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CHAPTER |

INTRODUCTION

BACKGROUND AND RATIONALE

The common cold and influgg

are the most common syndromes of
infection in human beings. Inflde IS |0 laretiofs disease of birds and mammals

caused by an RNA virus of humans, common symploms

of influenza infection arg sovere headache, coughing,

and weakness and fatig auses pneumonia, which

can be fatal. particulg SWegely. Typically, influenza is

transmived from infectag Ehugiis or sneezes, creating

aerosols containing the vigds, _‘\‘u_ﬁ ah their droppings. Influenza

can also be transmitted b UES and biood. Infections vccur
!

through contact with the A minated surfaces. Flu viruses can

remain infectious for about one y temperature, over 30 days at N °C

and indefinitely At very |ow.d mast influenza sirains can be
inactivated easily W disiofectante and dotoroome : 2005). Flu spreads
throughout the world "-PI Sl people in pandemic years

and hundreds of tholSands in non-pandemic years. “‘- worldwice (pandemic)

outbreaks of i "ﬂ' the: ."f i B4 and 1968 and killed
tens of millluﬁm H‘rﬂjeﬂyﬂziﬂﬁng causc™ by the
appearance of 3 new strain of the vinf in humans. rrently, thesefabw strains result
from téﬂﬁrﬁfa iﬂﬁmtuh\ﬂuim #ul;;] ﬁc . Since it first

killed humans in Asia in the 1990s, a deadly avian strain of H5M1 has posed the graatest
treat for a new influenza pandemic; however, this virus has not mutated to spread easily
between people (Kilbourne, 2006). Since 2004, when the avian influenza A subivpe
H5N1 widespread in Thailand, many Thai researchers enthusiastically explored the

basic data of this virus, Together with this thesis, the aim of each experiment is to

provide advance research in developing laboratory diagnostic technigques both in
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human and animal and study the genetic charactenzation in many subtypes of influenza
A virus in several species of Thailand. The detail of this thesis can be divided into 5
parts that is 1) H5N1 influenza A virus and infected human plasma; 2) H5N1 Oseltamivir-
resistance detection by real-time PCR using two high sensitivity labeled TagMan probes;

3) New strain of influenza A virus (H5N1), Thailand; 4) Molecular characterization and

phylogenetic analysis of H1N1 and M3 2 hoghad ¢ luenza A viruses among infants and
children in Thailand and 5) GeRBtE Gharacle H1N1 H1N2 and H3N2 swine

influenza virus.

Hypothesis
1. Infectious H5N1 i Yecan B \ hhuman fatal case.
2. Rapid detecti viear Odeldimiyic ante of H5N1 influenza virus
designed by re : sel provide high accuracy

and sensitivity in g
3. The strain of H5N 1 infUedZa=demus Thailand is different from other
parts of Thailand.

4. The current gadgine sirain for the Nordherm Hi

y'-..q

007-2008 is suitable for

influenza A vl

5. Swine influenzadvirus share receplor properties<# both avian and human

”Wﬁﬂﬂqwﬂw§WU1nﬁ

Objectives

ARAAN I NRAINLARY. o o

mlactad human.

2. To remind the necessily lo carefully handle and transport serum or tilasms
specimens from patients suspected of H5N1 infection.

3. To develop rapid methor far diﬁerentiah‘pn between influenza A virus H5N1
Oseltamivir-resistant strain and wild type at H274Y »f ~auraminidase gene and

expand the detection in several sources of specimens
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4. To survey H5N1 influenza virus strains in Thailand for evaluate the potential
H5N1 influenza vaccine strain.

5. To investigate subtype of human influenza virus during the year of 2006 to 2007

and evaluate the difference in both hemagglutinin and neuraminidase gene with

pasi and current influenza vaccine strain.

sensitivii
Part 3 New Straind®! gL ' FIFGE 5N '1‘ Wiand

Part 4 Molecular chéffaoféifzien-ar gefletic analysis of HIN1 and H3N2

ts and children in Thailan

human influenzg
Part 5 Gengue #5342 swine influenza virus

L7 3
i

i

ﬂ‘LlEl’J‘VIEWI?WEI’]ﬂ‘i
’Qﬁﬁﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ



Part 1: H5N1 Influenza A virus and Infected Human Plasma

Plasma of H5M1 influenza A virus infected patient

|

Multiplex PCR and real-time PCR test

Multiplex PC

L g g !
il
e = rE

Whule genome sequencing
2T T

!h:-'i
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Part 2: H5N1 Oseltamivir-resistance detection by real-time PCR using two
high sensitivity labeled TagMan probes

Probe and primer design

Mu'tiple alignment of H5N 1 neuraminidase gene obtained from several species

outbreak in 2003-2006 worldwide fromNEBBdatabase.
- Select conserved region that 6 '_ 24y J J,»-/; i o design probe for wildtype and

mutant which attach differe

Design from possible ga /r 2 o} lal

Alchicken/Naknrn-Patn for @U-K2/2004 a! lae for mutagenosis

Bearea from by using

and clone to plasmid.

Condition settigf agl testpr t_ | probi eIl positive control

=,
)
Vicaon-treated group

- Vietnamese"atient - plasma'ef H5N1 infected human

U nyn e

e’} braindipf leopard

AMADIR M DR

colonies and sequence contirmed chicken eyg inoculated with the

Suspected Oseltar

virus that is cat, dog, quail, ostrich

and chi=kens




Specificity test (cross reactivity study)
Different NA subtypes (N2-N3) of influenza
Hewcasile disease virus (NDV)

- Respiratory syncytial virus (RSV) subgroups A and B

- Infectious bursal disease virus (IBDV)

agt p:asmid

hickens (n=20)

AT

Part 4: Mulacuﬂar characterizationgand phylogepgtic analysis ofybi1N1 and

o A PR R R B i
q
302 NP suction specimens were collected during Feb 2006 to 2007

l

RiA extraction and screening for influenza A virus positive

l

HA and NA whole gene sequencing and data analysis



Part 5: Genetic characterization of HIN1 H1N2 and H3M2 swine influenza

virus

RNA extracted from 12 positive swine influenza virus

HA and NA whole

Key Words

Influenza A virus, M G HBNZ Bhylogenetic analysis, molecular

charactenization, O3

Expected Benefits

1. Diswribute knowl€das A '. enza A virus H5N1 was
isolated from humi . ssity to careiully handle and

transport infectious S8 § from patients suspected H5N1
Al infection for hospital s! .

2. Develop a neg-lesting method for rapid grsle detection of bird flu
resistance to ‘{- ' aboratory.

3. Identify H5N1 if I enza virus strain in Thailand for ev@luating the potential H5N1

influen

711 VIEIU {11 Tt S

Thattand durinn 2006 to 200% assess the gutable influenzagyaccine strain in

ARV IR UANHNE 1A

vaal the subtype of swine influenza virus in 2005 and determine the

‘elatedr.ess of swine influenza virus to avian and human influenza viruses,



CHAPTER i

REVIEW AND RELATED LITERATURES

Influenza is a highly infectious disease that affects the respiratory (breathing)

tract. It is also known as the flu or grippe. Influenza viruses are classified in family

Grthomyxoviridae of which there aré lhiee Jrgs A, B and C. Type A virus can infect
many different kinds of anima ing Hub @ifis, horses, and birds. Type B and
Pfost cases of the disease in

humans. Types B8 and e a milder form of infection.

o
Nevertheless, the subjec! ’ s influenza A virus. Naturally,
influenza A viruses infErt g#r Tham Species and are associated
wilh the major humap#d categoiised by thair two
surface antigens HA, of

8 (NY=N3) (Fouchier et a

and NA, of which therz are
terfowl, shorebirds and gulls,
harbour a large reservoir of ighlue ;,,. i * seffigtive of all HA and NA types from

which mammalian influenza virus indirectly derived.

Influenza A virus Marpi
The virions of :H uenza ATvirgsTeontis § ,', slope, a matrix protein, a
nucleoprotein complex, & gucleocapsid, angy @ polymerase comolex. Virus capsid is

=TT CTVITIE (Tt v

Virions maasural B0-120 nm in ::Iuara,eler and 25-0-3{]0{ 3000} nm in Iength Surface
pmmﬂn%ﬁl@ﬁﬁwmﬂ q&a:wﬂq ﬁﬂwal cover the
surface @venly and comprise major glycoprotein hemagglutinin and neuraminidase that
are interspersed in a ratio of HA to NA about 4-5 to 1. Surface projections are composed
of different types of proteins. Surface projections are 10-14 nm long; 4-6 nm in diameter.
Capsidinucieocapsid is elongated with helical symmetry. The nucleocapsid is helical;
and segments have different size classes with clear predominate lengths with a length
of 50-130 nm (in different size classes). The nucleocapsids are segmented with loops at
one end (ICTVdB Management, 2006).
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The genome is segmented and consists of eight segments of linear negative-
sense, single-stranded RNA. The complete genome is approximately 13580 nucleotides
long. The genome has terminally redundant sequences and repeated at both ends.
Nucleotide sequences at the d'-terminus are identical. The 5-terminal sequence has

conserved regions and repeats complementary to the 3'-terminus (5%

AGUAGAAATCAAGG..., terminal re / d are 13 nucleotides long. The 3-
I‘ e A ucleotides in length; in viruses of

-reﬂ@t}{wc:uuuucnsucc.,,. in all

pSidated Each segment in a separate

N

-‘\-""ﬁ.
ifd by One envelope. Each vinon

terminus has conserved nucle 7_
Same Species; Sequence
RNA species., The multifiar
nucleocapsid, and thé
contains defective intefer ann et al., 2001). The eight
infiuerza A viral RN~ producls. These are PB1,

PB2. and PA polymeraseg Anc roteing, and NS1 and NS2 proteins

AT

) A Z

Emergence of influenza

The epidemiglogica gople is related to the two types
of antigenic varialin "m—*"l: d drift anc antigenic shift.
During antigenic drit, milation of poin: mutations in

.II
i iF
the surface glycoproteins. The new strains are antigenic vanants but are related to those

¢ o/
circulating dundy @rekeling 394 5 to evade immune
recognition, Ieﬂ\H i mnmmiam. Antigenic shift
occu | eme tﬁw i ? ic, J Hﬁdrym virus that
mss&iﬂl&rﬁgﬁtﬁ ﬁﬁ:iu MHfl new virus is

antigenically dist.nct from earlier human viruses and could not have arisen from them by

mutation. Three such major global pandemics caused by novel antigen varanis of
influenza viruses have affected the human population, the "Spanish flu” in 1918 (H1N1
subtype), the “Asian flu” in 1957 (H2N2 subtype), and the “Hong Kong flu” in 1268
{H3N2 subtype) resulting in millions of deaths (Stephenson and Zambon, 2002).



10

Table 1 Influenza virus genes and proteins

Seg Prown Localksation & features Funetion
1 PRZ, 96K Virion inlerior, infecies cell nuclel - Viral replicalion ano lranscriplion, in @ complex ol
thesa three proleins, Replicate the virgl RMNA Ina
2 PB1, BTK Virion mlerior, infecteo cell nuclei
complex with NP, PBZ may be nost specilic in
3 PA, B5.5K Vinon intenior, inlecieo coll nuche replication.
Virion envelope, inig . " ] l B s benaing 0 sialic acio-contaning receplors on
Haemagglutinin , A\ If /
Globular hegd b 4t b s ; penetration of virus genome inlo host cell
4 (HA), 220K M
receptor ENmEg.SE- e m; by fusion ol virus & nost call
homaolrimer -
I ANSMEmE ane saansryloplagmie ' DS MAjOr anligenic Calanminan
ﬂ 3
HNucieoprolein ng the replication of the viral RNA, 0
[NP], 55K PB2. PB1. ang A
hine catalysing © avage ol lerminal
Meuraminidase MesicJes Irom glycoconjugales thereby:
& (MA), 240K izin to enabe virus o reacn lamet
homatelrames biears af & taciliabng refaas2 =1 infechous
il virus: anligenic molec. &
(o= he lranspon of viral roonuckeoprolein
Matrix protein o o4t of the = _c
(M1, 28i. it d g 3l the ANP5 al Ihe plasma
Dranag@liring vinon lorma: -
dF
) S Frorms ion channel in vinin ta s ow H ions to
ﬁ [Baqmﬁr MiNF "o aissociale,
M2, 15K enabling the RNP to travl 1o 1F= nucleus;

rileulatns the pH of the

HRARTIR

INEECT

102 @llow acio-

the cell surface

Mon-struciural

protain 1 (ME1),

25K ammar

Non-siruciural

prolein 2 (NS2),

14K

Bmas anc seauasiars RNA, prs.2n1s acuvabon of
Infecied coll nuckel )
PEA, and proven!s callular apcs osis.

Associalea with core components ol
winon; cyloplasm of infeciad celis

Irwolvea in the nucles: expor of sral RNPs.
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The origins of the human influenza virus genomic segments during the
emergence of the pandemic strains in 1918, 1957, and 1968, and the further
reassortment of the viral segments between the H3N2 and the H2N2 viruses thal
occurred afler the emergence of the H3N2 virus was shown in Figure 1. A much more

complex, multi-factonal geietic mechanism allows for the formation of viral bridges from

avian onto mammaiian species at } finging about notable. and at times

profound, clinical manifestatiag feule @ ad aalian host. Those bndges readily

bl u:ﬁpmciabw narrower, lowards

ey, Have but once formed towards
H"“n

form towards pigs; they
horses: they occasionallyf
minks, cats, bats, de@rs, 0se cases, apparently, the
mammalian virus strain§ Thug®o e glinh doshacamey i ries contagious. Infectivity
towards man has forg . o avian-originated antigenic
subtypes HIN1, H2N Wl HsMy L ERNEN H7N7 and HON2. HINZ
(AMWisconsin/2001) and : also isoiated from humans,
independently, as well as H1JiN M@t can be obsarved. then, i1s that
any antigenic sublype already Sioear Vily towards humans, tentatively has

soinewhat higher chagce e plfogenit fhhpangemic virus, as compared

to other subtypes (Sk ;,

.,I
i

Molecular controls of hnst‘;anga and interhost transmission

'~ . s

For a Prﬂ g’mj mﬁﬂw rtnﬂﬂnﬁt it Mmust gain the
ability to bind, qar. and infect the cell, overcome or avoid the celiular antiviral and host

; - —
appmﬁl s t A spre it hokt released or
transmitted to new host animals. Most influenza viruses are able o infec: a vanely of
hosts including embrycnated eggs or cultured cells, and there are many examples of
avian or porcine influenza viruses causing dead-end infection in humans without
spreading efficiently to other individuals (Parrish and Kawaoka, 2005; Lipatov et al.,
2004, Webster et al., 1997; Baigent and McCauley 2003). This suggests that hos. aiimal

infection by those viruses is inefficient bi* that once infection occurrs the virus can
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replicate in the new host and spread within tissues: however, barners prevent host to
host spread. In expenmental infections awvian viruses do not efficiently replicate in
primates, and human viruses do nol replicate well in ducks (Hatta et al., 2002). Those
differences include cell surface receplors. intracellular environment, body temperature,

and innate and adaptive antiviral immune responses. Sialic acid (SA) types and their

linkages within the oligosaccharides ell glycoproteins or glycolipids differ

G M egiruses in humans cause mainly

e @rily infect the intestinal tract.

gl binding and infection, the

between ceils and tissues of hlm
respiratary infectons and.ig -
As S5As dre a critical co
host jumping viruses e human forms of SA, and
the viruses from diffen the host tissues in which
they repucate (Gkehei gl Vigiey &= szeki o1 B ‘*..:J N hat adaptation involves tha

complementary activi.ies @ t and M afea \ifuSes recognize two species of

fecs ALK Aeuraninic acid, NeuGe) which are
IR iGal inkages. The host animal might
2

exern seleclive pressures on recépiorspect the virus, since the zbundance of

SA (N-acelylneLraminic acy

attachea to galactose in ,

receplor types on cellg a i@s. awiman tracheal epithelium

has predominantly 1: ; “'-“- NeuAc and Neu(Gc,

the major SA-Gal muie n hors (-2 Jdksal; duck intestine contains
W

iF

mainly NeuAca-2,3Gal &315; Nequ-E.EGaI# This may explain why horses are

e AUNTNIN TN

mﬂ: nlly not to human
viruses. Swine iigsues possess both NeuAc and NeuGc, the trachea having both SAa-

eI

sialyolignsaccharides possessing NeuAc linked to galactose by o286 linkages
{NeuAca2,6Gal) found in humans rather than by the NeuAcz2,3Ga linkau2 wound in
birds (Ito and Kawaoka, 2000). The receptor-binding site lies in a depression near the
tip of the HA molecule, and changes in that site control the specificity of binding. The
binding to the NeuAcua2BGal linkage founu w1 human SAs is determined by

combinatior = of residues Leu-226 is associated with Ser-228 and in equine and avian
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viruses GIn226 is associated with Gly228 allowing the proper orientation of the SA in
the receptor-binding site in the H2 and H3 subtypes but not in H1 (Vines et al., 1998). In
H1 viruses of swine and humans, mutation of Glu190 to Asp and Gly225 to Glu is
associated with acquisition of SAa-2,6Gal specificity during adaptation of avian viruses

to these hosts (Matrosovich et al,, 2000). In arder to establish why H5N1 avian influenza

virus is €0 lethal to humans and wiiy #he ig not easily expelled by coughing and
sneezing, scientists employed: iz I WS cins specific for SAa-2,3Gal and
SAa-2,6 Gal to indicate theskekwses=in hUgan '@ssuﬁs. They found that SAa-
2.6 Gal is dominant on™CEihgh . with SAa-2,3 Ga! being
occasionally detected SR nogel atoelion ne gl X elis at the junction between
the respiratory bronchi I ' respiratory tract (Shinya
et al,, 2C05). Al this site type Il pr2uriocytes and
alveolar macrophages, of the pulmonary lesion
since type Il pneumocvies the most numerous cell type
lining the alveoli which can fgluding re-epithelialization after
alvzplar damage, ion transport, Oduction, and thus may inhibit tissue
repair. \

Amnng exp =: 5;:

Pyfipct of cats and ferrets
resembles human tis l Ore ce @nd macaques, Due to the

s ¥

similarity in viral auac:hmept these two sper:eq are the mos! suitablz arimal models for

H5N1 viral pnﬂnwﬂ r}ﬁ Hm w m ﬂ!ﬁm species harners

illustrate the intdkction of factors that limit transmission and subsequent establishmeont

“PRIR ALY ...

compatible with the cleavage specificity of NA and the stalk length of NA since release
of virus from the cell surface requires cleavage of the receptor wy A, Incompatibility
between HA and NA can restrict the wvirulence of reassortant viruses, while sor.iz
combinations of HA and NA are associated with infection of certain host species. NAs
can cleave SAa-2,3 andlor SAa-20 ‘nkages. NA cleavage specificity should also
r atch the predominant linkage type in the host species. During the evolution of N2
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avian influenza viruses in man, a-2,3 cleavage activity of NA has been maintained
and a-2,6 aclivity increased, possibly conferring a selective advantage to human
viruses where the HA has a-2,6 receptor specificity (Baum and Paulson, 1991).
Evolution of these viruses also comrelales with decreased enzymatic activilty of NA due lo

amino acid substitutions in and near the active site. Since affinity of human virus HAs for

virus HAs, it s likely that reduction in

specific activity of NA is reguin if | balance betweaen HA and NA

which holds the active s
short-stalked MNA is ind@

cannot access its sul educes ability of virus to

elute from erythrocyizg BOK cells and eygs and can
decrease virulence in migk. ng ayian viruses having short NA
stalks are fully virulent \n g _ . not essential for virulence in
chickens (Castrucc and Kawgbka a3

r'_;m

Zoonotic potential and role of:p Z0r fia (i ses' transmission

Influenza acNE- SR O T e e e e el g the SP.anigh influenza

Y |

pandemic of 1918- *ﬂ 5 -.;_ nfluenza virus was first

isolated from pigs in 1890 with the virus |5t:|lated from huma several years later (Myes
et al., 2007). an occurred in 1974
(Ito et al., mgﬂ ﬂﬂ@ﬂﬂiﬂﬂm viruses could infect
human hought_to £ im interspeciddiransmission of
mﬂuerg ﬁﬁa i‘r im {]aa mﬁn I analwrus strains.

Cﬂnsequantly they have oeen considered a possible “mixing vessel” in which genetic

material can be exchange: |, with the potanuz! to resul! in novei progeny viruses to which

humans are immurclogically naive and highly suscepti le (Webster et al., 1992).
Influenza viruses of three different subtypes, H1i.1, H3N2 and H1NZ, are

circulating in swine worldwide. Unlike for human influenza viruses, the origin and nature

of swir~ influg.iz= v.uses ,oiV) differ on different continents. The predrminant HIN1 SIV



15
in Europe is entirely of avian origin and they were introduced from wild ducks into the
pig population in 1979, Two types of H1N1 SIV are circulating in the USA: the so-called
“classical” H1N1 viruses that have been present since the early 20th century and novel
reassoriants with the surface glycoproteins of the classical virus and internal proteins of

more recently emerged H3NZ2 or HINZ 51V,

Porcing HIN1

= Porzing HINI

.....

Figure 1 The sources of Ents lmd from different viruses ara shown in
different cumﬁ uﬁ_‘ m%L’lﬂiuse from avian-like
VITUSeS encodi the HA, NA, or PBigproteins dunng the derivation vlhe H2M2 virus
o QL RIVTHUNV IR G oo
emerge:‘:e of the H3M2 virus are blue. The | 12M2 viruses had separated into two clades
befare 1968 (snlid and hatclied 'nes), ard the derivation of the original H3N2 from clade
1 parents is shown, along with the secondary reassortment of that H3N2 virus with clade
2 human H2N2 wiruses lo give the later strains of the H3NZ virus. The origin and
continued circulation of the porcine HIN1 virus, which also emerged around 1918 from
a source closely related 1o the human H1N1 virus, is also shown (Parrish and Kawaoka,
2005).
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Viruses of both other sublypes also have a different origin in Europe and in the
USA and were introduced in the swine population at different times (van Reeth, 2007).
(Table 2).

Table 2 Influenza A virus subtypes infecting pigs endemically in Evrope and North

America and their antigenic,;geneti ! ’ / igs (Van Reeth, 2007).

Continent Sublype Y
Europe H1NY
HANZ
g /8-fike HA and NA) X swing HINT
H1NZ \

Sigke HA) X swing HING (NA) X swine HTNT

North Amarica HIM1

HINT

Al swane 1HINZ OR swine HINZ
Han2

A} ¥ classical SIV
H3N2 1998

‘ cal' SV X avian
X )

nEnEe B

orfant HINZ (N4

Progenilor virus lineages of the! ; assortant SV
*A wholly Fuman Hong Kong/88- 'llr influanza virus was alre uarsﬂﬂlbeu 1o pigs in the early 1970s,

o '““FTUEF‘J’VIUWB"I’T]’:T

SIV have bean occasionally igplated from tha respiratory secggyons or lungs of

R FARAA T WAV AR £ o

distingu&ha;:le froin human influenza virus infections, but fatal cases have been seenin

hunians infected with classical H1N1 SIV. During the so-called "New Jersey” incident in
the U'SA in 1976, &n approximate 500 humans became infected with an HIN1 virus
identical to viruses isolated from pigs (van Reeth, 2007).

For a long time, it was thought that transmission of avian influenza viruses to
humans does not occur directly but via the pig as an intermediate host. Pigs are clearly

susceptible to infection with both LPAI and HPAI viruses. Though most of thesa viruses
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have an H1 or H3 HA, HA subtypes that are usually resiricted to birds can also cross
the species barrier to pigs. Serological investigations in Asia, for example, have shown
evidence for infections of pigs with avian H4, H5 and H9 viruses (Ninomiya et al., 2002).

Importantly, howewver, only the HIN1 virus that crossed from wild birds to swine

in Europe in 1879 has become established in pigs, whereas the other viruses have

disappeared. Ir an experimental study I PAIl virusec are able to infect pigs afler
Tallii ‘._

experimantal intranasal inoculs but there are strong indications
that avian influenza virusz -:w...;r.-l-.f-. 3 4han the typical SIV. Therefore,
that the circulation of e . a relatively rare event. Still,
there i1s circumstantial iruses may persist after
reassortment with one g gs. As an example, H3NZ
and HINZ influenza sirugds G MBana human nfluenza virus

gznes have become enzog

There are adny aci@is Mabiurt inedismEmiSs oM of influenza viruses from one

species (o another. A first posgible had nf able receptors on the host cell,
, (o s o 2 -

so that the HA of a virus from anothecspecies atizch (Kuiken et ai., 2006). Even if

A

an influenza virus sucgeed hast, It pust successiully co-opt

host cell prncessa.,- W;'
L% F

responsible for the repli I o NATRIay a key role at this stage

the wir's, which are

W i¥
(Salomon et al., 2006; Gabriel et al., 2005). Finally, the influenza virus mus: escape from

the cell it has i -‘ o ! - to receptors on the
cell surface arﬁﬂﬂeﬂﬂﬂﬂ?nmmm the NA also has a
preferepge ) es.of all zcid ﬁ his,f hﬁ! r birds. It is
1eassun ﬁﬂj ﬁ:ﬁ ﬂiﬁxﬂtﬂ:ﬂn nﬂﬁ s’zrments. are
obviously needed for this adaplation and that most of sucn genetic changes will be
daleterious for the virus. The exact nature of these changes remains unknown and the

genetic basis of influenza virus transmissibility appears to be highly complex {van

Reeth, 2007).
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| i

Figure 2 Changes ‘n the influen?a=s :-:a:...-' i Dsitions recommended by the WHO,
1973-2008. The viruses lisk mmepded for inclusion in the

L

bivalent or trnvalent ,;, haapteskimmEEVe! al., 2001).

Vaccination and influenza wrus in Thailand

.m,,.;tmﬂﬁmm 4 M
L ) b nlaY LTV

WHO has established a globai influenza Surveillance MNetwork for monitoring changes in
the viruses causing outbreaks of influenza throughout the year in different parts of the
world and published formal recommendations for the compositions of influenza vaccines
based on cumulative data since 1973, The epidemiology of human influenza reflects the
particular characternistics of the virus genome (segmented single-stranded RNA) and the

diversity and host range of the viruses. Two types, namely influenza A and influenza B
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viruses are responsible for recurrent annual epidemics. They are antigenically distinct
and do not exhibit cross-immunity, nor do they undergo intertypic genetic reassoriment
(recombination). Although influenza B wiruses have been responsible for severe
epidemics, the impact of influenza A viruses is greater in terms of annual epidemics as

well 25 the infrequent more devaslating pandemics. The latter characleristics and the

in particular, their unique za B viruses almost exclusively

infect humans, influenza A sases that perodically transmit
to other species, includi i -i: A viruses comprise a large
variety of antigenically™d Oinations of 16HA and 9NA
subtypes, that replicq quatic birds, particularly
ducks aind constitute g ic viluses. The extent of
variation in the ant.genic i8g in the numuer of changes
recommended in vaccine eater antigenic vanability o
AH3N2 viruses has required £6 b = - yacGifle component over 38 years. In
contrast, the 14 changes o the inflme Dent and eight changes to the AHTN1
component made durg 1f riod réflect th s of antigenic change of these
viruses "Webster et d Iu.:"

Tha requirement I for & W | e'gh cost of the influenza

vaccine when mmpared'm other vaccines mmmmenﬁed by WHO are likely 1o be

significant abf}ﬂﬂﬁwm-wgﬁ ﬂcﬁjmnes In Thailand,

influenza vaccinglis not widely used and is mosily hm:tad io persons whu can afford to

ZZLZ{ME%H‘JEMMWIJ’IE |

approximately 300 Thai baht (USS 7) per dose. The virological surveillance is conducted
al the Thailand National Institute of Health (MiH) by conducting laboratory surveillance,
subtyping viruses responsible for disease outbreaks, and contributing strain surveillance
data which identified influenza virus throughout the year in Thailand with a peak in the
proportion of positive isolates typically occuming between June and October (Figure

3A). Sharp peaks in reported influenza cases are observed d .:ing the months of June



20
through September with smaller increases in reported cases sometimes being seen in
January and February (Figure 3B). The age distribution of reported cases of influenza
infection in Thailand dunng 1999-2002 indicates that influenza may be more likely to be
diagnosed in older age groups (Figure 3C) (Simmerman et al., 2004).

Repra vl Canes
P
|4 L 4 B8

& W

O

(K1}

A e fbn:

QR BN IO WIS B

Figure 31ha virological surveillance at the Thailand National Institute of Health (NIH) (A)

ar 100,000 por year

Proportion of specimens positive for influenza virus by month in Thailand: Jaruary 2001-
September 2003. Source: Thailand National Institute of Hea'th. (B) Seasonal distribution
of reported influenza 1988-2002. Source: Bureau of Epidemiology, Thailand Ministry of
Public Health. (C) Age Distnbution of repo..ed influenza in Thailand 1999-2002. Source:
Bureau of Epidemiology, Thailand Ministry of Public Health (Simmerman et al., 2004).
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The beginning of H5N1 in Thailand

When an epidemic of disease happened, the first important thing s the
coordination of high potential organization to study the etiology of that disease for
prompt treatment, effective management and successfully defend for recurrent of

disease. The avian influenza A subtype HS5N1 widespread in Thailand was the

early 2004, the wvirus has reaChEees evelesSFIBA g poultry in several souih-east
Asian countries ar.d duri - an, A : 5M1 virus infected birds in
more than 50 countries I puntries and highlights the
highly pathogenic avi as the ca.'se of a major
epidemic with potentiallydas : 5 Jasln 8IRCMICSERL DI heah 3na soc'sty at
large. Not only has this Ayliruf idfeéled somlify bul his diso proven highly pathogenic

and fatal to mammaian < =F lv) et o hdans and Gther mamrnals. 3y July, 2007

human deaths. In the |r$t ;ﬂﬂ'ud during JB;:HW 2004 lo May 2004, the genome
sequeince anal i i@y i : the ou oreak among
poultry, wild anﬁmg :Izlim lﬁsmﬂjhy e2UNg & pigeon
carcas f agd | m ﬁn 0.7, ilﬁ .@s promptly
mmn%iﬁnﬁﬁﬂﬂ . . :f : Em ﬂfj‘u t al., z.04).

After the molecular charactenzation, HA gene revealed a common cha-zziensuc of a
highly pathogenic Al (HPAI), a 20-codon deletion in the neuraminidase ©=72, & >0oL.7
deletion in the NS gene and polymorphisms of the M2, amaniadine res.ziance, and a
single amino acid substitution at the position 627 in the polymerase bzsic proiin 2
{PB2). Moreover, the HA and NA genes of the Thai avian i..liuenza virus cisplayed high

similarity to those of t+ = Al viruses isolated from human cases during tne s=me epidsmic
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(Viseshakul et al., 2004; Amonsin et al., 2006a). Then, the rapid single-step multiplex
RT-PCR based on conventional PCR and real-time PCR for influenza A virus subtype
H5N1 detection was developed for screening the massive samples (Payungporn et al.,
2004, Payungporn et al., 2006a). Based on virulence, the H5 influenza virus subtype can

be further differentiated into highly pathogenic avian influenza (HPAI) and low

pathogenc avian influenza (LPAI) (B 2006b). The HPAI virus causes
systemic lethal infection, whicl & J& aiFticrapidly, whereas it is uncommon
for the LPAI virus 10 QengiaiS.tuit ﬁasa Hence, morbidity and

o%e of HPAI viruses. Due to
-“"'h._'_\
“n\‘*

rsor molecule (HAD) into

HA1 and HAZ subuni ; il SONe \ s nino acid at the protease
cleavage site bu. are gleagst + 11\:‘-‘- Alrespiratory and intestinal
organs, resulting in mild | \\\ \ HA of HPAI virus hartors
multiple basic amino acidsge! eseleaiage \‘\ ample RERRRKKR, which are

cleaved by ubiquitous protea ' da-te gf - Qans, resulting in lethal systemic

infection. The way to discriminate He&ts
: ,s.':ﬁ.!:' ,u '
g reiime RIEHE ' as asractive for large-scale

5 sequencing, however, using of one-

screening of susped 1; .‘:ﬂ cutbreaks to identify

candidate LPAI that co fi  be s J|

s iF

The second p&nus of the outbreaks ﬂCGun’Ed during July 2004 to Apnl 2005

which was the ﬁ (H:E’ WW?% E’dé].ﬂ?1 virus in poultry of

Thailand. The vagl devastated by H5N1 influenza virus happened on Ocmber 2004 in

s AN sy o

possibly contaminated with the HPAI H5N1 virus. Microscopic findings showed
moderate congesuon of the brain with mild nonsupp.. stive meningoencenna'itis, savere
diffuse lung hemorrhage and edema, and moderate multifocal necrotizing ncpatitis. The
researcher also found that after stop feeding the tigers with raw chicken carcasses in
=12 days, and no other a..~n or mammal species kept in the zoo but tigers had been

infected during this outbrear. It can be pointed toward tigers were probably infected by
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horizontal transmission since the animals had not been fed raw chicken carcasses
(Amonsin et al., 2006a; Thanawongnuwech et al., 2005). Administration of oseltamivir
therapy could suppress and prolong the incubation period of the HSN1 virus infection,
but it is unlikely. Not only avian influenza HS5MN1 virus is known o cross the species

barrier and infect humans and felines, in this period, fatal H5N1 infection in a dog

r. kidney, and urine of dog's
specimens and this stud . wted systemic disease in a
domestic dog (Songser e i™elifes and canine demonstrate
that HS5N1 virus infectionCausse sbaltanic .-. Jasa @ \\ pread within and between
mammalian hosts. Altteligh 46 didof ir: \ .§t rom cats lo humans has
been repored, the possibili m acg) £l Thiniection from direct contact

with infected cats and dg@is #e EDHCEIM 2 iighlights the need for monitoring

The third period of thg wadbs oA on Jily 2005 to November 2005. The

IeEtEr

H5N1 viluses in this period were“ei: one human case and three poultry

cases. A plasma sample fr which stored at -20°C for 12

days and than stor :" an # n by embryonated eng

7 7 !

injection within 48 hotirs., wagTishown to contain 2,048

hemaaglutinin: (HA) uni :-‘.".‘.Whn!e genome Sequencing wa performed and compared
with chickens F? i — ' - : @nalysis of eight gene
segments remﬁdmaa:lll‘tﬂm‘m in Ccinber 2005 were closely
relat 3 (=] m j ? Imﬁf and July
muHﬁlaﬁﬂS ﬁﬂﬂ lmn e sile have
been observed (the details in this thesis) (Chutinimitkul et al., 2006). The broadly use
Tamiflu (Oseltamivir) for treat H5N1 ineocted patients cavse the prevalence of
oseltamivir-resistant H5N1 wruses among patienis treated w.n liis drug IS being
stockpiled in many countries polentially affected by the influenza A virus subtype H5N1

epidemic. For ideuiying this change in Oseltamivir-treated patients, a method based on

real-ime PCR usiiy two lapeled TagMan probes or conventional PCR technique was
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developed for detection the substitution of amino acid H274Y in Neuraminidase gene
of H5N1 influenza A virus in many species and various sources of specimens with high
sensitivity and specificity (the details in this thesis) (Chutinimitkul et al., 2007b).

The fourth wave began on July 23, 2006 and spreding shortly until July 29, 2006.

These outbreaks involved chickens and encompassed 2 distinct areas: Phichit and

with 2 strains of the virus=NEEamele? o PHIChINCIOSEWNesembled HSNT strains that
had circulated in Thaiafo h samples from Nakhon
Phanom was newly obs ated to H5N1 strains that
had been circulating sipfe 2003 '= heas! Peopis's Republic of China ana L=o's
PDR. The whole genome 0 Micni alysis als .\\ \ ed that the viruses isolatea
from Pnichit belonged to gBnalypeSihilsly ik 1Splated from Nakhon Phanom
belonged to genotype V. d'Health Organization repors, the
HA sequences of most influenza THES: ,_..;Y:i? at circulated in avian species during
the past 2 years are geparated ic clades. In Thailand, from 4
periods of the outbred '-‘.'—_—U,E'ﬁ. into Clade 1 and Clarle
2 suhclade 3 (the delaiy ihis t 81, 2O07a).

i
The last outbreaks ‘pm:urred during J:anua:'\,nI 20C7 to March 2007 which effected

o 1A 11111181 e
TN SN TN AR ...

some evidences which show that the virus was probably transmitted from humans to
humzns in Thalland, Vietnam and also 'ndonesia as well as evidence of tiger to tiger
transmission. Symptomatic of +1!1 avian influenza infection in human and mammals
had high mortality rate. The virus has hugh invasive properties, not only pulmonary tract
involvement, but also pathogenicity occuming in the extra respiratory system such as

CNS (encephalitis), kidney (renal failure). H5N1 &..an influenza virus could morph into a
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pandemic in {fwo ways: the mutation of the virus in order to transmit from human to
human or gene exchange with common human influenza strain. The panderic will occur
at what time the adapted virus suitable for the most of people who have no immune
protection. We believe that the outbreak of H5N1 is unlikely to be the last in the near

future. We have to prepare and take preventive measures for a pandemic by extensive

Influenza is respefsiblaf i marbidity aotmortality each year than all other

respiratory diseases coi onomic costs both from

\L\‘ ‘rategies are the key fo
AN

W oo II eg), and effective vaccination

.I ;\

efigly il patient during an influenza

admissions to hospital 3

reducing the impac' of

strategies have been in pla tinue to be improved upon.

However, for the individual ph

i
epidemic, effective treatment is Tegs f2d has led to the -deveiopment of

antiviral agents that halt or impEte the ablity to infect respiratciy epithelial

cells. Two main clas -;-:é"""“‘“""""“"““" rus 11l £guon; the first drug to be

developed was amanta mpel blocker group of anti-

s iF
influenza drugs. It has been used to treat and prevent influenza A since the mid-to-late

1860s. In the i ‘ta - side effects than
amantadine is ﬂ:ﬂ:ﬂuﬂ Emjnﬁﬂ ﬂ;mcunsists of the viral
neuramyaidase, iphibuwrs ‘u' (i mll There are
2 maj:ﬁrﬂmg:ﬁﬁmim ;jua:ﬁﬂt:jl i A) and the

neuraminidase (NA). The hemagglutinin mediates attachment of the virus particles 1o the

recpiratory epithelial rells via specific receptors. Once the virus has bound to its host
cell, it is transporiF 1 inta the cytoplasm in an endosome. The acid pH in the endosome
activates or opens an ion channel called the M2 prolein, permilting hydrogen ions to
enter the virion. The resulting acidification of the virus is necessary for viral uncoating,

another essential step in viral replic..ion (Figure 4) (Stiver, 2003).
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Amantadine, the M2 inhibitors act by blocking the influx of hydrogen ions
through the M2-proton channel of influenza A and inhubiting the uncoating and release of
free viral nbonucleoproteins into the cell cytoplasm. In vitro and animal models have
demonstrated a benefit from M2 and NAI therapy in combination. Amantadine is only

effective against influenza A, and not influenza B, because influenza B does not have an

M2 protein, but a substitute proteip gdlléd MB that is not affected by amantadine

(Hayden, 2006). There are se.cfal CONGRIMS Wi L& of M2 inhibitors (amantadine

and rimantadine), for seasORaMAfienz: Thé’ls include central nervous
system (dizziness, narvn{ As0r estinal toxicities, as well as

NS
/f"“*‘

antiviral resistance (Pet 2 might be considered as

part of combination ag everely ill patients in a
pandem:z. Current WHCO# eaimar \ icuinfluenza recommend the
use of an M2 inhibitor @long -.-.."“\~ istered in the context of
prospective data collection #hd JiF iacakeln/ellidnge datashow that the HSN1 variant of
concem is known or likely toffe susé j his diug (WHO, 2006b). The dosing

S o 2
schedules for amantadine and rimagiaging in Tabie 3.

MNeuraminidase. is a geuraminic acid component of
sialic acid in the ,1;; : Epprs. After replication, in
order to exit the cell an -_I [:1e spffor -7 ticles bud off the host cell

membranz. The viral neurarmmdase [ rﬂqmred o release thB budding virus particles by
digesting the h The virus particles
thus released sﬂa mﬁgﬁma‘mnjmm coaling them,
and th t m ﬁg; clumping.
The ne girmgllaa{ﬂ imﬁ}l Er Pl enhancing

their ability to infect other cells. The third funcuon of the neuraminidase is tn digest!
neuraminic acid in respiratory mucus, perhaps facilitating viral spread. The NAI drugs,
zanamivir and oseltamivir, bind to the active site on the viral neuraminidase, blocking its
activity. Thus, virus particles cannot exit the cells as easily, and they tend to clump and
not disperse. This impedes their ability to infect more cells and attenuates the patient’s

infu.tion. However, there is still subclinicai or mild infection that actively immunizes the
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palient against that strain. The NAls are active against both influenza A and B (Stiver,
2003). Oseltamivir is an oral preparation (either a capsule or liquid suspension) and after
absorption is widely distributed throughout the body. Zanamivir is delivered by
inhalation or, rarely, intravenous infus.on. When administered through a diskhaler,

zanamivir is concentrated in the respiratory tract and is effective within 10 seconds.

LT TETTL AT R E TR 8 1]

et preseing visal

(TR S C L TR T TS
[TETTL U T

ammﬂimumawmaﬂ

Figure 4 Schematic representations of influenza wirus attachment, in:ernalization.
replication and exit from the host respiratory cell and steps inhibited by antviral drugs
Amantadine blocks viral internalization and uncoating. Neuraminidase inhibiors preven:
the neuraminadase from releasing budding viruses and dispersing virions. Photo: Myra

Rudakewich (Stiver, 2003).
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Table 3 Dosing schedule of antivirals for the treatment and prevention of influenza,

according to patient’'s age and coexisting illness (Harrod et al., 2006; Montalto et al.,

2000).
Recom=ended dosa according to age
Drug
1-8 years Euﬁfm
Treatment
Zanmivir HA {2 inhalations) 11 mg (2 inhaialons)
ity Tor B Gays twice caily lor 5 gays
Oseitamivie 2 mg/kg up 10 75 mg of JFIT .. 75 mg twace caily for
mwice oaily lor - 5 oays
Amanlagine 5 mg per g por gy, | g twes , lce caly <10u mg oo daly
o 150 mg given in
aviped dosns
Rimaniagine  NA \ _' twice oaily 100 or 200 mp per aay
Prophylaxs
Zanarmivie L A, 10 mg (2 inhalations) hA
Os=gllamivr  MA aaily for 75 mg once daily lor
> T ooy > T oays (up 1o
6 weoks) 6 woeks)
"“'““‘““ ""‘ﬂ ‘LJEI’J ‘Elm 31
Rimantaaine SmJnerk daﬂ =40 my twice oaiky 100 mg or 200 mg twice

ammnizuum'mmaw

MNA = not =seplicable



Emergence of antiviral resistant strains

Up to approximately one-third of patients may shed resistant viruses when
amantadine or nmantadine is used for therapy. In wirtro sensitive viruses became
resistant after three or five passages in the presence of 2 yg/ml anantadine. Naturally

occurnng influenza A viruses can be viewed as mixtures of sensitive ard resistant

strains with a ratio o« 10000: 1, the | elected within 2-3 days of starting
amantadine therapy (Hayden gt ESotiaMho have influenza A infection and
who are treated with ama , Mses early in the course of

treatment, and later shed" D -testSiEnl viruse e 1"'""--_ after 5-7 days of therapy.
Such persons can bene ruses emerge. However,

amantadine-resistant missible than -sensitive
viruses. The molecuwar i@, have been identified as
single-nucleotide change acid substitutions of one of
1our critical sites, aming di asmembrane region of the M2
protein (Holsinge: et al., 1994,

Zanamivir and osellamivir, 1 keted influenza virus neuraminidase
inhibitors (NAls), are gprescrb@d for The aph vlaxis of influenza and are
being stockpiled for '-;_',;-,, ' IsAn :‘, as been repored in up

to 2% of patients in cli T T Jp 18 18% of treated children.

¥
There are also reports in ?l least three ﬂatr&nts treated with oseltamivir for influenza A

{H5N1}mfec:tmﬂﬂf’agaﬂ m ?umngmzanamww
in immunocompggent patien anammr and osellamivir bind differently at the
newurar Ic ﬁf ﬁ ce profiles
(Reec qdﬁiﬁqﬁﬁmﬂﬁil rﬂrﬂj ij'haue been

nsing both in challenge studies and in patients with naturaily acquired infections. The

rates of resistance are estimated to be around 1% in the adult population and 5% in
pec.aic patients (Whitley et al., 2001; Jackson et al., 2000). I 2004, influenza A viruses
(H3N2) were collected from 50 children before and dunng treatment with Oseltamivir,
Eighteen percent of the children (N=9/50) had neuraminidase mutations at Arg292Lys
(N=6/9} or Glu119Vai (N=2/9) or Asn294Ser (N=1/9) (Kisu et al.,, 2004). Data from
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volunteers experimentally infected with influenza A/Texas/36/91 (H1N1) virus and
trealed with Oseltamivir show a substitution H274Y in the neuraminidase active site
(Gubareva et al., 2001). This mutation following Oseltamivir phosphate treatment leave

virus severely compromised both in wvitro and in vivo (ives et al., 2002) and confers

about 400- to 600- fold resistance (Wetherall et al., 2003). The mutation at position 274

AULINENINYINS
ARIAATAUUNINGIAY



CHAPTER il

HS5N1 INFLUENZA A VIRUS AND INFECTED HUMAN PLASMA
(Published in Emerg Infect Dis. 2006, 12: 1041-1043)

Since January »N04, a tolal of 22 persons have been confirmed infected with

avian influenza A virus (H5N1) i hese patients died. Three waves of

outbreaks occurred during thEngs ars. WefSpatient of the third wave was a 5-
sevelopedt r@zms; he was hospitalizer
A ater ~\\~~~~ sided in the Ongkharak District,
gl Fr. Villagers informed the

year-old boy whose symple
on December 5 and died
Nakhon Nayok Province
Cepartment of LivestoCk a f o Silifless's as ‘diagriosed. Five dead chickens
had been reported in WIE a@h fom Nolembe \"- 5 ar 1, 2005. Samples from
these chickens could naibe Thas \\
had fever, headarche, and grog Tals \ afore he was admitted to the

g was perfuaned. The boy
Her Poyal Highness Princg®s it T ' iorn Medical Center. Clinical

examination and chest radiogragh gence of lobar pneumonia. He was

e

treated vith: antimicfoljz illi 5 and supportive care,

ncluding oxygen tt Tr R dndition worsened, and
severe pneumonia wilh&uﬂ respirate SSE'SUTI0I ome ileveloped. Laboratory tests
showed leukopenia (2,309 Iumml} acu:* ; and 'ow blood oxygen saturation by

SR TYE T Ty e -

informed hnspltmstaﬂ about the boy's ‘pﬂntact with Ihe dead chicken. Huwewr the boy
o, 1) W N UCL1E NS MO T
declarediby the Ministry of Public Health to be H5N1 influenza virus

A blood sample was collected from the patient on December 7; anticoagulation
was accomplished with ethylenediaminetetraacetic acid (EDTA) for repeated
biochemistry analysis and complete blood count. The plasma from the EDTA blood
sample was separated 2 days later and stored at -20°C for 12 days. The sample was
subsequently given to the Center of Excellence in Viral Hepatitis, Faculty of Medicine,

Chulalongkorn University. for molecular diagnosis ~~d then stored at -70°C, where
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specific precautions implemented for handling highly infectious disease specimens
such as H5N1 influenza virus were observed. Plasma was examined by multiplex
reverse transcription-polymerase chain reaction (RT-PCR) (Payungpomn et al., 2004)
and multiplex redlime RT-PCR (Payungporn et al., 2005), both of which showed positive
results for H5N1 wirus. The virus titer obtained from the plasma was 3.08 = 10°

old embryonated egg ane Caiefid 371C. Théiniec B8"mbryo died within 48 hours,
and the allantoic fluid*Was I' i 2 warmagglutinin (HA) units; also,
subtype H5N1 was ca : ngporn et al., 2006a).
Whole genome sequeng gl 1o the GenBank database
372591-8. The pnylogenetic

trees of the HA and neuragiinid@asedNAL G Sfe densiructed by using MEGA 3

under the strain A/Thailzgad

(Kumar et al., 2004) for comps i i se plated from humans, tigers, and

chickens frum previous outbreaks$s

S (Figure 5). The sequence analyses

of the viruses shuwed tha alained SPORERRKKR, which

differed from the 20 o;‘”“-'—

That finding h : WG 'J' species during earlier

i ‘ tion at position 341.

outbreaks in Thailand in 30{}4 {Kaamrchamen et al.. 2005). Similar to the 2704-2005

H5N1 Isulatasﬁ A stalk region was
obsarved. Mnmq;qne amino acid msnmm and MN294) of the NA
aﬂtwe ﬁ mletlammr In
addition m‘:ﬁ‘»ﬂmﬁﬁﬁ II ition 627 of
PB2 showed increased virus replication efficiency ir mammals (Shinya et al.,, 2004).
Observing live influenza virus in human serum or plasma is unusual. However, in 1963,
low quantitics of virus were isolated from blood of a patient on day 4 of illness (MNaficy,
1963), and in 1970, the virus was cultivated from blood specimens from 2 patients

(Lenmann and Gust, 1971). Recently, a fatal case of avian influenza A (H5N1) in a

Vietnamese child was reported. The diagnosis was determined by isolating the .. us
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from cerebrospinal fluid, fecal, throat, and serum specimens {de Jong et al., 2005);
viral RNA was found in 6 of 7 serum specimens 4-8 days after the onset of iliness (WHO
2005). In this case, the H5N1 virus could be isolated from plasma on day 10 after
symptoms developed. This case showed the virus in the patient’s blood. which raises

concern about transmission among humans. Because probable HSN1 avian influenza

transmission among humans has i

should be a reminder of the

Ungchusak et al.,, 2305), this case
ssity | gt hdrdle and transport serum o plasma
samples suspected to be aleciadwith HaN 1 ama Because viable virus has
been detected in blood SEMDIESe: “‘*-x d testing of tlood samples
should be performed "8 alegdry | BocN wnent laboratory o prevent the

spread of ine virus to

b & T e el
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Figure 5 Phylogenetic analysis of the hemagglutinin and neuraminidase genes of H5N1

from study ; sient compared with sequences from previous outbreaks (2004-2005).



CHAPTER IV

H5N1 OSELTAMIVIR-RESISTANCE DETECTION BY REAL-TIME

PCR USING TWO HIGH SENSITIVITY LABELED TAQMAN PROBES
(Published in J Virol Methods, 2007, 139: 44-49)

A single amino acid substitulion, ffam 5 e to tyrosine at position 274 of the
verted Oseltam 2 H5N1 influenza A virus into a
Min many countries potentially
. To identify this change in
8 PCR using two labeled
r to validate the method,
traun from a Vietnamese
r::ts have been used for this
study. The results thus#8bt; ; hose\Jefived from clune seiection and
sequencing showed that Tae
the mutant 274Y variant. Tha's
allowed the detection of the mutati

affected by the influenza
Oseltamivir-treated patie
TagMan probes was dg
Oseltanivii  specimen
patient, twc Oseltamivir-tregled i

iminate wild type H274 from
as as low as 10 copies/ul and

of wild type and mutant. Overall, the

assay based on raal e with two label of ﬁ described here should
be useful for dete I-.-ﬁ;;j“ ettarivir-re: J'T# enza A vifuc in many
species and various '1”I ces igh -n@viw and specificity. Such
studies can address pa nhal differences in the dlagnﬂstzc utcomes between patients

who develop

strain musmmﬁm gwwrﬁeﬁn only the wild type
W RE RN T UM TN

uenza virus 15 @ RNA wvirus from the Orthomyxoviridae family. Annually,
influenza viruses may develop symotomatic influenza in 20% of children ano5%o!
adultsworldwide (Turner et al., 2003). From the three types A-C only A and B cause
widesprezd outbreaks. Further subtyping of influenza A virus is based on the antigenic
differences between two surface glycoproteins: haemagglutinin (HA) and neuraminidase

{MA). Nowadays, 16 HA (H1-H16) and 9 NA (N1-N9) subtypes have been de=rnbec
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(Fouchier et al,, 2005; Nicholson et al., 2003). Since 2004, the influenza A virus subtype
H5N1 has been the cause of severe disease in vanous poultry and mammals. The
clinical spectrum of avian influenza (H5N1) in humans comorises initial symptoms of

high fever (exceeding 38 °C), lower respiratory tract symptoms, clinically significant

lymphopenia. abnormalities on chest radiography, and in some cases diarrhea, vomiting
@tality rate among hospitalized patients

‘1”’ d to 57% (WHO, 2006a). Two

abﬁﬁatmam of influenza infection.

function of the M2 protein;

(Tran et al., 2004) and encephalitis
with avian influenza A (H5N#)
groups of antiviral agents
The Adamanianes .{Ama - N ‘\‘S;:
however, drug resistante ing@aldne e feased. 10,.30% (Hayden and Hay, 1892).
The more recently de / » itors includes Zanamivir
(Relenza; and Oseitamyit (LAl ArssmpBiant Shivical ‘medication used against all
strains of influenza A virug'is, la .;1 N s Whe irsbprally active neuraminidase
inhibitor in the form of a cag spension (Kim et al,, 1897). The
neuraminidase inhibitor (NA £ it es f@tural neuraminidase substrate
molecules and binds to the aclive sz :;',-_ wme in addition to interfering with the
%)

Amiflic acid residue from an

ona, 20C5a). Therefore,
neuraminidase (NA) -y
oligosaccharide chain i d thos: garega.e@and bind to the surface of

u-'
infected cells. OSEHEMIWI"[ESISIEHC“ due o I"IUEMII"‘!GESB mutations hzve arisen baoth

in challenge F{au Ell’g wa&, mw mmlec ions. Rates of

resistance are dtimated ot around 1% in the adu!* population and 27 in pediatric

e R AR

Oseltamivir. Eighteen percent of the children (N= 9/50) haa neuraminidass mutations at
Arg292Lys (N= B6/9) or Gluii9Val (N= 2/9) or Asn29ser (N= 13, Volunisers
experimentally infected with influenza A/Texas/36/91 (H1N1) virus =g treated with
oseltamivir have shown an H274Y substitution at the neuraminidase active site
(Gubareva et al., 2001). This mutation in responze to oseltamivir phosghate treatment

leaves the virus severely compromised both in vitro and in vivo (lves et al., 2002) and
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confers about 400-600-fold resistance (Wetherall et al., 2003). The mutation at position
274 can influence the sensitivity of influenza N1 NA yet not of N2 NA to Oseltamivir
carboxylate by rearranging the shape of the active sile to create a pocket for Oseltamivir
(Gubareva, 2004; Moscona, 2005b; Wang et al., 2002). Safeguarding against a potential

influenza A virus subtype H5N1 epidemic, many countries now stockpile Oseltamivir. It

has recently been repored that Ose d=egis@nt influenza A (HSN1) viruses with the
H274Y mutation have been . . hréd #anehise HSN1 viruses with prorounced
Oseltainivir resistance w M@t&tﬂﬂmas& patients during

"'nd another resistant case

005; Le et al., 2005). As an
increase in OsellamiviEres it Ses “Seging \likelyha "Method aimed at rapidly
«dentifying resistant H58 . rgpeal-iing FERWSIing TagMan probes was

designed. 1he assay enailes ‘ . i . mutatien from samples onginated

2. Materials and methods
2.1, Suurcef

seltadm I;Tﬁi: of saveral species

infected with avian infl '_':' ously j, using the method

described by Payungpum‘at al. (2005), werz Ud The Oszltamivir-treated specimens

v 0 ORI L) YVTAY B ARG 1. o

treated tiger CUY: Panthera tigris tfgns (N= 1) white iger KU-11; P. tigris tigris (N= 1).

B O [ b R S

spleen (N= 1), kidney (N= 1}, liver (N= 1}, brain of leopard (Fanthera pardus) (N= 1),
allantoic fluid of embryonated chickenr 2ggs inoculated with the virus according to the
method described by the Office International des Epizooties (OIE) originating from a cat,
Felis catus (N= 1), a dog; Canis familiaris (N= 1), a quail (N= 1), an ostrich (N= 1) and
chicken (N= B). These specimens were isolated and provided by: (1) the Faculty of
velenrary Science, Chulalongkorn University, Bangkok, Thailand; (2) the Department of
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Livestock Development, Bangkok, Thailand; (3) Faculty of Vetennary Science, Kasetsart
University, Kampaengsaen Campus, Nakorn Pathom, Thailand; (4) Department of
Pediatrics, Faculty of Medicine, Srinakharinwirot University, Nakhon Nayok, Thailand; (5)

National Institute of Hygiene and Epidemiclogy, Hanoi, Vietnam.

2.2. Primer and TagMan grobe
The nucleotide.s WA M0 of the neuraminidase gene of

influenza A wvirus (HSN1) walies fiirom 4he (ﬁab&s& going back as far as

2003-2006 and hence, cOMprisad afires Eolale H"P Dus species, such as avian,
‘i‘\t

cats, dog, tigers, swirfg ag JOE5 5, the sequence of one
Vietnamese  Oseltamiir-resiSlis Gaten Nienam/CPP009/2005(H5N1Y).  The
alignments were perfogfied Aside STAr L \(Version “B1 from fipu/iftpigbme.u-
strasbg.fr/pub/ClustalX) afid

http:/iwww . mbio.ncsu.edu/BIBE

Ament Software Version 5.0.9
\ arget regions were first
identified by visual inspectiol nt. Primers were chosen from

constant regions of all sequences SpEEH: teuraminidase gene N1 of influenza A

e

virus most closely relaied ;obgs were chosen from the

:}J o be specific for botn

t
)

region covering the y
wild tyne and muiant. B i prime #8nalyzel using the pnmer design
s iF

software (OLIG0S Yersion ‘ng Rusian :(alen&y. Institute of Biotechnology, University

of Helsinki, Finlﬁ]tustrln@a dﬁﬁ% Wﬁq ﬂdﬁa Biosystems, CA).

The wild type (H§@nd mutant (Y) MGB;aq'Man probes were labeled with FAM and VIC
T S AR TN
used IE iddy hoWwn i :

2.3. Oligonucleotides designed for H274Y m.lagenesis
An RMA sample extracted from embryonated chicken eggs and
previously identified as influenza A wirus subtype HSN1 (A/chicken/Nakom-
Patom/Thailand/CU-K2/2004(H5N 1)) was applied to design a series of mutagenesis. The

oligonucleotides depicted in Table 1 were used to generale the series of mulagenesis at
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amino acid position 274 of the neuraminidase N1 gene which served as a control for all
possible patterns of nucleotide change in the area of probe binding. The primers N1MuF
and N1TMuR served as the outer primers of each mutlagenesis group, which paired with

Table 4 H274Y detection primers and TagMan MGB probes and senes of mutagenesis

primers at amino acid position 274

Primer/Probe Sequence (S} Positiun®  Strand

Primer_F 5-ATACT

583-602 Sense
Primer_R 5-TTATCGET BOO-702 Antisense
Probe_ti274 5'-6FAM-TJ 749-733 Antisense
Probe_274Y  5-VIC-TCCIEA RTANIDMGBNEQS N\ 745733 Antisense
N1MuF 5-GGGGCTETGECTETA 517-534 Sense

M1MuR 5-GGGGCGTE i ST 900-883 Antisense

N1MuiF 734-755 Sense
NIMuiR 65734 Antisense
NIMu2F  5- ATTATIAC 2734755 Sense
N1Mu2R . L:CTCMAGTMTAAT-:J' = 755734 Antisense
e EUBATMANT
MAMU3R GAHCGTCATAGTGG"MT-B resTs Anticense
wQ RIRIATEUN TN AR
NiMsil  5.GAGCATTCCTCATAGTAGTAAT 3 755-734  Antisense

" The nesuraminidase gene of Alchicken/Nakam-Patum/Thailand/CU-K2/2004 GenBank

accession number AY580567 served as reference.
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the mutagenesis primers. Mutagenesis primer group 1 for H274 is N1Mul1F and
N1Mu1R. Mutagenesis primer group 2 for 274Y is NTMu2F and N1Mu2R. Mutagenesis
primer groups 3 and 4 were designed for possible varied strains occasionally found.
The mutagenesis products of groups 1 and 2 were used to construct mutagenesis

groups 3 and 4. Mutagenesis group 3 for H274 is N1Mu3F and N1Mu3R. Mutagenesis

group 4 for 274Y is N1MuaF and primary mutagenes:s PCR reaction
mixture comprised 0.5 ul of ¢ ward primer (outer or mutagenesis
primer), 0.5 uM reverse prmer (60 @m} 10 pl of 2.5x MasterMix

(Eppendorf, Hamburg, G a final volume of 25 pl. The

secondary mutagenesis ed 05 pl PCR product
represantative for eac / UM N1MuR, 10 pl 2.5x
MasterMix (Eppendorf; dhd Mugdleds : » CR nal olume of 25 ul. Bott,
amplification reactions er personai (Eppendorf) under

the following conditions: preder dlusaton &l S88a80r' 2 min followed by 40 amplification

cycles consisting of 30 s degBluratas =94 30 Sannealing at 52 °C and 1 min
. 1t :

extension at 72 °C and concludet-G2- N extension at 72 "C. Four groups of

mutagenesis PCR proguc &re Sap arose_gel electrophoresis and

purified using the ;—; - "‘_:ﬁ Eppendorf, Hamburg,

Germany). These purif oo e ABEM-T Easy Vector System
]

(Promega, Madison, WI ‘pd plasinids were pmﬁed by using the High Pure Plasmid

.snlalrnrjl Kit {Rﬂ fﬂaﬂrﬂﬂjw ﬂlﬂrﬂ?;!rs specifications.

The series of HZ@Y mutalions were saqu&nc and used as contr

LRI AN 1Yok (IUDT

Viral RNAwas extracted from 140 pl samples of the allanoic flud of
inoculated emSryorated eggs, plasma and the supernatant resulting from tissue
extraction Lsng the QlAmp viral RNA mini kit (Qiagen, GmbH, Germany) according to
the manufacturer's specifications. Reverse transcription was performed on 12 yl of each
RNA sample at 37 °C for 1 h using 200 units of M-MLV reverse-trancriptase (Promeaga),
5 ul of 5x M-MLV reaction buiier (Promega). 5 yl of 10mM dNTP (Promega). 25 units of
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rRNasin® Ribonuclease Inhibitor (Promega), 1 uM universal pnmer as described by
Hoffmann et al. (2001). Twelve microliters of RMNA from the RNA extraction kit were
heated to 70 °C for 5 min and cooled on ice before adding nucleace-free water to a final
volume of 25 pl. '

2.5. Real-time PCR con

Real-time PCR.\

| - the Biotools QuantiMix EASY

ﬁimm‘ pairs depicted in Table

a final concentration of 0.5
‘QQ\

- .\\ om embryonated eggs or

wlure containing 10 ul of

1 were used in multiple T8
UM and 0.20 uM, respect
2 pl cDNA from tissue?
QUANTIPROBES, 4.0m"Mg d nucieass | Walen washadjusted to a final volume
of 20 pl. Real-time PCR 3  Rotor-Gene 3000 Instrumer*
(Corbett Research, Syring o reaction consisted ot a
preincubation step at 95 “C fgf .t"' Ao e HBtStarTaq DNA pclymerase. This
was followed by 40 cycles of amp: ding denaturation at 95 °C for 10 s,

annealing 3t 55 °C fors5 extension at 7 wgrfluorescent signals were

ubtainad cace per ¢ ;,- it detectors orresponding
to the FAM (530 nm) .",-i- NSl ; peqlively. Data acquisition and
s iF

analysis of the real-time PER assay were peﬂcwed using the Rotor-Gene dala analysis

R UBMERTHEANS
ﬂm{rrmmr #8800

2.5% MasterMix (Eppendorf) 0.5 uM primer F: 5-ATACTGAGAACTCAAGAGTC-3', 0.5

UM primer R: 5-TTATCCCTGCACACACATG-3 and nuclease-free water 'o a final
volume of 25 ul. The amglification reaction was performed in a Mastercycler personal
(Eppendorf} under the following conditions: predenaturation at 84 °C for 2 min followed
by 40 amplification cycles comprising denaturation at 94 °C for 30 s, annealing at 55 *C

for 30 s and extension at 72 *C for 30 s and concluded by a final extension at 72 °C for 7
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min. The PCR products were separated by 2% agarose gel electrophoresis and purified
using the Gel Extraction Kit (Perfectprep Gel Cleanup, Eppendorf, Hamburg). The
purified products were inserted into pGEM-T Easy Vector System (Promega), according
to the manufacturer's protocol. Ten clones were randomly selected from the resultant

white colonies ana plasmids were purified using the High Pure Plasmid Isolation Kit

specifications. For automated DNA
sequencing, all plasmids were.a gusingife=cae Amp PCR System 9600 (Perkin-
Eimer, MA). The sequencedsp 1S We tosd Perkin-Elmer 310 Sequence

2.7. Specificity"angfSans ik “test ~k\

ales or clinical specimens

as evaluated by cross-

expressing the entire spe, Af NB) of WHO reference ctrain
influenza and other viral path@Bens -i. disease virus (NDV), respiratory
syncytial virus (RSV) subgroups A

OC43, coronavirus 2 .

jetapneumovirus (HMPVY), coronavirus

B0 m:l infectious broachitis

Jirus (IEBV). The san w pnf-dning & ccpy of the wi'a

type H274 and mutant ’i 4Y sel ild -'" pe H274 and mutant 274Y
plasmids were used to deiarmme the rapacity of the real-time PCR assay :0 detect wild

e v R BT P P e . o

concentration wi$ determined by measunng absurbanc:a at 260 and EEF nm. The two

ST e

ratios. Real-time PCR analysis of potential couon 274 variants was performed on each

ratio at each concentration under the conditions described above.
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3. Results
3.1. Detection of oseltamivir resistance by real-time PCR using two
labeled TagMan probes
The result was obtained by using two TagMan probes labeled with the FAM and

VIC fluorescent signal for wild type and mutant detection, respectively. The fluorescent

signal resulting from real-time PCR cau 1 f / ed as shown in Figure 6. A sample
containing only the wild type
FAM channel (530 nm)

ent signal exclusively via the
& Oseltamivir-resistant varnant
with a nucleotide alteration @minidase gene will emit the
fluorescent signal via ! H‘: develop and optimize the
assay these probes jenesis and obtained clearly
discernible results ires tvpe and mutant plasmids or

the ratio in which they h &8s tested in this assay were
isolated from humans, ligafs, Al g andyaripus avian species previously
infected with H5N1. Two hugié _ eriment were investigated. The
first one isolated from human pla ----- s—r} -_ d.in Nakhon nayok province showed a
positive result for thieyw gy one oblainad from a
Vietnamese patient |88 T Uted signale specific for
both wild type and 'i . Thare ; NS originaling from tiger lung, spleen,

kidney and liver, leopard prﬂ and the allant fluid of various avian species, cat and

wosmoncfiiid HHA ﬁ%ﬁ%ﬂﬂ‘ﬁ
AN AINIURIINA Y
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Figure 6 Two fluorescent signals for wild type H274 and mutant 274Y detection emitted

by TagMan probes labeled with FAM (A) and VIC (B), respectively, H274: positive
control plasmid, 274Y: positive control plasmid; Vietnam: Oseltamivir-treated
Vietnamese patient (Le et al., 2005) showing both fluorescence signals indicative of a
combination between wild type and resistant strain, KU-11: Oseltamivir r.ated white

tiger, CU-T7: Oseltamivir-treated tige* showing only the wild type signal.
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2.2. Selection of drug resistant clones
Three specimens, treated with Oseltamivir, were chosen o be cloned
into plasmids for confirmation. The first specimen was from a tiger (A/Tiger/Thailand/CU-
T7/04) isolated from zoo tigers that had penshed during the mid-October 2004 H5N1

influenza outbreak. CU-T7 was isolated from a nasal swab of a tiger that eventually

International des Epizooues | ere randomly selected and

sequenced. All the clonesaWeg sepsilive ., {\\ e second specimen was

white tiger (A/Tiger/THS . 1004 <ads 2‘\ \ lgm @ sick white tiger found
W '"M

pusitive for HSN1 by n ” ad W

i \ \
kg twice daily for 4 day®. Ligef s \\ ital swab was ‘aken. This

spec:men was inoculated

h Oseltamivir at 75 mg/60

gc of KU-11 were randomly
selected and sequenced. A4 -_, = itive to Oseltamivir. The third
specimen was cONA from a Vieldemess -- e et al., 2005). Ten clones of this
strain were random| " [= : lones were resistant to
Oseltamivir and on'y § T

.II
|
W

3.3. Specificity apgﬁe*lsntlwty testy, ,

e T

and found no cftks- -reactivity to total ‘I;uman DNA, any of the l:laffaran! NA subtypes of

o BTN 157E N PN (11 N
subgrougs A uman metapneumovirus (HMBV), coronavirus coranavirus

229E, infectious bursal disease virus (IBDV) and infecticus bronchilis virus (1BV).
Likewise, any significant false positive or non-specific signal in any of the samples
tested was nol observed. Overall, the results obtained on Oseltamivir resistance with the
two labeled probes indicate a high specificity of both pnmers and probes used for
amplification. As for the sensitivity of real-time PCR, the threshoid concentration for

detecting both wild type (h.74) and mutant (274Y) was 10 copies/ul. Furthermore, in
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order to establish the limits of real-time PCR to detect both wild type and mutant in the
same sample, wild type and mutant plasmids were mixed in various ratios and diluted
them over a range of concentrations 100:0, 7525, 50:50, 25:75 and 0:100 ratios of wild
type and mutant. The result showed the high sensitivity of the detection that can be

detected although the reaction had 7.5:2.5 plasmid copies/ul of wild type and mutant,

4. Discussion

At present, there is' ible) uenza A virus subtype H5N1

-;.1

epidemic not only affecting a.species including humans. A

medication capable of pre; the neuraminidase inhibitor
Oseltamivir. Yet, influenza & ‘sveloped drug resisfance
by inutations i the ino acid subslitutions
predominantly at positig umbering =ystem) of the
enzyme's active site (Gubafevalet 3l id substitution at position 274
identified in mutants selectey ibitors both in vivo and in vitro
has exclusively been found in N 002). In 2005, H5N1 virus resistant
19 oseltamivir due tojaf}a 0 Tyrosine (Y) based on a
single nucleotide ali Tf r"‘ frem three ietnamase
patients one of whom, 1 114 ye~rs ol gvered (Le et aﬂﬂﬁ} while the remaining
‘wo, a 13 and 18 years uﬁdlc::umb&rl to thgnfectiun (de Jong et al., 2005). Hence,

s fmﬁu 2 FYNHI TN AT o ne it

change at nn 274 causing r?srﬂtan::e to Osetlammr hefu the ons=t of
treatmﬁ Wtﬁ‘r alﬁpﬂﬁm\ ﬁﬁ% WIE’IqFﬁ‘rE]fnr example
Zanamivif might save the patient's life.

In this experiment, both probes and primers were specificelly designed to delect
the nucleotide change causing Cseltamivir resistance. The amino acid substiutisn of
Histidine (H} with Tyrosine (Y) is the consequence of 2 single nucleotide in the first
codon of this amino acid change from C to T. The alignment of theHSN1 neuraminidase
gene sequence with more than 200 sequences stored in the Genbank database showed

a nucleotide change in the specific probe area yet at a position not triggering the critical
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amino acid alteration. Hence, the probewas designed to allow for this inconsequential
mutation by using a degenerate nucleotide at that position thus closely mimicking the
natural situation. Moreover, since the conserved area of the gene reslricted the probe's
length to 17 nucleotides TagMan MGB was chosen. The probe was coupled with a
minor groove binder enhancing its Tm and had a non-fluorescent quencher attached to

vith "‘.,. fesoeny signal detection. After having tested
| SN\ /7
the probes with the mutagen@sis Ct ol (he et sht ed high sansitivity and correct

the 3’ end, which does not interfere

distinction between wild typeranemutantipo -... arent ratios of wild type and

mutant plasmid at low conceg

In conclusion, realgifMeFER Lising labe! ‘u‘\ probes provides a
highly specific and sefisitigfmgthdalts detedatithe . L'n._'\ d alteration al position 274
of the influenza A subifpe #5081 Reuraminidage \ge aalh g oseltamivir resistance.,

h,

Studies as the one descy petential differences in diagnostic

ocutcomes between palienis {iamivir resistance and patients
who retain oniy the wild tyg r, the other point mutations of

Oseltamivir resistance in H5N1 5

P | aalian species need for the further

investigation. -

AULINENINYINS
PMIANTUAMINYAE



CHAPTER V

NEW STRAIN OF INFLUENZA A VIRUS (H5N1), THAILAND

(Published in Emerg Infect Dis. 2007, 13:506-507)

During 2004-2005, 3 major wa
Thailand (Amonsin et al., 2006a). T

of avian influenza oulbreaks occurred in

iz

second in July 2004, and the (Hirel.i ¢ her 5. In tnla', 22 persons were

infected and 14 died. Recently,_glGun

rted in early January 2004, the

@ve begal on .Iuly 23, 2006. The Thai Ministry
of Public Health reported tha killed 2 infacted persons.

The first patient, a 17-yeageld g0an to experience symptoms

on July 15, 2006, and diego : 006). The second patient 7 27-
year-old man in Uthai #Rani €, bggar gpeniente Symptoms on July 24, 2008,
and died on August 3, 2006 f these outtreaks involved
chickens and encompasse e identified on July 23, 2006
(Dudley, 2006), and Nakhon#Phz prfified on July 28, 2706 (Marshall,
20086). We sequenced 3ll 8 gengse ‘ S | guviruses isolated from Phichit and 1
virus isolated from | N& anom )

Alchicken/Thailand PEAB

A0 GenBarix as follows:
Fiokeh Thailana PC-170/2006
(DQ999887-94) from PRIt and A/CHICKEAPTATand/NP-113/2006 (DQS29871-8) fram
Makhun Phanoin. Whole g'qnme analysis shiwed that all 3 samples nad undergone

s oSS V) BB S HEI ARLS crevoeciay. s

oulbreak was a&aciated with 2 straing of *he virus. Re 2 samples frfu} Zhichit closely
QA5 RS A TR TRV IBINE B o
sample flom Nakhon Phanom was newly chserved in Thailand and mors - osely relaed
to H5N1 strains that had been circulating since 2005 in southeast Peop'= 5 Republic of
China. The whole genome phylogenetic analysis also showed that the . -.ses isolated
from Phichit belcnged to genotype Z, whereas virus isolated from Nz~<hon Phanom
belonged to genotype V, which differs from genotype Z in the PA gens (Mase et al.,
2005) (Figure 7). The phylogenetic tree of the hemagglutinin (HA) ge-e (Figure 8)

showed that the Phichit samples were similar to the cluster of samples iz2lated dunng
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2004 and 2005 in Thailand and Vietnam. In contrast, the Nakhon Phanom sample was
clustered into the same group with viruses isolated from southeast People's Republic of
China, including Zhejiang, Shantou, Hunan, Fujian, Guangxi, and Lao People's
Democratic Republic (Boltz et al., 2006) with the differences in the cleavage site,
SPLRERRRK-R/G (underline and dash indicate differences), which had never been
found in Thailand. The N-link gl

sitions 154-156) of the Pichit isolates

were NST residues, whereass isolate, NNT residues were

observed. However, the sitions 222 and 224) was

unchanged. In the neuram = hAYL gane, | ates contain 20 amino acid
deletions within the stalk ga o fam ds prawoe . descrived (Amonsin et al.,

2006a). The ESEV resitiUes

‘-\-\ {51 wore observed in the
2006 isolates and in j

dyfrom Thailand, Vietnam, and
People's Republic of & new isolates were raghly
Jrulent but sensitive to tres

2006). The 2006 isolates co

necrosis facior-a'pha (Krug,
i8al to the previous isolates from
Thailand and Indonesia, which e new isolates had less efficient
replication capabiiit (N alian 5 g _, Drug resistance or
sensitivity is based af) 9 B Jithin res.duas ircluding
LZ6I, V27AN, A30S, aﬁ S31N"e @nnel pfillein was used to predict
amantadine-resistant mut:gn and H274Y nf 1®NA was used to predic: for osellamivir

resistance {s.-.:rﬁ % Elaq %}qu % :!wm ﬂ}%ula es from Phichit

was resistant ltﬂhmantad-ne but 55‘25““!’3 o DSEiT.EIlef, whereas uh'_-‘: isolate from

Nakho qﬁﬁﬁ mﬂw EJ mp!tes “hat
infected galients received different antiviral drugs. According 1o previoJs .Farll:l Heslth

Organization reports, the HA sequences of most influenza (H5M 1} viruses :hat circulsed
in avian .pecies during the past 3 years are separated into 2 distinc: phylogenstic
clades. Clade 1 viruses the. circulated in Cambodia, Thailand, and “Jigtnam wv.ere
responsible for human infections in those countries during 2004 and 2705, Clade 2
viruses that circulated in birds in People's Republic of China and Indonesia dunng

2003-2004 and 2005-2006 spread westward o the Middle East, Europe. and Africa.



49
This latter genetic group of viruses has been principally responsible for human
infections during late 2005 and 2006 (WHO, 2005). The latest wave of the outbreaks in
Thailand was caused by wviruses closely related to those that caused oulbreaks n
Thailand in 2004-2005 and to viruses recently circulating in southeast People's Republic

of China and other Southeast Asian countries. This finding raises concem for

spreading, epidemiology, anaxgenetie propediebefiaeently circulating influenza (HSN1)
viruses should be considerss e dew inoeeanmdate H5N1 strains of influenza

vaccine,

2004/06- 2, Z+
LE! "" | | i v N 2004/06-V
AR aﬁﬂ‘iﬁW*’l’J NYIaY

Figure ¥ Phylogenetic relationships of the polymerase acid protein (PA) gene comparing

yenotype Z, Z+, and V.
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CHAPTER VI

MOLECULAR CHARACTERIZATION AND PHYLOGENETIC
ANALYSIS OF H1N1 AND H3N2 HUMAN INFLUENZA A VIRUSES
AMONG INFANTS AND CHILDREN IN THAILAND

(Published in Virus E8E . 132:122-131)

’ ;& mortality rate among infants

and children. In the tropics, Influgaea s &ar dependence on seasons. In the

present study, we perfo analysis of H1N1 and H3N2
influenza virus isolated "',J /}/ \}:\‘\\

wﬂh respiratory tract iliness
nles (10.92%) were found

The annual influe

between Febuary 2008
positive for humarn influg of tie heniagalutinin gene
revealed conserved Seque \ as well as variations due to
amino acid substitutions Ily resulting in an N-inked
glycosylation site. As for : : acid substitutions were found
in N1 and N2 but not directiy"at ¢ 5 aiytic” ework sites of this enzyme. Based

on the phylogenetic tree, the ha r egion and the neuraminidase (NA)

gene of both H1N1|ake subty, ered/with the current vaccine
strain for the Nn 2 i inding  conuributes  to

understanding the aw&un of 1 4SE5 in gmans and is useful for

surveillance and vaccine a‘raln selection.

ﬂ‘lJEl’J‘VIEWlﬁWEI']ﬂ‘i

1. Introduction )

I TS (7P e 11>

hemagglutinin (HA), and neuraminidase (NA) (Webster et al., 1992). All influenza A virus
subtypes have been discovered in avian species, but only a few subtypes have been
found in humans, Every year, in excess of 200,000 people worldwide succ.mb to severe
respiratory iliness caused by influenza A wirus. Three such major globsl pandemics
caused by novel antigen variants of influenza viruses have affected the human

population, the “Spanish flu” in 1918 (H1N1 subtype’ the “"Asian flu" in 1957 (H2N2
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subtype), and the “Hong Fong flu” in 1968 (H3N2 subtype) resulting in millions of deaths
(Stephenson and Zambon, 2002). The recent circulation of highly pathogenic avian
H5N1 viruses since 2003 has brought about more than 300 infected cases and nearly
200 human deaths (WHO, 2007b) which has raised concern as to the emergence of a

new pandemic. However, oniy cyclical alterations of the H1N1 and H3NZ viruses are

predominant strains in humans. [ A L 2N00¢ /l . nfluenza A virus subtypes HI1N1
and H3N2 circulated in many.g he Worlle T Darinfluenza A surface glycoprotein
hemagglutinin (HA) is u fgo changes in order lo evade

the host's immune syslerg oty el d a05) ach year, WHO publish

N ‘-»..
recommendations on the ot i %\i \\'\\ or the Morthern and Southern

Hemispheres. In the Mt \,\\

~ psely related o A/Solomon

of H1N1 influenza viruses
‘were antigenically si xw Ccledonia’20/1939, but
an increasing proportiog
Islands/3,2006. Likewise, var@ antigenically simiiar .o the current
reference virus, AWisconsingg’ =;,-—- : \ creasing propoition of antigenic
differences (WHO, 2007a). P - s of circulating influenza strains for
subsequent annual_ .; ent h: ‘ I,'rthen'nure. comparisons
batweer antigenic di'f |relnecassas, o turther the
understanding of mugia ineag Birus ﬂ iants. Therefore, between
February 2006 and Fahn@ 2007, we cnllectw,aﬂz clinical samples of nasopharyngeal

suction from ﬁs’H ﬁﬁ:}éﬂ»%@w&’ﬂ ﬂﬁnamcs ward at King

Chulalongkorn Qhemorial Hospital, Thalland for snﬂuanza A wirus detec*uun On all
positi qmgrm l}ﬂ:ﬁlrﬂ]ﬂﬂ differences
and c are mem with The va

2. Materials and methods
2.1, Clinical samples
The study protocol was approved by the Ethics Committee, Faculty of
Medicine, Chulalongkorn University, Bangkok. The parents of all paricipaung chilcren

were informed about the study objective and their written consent was oblained.
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Nasopharyngeal suction specimens were collected from 302 infants or children (age
range: 5 days to 14 years) suffering from respiratory iliness from 14 February 2006 to 28
February 2007. All clinical samples were provided by the Depariment of Pediatncs. King
Chulalongkorn Memonal Hospital, NP suction samples were collected in transport

medium consisting of phosphate buffered saline with antibiotics (250 U/mL of Penicillin

G sodium and 250 ug/mL of Streptamiveinsidiatal and stored at -70°C until tested.

RNA was extcaet® afiain i 50 of @aeh NP suction sample using TRI
REAGENT® LS (Molecular afbeafof/entdr [he. Ginth &y, OH) and dissolved in 12
< or 2 h using the M-MLV
Wslkting of 200U of M-MLV

reverse transcriptase, 5 M-MEN. feé 8, Sl of 10mM dNTP 25U of

Influznza Agviays detection wasgperformed by coaventionai PCR using 1

UL of cONA, 0. ﬂ% m W&%W%i (nt 76-93), 0.5 uM

of FluA_M_R: EuCTGGGCACqGTG#GYGT-E (nt 23& 218) (the matrrx gene from
R RARSA TR UNTININY =
Eppendoff MasterMix (Eppendorf, Hamburg, Germary), and nuclease-free water to a
final volume of 25 ulL. The house keeping gene glyceraldehyde-3-phosphate
dehydrogenase; GAPDH, of each sample was arplified in one additional reaction
mixture of identical volume with primers GAPDH_F: 5-GTGAAGGTCGGAGTCAACGG-3'
(nt 112-131) and GAPDH R: 5-GTTGTCATGGATGACCTTGGC-3' (nt 603-583) (the
GAPDH gene from GenBank, accession number NM 002046, served as the reference)

at a 0.5 uM final concentration, each. The amplification reaction was performed in a
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thermocycler (Eppendorf, Hamburg, Germany) under the foliowing conditions: initial
denaturation at 94°C for 3 min, followed by 40 amplification cycles consisting of 94°C for
30 s (denaturation), 55°C for 30 s (primer annealing), and 72°C for 1 min (extension),
and concluded by a final extension step at 72°C for 7 min. After 2% agarose gel

electrophoresis, gel were stained with_ethidium bromide and visualized on a UV

transilluminator. The expected proddc
gene was 160 bp and 492 bp, re:

2.4, Full-length P
Representau® for'c it Bfeoliectisfuwe selected 20 matrix gene

positive samples of Tufie nitigne full Slength,  hemagglutinin (HA) and
reuraminidase (NA) géh ed RNA and performed
reverse transcription M af caly, pAmer  (Uni12  primer 5%
AGCAAAMCCAGG-3) as

conditions 2s described abo)

. (2001) under identiral
plified the full length HA and NA
genes usiny forward and revers ed by Hoffmann et al. (2001) with
modifications. The _.;__,.; g

AP AAGCACGCG-2 Eﬂ'-

AF5': 5-CAGGGAGC
AEAAGGGTGTTTT-3 or NA
ding 0.5 AFEERCAGGGABEAAAAGCAGGAGT-?" and
0.5 UM of NAR3'5-CCAQTAGAAACAAGGAGEJTITT-3 with 10 L of 2.5x Eppendorf

s ool B YN SNBSS to o vtame

of 25 uL. The glnphﬁ-::aunn ram::hundﬁras parfnrrne:l in a thennocE}ar (Eppendori,

oo RRERATHNAINE ] B

amplificafjon cycles consisting of denaturation at 94°C for 30 s, prmer annealing at

gene was amplified by

55°C for 30 s. and extension at 72°C for 2 min, and concluded by a final extension step

at 72°C for 7 min.

2.5. HA and NA sequencing
The resulting amplicons were analyzed by 2% agarose yel

electronhoresis and purified with the Perfectprep Gel Cleanup Kit (Eppendorf, Hamburg,
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Germany).DNA sequancing was carried out using the Big Dye Terminator V.3.0 Cycle
Sequencing Ready Reaction kit (ABI, Foster City, CA) together with the inner primer of
each subtype shown in Table 5. Subsequently, any unincorporated labeled ddNTPs

Table 5 Inner sequencing primer for each subtype of human influenza A virus

Subtype Primer Position
H1_F266: 266-285
H1_R394: 394-375
H1* H1_R627: 627-609
H1_FT66: 766-785
HI1_F1062; 1062-1081
H1_R1525: 1575-1594
H3_F360: 360-281
H3_R431: 431-414
H3" H3_F598: 598-613
H3_R7a7: 797-777
H3_F1013; 1013-1033
H3_R1184: 1184-1164
N1 _RI30: 330-309
N1_F47a: 479-499
N1° N1_RE20; i , - 59 620-600
N1_F653: BAAATAACTGAAACCATAAAAAGTTG-3' ' 60 653-673
N1_FB4T: sﬁﬂm'r{mccmnmy &0 843-868
- m_ﬁq j‘ g ¢ 1158-1138
v e 3§7-387
N2_FS57: 5-AGCTCAAGTTCICACGATGG3 o Q) 557576
"9 Hﬁﬁ\iﬁﬁmﬂ bl H’Iﬁ e
N2_R1120: B-GCTGATCGTILTTCCCATCC-3 1120-1101

N2_R1298: S TCAACTCCACATAAMAGCACC- 3 a0 129B8-1278

* Referance position of the H1 gene from .ANaw York/399/2003(H1N1) Accession number CYQ02808
* Reference position of the H3 gene from ATaiwan/30005/2004(H3N2) Accession number DQ249261
® Reference position of the N1 gene from A/Taiwan/30017/2002(H1N1) Accession number DQ249258
? pofer_nc - sos.on of the N2 gene from A/New York/396/20N5(H3N2) Accession number CY002074
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were removed by ethanol precipitation. The reactions were resolved on an ABI-Prism
310 Genetic Analyzer (PerkinElmer, Norwalk, CT), sequences were edited by Chromas
Lite version 2.01 (Technelysium Pty Ltd., Australia) and the Bioedit Sequence Alignment
Editor V.7.0.5.3 (Hall, 1999). Finally, sequences were aligned using the SeqMan

program (DNASTAR, Madison, Wi). The nuclectide sequences of all samples were

submitted tc GenBank under the agg

Phylogenetic o/ st = ted Basgd on the continuous nucleotide
sequences aligned with ; i7). Genetic distances were
calculated applying Kimurgl liisl ofl, USipg MEGA3 1 (Kumar et al.,
2004), and used to co Qonfidence values fur the

tree topologies were eva seudo-replicate datase!s.

3. Results
Three hundred and two n B} suction specimens from infants or
children Aged betwegrh rgspiratory iliness between

14 February, 2006 a '-Tf? ,,'3" for the matrix gencs of

influenza A virus wﬂh e house keemmg aene servingllds internal control. Since

"

February, the number of feggiratory illness sgples had bean slightly iicreasing. It

R ETET T TGS S

displayed the hoﬂse keeping gene bl*mly 33 sampleq proved pmtwe for the matrix
o QAN NI HRAI N IRY
months, ®ith 8 minimum ace of 4 months and a maximum age of 13 years. Of the 33
matrix gene positive samples, we selected 20 representing each month of nollection and
of sufficient volume for further testing. Ezch patient's details sre srown in Table 6.
Sequencing revealed 10 samples as influenza A/H1N1 primarily i#entified from March to
July 2006 and 10 samples as influenza A/H3NZ tentatively identified from March to May
2006 whereas after August 2006, this subtype was predominantly identified as shown in
Figuic 9.



Table 6 Specimen details and sequence accession numbers
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. Date® A oCASsion
Patient Strain Subtypa dd ) Sex Age Gana Neinibar

1 AMThailana/CLU2V2006 HaAN2 22-03-06 Female Y HA ELND21266

MA EU02126T

2 ~/Thailana/CLU32/2006 Female 3y Ha, EL021264

MA EL021265

3 A/Thailana/CLI41/2006 4y HA, EU021246

NA EL021247

4 AThailana/C "y Ha, EU021258

NA EU021259

5 AThaitana/CL46/2006 MM Hy EU021268

NA EU021268

[ AThailana/C LS/ 2y HA EU021254

MA EL021255

7 AfThallanaCU ay HA EU021248

NA EU021249

8 AfThailano/CLUST @06 1y HA, EUC2125¢

MA ELDZ1357

g AThailana/CUGTI20 2y HA EU021250

NA EUD:21251

10 AThalano CUSRI2004, BM H, EU021260

MA EU021261

1 AMhailana CUTS/2008 BY HA Eu0z1262

M EU021263

12 AThaiianc/CUBR2006 5M Ha EL0Z21252

NA EU021253

13 AlThailanc/CU1 242, 2y HA EL021284

- M EU0212E5

14 Ahalanc CURglle 2y HA EVO21274

T NA EW021275

15 AfThailano/CU23 12006 H watd) ! 1Y HA EWL21282

NA, Eupz2i1283

16 AThailano/CU2502006,8,  HINZ HA  EWrZTE

MA EU021279

v e um NY7IIN mni N

uﬁ. EU021281

18 mmmumrzaaﬁ HiNZg  11-01-07 EL0Z1270

ELD21271

" ’Wﬂﬁ@ﬂ M W’W’mﬂ’iﬁ E? e

ELD21273

b A.-‘Thm':u'l-ul'ﬂ L282/2006 HaMz 02-02-07 ELD21276

m. EU021277

* Date of specimen collecuon; Y, Year, M, Month: HA, Hemagglutinin gene; NA,

Meuraminidase gene
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Number of samples
50. "
4 . Influenza A virus
negative samples
[IND .
oo 36 U HIN2
W HiINY
aon -

20 -

10+

i
Figure 9 Nuinber of clinical safiplesiaitinac Ofith between Fetraary 2006 and
Iﬂ{ a A
February 2007 from 302 infanis E" respiratory tract iiness showing a

G\ 2/

slight increase from.Febn August and decreasing by

September. Thirty-th ;-'*"" ""—"-"":*:z‘ A wius. of which 10
harbored subtype AH1 .';,I anc

The n ‘.a - haggldtinin 1 (HA1)
AfSolorggn 0 m i 1? a= .accine siraing
in the @ﬁﬁﬁﬁﬁ ﬁjlir m:j ﬁ spectively,

Ten H1W1 isolawes from Thailand indicated a higher average of per =0t similarity 1o

. D, no subtyce delected.
i¥

A/Solomon Islands/3/200% (9R.30% based on nucleotices and 98.10% —zsed on amino
acids) thar A/New Caledonia/20/1998 highest ~.erage per cent similarizy 2 this vaccine
strain with 99.09% based on nucleotides and 98.u4% based on amino acids. The
~verage per cent nucleotide and amino acid similarities of the previcus H3N2 HA1

caccing Siraat o Avcaliiomial/i/2004 were 98.59% and 98.04% to A/Wellinglon/1/2004
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98.49% and 97.14% and to A/Fujian/411/2002 98.09% and 96.04%, respectively.
Genetic relationships of the HA1 region and NA gene of the H1N1 (Figure 10) and H3N2
(Figure 11) isolates with vaccine strains and other influenza viruses were constructed by
Neighbor-asoming analysis with 1000 bootstrapped replicales. Both showed continuous
evolution and the isolates were relevant to the recent vaccine sirain,

\lj//

) (SA) residues of glycoproteins

mfluenza virus, the targets for

HA constitutes the receptaft membrane fusion glycoprotein uf
influenza virus. The alignme
and glycolipids represeniing

neutralizing antibodies, and Nl .ﬁ_b_h own in Figures 12 and 13.
Five conserved amino aCicfBsdligs i LAINIHT and s ﬂenza A wirus, Tyr(Y)-98,
Ser(5)-136, Trp(W)-158]
sfructure) at tha HA

(2000). These five aming

Pering according to H3
ped by Skehal and Wiley

ci of-binding site of both H1N1
and H3N2 isolates were rel SOMmser. 10 g _ids at the terminal sialic acid
(SA) of all H1 isolates were 28¢5 which have been previously
reported (Stevens et al., 2006; Ma 1097) as the SA binding specific to the
NeuAca2,6Gal aminoyaci age, excépt 75108 with Ala(A)-190.
Residues mainly regp7 BF #i3 are 'eull)-226 and
Ser(S;-228 (Vines et al., [1998) how Mino = cnds‘ the terminal SA of all H3
isolates were lle(l)-226 ang ‘S‘ar{S]-EEE, samilar.tg' the previous report by Lindstrom =t al.

(1996). The paﬂnﬂ Ei @gﬂ‘:&mﬁlwﬁlﬂ%m by amino acid

alignment. The 8htigenic sites of H1N1 and H3N2 isolates were relaied to the sites

alread m ’_ﬁ gufm‘ﬂ nl!T:Ia Ednr&cted o
each nﬂ m co ﬂnm sife and Cb) of

the virus hemagglutinin (Caton et al., 1982).We detected four altered amino acids at the
H1 HA1 antigenic sites, amino acids Ser(S)Leu(L}-73 and Arg(R)Lys(K)-77 at the Cb
site and amino acids Arg(R)/Lys(K)-192 andLys(K)/Thr(T)-197 at the Sb site (Figure 12).
As for H3N2, the antigenic sites A-E have been described by Wiley et al. (1981). We
found three altered (95.78% based on nucleotides and 94.68% based on amino acids).
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For H3NZ HA1, A/Wisconsin/67/05 was used as the vaccine strain both in the
Morthern Hemisphere 2007-2008 and the Southern Hemisphere 2007. Ten H3N2
isolates indicated the amino acids at the H3 HA1 antigenic sites; Gly(G)/Arg(R)-142 at
site A, Leu(L)/Ser(S)-157 at site B, and GIu(E)/Lys(K)-173 at site E (Figure 13). N-linked

glycosylation was commonly found in HA of influenza A virus with (Asn-X-Ser/Thr) as the

specific polypeptide for glycosylahan

aspartic acid or proline. This'seq : € is Khdw fl_glycosylation sequon (Helenius

and Aebi, 2004). There WERST"BREA2 pBlentialgIyEBE fAtion sites on H1 and H3 HA,
respectively (Figures 12 andg® A2 sequencesigfiboth H1N1 and H3N2 isolates
"

were largely conserved (dg

We comparea | ne acid sequences of the NA
frorn 20 isolated samyg N NA, 10 isolatas from
Thailand indicated a higiler #leige ok pari@ent simidktydle A/Solomon Islands/32006
(98.34% based on nucleghide aiino acids) than to A/New
: 37.73% based on amino acids).
As for H3N2 NA, 10 isolates sh ved B hahet age of per cent nucleotide and amino
acid similarity 10 | ';i & e 'J”l (98.99%. 94.71%).
A'Californial7/2004 (7 304 (99.08%, 98.52%) than

to AfFujian/d11/2002 (38§54% VSIS of NAIGf HIN1 and H3N2 isolates

showed conserved residugsdg all NA subtypegipcluding the catalylic sites (R118, D151,

e o L B BV W B o s

supporting the taiyu:: residues {E11.9 R156, W1?B 5179, D/N198, IEEE E227, H274,

AR TN T e

amino afjc substitutions in the neuraminidase gene of influenza virus subtype HIN1 and

H3NZ isolates not relzt2d to catalytic or framework sites as shown in Table 7.
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Table 7 Amino acid substitutions in the neuraminidase gene of influenza virus subtypes
H1N1 and H3N2 isolated in Thailand compared with vaccine strains.

Virus strdin Amino acid position of NA gene
-H1H1 22 41 50 B4 T 1?3 24 234 266 287 273 358 382 as2
[M2 numbering] (23)  (a1) (580 (e1) (B g (213)  (233) (265) (2861 (272) (362) (IB5) (452)
AThailand/CUS306 1 E 5 N T M M M N G
AThakand/CLEBAOE 1 E S5 T M N M N G
AThaland/CUSTOE 1 E T L N M N G
AThakand/CLM 106 1 e T M ] M N G
AThalland/CLI5 106 | G T | M | ] G
AfSclomon Islands 108 | G T I N i M G
AThatand/CLM406 L G i g I H B
AThatend'CUTS06 M G i s i M M
AThatand/CUGE 16 M G I 5 L M .
AThaland/CUST 06 M G I N I N c
AThailandCU3 206 M G R N | o o
Abew Calsdonia 2098 M G I N I D C
Hanz 43 295 K e by
AThailand/TU272/07 5 R s £
AThaland/ CUZE0/06 ] R ] £
AThaland/CU282/0T 5 R s g
AThailant: DUz 2800 5 R’ 5 5
AfTradand/\CUZ258% 5 R 5 S
ATradand/CLIZ80/0T 5 R -3 g
AThad ind/CUZ3NG N 5 5 -
— uamﬂmwmn's -
ATrailandCU124/06 8 L
AThaland/CUMETE M L g
L =
o] 2] mmwumwmaﬂ S
mmwm‘lm L s
AFujmnid11/02 N M H v ¥ 5 L £




4. Discussion

From February 2006 to February 2007, we colleled nasopharyngeal suction
samples by inserting a nasal catheter into the posterior nasopharynx of pediatnc
patients diagnosed with respiratory tract iliness, and placed them in virus transport

medium. We extracted viral RNA and_dissolved it in high concentration avoiding

embryonated egg or MDCK cell ir lat \1 ! /- r to prevent adaptation associated
with alteration of receptor birleg et al., 2006). Of 302 soecimens,
33 (10.92%) were positive T8 Espiratory viruses detected by
Chiecchansin et al. (2007). LheSe_sfatinme \ \\:v\*¢ .62%) positive for HBoV, 48
(15.89%) positive for RSY i ; 18 (5.9%:) positive for
adenovirus, 14 (4.63%)] positlv o) positive for influenza B
virus. We characierizedhgffegbaliive Sullypes, of, influe@a A virus by preliminary
sequencing using prime@spgti he HA ard YA gene- 2nd
extending the inner nucleojifie ting overlap crimers specific
for each subtype. f.r"'.; .--., :

To date, moleculas and phivs alysis of influenza virus spanning an

entire year has not bdgng flan ufTesults, 1o Sublypes of
influenza A virus, H1H08 8 diric gatien:s :hraughoul
lhe year. Each year, ﬁﬂ recorime! IS MOS sulta.ncfnpositmn of influenza
vaccine strains for the Nu and Southemn I-Eimsphares respectively. Comparison of

R~ FYP - FEITITE LT P S,

both H1N1 and B8N2 isolates and the a‘acmne strams showed they are E:I"Eﬂiy related to
e RRIAINT “}im’“’r‘? Bﬂﬂ“&l

=% gene charactenzation Ew tigher variation in HA1 than HAz. s hich might
be due to its receptor-binding properties and to it being targeted £. neulralizing
antibodies since it represents the membrane fusion glycoprotein of influe-zz virus. The
residues within the receptor-binding site are relatively conserved but the r=sidue mainly
responsible for NeuAca2,6Gal linkage specific for the H3 sublype was llezZ6 instead of
Leu?26 as previously reported (Pamish and Kawaoka, 2005; Skehel and Miley, 2000).

The same amino acid substitution had been described by Lekcharoensuk =: al. (2008, in
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H3N1 swine influenza virus. Since Leu, lle, and Val are similar neutral non-polar amino
acids, substitution between them most likely maintains hydrophobic interactions and
proper conformation of the binding pocket. Furthermore, the substitution of V2261 had
been found in the adaptation of A/Fujian/411/2002 (H3N2) in eggs during serial

passages in the amniotic then allantoic cavities aimed at augmenting growth (Widjaja et

al., 2008). Variations in HIN1 and H3MN2" Eglales were predominantly located at the
antigenic site, which is of interes S! Sloplag, abfle vaccine strains. In this context,
portant drift variants usually
display four or more amino_ges Sations, 10 1‘-"‘ o or more antigenic sites on
the HAT protein. The N-linkg Py 6 ung various HA subtypes of
influenza A viruses. ItSpreg gf gnsendedqr \BaUSENCrease or loss of function of
the Jlycoprotein (Pandd et 4. 4) Becalise -1, gosylation can initiate and
maintain folding, stabilityg®Sol#iti| _ -' SpOie anfigenicity, and immunogenicity of
the protein. HA1 H3 aming 2) also showed a probable M-
linked glycosylation site at al @lates (A/Thailand/CU272/07 and
A/Thailand/CU280/07} which ma s function.

idElibstitutions in N1 than in

As for the NA'en
N2. None were at thg % Miaminidese. enzyre. These
vhanges may occur -:! use the vin 0 be JL- active whenever HA has

undergone subslitutions @s.suggested in thg previous report on molecular changes

;;zjj:-ﬁwq R AR o
ﬂﬂ\w ﬁd’rﬁiﬁm as well as

discovengd vanations due to amino acid subslitutions at the receptor-binding site and
hence, the antigenic site including the potential N-linked glycosylation site of HA, and at
the caiaytic and framework <ites of NA in both HIN1 and H3N2 subiypes of 20
influenza A virus isolates o1 Thailand. The phylogenetic tree also showed close

similanties to the current vaccine strains for the Northern Hemisphere 2007-2008.



CHAPTER VII

GENETIC CHARACTERIZATION OF H1N1, H1IN2 AND H3N2
SWINE INFLUENZA VIRUS IN THAILAND

(Published in Arch Virol. 2008. 153:1049-1056)

Swine have been known {o De § '| i ast for influenza A virus. In Thailand,
phylogenetic analysis on s ne. infi / "r:" has as yet not been attempted.
The present report presentsem meticanalysis performed on SIV in
rr:a::,;;:ji ::.ldy. A S Lol ‘ . _ ;_H g eastern part ?f Thailand

& moat epetics af hemaggiut and neuraminidase were
elucidated. Three subt¥pes ‘_ d N2, "ar@ described. Phylogenetic
analysis of the SIV herudggd® ol s shows individua' clusters
with swine, human or ay uhal locations., Furthermore,
amino acid substitution
antigenic sites of the hemagag@lini \\

ﬁL 3

eptor bindirg site or the

1. Introduction SN I
Swine influe NZ4 < 7-_.,- g the Spanish influenza

pandeic in the ?"' J""‘! i@ vwirus has first been

. ; . 1] .
isolated rom humang_ @nd classified as @ member of g family Orthomyxoviridae,
species influenza A virusf\uers et al., 2007). §ibree different SIV subtypes, H1N1, H3NZ

L

having spread ruughuut the majorgwine populat Els of the warlch)n the JSA, the
o QRN VIR TG e
the viruSlfound in Europe is entirely of avian origin (van Reeth, 2007). Subsequznt to the
human “Hong Kong flu” pandeniic, the human H3N2 virus has been transmitted to pigs.
Due to re-assortment, tha newly resulling virus is a human-like swine H3NZ virus with the
HA and NA of the human virus and the internal proteins either derived from classical
swine H1N1 as detected in the USA (van Reeth, 2007) or by re-assortrent obtained
from the avian-like swine H1N1 virus as found in ltaly (Castrucci et al., 1893). In addition,

re-assorted human-like swine H1N2 virus has become increasingly importan:. H1N2
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subtype viruses have also onginated from genetlic re-assoriment between the H1N1 and
H3N2 viruses. In Europe, the virus resulting from re-assoriment contains H1 HA clasely
related to that of human H1N1 viruses circulating in the early 1980s, a human-like N2 NA
and other internal genes corresponding to avian-like H1M1 viruses (Marozin et al., 2002)

whereas in the US, the virus has been ived from re-assortment between a classical

2000a) and H3N2 (Cong et g

In Asia, particulal apparently constitutes the

N

predominant influenza A vi ina, an independent transfer

of HIN1 virus from birg I., 1996), Morecver, some
of the H3N2 viruses isolafed ffog ng,' - s have been entirely avian-
like (Kida et al., 1488). In Jhai gtz Lave been's félv reports on SIV. Since 1978,
H3N2 SIV in Thailand hag¥ bge .i 0 afing serological relatedness 1o
contemporary human strains (Ne g and since 1988, H1N1 SIV has been
the first virus repor :_, Ay - 7 j' ness to the isolate from
the USA (Kupradinug @l A8 kiies of SIV H41NT HINZ
and H3NZ were cond i! ed on farmed pigs s Thailand mmngwatanapokin et al.,
2008). In addition, the recfrHludy {Knmadinw al,, 2007) has demonstrated that since

2005 H1N1 slﬁ Hsﬂa‘}%rﬂ%? %N'E’ Qﬂ@ the highest degree

of similarity to thﬂclasﬁncal swine H1 v‘;uses r:nrt:ulahrlg in Asia and Ihe USA and that the
AR IR TR AN B
presents§molecular charactenzation and phylogenetic analysis of SIV in Thailand. Both
the HA and MA gene of 5|V subtypes H1N1, HIN2 and H3N2 were characterized and

the amino acids at the receptor binding site and antigenic: sites were evaluated.



Ta
2. Materials and Methods
2.1. Clinical swine samples
Clinical swine samples were collected from the central part - Saraburi,
Nakhon Pathom and Ratchaburi provinces - and the eastern part - Chachoengsao and

Chon Buri provinces - of Thailand. Al sal swabs were incubated using specific

antibody negative embryonated chiCkan 3 ording to the method described by
OIE (Office Intemational des Epiz , subSefuentl, the hemagglutination (HA) test

was performed
2.2. RNA extra
RNA was egffagled'iin 14 Ii - g of each sample using the
\ \
QlAmp viral RNA& mini (@ageny GmoHiGe h decording to the manufacturer's

=pecifications. cDNAs using the M-MLV reverse-

trancription system (Pro g 200 units of M-MLV reverse
transcriptase, 5 ul of 5X M-MIV rgaciian bl o iDmM dNTP, 25 units of RNasin®
ribonuclease Inhibitor, 1 pM nl 12 primer 5-AGCAAAAGCAGG -3')
as described by Ho :_;I,_-. aated to 70°C for 5 min,
then coolad on ice at ,*l" volume uf 25 ul.
] |
2.3. Full length PCR amplificatior. @fyHA and NA

AT LTI LT T - So——
the Matrx (M) gﬂne as described elsgwhera (Payu Aﬂum et al., 2004) Subsequently,
« - QRANIIUHAINHAR Y
publishe by Hoffmann et al (2001) with modifications. The HA gene was amplified
using 0.5 uM of HAFS": 5-CAGGGAGCAAAAGCAGGGG-3' and 0.5 uM of HAR3Z': 5-
CCAGTAGAAACAAGGGTGTTTT-3', the NA gene was amplified using 0.5 uM of NAFS":
5-CAGGGAGCAAAAGCAGGAGT-3 and 0.5 pM of NAR3': §'- CCAGTAGAAACAAGGA
GTTTTTT-3' with 10 ul of 2.5X Fppendorf MasterMix (Eppendorf, Hamburg, Germany), 2
ul of cDNA and nuclease-free water to a final volume of 25 pl. The amplification reaction

was performed in a thermocycler (Eppendorf, Hamburg, Germany) under the following
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conditions: Denaturation at 94°C for 3 min, followed by 40 ampiification cycles
consisting of denaturation at 94°C for 30 sec, primer annealing at 55°C for 30 sec, and

extension at 72°C for 2 min, ard concluded by a final extension step at 72°C for 7 min.

The resulling analyzed by 2% agarose gel

electrophoresis and purified vin @leanup Kit (Eppendorf, Hamburag,
Germany). DNA sequencingPWas earmied But us ENEBIG Dye Terminator V.3.0 Cycle
Sequencing Ready Reactio er with the respective inner
primer which was designeg ar each sequence (Primers
are available upon requesi™ poraled labeled ddNTPs were
removed by ethanol peeC.rulsti he' feaglio S\whraeselved on an ABI-Prism 310
Genelic Analyzer (Perkin e were edited by Chromas Lite
version 2.01 (TechnelysiurghP ; ogram (DNASTAR, Madison,
W) and the Bioedit Sequifce itorW/.7.0.53 (Hall, 1999). Finally,
sequences were aligned usmg """ on et al,, 1997). Phylogenetic trees
were constructed a_&_:fg nge alignment and genetic
distances were .al ‘j; i&(_cthcd using MEGA3.1
(Kumar et al., 2004), a ‘app et i Sighbour-jdiling (NJ) trees. Confidence

values for the tree lcparcgl were evaluata@y bootstrap analysis of 1000 pseudo-

mamaawﬂummmwmn's
+m g1 QNN TUNAINYIAY

IV subtype and BLA T analysis

Clinical swine samples were collected from the central par: - Saraburi,
Makhon Pathom and Ratchaburi provinces - and the east - Chachoengsao and Chon
Buri provinces - of Thailand. In total, 12 extracted RNA samples were sent 2o the Center
of Excellence in Clinical Virology, Chulalongkorn University, Bangkok, Thailand. In each
sample, the hemagglutinin (HA) and neuraminidase (MA) genes were amplified and

sequenced. SIV subtypes were analyzed using the BLAST (Basic Local Alignment
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Search Tool) program available at hitp:/iwww.ncbi.nim.nih.gov/blast. Three SIV
subtypes, HIN1, H1NZ2 and H3NZ2 were identified and their respective distribution in
each area is shown in Figure 14. Strain name and subtype of each virus, accession
number, year and homology analysis performed on the HA and NA genes are depicted
in table 8.

3.2. HIN1 swine influ __,.Ji

Four of TZ*5NCiSalates aﬂzea as HIN1 subtype.

Phylogenetic analysis of the |from Thailand in comparison
with other nucleotide seq hand 16, respectively. The HA
_ (NIAH587), A/Swing/
J8681/2005 (05CB1) and

A/Swine/Chonburi/06CRAPOME BECBEY. selited Yrom Thailand clustered with the

sequences of 4 strains, i

Chonburi/NIAHS8%, 200
ciassical SiV sequences g and Asian SIV along with the
f05(H1IN1) (Komadina et al.,
N1 isolated from Thailand clustered

swine-like human influenza,
2007). In contrast, the NA gene sgq: g CES O
with the avian-iike S{Pjrg “The isffates showed the highest
humology to A/Thalled AW genes of NIAHSS7 and
NIAH589 wore distinctiy homologous 10 A/SWINE/ENgIand/195852/92(H1N 1) whereas the
MA genes of O05CBM manc 06CE2 gghowed pronounced homology to

wraarar B8 o] El NINBINT
’Qﬁﬂﬁﬂﬂ‘ifﬂﬂﬁﬂﬂﬂﬂﬁ&l



Table 8 BLAST subtype ard homolcgy analysis of the HA and

Virus strains Sublype Frovince

A SwanalChonbun™ILAL ISH"IH:H M B Chon Dun
ASwana/Chachoang: /NIAHSETOS N Chachoeng=an
ASwinaChonbun@5Ca 105 11N Chon Bun
ASwinaChonburd08CE206 HIN Chan Buri
AfSw afSarabunMIANH 102105 1Nz Sarabun
AfSwina/ChachoengsaoMUAH-Mongwa'Dd HaNZ Chachoengsao
ASwine/Chachoengsao/MNIAHSEEDS HINZ Crachoengsac
A Swine/Nakhon pathom/MIAHSES-1/05 HaM2 Makhon pathom
AjSwinaNakhon pathomNIAL IS8E- 205 N2 Makhan patham
AlSwaneRalchabaun ™AL IHTATI5 [AE'F Ratehntuin
AfSwineRatchabur™IAHIA 2605 [ER1 ¥ Ratchabun
AlSwireiChonbuniDsC02N05 JE TS Chan Buri

G821

¥. 5
LB s PP

iruses in Thailand

73

Neuraminidase (NA) gana

MNucleotde

MNudeotde

ELZ298e22 .M'BIMNHD LR

. . .
—— %' Virus with highes! homalogy —— %
1-1032 95  ASSwane/England/) S5852S2(HINT) 22-1381 a3
1-1032 95  ASwina/England/195852/82(H1NT) 22-1381 a3
1-1032 87  AThadand2T 1/05(HINT) 22-1381 ar
1-1032 97  AThadand27105(H1N1) 22-1381 a7
48-1032 B4 ASswnelURD T 184048 1 (HANZ) 231382 92
49-1032 B9 Alswina/Gany184(HINZ) 341380 a2
49-1032 B8  AfAlbany20T4{HINZ) 34-1380 93
491052 BY  AABanyROTAHING 34-1377 CE
491032 Ba Aneions AT2(1IEBNZ) M-137T i
Au-102 96 AGhrsshurchd| 96(1 IN2) 34-1380 96
49-1002 86  AChasiehurch'1E6(H 3N2) 34-1380 85

vami2) 481032 B A/ADany/20/T4(HINZ) M-1377 89

Percent homology of hemaggltinin® and nel.:ramuﬂ w&lﬂﬂ mj uﬂa nﬁm BLAST analysis
A ANNIUNNIINGAY
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Nakhon Pathom
13N A

uichoengsan

Ratchuabur NEOHANZ

Hiw e

Figure 14 Map of Thailagh hihighting.{i@¥provinkask Saaburi, Nakhon Pathom and
Ratchabun province n thefEegie™s iq. k JENgSAp d@hd Chon Buri province in the

east where swine influenza vighs

3.3. HIN2 sy A
SIV H1NZJwas infia Ufbpe and Morth America in 1994 and
1998, respectively (van Rﬁ.ﬁ 2007), SV HW isolated in this siudy has for the first

time been repﬂu‘uﬁnm’} wlﬁ}%@%ﬁrﬁ}ﬂ@:mua (NIAH13021)

strain in Thailar@l Phylogenetic analypis performed on the HA and alj. genes of SIV
H1N2 wq MﬂWﬁ Wﬁwq c@:Jis shewn in
Figures §7 and 18, respectively. The HINZ HA sequence of the@iﬁg‘!mm shamn
clustered with the Amencan and Asian SIV H1NZ2 whereas the NA sequencc of the same
strain clustered with the Europesn SIV group. The HA gene of the NIAH1302 is.late
was predominantly homologous to the human isolate A/Thailand/271/05(H1N1) whereas
the NA gene showed pronounced homology to SIV Afswine/UK/119404/91(H3N2Z). In
addition, comparisons between H1N2 and H1 of HIN1 as well as N2 of HIN2 are shown
in Figures 15 and 20, respectively. The HIN2 HA of NIAH13021 clustered with SIV HIN1
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isolated from Thailand and also with AThailand/271/05(H1N1). The HINZ2 NA of
MNIAH13021 clustered with 4 SIV H3NZ2 isoiates from Thailand.

3.4. H3N2 swine influenza virus

Seven of the 12 SIV isolates displayed the H3NZ2 subtype. Phylogenetic

analysis performed on the HA angd H3N2 from Thailand in comparison

with other nucleotide sequeribe: M9 and 20. The phylogram of HA
‘ ETRATERAE ﬁfNIAHE?4J’2E]G5 (MIAHET4)
and A/Swine/Ratchaburi/NIA 05 (MIAHB4DB)sluster with the American and

Asian SIV and that

and NA shows that two

N rninanlly homologous  to
A/Caracas/422/97(H3N7) wfergl B NALgBNes are mere profoundly homologous to
AlChris.church/1/96(HINE ) J0né ol @ e/ hEeho8hgsao/NiAH-NGAgwa/2003
(Nongwa), was groupeg " HA and NA and showed the

highest nomology to Afswiliell iSwine/Gent/1/84 for NA, As for

the remaining 4 samplfh, ~FAFSwine/i@elpeg8a0/NIAHEE6/2005  (NIAHSEE),
A/Swine/Makhon palhnmfl ﬁﬁ-:@@x (NIAH586-1), A/Swine/Nakhon

pathom/NIAH586-2/20§S Burif05CB2/2005 (05CB2), the

HA genzs were grodpdt tod the 1970s whereas the
NA genes clustered o “ separaie branch o Edropean Si ,' though they dicplayed the
highest homology for bothyHA and NA to H3Nghuman influenza virus from the 1970s.

ﬂ‘IJEI’J'VIEWIﬁWEI'm‘i

3.5. Reté ptor-binding and imtlgemc sites analysis
QRN I INY TR~
for neutfglizing antibodies. Terminal sialic acid (SA) residues of glycoproteins and
glycolipids represent the cellular receptors for influenza A virus. Alignments of the Ha1
amino acids of H1 and H3 51V isolates are shown in Figures 21A and B. Five conserved
amino acid residues, Tyr(Y)-98, Ser(S)-136, Trp(W)-153, His(H)-183 and Tyr(Y)-195
(numbering according to H3 structure) at the hemagglutinin receptor binding site of H1

and H3 SIV which have been described by Skehel and Wiley (2000) are highlighted.
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In contrast to the previous report {Skehel and Wiley, 2000) one amino acid residue at
position 136 of the SIV H1 isolates was Thr (T) instead of Ser (S). Nevertheless, 51V H3
isolates were conserved. With H1, SA binding was specific to the NeuAca 2, 6Gal linkage
due to amino acids Asp(D}-190 and Asp(D}-225 although the SIV H1 isolates had Gly(G)
instead of D at position 225. As for H3, amino acids lle(1)-226 and Ser(S)-228 were

specific to the NeuAca2,6Gal linka@e\ ':‘,1 | "-r 8 £1Y H3 isolates had lle(l} or Leull) at
- \ !

amino acid position 226. Theaplinenic SitesHEE i and H3 isolates were related 1o

the sites already defined earprev s 5

1981). As for H1, antibodies g

fidy .. on et al., 1982; Wiley et al.,
s8R BMte o strain-specific (Sa and Sb)

/ /K \ ‘: utinin (Caton et al., 1982).

Upon comparison betWeen e o8 n“'“' iles, mtecled several different amino

and common antigenic site
acids at the H1 HAT ardifiery d its antigenic sites A-E
described by Wiley et alacids were found at each

disinctive antigenic site (Figliref@ 18
.E{F{

35 7

5

ﬂ‘lJEl’J‘VIEWIﬁWEI’]ﬂ‘i
ammﬂimum'mmaﬂ
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Figure 15 Phyloorams of the hemagglutinin (HA) 1 region of the HA gene of SIV H1N1
isolates from Thailand with nucleotide sequences determined for each subtype of avian,
human and swine influenza virus from several areas. The tree was created by Neighbor-
Joining method and bootstrapped with 1,000 replicates. The booistrap numbers are

given for each node. Only bootstrap values above 80 are shown.
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nucleotide sequences determined for each sublype of avian, human and swine

‘nfluenza virus from several areas. The tree was created by Neighbor-Joining method
and bootstrapped with 1,000 rephcates. The bootstrap numbers are given for each

node. Only bootstrap values above 80 are shown.
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Figure 17 Phyl s of the hamagg}pltmn {H) 1 ragmn of the HA, ane of SIV HIN?
isolat ﬁ Qﬂnﬁwﬂﬁq?wﬂﬁﬂs pe of avian,
human swine influenza virus from several are he tree was created by Neighbor-

J-:linmg method and bootstrapped with 1,000 replicates. The bootstrap numbers are

given for each node. Only cootstrap values above 80 are shown.
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Figure 18 Phylograms uf‘ma NA gene of H1‘l*.l.‘2II isolates from Thailand with nucleotide
=9
sequences de , influenza virus from

several areas. [ tree was created I::n_.r MNeighbor-Joining method and bootstrapped with
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Figirz 19 Phylograms of the hemagglutinin (HA) 1 region of the HA gene of SIV H3N2
isviaies from Thailand with nucleotide sequences determined for each sub:ype of avian,
human and swine influenza virus from several areas. The tree was created by Neighbor-
Joining method and bootstrapped with 1,000 replicates. The bootstrap numbers are
given for each node. Only bootstrap values above 80 are shown.
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Figure 20 Phylograms of the NA gene of SIV H3NZ2 isolates from Thailand with

nuclectide sequences determined for each subtype of avian, human and swine
influenza virus from several areas. The tree was created by Neighbor-Joining method
and bootstrapped with 1,000 replicates. The hootstrap numbers are given for each
node. Only bootstrap values above 80 are shown.
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residues at the recept~r-binding site are shown as small rectangles. Tie HA control
binding to alternative forms and linkages of salic acid is underlined. The amino acid
residues mapped at previously defined antigenic sites are shown as follows: site Sa (L),
site Sb (@), site Ca (A ). and site Cb (®) for H1 and sites A-E are shown as large

rectangles for H3.
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4, Discussion
Pigs are believed to play a wvital role in interspecies transmission of influenza,
since they harbor receplors to both avian and human influenza virus strains. For that
reason, pigs have been considered as a possible "mixing vessel” in which genetic

material can be exchanged, with the potential to result in novel progeny viruses to which

humans are inmunologically naive eptible (Webster et al,, 1992). Ir

Thailand, subsequen: to previos 5'on'3 H3NZ in 1978 (Nerome et al.,
1981) and on serologicalwam ateenessseiS |V subtype H1N1 in 1988
(Kupradinun et al., 1991 Sl BNGaL of SIV has baen reported.

N

Thus, the present stud gcular investigation of SIV in

Thailand. Based on the actually be dmvided into 3
suttypes, H1N1, HINZ#EN tec frum east Thailand,
Chachoengsao and Cho N nology of both the HA and
NA genes to ‘he A/Thailg [ 17051 Ch constitutes the swine-like
influenza virus recently isolate aa suffering from rhinorrhea, fever
and myalgia (Komadina et al., 20 ;_L..- Qetic trae of SIV HIN1 also shows the
HA gene clustering Vit th 0 viFs prevalent in the LSA,
Japan and Chira Hr‘. ;f— ;.‘:'.t‘-" V that originated from
avian influenza virus. j finding Previous “_- on SIV isolated from
humans in Thailand {Komagma et al., 2007)

o A48 GRBATINA Y e oo

center of Thailaftl Based on 4 phyrug’enetm tree patterns and upon curnpa. ison with

W 1, MNP WP 1 3

more closely related to the European SIV. In the HINT group, the H1MZ2 HA isolate
clustered with classical SIV, identical to the SIV HIN1 iswate from Thailand anc” also,
AThailand/271/05(H1N1), a swine-like human influenza virus, The HINZ2 kA solate
clustered with the SIV H3NZ isolate from Thailand.

Surprisingly, the SIV supiype H3N2 isolates from Thailand display similarity to

American, Asian and European SIV and also, to H3MZ human influenza virus having
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circulated in the 1970s. Noticeably, this sublype has spread through both central and
east Thailand. Specifically in Chachoengsao province, 2 patterns of SIV subtype H3N2
emerged, with both the HA and NA genes showing similarity to human influenza virus
spreading in the 1970s and to European SIV.,

Comparison between the receplor binding site and antigenic sites of the

hemagglutinin gene of H1 and H3 . SIY \” / / some aifferences between the amino

acids at the receptor bindin ore, the amino acids at the

antigenic sites of both H ane=ESS 2 slighm t from the antigenic sites of

Eh___h
H1 and H3 human influenza i "'prewious report (Kupradinun

et al, 19%51), the aming
AlThailand/271/05(H 1K

ke human influenza wvirus
‘ Hgenic sites was similar 10
H1 SIV isolates from T4 oM amino acids differences
between identical subtygls g irus, swine influenza virus
may potentially be transmi! e {®ther genes cf SIV ought to be
considered and conseguent at..-":".:::-:'a*:-.. of any transmission expenment
and receptor specificity test. -

1nis report drays in SiN hg& never been investigated

in Thailand. With thg, Bt B0 A influenza virus, swine
may constitute a crucia [ termediate: ‘ -; ia potential future influer~a
pandemic, in depth studigs gn SIV re-assor.men; are required. Thus, it might be feasible

to better undeﬁnﬂ’:ﬂaﬁé:%ﬂ\% %% 'ltﬁ ‘ﬁs and to monitor the

genetic drift ca-.ﬂng swine-like lnfluerga virus !ran5m+ss10n to hurr:ans

ammﬂimum'mmaa



CHAPTER VI

SUMMARIZING DISCUSSION

When there is an outbreak of disease, the first important thing to do is to study

the etiology of that disease for pramiph frgatment, effective management and to

successfully defend against @54 The spread of avian influenza A

virus subtype H5N1 in Thaiamed @ietio draw attention to research

collaboration. The Center g LR in u‘\-.,\"\ one of the laboratories that
explored and published e of 45 H'L:E Mfllluenza virus in Thailand in

collaboration with Kasels ; \H:'” ersity, Mational Institute of
S

Hygiene and Epidemiologg™ ie rErrand Deps mment ci Livestock L--velopment,

National Institute of Animal several publications, some

of which are pan of this tResi

The studies in this ular analysis of influenza A

virus strains. Unfortunately, tHese £ el id By the availability of samples and
sample processing techmgques analyses of geneuc matenals of

influenza A virus mayFBt answar sl rasearch GuUastons N , they can be the hasis
]

L7 ]
ior analyzing and mimgpn it @AY result in antiviral drug

resistance or even a pantemic. =

e PMEINENI NN

The first goal of this thesis®vz- 1o delegmyne the impori@gce of specific
nuclaﬂ%ﬁq. a g:ﬂesm w %Q\M&rj:&a&&l mentioned
above, in‘!!uenza A virus is a negative strand RNA virus composed of 8 gene segments.
Influenza A wirus is divided into subtypes based on antigenic differences in the surface
glycoproteins, hemagglutinin (HA) ane neurarinidase (NA). Up untl now, there are 16
HA and 9 NA subtypes (Fouchier et al., 2005\, In this thesis, only subtypes H5MN1, HIN1,

H3N2 and H1M2 isolated from mammalian and H5N1 from avian species were analyzed.
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In chapter 11l, V. VI and VI, sequences of influenza A virus strains were analyzed and
vanability of nucleotide sequences and the resulling amino acid changes were studied.
In chapter I, we described a virus isolated in 2005 from a fatal human case of
HSN1 infection. Genetic analysis showed that this virus belonged to clade 1 of HPAI

HEN1 viruses circulating in Southeast Asia. HA, NA and PB2 of the virus were studied in

more detail. The sequence analysas Bifll ses showed that the HA cleavage site

differed from the 2004 HSN1 infilen: a Brgarginine to lysine substitution at
ar:d the amino acid resitl ) of the NA active site were
conserved, which sugfes & oseltamivir. In addition, a
single amino acid suESlilON AN gloiamicsaciol R at position 627 of PB2
showed ircreasad wiruggdeplyghly er E AAMMA \ nya ot al,, 2004),

In chap'er V, we ! Solated in different regions in
Thailland ‘n 2006. Genetigh ~galysis 4 : WvirLses isolated from Phichit
beionged to genolype Z, wiilerea e ifin Nakhon Phanom belonged to

genotype V, which differs from Jssire
2R

PA gene. Futhermore. shey were also

different in clade ba gene-The viruses isolated from

a0
Phichit beionged tol ; Pehipn Phanom belonged to
clade 2. These ﬁndjn a .

i iF
antiviral drug resistance ?d because they r:an indicate the origin of the fourth wave of

H5N1 uutbreaﬂ ﬂﬁ‘q ﬁ"w w&rﬁﬂﬁa for develcpment of

new candidateqpfiuenza (HoN1) vam:lna strains which have high poten ial for cross

PRI INEIAY .

H3N2, alternatively infected pediatric patients throughout the year. From these isolates,

different cladas differ in

tt e variations due to amino acid substitutions at the receplor-biating - 2&. the anugenic
site including the potential N-linked glycosylation site of A were discovered, which is of
interest for developing suitable vaccine strains. Besides, the catalytic and framewark
sites of NA in both HIN1 and H3N2 sub.yues of 20 influenza A virus isolates from

Thailard were revealed.
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In chapter VI, the first attempt at molecular investigation of swine influenza
virus (SIV) in Thailand is described. Three subtypes, HIN1, HIN2 and H3N2 were
detected. SIV of subtype H1N1 displayed the highest homology of both HA and NA
genes to the swine-like human influenza virus, A/Thailand/271/05(H1N1;, which was

isolated from a 4-year-old boy. For the HIN2 SIV, HA and NA gene <lustered with SIV

H1MN1 and SIV H3MNZ2 isolate from Tha I :/ ctively, The SIV subtype H3N2 isolates,
both HA and NA, displayed simils TG Eian and European SIV and also, to

H3N2 human influenze virus HEYE -: ircyletedsiie 1970s. Surveillance and genetic

characterization of SIV cré rl'i A ause Upen iransmission to humans it
| // _ \\ SN

may cause severe infect® Oiomadina et al., 2007).

Besides using s#fle - 8 Iemiologieal analysis of circulating

\v N\
5 N\
3 -

can predict; the receptorginging’s ':=_ ' @ \§‘ 2
e .‘r: e
N

strains, it can also he usg actoristics. For instance, we

ific amino acids in tho HA

gene. his is impcrant begh linked sialic acids as a

receptor whereas human viruges b ..:.".: f‘-. linkeld sialic acids (lto and Kawaoka,
2000). Changes in receptor rﬁ?-;- Jsec that increase binding to a-2,6 -
inked sialic acids may t T NGre: L lrancmission to and between
humans. Mureuvar. gedntivical drugs such as

oseltamivir from the anTfo ac Blle @ amantadine in matrix (M)

W J}i
gene which is importan f‘qr ireatment of pauents The efficiency of viral replication in

mammals may bm glutamic acid 1o
lysine at m:uﬂmqmm mjm et al., 2001; Shinya et al.,
2004, i MHM tumor
necrusg:ﬁ ’Iﬁa ﬁﬁmsnw/j ﬂﬂm C-lerminal

and Asp92 of non-structural (NS) gene (Krug 2008},

Presence of live virus in plasma
The presence of live H5N1 influenza A virus in plasma is unusual (Naficy, 1963;
Lehmann and Gust, 1971). However, in chapter lll it was shown that H5N1 virus could

be isolated f~= plasma of an infected patient on day 10 after symptoms developed
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which raiseds concern about transmission among humans. Because viable virus has

been detected in blood samples, handling, transportation, and testing of blood samples
should be performed in a biosafety (category I1l) containment laboratory to prevent the
spread of the virus to healthcare and laboratory workers. Moreover, it would be

interesting to study why this strain caused systemic disease.

H5M1 influenza A virlSE molecular methods for

discriminating wild typé ulture based assays or
cloning and sequenci Bince aseltamivir remains

the primary recomme @0 @Rl tremtmeht, Opseval ndl data on treatment with

degenerated nucleotide Fﬁﬂs are dascribac} that had both high specificity and

sensitivity, It wﬂ!ﬂ:ﬂaﬁ% ﬁﬁ%ﬁwtﬁﬁ‘ ﬂeﬁmnz viruses can be

distinguished froffj a mixture of wild type and resistant-viruses with an efficiency as high

¢ o o/
el N 1N S A TR TR
time Pﬁa y bed inthis 1 qual effi isﬂ other 2= but can be
performed within hours of obtaining the virus i1sclate.

Future perspectives
The data presented in this thesis can be used as the basis for future research,
First, the rapid osewsmivir resistance assays could be developed for the resistance N2

influenza A viruses. However, this might be complicated by the fact that there are



20
several resistance mutations in N2 gene. Second, genetic characterization of
circulating strains is important to monitor changes that require updating probes or
changes other than the H274Y substitution that lead lo oseltamivir resistance. Third, it
may be possible to develop similar tests to determine resistance to other antiviral drugs

such as the adamantane drug group, zanamivir and peramivir. Fourth, it would be

beneficial to combine molecular cha ! / pf A ard NA described in this thesis

with antigenic charactenzationof's “ige efficacy.

Fifth, the surveillanggse nﬁuld be maintained because
pigs are thought to play™an (ing gl T ‘_15:‘_“‘ ansmission of influenza A

virus. Pigs have receplorS (g 80U e ' \Jr a A viruses, therefore they
have been considered®® pgfsigles’ fixiag y Wgenetic material can be
exchangec. This could gBlegliall§f #s ; 8. el Brogan ses (0 which humans are
immunologically naive angifig |

Siuth, surveillance |j irus in children should be
upgraded to incluue other ho8pita :’ f:_ =:=:-.j.: gscin@ sample size, Also, it would be
intaresting to include clinical sp sdults because the immunological
response and viral exmQs amn that of chilaren. Finally, the

H5N1 influenza A virl 578 prifipued, since this virus is

highly pathogenic strajiy Mo heg@ strains can predict ‘he
W

¥

fundamental charactenstitp‘pf the H5N1 mfluenza virds and may be impurtant for varcine

e 0191 8) AN )N NN T

In concl@gion, the data descnbed in this hesas are |mpnrtant for developing

g b AT e TTEAY WP 111

animals.
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