for avianueriza viruses to infect
mammalian hosts (Weis et al., 1988, Matrosovich et al., 1997, Matroseivadh 2000).
Thus the residues important for sialic acid binding specifigitthe HA were analyzed
for the viruses sequenced in this study (Table 4). Alma-Ata/10ddtec viruses
possessed amino acids typically recognizir@y3 linked sialic acids at residues 77, 138,
155, 186, 194, 227, and 225 and amino acids typically recognizh@ linked sialic
acids at residues 159 and 190. The classical swine isolate sy@&0owand
sw/Jamesburg/1942 also possessed the same residues at thesesld8atce it has been
structurally shown (Gamblin et al., 2004) that the mutation E190@ssindm a dual
specificity (botha 2,3 andu 2,6) to preferential recognition af2,6 linked sialic acids (in
H1N1 subtype), it can be predicted that the Alma-Ata/1044 clusteregimeferentially
recognizen 2,6 linked sialic acids. On the other hand, the Alma-Ata/32/98 daaneno

acids typically recognizing 2,3 linked sialic acids at residues 77 & 194 and amino acids
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typically recognizingn 2,6 linked sialic acids at 138, 155, 159, 186, and 225. The strain
WS/1933 also carried the same residues at these locations. AmeeAta/32/98
possesses Glu at residue 190, it can be postulated that it migrd daeé specificity to

botha 2,3 andy 2,6 linked sialic acids.

Table 4: Pairwise comparison of HA of the indicated viruses. Numbered according to the
viruses sequenced in this study.

Alma- Amino acid Alma-
Amino acid | Ata/1044 | sw/Jamesburg/42 . WS/1933
position Ata/98

cluster
86 L S 171 T K
123 N S 179 T N
125 M \Y, 281 I T
147 K R 284 S G
322 R K 409 T A
361 L M 457 S L
388 N K
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A/sw/Henan/01/06 \
A/Mongolia/162/91
A/NewZealand/7/83

92 | A/Brazil/11/78

A/USSR/90/77
A/Mongolia/231/85

A/Roma/49

A/FortMonmouth/1/47
A/Kojiya/1/52

96
46

A/AA/Marton/43
931 A/Mongolia/111/91 Human
100 A/Mongolia/153/88<_ HIN1
A/PuertoRico/8/34
A/Phila/35
A/sw/Niigata/38
A/Tokyo/3/67

-5 @ A/Alma-Ata/32/98
64l A/WilsonSmith/33

89
45

92 [A/BrevigMissionlllls

100l A/SouthCarolina/1/18 /
A/sw/HongKong/273/94

Alsw/WI/1/61

A/sw/StHyacinthe/148/90

\

A/sw/Jamesburg/42 CI . I
Al/sw/lowa/15/30 assica

@ A/Alma-Ata/1417/84 > Swine
@ A/Alma-Ata/5/98
@ A/Alma-Ata/1044/83

100 A/sw/Germany/2/81
87 _|_— Altk/Germany/2482/90
| L A/ck/HongKong/14/76 \
100 A/dk/Alberta/35/76
E[[ A/mallard/TN/11464/85 Human
98 L A/tk/MN/1661/81
A/Aichi/2/1968 (H3N2) H2N2 &

|| . A/gull/MD/704/1977 (H13N6) H3_N2 ;
56 A/tk/Ontario/6118/68 (H8N4) Avian and
o2 A/tk/Ontario/7732/66 (HSNO) avian-like
- A/mallard/NY/6750/78 (H2N2) .
L swine
100 A/Singapore/1/1957 (H2N2)

B/StPetersburg/14/06

76

80

79

_/

Figure 3: Phylogenetic tree of HA1 gene, aligned by Neighbor Joining methddeoMEGA
program, rooted to the B/StPetersburg/14/2006 HA. Bootstrap valuesh@ngn at every node
(1000 replicates). Major clades are shown with large flowerkbtac The Alma-Ata viruses
sequenced in this study are labeled with a filled circle, andthregolian viruses are shown in
the arrow (refer to text). A distance bar is shown below #ee Btandard influenza nomenclature
is followed, with the following abbreviations: sw- Swine, ck-€Kein, dk-Duck, tk-Turkey,
standard two letter abbreviations are used for US states.
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Table 5: Receptor binding sites comparison between sequenced viruseg,8hd2,6
binding conserved residues. Amino acid numbering is according to H3 HA.

_ Alma-Ata/1044/8
_ Avian 2,6 Alma- AlmaAta/1417/84 _
Amino | consens —consensus Ata/32/98 | Alma-Ata/5/98 ~ Functional
acid usa2,3 for H1 Significance of the
position | binding ° (all RBS same (all RBS same a5~ amino acid
[a, b] [a, b] as A/WS/1933) swine/Jamesburg
1942)
Though conserved
may not be
77 D E D D important, as not
near receptor
binding site (RBS)
[a]
Ser allows a
A, shallow pocket by
GITIS interaction with
138 in very S S A Q226, enabling a
few better fit fora2,6
[c].
c\lleilsgir(]:al Postulated to help
swine & better binding to
155 T avian-like T \% sialic acids in pigs
swine) compared to birds
T(huma’n) & humans [b]
N/D/S (sw & Minimal role in
159 T AVSW) D N better positioning
of the tip sialic
G (human) acid [d]
By indirect
interaction with
: G228, it could
186 PI_(ﬁr)ﬂy mgélr?t ) S P influence the
jority binding to sialic
acids towards2,6
[a]
Crucial amino
acid: E190D shifts
190 E D E D from dual
specificity to
preference towards
a2,6. [c,d]
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Non polar contact
194 L L L to the N-acetyl
methyl group. [€]

G- dual specificity

D- preference
225 G D D G towardso2,6. [d].

Structural reasong
not clear.

Van der walls
226 Q Q Q Q contact with A138

[d]

Near antibody
binding site D
(residues 225-228

2 > e P (same in W3) A [f]. Possibility of
no effect on sialic
acid binding [g].
G; RIS
(in case
228 of H3 G G G Hyd&%%%CtEng to
and
H13)

(a) Matrosovich et al., 1997, (b) Matrosovich et al., 2000, (c) Ganeblal., 2004, (d)
Stevens et al., 2006 (e) Martin et al., (1998) (f) Wilson et al., 1990 (g) Wu 20@4.,

4.3.4 Glycosylation sites

HA is glycosylated on at least 4-5 sites, and it is repdtiatithey are required
for the proper function and immune evasion through antigenic variation.cjnesigion
of additional glycosylation sites has been associated with imeneson mechanisms,
as is seen with recent strains (Schulze 1997, Igarishi et al., 20bB8).predicted
glycosylation sites (Gupta et al., 2004) of Alma-Ata/1044 clumber Alma-Ata/32/98 is
given in Table 6. For a comparison, the sites of WS/1933 and sw/Jani&SBdrgre
also shown. It was observed that that Alma-Ata/32/98 has one lasssygation site

compared to its most identical sequence, WS/1933. But the glydosypattential at this
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site is not strong, as predicted by the NetNGlyc program. I@n ather hand, a

comparison of the glycosylation sites between the Alma-Ata/104tecl and

sw/Jamesburg/1942 reveals no difference in the number of glycosylation sites

Table 5: Predicted glycosylation sites on HA of Alma-Ata viruses, WS/1933, and

sw/Jamesburg/42 using NetNGlyc 1.0 (Gupta et al., 2004)

A/Alma-Ata/32/98 A/WS/1933
Position & Glycosylation Position & Glycosylation
sequence potential sequence potential
28 NSTD it 28 NSTD it
40 NVTV it 40 NVTV ot
286 NASM + 179 NNSY +
304 NSSL i 286 NASM N
498 NGTY N 304 NSSL .
557 NGSL . 498 NGTY R
557 NGSL +t

32




A/Alma-Ata/1044 cluster A/swine/Jamesburg/1942
" | Glycosylation . | Glycosylation
Position & sequence potential Position & sequence potential
28 NSTD +++ 28 NSTD +++
40 NVTV ++ 40 NVTV ++
104 NGTC + 104 NGTC +
304 NSSL ++ 304 NSSL ++
498 NGTY + 498 NGTY +
557 NGSL ++ 557 NGSL ++

4.3.5 Antigenic Sites

Four antigenic sites have been identified on HA, denoted as Ca, Cb, Skh,and
comprising a total of 42 amino acids (Caton et al., 1983). These ahggtiig variable
sites identified as antibody binding sites on HA. Briefly, ¢ites are Ca: 155-158, 160,
184, 186-88, 222-23, 239-40, 255; Cb-86-92 & 130; Sa: 139, 142-43, 172-73, 175-82;
Sh: 171, 174, 204, 207-09, 211-13 (all numbered according to A/Brevig Mission/1918
strain). A comparison with its most identical strain WS/1933 shbaitsAlma-Ata/32/98
has a single point mutation in Sa (amino acid 171), making it losgiybesylation site,
as well as generating a possible antigenic variant. Additiongétions are observed in
the ‘stem’ region, which may be significant considering a reatstovery that
established that universal neutralizing antibodies against HA bind to the giem resar
the fusion peptide (Sui et al.,, 2009) (Fig 4). On the other hand, four ofetten s
differentiating  mutations observed between Alma-Ata/1044  clustand

sw/Jamesburg/1942 map to the surface of the molecule. Since twosef dhe near
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antigenic sites, it could again be postulated to generatentageic variant. Three
dimensional views of the two viruses were generated using &vadst (Arnold et al.,
2006) using homology modeling (Fig 4). The figure shows that mutationsocauered

in and contiguous to antigenic residues.

4.3.6 Cleavage site

HA is synthesized as an inactive precursor HAO which has tétebeed to HA1
and HA2 before they become active. While this cleave sde i&rg in several influenza
viruses, it has been observed that highly pathogenic H5 and H7 aflisanza viruses
isolates possess a stretch of basic amino acids at thoderec#that has been shown to
increase the virulence of the virus by increasing the possibfliysystemic infection of
the host (Horimoto et al., 1994). The Alma-Ata viruses don’t show antipheubasic

amino acids at the cleavage site.
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Figure 4: Surface representation of HA1 domain generated by Swisshfrneld et al., 2006)
and visualized by UCSF Chimera (Petterson et al., 2004), vethistic acid binding site colored
yellow (A) Representation of Alma-Ata/32/98 and (B) it's B&@eral anticlockwise view, with
red representing the amino acids differing from WS/1933, and @mmesenting the antigenic
sites Ca, Cb, Sa, and Sb. (C) Representation of some of theesunfatations in Alma-
Ata/1044/84 cluster, and (D) it's 9ateral anticlockwise view, showing amino acids different
from sw/Jamesburg/42 in red (Table 2) and antigenic sites Ca, Ch¢d S an cyan.
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4.4 Neuraminidase (NA)

4.4.1 Phylogenetic analysis

The phylogenetic tree places the neuraminidase of all theidolated viruses
near the root of the swine lineage, similar to the phylogenapicof HA. As seen in the
tree (Fig 2), there is high sequence identity between thefNAe Alma-Ata viruses and

sw/Jamesburg/42, placing them near each other.
4.4.2 Catalytic, Glycosylation and Antigenic sites

Influenza neuraminidase is a tetramer, with the active séteept at the exposed
tip of the molecule. All the sequenced viruses have the activeesithies conserved as

present across different subtypes (Colman et al., 1983).

Just like HA, neuraminidase is also glycosylated, and it hasreperted that the
number of glycosylation sites in N1 avian (domesticated and wild)@p#sies is 7, and
additional sites serving as antigenic variants are observed innhsina@ns from 1947-
1986 (from 365-367) and also in strains after 1954 (amino acids 45418k €t al.,
2000). Like the avian strains, the NA of the Ama-Ata viruses hagredicted
glycosylation sites. Also, there was no loss of glycosylatitenagiamino acid 146, which
has been postulated to extend the tropism of neurotropic influenza ¢tiagsl., 1993

and Reid et al., 2000).
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The complete antigenic structure of N2 & N9 subtype neuraminidasdéen
determined (Colman et al.,, 1983 and Colman et al.,, 1987), and is described2®
amino acids spread over seven epitopes on the surface exposed pHre of
macromolecule. As antigenic structures of N1 subtype virusesaraapped, the Alma-
Ata N1 subtype NA proteins were aligned with N2, and the homologoasn® acids
were compared. It was observed that NA of the Alma-Ata virbasgheir antigenic sites
closely resembling the classical virus (including sw/Jamesh@4g8), except for a
mutation S369N, which interestingly is a critical residue in tBeskie 364-375 (Webster
et al., 1987). Although the HB site is prevalent in avian virusesystglly lost when it
adapts to a human or swine host (Kobasa et al., 1997). This specificewnli®ting
mutation between A/swine/Jamesburg/42 and the human Alma-Ata vrasethus be
extrapolated as adaptation of the swine virus to humans. Sinceuti@gam also lies near

the antigenic residue 367, it could also influence antibody recognition of the virus.

Also, on comparison of the cytotoxic T-lymphocyte recognizing epstope
neuraminidase of sw/lowa/30 and Alma-Ata viruses, the epitope SEYPAS
(residues75-84) in lowa/30 was mutated to SL@WRAI. Such mutations are
interesting as they are supposed to play a role in immune evasdranisms (Eisenlohr

et al., 1992).

4.4.3 Virulence determinants

The length and sequence of the NA stalk is seen to vary eéetddferent

influenza viruses (Blok et al., 1982). Shorter stalks are seenuib iretess efficient viral
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release (active site in the head region cannot access tleasidl substrate) (Luo et al.,
1993). However, it was observed that several HPAI viruses, includand295 HPAI
viruses isolated in Hong Kong and early human strains like WS/188 6t the 1918
virus) had deletion in the stalk region (Li et al., 2003) and estHiibited virulence. The
Alma-Ata viruses do not show any large stalk deletions, as olosénveuch highly
pathogenic viruses. They carry the typical 4 amino acid deletionva&osén a large

number of classical swine isolates.

Avian influenza viruses have been shown to replicate in the intestatlin
avian hosts, whereas in humans, replication is largely restrictdte trespiratory tract.
This low pH environment stability was experimentally shown to bmaly by two
amino acids in NA: R344 and F466, both of which are located near knowmnncalci
binding sites (in N2 subtype NA) (Takahashi et al., 2003). AlmaaAthseveral human

viruses possessed N and F at those positions.

4.4.4 Phylogenetically important regions

Fanning et al., (2003) identify phylogenetically informative amind @ositions
in the influenza neuraminidase, which they propose might be involvegortamt virus-
host interactions. They mention about three noteworthy regions whit¢h b@gnvolved
in host adaptation of influenza viruses of the N1 subtype viruses: amino acids 67-86, 285-
289, and 339-344. A comparison of the regions in Alma-Ata viruses sihavarhino

acids in this region are identical to conserved residues in human and swins. viruse
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Figure5: Phylogenetic tree of NA; analyzed in the same way as described fbr Fig
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4.5 Polymerases- PA, PB1 and PB2

4.5.1 Phylogenetic analysis

Phylogenetic trees of the polymerase genes (Fig 3, 4, 5) @nibisplace the
polymerase genes of the isolated viruses at the root of tine $éweage, along with the

classical swine virus sw/Jamesburg/42.
4.5.2 Genetic signatur es associated with pathogenicity and host range

Chen et al., (2006) have identified genetic signatures of influemases that
might be associated with an avian virus becoming a human influenza Mg identify
52 ‘species-associated’ genetic signatures, of which 35 wecated on the
ribonucleoproteins (NP- 15, PA-10, PB1-2, and PB2-8). Interestinglyge¢hes of the
ribonucleoproteins of the 1918 pandemic influenza share 12 of these 35c genet
signatures. Taubenberger et al., (2005) also identify some aminoddf@dences
observed between the human, swine, avain and equine influenza virssesodpathe
sequence of the 1918 pandemic influenza strain (Brevig Mission/18). Aawynof the
important amino acids is provided in Table 7. It is seen that thenpohse is largely

relates to the classical swine viruses.

Of these amino acids, the only experimentally proved and probably dse m
interesting residue is amino acid 627 in PB2. Several studies havaeloed its roles in
replicative ability in mice and probably humans (Subbarao et al., 1993pr&kence of

K627 in Alma-Ata can thus be assumed to be involved in replication inamum
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respiratory tract, consistent with the human origin of these virld®gertheless, it has
been reported that the ability of K627 to modulate virulence isndigpeé on additional
features of the viral genome (reviewed in Nadia et al., 2008). Ansflexies specific
residue is amino acid 375 in PB1: Asn predominates in avian isohdtds Ser in most
human isolates (Taubenberger et al., 2005). Alma-Ata viruses, consigté their
human isolation, have mammalian ‘signature’ at those residues. Ihoaddhere are
several mutations in the ribonucleoproteins implicated with virulenceice- PB1:
L13P, D538G, K578Q, R614G, S678N; PB2: T333l, K482A, E627K, D701N, S714R,;
PA: S65Y, E133G, Q556R, K615N; NP: D34N, N319K, D480N; PB1-F2: N66S (Gabriel
et al., 2005; Shinya et al., 2007; Brown et al., 1999; Brown et al., 2@dEn€llo et al.,

2007). The Alma-Ata viruses do not possess any of those mutations.
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Table7: Amino acid comparison of polymerases (numbered according to H1IN1)

between Alma-Ata viruses and viruses of other subtypes.

. . Alma-Ata | Functional domains
Protein Residue Avian Human | Human) Human | Classical viruses associated with the
no HIN1 H2N2 H3N3 swine ; .
amino acid (a)
PB2 199 A S S S S S NP binding
271 T AIT A A T T Cap binding
475 L M M M M M Nuclea_locallzatlon
signal
567 D N N N D D Cap binding
627 E K K K K K NP binding
702 K R R R R R Importine
PB1 375 N/SIT S S S S S cRNA interactio
PA 55 D N N N N N Induction of
proteolysis
100 \ A A A \Y \Y
382 E D D D D D
409 S N N N S S
552 T S S S S T

(a) Boulo S et al., 2007
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43



@ A/Alma-Ata/5/98 N
69 Alsw/Jamesburg/42
99 | @ A/Alma-Ata/32/98
@ A/Aima-Ata/1417/84 Swine &
68/ @ A/Alma-Ata/1044/83 > Classical
— A/sw/WI1/1/57 swine.
% Alsw/lO/4]76
83 o7 AJtkINC/17026/88
97 .- A/sw/Ontario/2/81 .
A/Brevig Mission/1/18
sg- A/Melbourne/35
511 A/WSN/33
AlVictoria/68 (H3N2) pe
99 A/Roma/49
89 99 AINY/2924-1/86
91 L AJUSSR/90/77 _/
AJtk/Ontario/7732/66 (HSNO) N\
AIdk/LA/17G/87 (H3N8)
Alck/Hong Kong/220/97 (H5N1)
Alparakeet/Chiba/1/97 (HON2)
Alck/Shanghai/F/98 (HIN2)
Aldk/HongKong/3096/99 (HEN2) Avian and
AlswiFinistere/2899/82 > avian-like
Alck/CA/139/01(HEN2) swine
—— A/HK/16/68 (H3N2)
—— A/Singapore/1/1957 (H2N2)
Algull/MD/704/77 (H13N6)
A/sw/Ontario/01911/1/99 (H4NG6)
Altk/MN/833/80 (H4N2) /
B/StPetersburg/14/2006

\

59| 72

Human
H1N1

47

75

45

—
0.05

Figure 7: Phylogenetic tree for PB1; analyzed in the same way as described for Fi
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4.5.3 Antigenic residues

While the major targets of the humoral immune response have besaorthee
proteins (HA and NA), T-cell responses have often been dirdcwedrds internal
proteins like NP, Matrix, and polymerase proteins (Gotch et al., 19&argson et al.,
2008), and several epitopes have been identified. In addition to chardgethesiepitope
sequences, it has been reported that mutations flanking the epitag@satso affect
antigen processing and presentation of these antigens (Eisenlohl., e1992).
Interestingly, all the positions at which the Alma-Ata virusased from their closest
relative sw/Jamesburg/42 is at epitopes or the residues flackirigin epitopes, as

summarized in the Table 8.

Table 8: Mutations differences in and around T-cell epitopes in the Alma-Ata
viruses and sw/Jamesburg/42 isolate (hnumbered according to BrevigMission/1&)8 vi

Gene (amino acid

Sequence of

Sequence in Alma-

Reference for

number) sequence in | Sw/Jamesburg/1942| Ata viruses epitope

some cases

PB1 591-599 VSDGEBNLY VSDGGSNLY DiBrino et al.,
1993

PB1 571-579 RRSFEKL RRSFEKKL Cheuk et al.,
2005

PB1 741-749 Flanking sequence: | Flanking sequence: | Assarsson et

AEIMKICST IELDR IELDK al., 2008

PB2 322—331 Flanking sequence: | Flanking sequence: | Assarsson et

SFSFGGFTFK RTSGSVKK RTSGSVKR al., 2008

PB2 607-621 Flanking sequence: | Flanking sequence: | Assarsson et

LGTFDTVQIIKLLPF

AAAPPKON

AAAPPKQS

al., 2008

PB2 645-659
MRILVRGNSPAFNYN

Flanking sequence
(before & after):

Flanking sequence
(before & after):

Assarsson et
al., 2008
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AVNVRGSG..RAT | TVNVRGSG.. KAT

PA 46-54 FMYSDFHFI| Flanking sequence | Flanking sequence | Gianfrani et
(before & after): (before & after): al. 2000
MEVC....NERS LEVC...NERG

4.6 Nonstructural protein (NS)

4.6.1 Phylogenetic analysis

Just as observed in the other gene segments, the phylogenetsisanélthe
nonstructural protein places it at the root of the classical swieage (Fig 6),

contiguous to the sw/Jamesburg/42 virus.
4.6.2 Functional residues

The reported RNA-binding domain (residues 19-38), effector domain (134+i6l1¢ar
localization signals (R35, R38 and K41) are all conserved in theaAta viruses
(reviewed in Hale et al., 2008 hough not experimentally proved, NS has also been
reported to be post-translationally modified by phosphorylation atésidues, S195 and
T197 (Bornholdt & Prasad 2006) (the physiological role of which is ebthgar). Alma-
Ata viruses have the conserved Ser at 195 but have Asn at 197, instie@boine. This

is also observed among some of the classical swine virusessidiécance of this

substitution is not clear.
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4.6.3 Virulence deter minants

It was shown that a natural deletion (amino acids 191-195) variatiteoNS
protein was less pathogenic in chickens compared to a virus with alnd®nprotein
(Zhu et al., 2008). Li et al., (2006) have shown that the substitution Al48Wuated a
goose influenza virus in chickens. Amino acid 42 is also implicated wrulence
modulation. The presence of serine of glycine has been associated high
pathogenicity (reviewed in Hale et al., 2008). None of these charactevigtie observed
in the Alma-Ata nonstructural proteins. Like the aforementionedysydChen et al.,
2006, and a similar study by Finkelstein et al., (2007), Table 9 sshibes ‘species
associated’ amino acids in NS1 and NS2 protein of the Alma-Atgast It shows that

the Alma-Ata viruses are identical to the swine viruses in ‘$pecies associated

signatures.

Interestingly, the NS1 T-cell recognizing epitope GEISPLP@kidues 158-166)
(DiBrino et al., 1993) has the flanking residuesyA@n the Alma-Ata viruses instead of

the consensus . As mentioned earlier, this may have a role in immune evasion.

It is important to note that specific amino acid changes in éd@ired for host
adaptation have not yet been identified, although several studies hatiBedecertain
residues capable of modulating virulence. But it has also been um@ersihat the
observed effects might also be highly dependent upon the host undefrstuewed in

Hale et al., 2008).
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Table9: Comparison of the phylogenetically important regions of NS1 and NS2 proteins
between the Alma-Ata viruses and viruses of different subtypes.

Alma-

Amino Avian | Swine Human | Human | Human Ata Functional
acid HIN1 | H2N2 | H3N2 | . significance
viruses
NS1| 81 I I I M M I elF4y1 binding (a)
CrK interaction
through SH3 domain
215 P P P T T P | (b). P215 is reported
to hyper
phosphorylate PI3K.
227 E R K R R R PDZ domain (c)
M1, NEP
NS2 70 S G G domerization domain
(d)
M1, NEP
107 L F L dimerization domain

(d)

(a) Aragon T et al., 2000 (b) Heikkinen LS et al., 2008 (c) Obenauer JC et al., 2006 (d)
Akarsu et al., 2003.
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Figure 9: Phylogenetic tree for NS1 gene; analyzed in the same way as described for F
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4.7 Nucleoprotein (NP)

4.7.1 Phylogenetic analysis

The phylogenetic tree (Fig 7) shows that the NP genes dAltha-Ata viruses
once again fall at the root of the classical swine linealpag with the sw/Jamesburg/42
isolate. Interestingly, the NP genes of the contemporary Mongeirases were also

identical to the PR/8/34 strain, as seen for the HA (Fig 1).
4.7.2 Functional ressduesand CTL epitopes

The reported RNA binding residues (Elton et al., 1999), nuclear zatiain
signals (residues 327-345, 179-193 and 3-13 (Bui et al., 2002), and cytoplasmic
accumulation signals (F338, E339 and R342; Digard et al., 1999) aonsdireed in the

Alma-Ata viruses.

As mentioned earlier, the majority of the T-cell responsesithmenza are upon
the nucleoprotein, as it's one of the least diverging proteins of thuenaé genome.
Table 10 shows the epitopes that were different in Alma-Ata esrusom the

sw/Jamesburg/42 as well as the classical swine viruses.
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Table 10: Mutational differences in and around T-cell epitopes between Alma-

Ata viruses and sw/Jamesburg/42 isolate (numbered accordingevog®ission/1918

virus).
Epitopes (amino aciq Sequence in Alma-Ata Viruses Reference
number) sw/Jamesburg/42
NP 44-52 CTELKISDY CTELKLDDY DiBrino et al., 1993
NP 91-98 KTGGPYRR KTGGA YRR Cer“n‘ig'glv etal,
NP 103-111 KWRELILY KWK RELILY Berkhoff EG et al,
2007
NP 338-347 Flanking region: Flanking region:
FEDLRVSSE KKV KRV Assarsson E et al., 2008
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Figure 10: Phylogenetic tree for NP gene; analyzed in the same way as desoribed f
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4.8 Matrix (M)

4.8.1 M1 gene

4.8.1.1 Phylogenetic analysis

Phylogenetic analysis places the M1 gene of the sequenced viruses at tfe ro

the classical swine lineage, near the isolate sw/Jamesburg/1942 (Fig 8).
4.8.1.2 Functional residues and virulence deter minants

The RNA-binding and nuclear localization signal (residues 101-105)giiem
the consensus RKLKR to GKLKR in Alma-Ata viruses. It has begorted that
mutating residues 101 and 105 reduced RNA binding (Ye et al., 1999). timigiseone
study observed that a double mutant of R101S and E105S resulted in attenuate
replication of WS/33 in mice (Liu & Ye 2005). Thus the significantéhis mutation in
the Alma-Ata viruses remains unknown. The putative zinc binding mesfdues 148-

162) is also conserved in the Alma-Ata viruses (Elster et al., 1994).

It has been reported that the mutation T139A is responsible for moysatama
of FM47 virus (Smeenk et al., 1994). In a similar study, it was obdehat adaptation
of Hong kong/1968 virus was facilitated by one change in M1 (167A)oaedin M2
(D44N) (Brown et al., 2001). Adaptation of H2 viruses to mice wasledaby three
changes in the matrix proteins: N30D, Q214H, and M179K (Govorkova et al., 2000).

Another study comparing sequence differences between high patbibg viruses with
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low pathogenicity viruses observed that one of the changes respamagM15I in the
M1 protein (Val for low path and Isoleu for high path) (Katz et280Q0). None of these
changes were found in Alma-Ata viruses. Additionally, it was &smd that the M1

protein was not antigenically different from its closest relative snédaurg/42.

4.8.2 M2 gene

4.8.2.1 Functional residues and drug resistance

M2, the ion channel of the influenza virus is potentially palmitegaat C50
(Sugrue et al., 1990) and phosphorylated at S63 (Holsinger et al., 1995heah? t
protein of Alma-Ata viruses have the two post-translational nuadibns. Drug
resistance of M2 proteins occur with point mutations in any one of the 6 amino 26ids:
27, 30, 31, 34, or 38 (Belshe et al., 1988, Hay et al., 1986). Barring the mu#agon
instead of V28 observed in all human viruses, none of the mutationseavim drug
resistance are observed in the M2 protein of the Alma-Ata viri$es the Alma-Ata

viruses are drug sensitive strains.
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4.9 Evolutionary anachronism of the isolates

In light of antigenic shift of swine viruses, it has been esath#élhat swine H1
HA accumulates non-synonymous mutations at a rate three legsey than H1 HA of
human influenza viruses (Sugita et al., 1991), and others have reportedrthers to be
between 0.001 to 0.007 changes per nucleotide per year (the numberbefnesn
subtypes and genes) (Krasnitz et al., 2008). This is attributed teetleimmune system
present in swine, compared to humans. Additionally, pigs have a shaspén, which
doesn’t cover more than one influenza epidemic, and vaccines arentmelguently
applied. Importantly, husbandry practices play a major role in wbkiteon of swine
influenza viruses (Brown 2000). Paradoxical to this established dofese tuman
viruses from Kazakhstan are seen to be 98-99% identical tolabsical swine virus
sw/Jamesburg/1942 (except for the HA of Alma-Ata/32/98 which % @@entical to
WilsonSmith/1933 isolate). Surprisingly, even considering a modest iotutatte of
0.001 per nucleotide per year, the number of mutations that shouldbbaweed in a
span of 50 years (first isolation in 1983), and a subsequent gap ofail$ (gecond
isolation in 1998) has not occurred in these viruses. Though skeptigegito with, on
close analysis, several facts probably add credentials abeutegitimacy of these

viruses.

To begin with, this is not an isolated occurrence of anachronistis eing
discovered (in terms of genetic change), and there have been a harwfsé®fvherein
‘old’ viruses were either discovered from swine populations or rdatstito become

epidemic viruses. The best example was the latter case, wherein isa@geded that the
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1977 ‘Russian’ influenza was closely related to viruses atig in 1950, and
‘resuscitated’ after 27 years of ‘dormancy’ (Nakajimalgtl®78). Second, viruses to the
1968 H3 human influenza virus were isolated from pigs for up to at least 10 ydarstwit
much antigenic variation (Shortridge et al., 1977). The authors proposgughaould
serve as a reservoir of long term conservation of viruses. ThecHsedis isolation of H3
from swine in 1995 which were highly identical to human strains aiticig in 1975
(Bikour et al., 1995b). The fourth and the most striking case is dasimsolation of
swine virus highly identical to the sw/lowa/1930 virus (Bikour et al., 2995 addition
to these biotic reservoirs of influenza viruses, evidence is adating on abiotic

reserves of influenza virus (Zhang et al., 2006, Lang et al., 2008).

Although influenza viruses mutate rapidly, there are some pointgdhabe put
forth to explain long time persistence of H1 influenza, particulailyh reference to
swine. First, it has been reported by several authorditiman H1 viruses have a lower
fixation rate compared to human H3 viruses, resulting in lessgeait change. This is
reflected by the occasional need to change the H1 componentunitteesal influenza
vaccine recommended by WHO (reviewed in Hay et al., 2001). Wolt,g2806) did
large scale phylogenetic analysis of HA of recent human H1 and/itd8es, and
highlight that compared to H3, H1 viruses are under less positiveupeesuch that
genetically diverse lineages are able to coexist. Thueifate of fixation of human H1
is slow, then it can be extrapolated that swine H1 virusesd&aoech lesser antigenic
pressure to evolve, because of the aforementioned reasons. Indeed, ungill1998e

isolates in the US were derivatives of the ‘classical’ swsn&ates, with a low divergence

58



rates (Webster et al., 1992 & Sugita et al., 1991). Even if dimeegeccurs, this is seen
in regions unrelated to antigenic sites (Sheerar et al.,, 1989; Br2@60). But
contemporary swine viruses (H3 and H1) in other countries might be myohti
differing rates, higher or lower, due to different husbandry pext(de Jong et al.,
1999). Corroborating it, Easterday (1980) associated the slow ratatafion of swine
influenza in the US (till 1998) to the identical husbandry practicdiswed in the
country over the decades. On similar lines, it might be assuhstdthe husbandry
practices followed in Kazakhstan might have led to the pergistof the virus in swine
herds over the decades, before transmitting it to humans. The dlmserlat the
sequences are identical to swine influenza virus substantiatgsosmbility. It could be
that the virus was maintained in small geographical ‘pockets’,haiy be restricted to
a small farm or a part of a continent. Minimization of contasttiveen farms, coupled
with the short life span and low immunity of pigs could have ledhto long-term
conservation of these viruses (Bikour et al., 1995). In that case, suolalegs should
still be circulating in Kazakhstan, and should have been occdgidnahsmitted to
humans through the years. Emphasizing that the influenza surveiltageaeral is very
weak in the central Asian countries, a search in the influenza gktabase
[http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html] does not yield angchronistic
isolates. So there is no definite conclusion as to whether or nokliKawene harbor such
classical viruses. Even in the assumption that they do harbor tagegssahis possibility
becomes too implausible as no animal can harbor influenza viruges/lanchanged at
the nucleotide level for over 50 years. So there should be an altexgtnation.

Nevertheless, it is also important to mention that while therebbas lot of studies on
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evolution of human influenza viruses, there is dearth of complete umadirsg in the
evolution of swine influenza viruses, and there are evidences both &ga#ast pigs

being long-term true carrier state of influenza viruses (Brown 2000).

The alternate possibility is the Mongolian influenza epidemic$én1980s and
how they relate to the influenza outbreaks in Kazakhstan. Anchldn €996) describe
a set of HIN1 viruses causing severe outbreaks in the Mongolian ipapalation from
1980-1993. It was later found that the outbreaks were largely causadibgompletely
inactivated reassortant vaccine between the PR/1934 and USSR/H79. 8ut, one of
the isolated viruses, A/Mongolia/111/91 was closely related to Ri8/84 strain in its
entirety (arrows in Fig 1), a commonly used lab isolate. The autinention that the
PR/8/1934 strain might have been accidentally used for vaccinatsmuihern USSR in
1980s (through personal communication to the author), a time period ekadtly
coincides with several outbreaks of influenza in Kazakhstan (Chuvakeva #84 and
1985; Dem'ianenko et al., 1987), and other places in the former USSR&lBv et al.,
1987, Ivanova et al., 1984, and Petrov et al., 1990). In Alma-Ata, seselatkes were
obtained during the outbreaks of 1980-85, including the two viruses seduenttes
study (Alma-Ata/1044/83 and Alma-Ata/1417/84). So the possibilitynodecidental
laboratory leak of these viruses becomes an attractive explan#tione observes the
characteristic of the Mongolian and Kazakhstan outbreaks, both at@imeore or less
the same time, infecting significant number of people. So if a wadslenly infects a
significant number of people, it can be extrapolated that itgeamt make up cannot be

old. This is because of the general observation that a pathagsd e severe (infecting
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several hosts) only when it encounters a population which has not prgvseesl the
pathogen. So the possibility of an accidental laboratory leak becoigidy probable.
But if they were laboratory leaks, the next important questiohows did the virus
sw/Jamesburg/42, which is not a commonly used laboratory straikgUPR/1934 or
WS/1933), got into the human population? Another question is why did the vdigses
out? The reason might be due to herd immunity, as the population probably had
antibodies to an antigenically related H1 (USSR/77) virus. Sb theg available data,
there is no definite conclusion that can be reached about the oridia wirtis. But the
accidental leak theory can explain the origin of WS/1933 HA in ¢assortant Alma-
Ata/32/98. Chuvakova et al., (1984) report the isolation of A/Alma-Ata/18(8h a 3
year old infant (lethal case), and describe the HA to be idémbtidhe WS/1933 strain
and NA to be identical to the PR/8/34 strain, through serologistd. t€hus it can be
hypothesized that the WS/1933 strain was also accidentallyedladsg with PR/1934,
enabling it to cause infections. Such speculations will remain opéencam only be
clarified with more frequent surveillance among the swine and humaugiion in the

country.

The next mystery is regarding the 1998 isolates: after thigiali“introduction”
in 1980s, how is that the 1998 isolates, after a period of 15 years,|ghworates of
divergence from the 1983 isolates? There are two explanations eamde provided to
explain this anomaly. First, it is important to note that theatsdl viruses are not
absolutely conserved compared to the ‘classical’ isolates. f@itedesequence analysis,

it was observed that both the surface proteins and internal ganesindergone several
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mutations, most of which possibly play a role in evading immune recagniFor
instance, on comparison of HA of Alma-Ata/1044 cluster viruses thélr most related
evolutionary ancestor sw/Jamesburg/1942, the differentiating mutatierseen to be on
the surface of the molecule, in or contiguous to antigenic sitesitdhd ‘stem’ region of
HAl (Fig 2). On comparison of Alma-Ata/32/98 with its most tesflaevolutionary
ancestor WS/1933, it was observed that Alma-Ata/32/98 has lost asglgton site,
which also lies contiguous to an antigenic site. It has been shuwatrvariation in
glycosylation patterns can lead to immune evasion (Schulze 1997higsre., 2008).
All of the differentiating mutations (of the sequenced isolatedh fsw/Jamesburg/42) in
the internal genes, notably the ribonucleoproteins (NP, PA, PB1 and PB2pam@ithe
residues flanking T-cell recognition epitopes (Table 6 &7). Asitraeed earlier, these
possibly help in immune evasion mechanisms. This is also seém idifferentiating
mutations in NA and NS, also falling into T-cell recognition @pés. Thus it can be
speculated that the viruses have undergone just enough mutations to iescape
detection in the host. Another factor that has to be considered whkileg gan
explanation to the persistence of the viruses was that these stiexe isolated from a
city with a population density of just 4.15 persons pef Krom a country of population
density of only 5.5 people per Kriiving in a land of the size of Western Europe]. So it
becomes obvious that the human-to-human and swine-to-human spread isogbeng
limited. Thus in order for the virus to survive in this extremesaoiogical constraints, it
can be postulated that virus might undergo minimal replication cggleeeding to keep
the host healthy enough and long enough, to spread to another host, consequently

resulting in reduced rate of mutations. This is reinforced byrtimemal mutations the
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viruses have undergone, probably just enough to escape immune detectionnBuiasw
fit in both these constraints to explain this mystery. A virushlha undergone mutations
just enough to escape immune detection can persist geneticallyngediar a long time
in an immunologically weak host like swine. Thus it could be theorizat dfter the
initial introduction of the viruses into Kazakhstan in the 1980s (byteviea means), the
viruses spread to swine, persisted in them due to a multitudectofda(mentioned
earlier), and infected humans in 1998. Since the virus did not havienanyne pressure
to evolve, it did not undergo lots of mutations and so this could be trenrbakind low
of the 1998 viruses. Once again, to resolve such questions, better sureegiftorts are

needed in the aforementioned countries, not only in humans but also in other animals.

Finally, there are reasons to suggest that this might not be atabor
contamination. To begin with, none of the labs in Kazakhstan nor did louatl¢he
University of Maryland possessed the sw/Jamesburg/42 virus. Bldkeiserological
evidence from Russian papers published during the time Kazakhstan andlidloveye
experiencing outbreaks. Through hemagglutinin inhibition assays, it padae that the
strains causing the outbreaks were antigenically related ssicdéh swine viruses
(Chuvakova et al., 1984 and 1985; Dem'ianenko et al., 1987). Additionally, tzter t
initial isolation from clinical samples, the viruses were praped) only once in five
years. These exclude the possibility that the viruses got cordtadi in routine
laboratory passages through the years before they werghbrtu the University of
Maryland. Next, the viruses Alma-Ata/5/98 and Alma-Ata/32/98 weresolated from

the original placental samples at the Ivanovsky institute ablogy at Moscow,
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confirming the nature of the virus. Since our lab at the Univeo$ityaryland possesses
the WS/1933 strain, it could be possible that the isolate AIm&2A®@8 was an
accidental laboratory reassortant. This cannot be because HummpErwho grew and
handled the Kazakhstan viruses at UMD did not possess the WS/1883 Kxt, it
could be possible that these were sequencing errors. As mentiortezl Mhaterials &
Methods section, every segment of every virus was sequencedtwethst two different
RNAs and with several different primers. Finally, the pre and-BGR activities were
physically separated. These collectively stand a proof thatithees might not have

been laboratory contaminants.
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CHAPTER 5: SUMMARY AND CONCLUSIONS

This study details about the sequencing and phylogenetic anafyaisthe eight
segments of four swine influenza viruses isolated from humans ia-Aba Kazakhstan
in early 1980s and 1998. Except for the HA of Alma-Ata/32/98, all ther @énes of all
the other viruses were 99-100% identical to each other at the nucldetide
Corroborating this, the phylogenetic analysis placed algdmes of all the other viruses
in the classical HIN1 swine clade, near the isolate sw/Janggs®4P (except for the
HA of Alma-Ata/32/98 which was placed in the human H1N1 lineage W&ai#1933).

On detailed molecular analysis of the genes, several conclusions weralreache

1. It could be speculated that while the HA of Alma-Ata/32/98 had sipecificity
in recognizingn 2,3 linked andx 2,6 linked sialic acids, the HA of the other three
isolates probably recognize2,6 linked sialic acids preferentially. On comparison
of the glycosylation sites, it was found that Alma-Ata/32/98 had posative
glycosylation site residue 171, which also lies near an antigetdéc Gn
comparison of the NA antigenic structure with sw/Jamesburg/194asitfeund
that the Alma-Ata viruses had a single amino acid change dtee8i71, which
also lies near an antigenic site.

2. The Alma-Ata viruses do not seem to possess any obvious pathogenicit
“signatures” observed in other pathogenic influenza viruses.

3. Going by the amino acids present in the NA active site and M&hbrane
channel, it could be postulated that the Alma-Ata viruses would bkeug

sensitive strain.
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. On nucleotide comparison of the viruses isolated in 1998 versus the viruses
isolated in 1983 & 84, it was found that while there are significantbeurof
mutations in the internal genes (particularly the polymepasteins), the surface
antigens HA & NA had surprisingly no/little mutations.

In addition to the mutations in HA and NA present near antibody bindies, s

the internal genes had undergone several mutations in and contigudwceli
recognizing epitopes. Collectively, these mutations can be spstutatplay a

role in immune evasion in the host.

Excluding these mutations, the nucleotide sequences of the four isolates were see
to share a lot of features with classical swine viruses.

. The presence of an antigenically unchanged classical swine viKezakhstan

50 years after its initial circulation in New Jersey, USv/Jamesburg/1942)
could be possibly explained by a combination of laboratory leaks, peissof

H1NZ1 viruses in pigs, and low population density in Kazakhstan.

More solid influenza surveillance in central Asian countries isessary to

resolve the mystery of these anachronistic isolates.
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