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CHAPTER1

1.1 INTRODUCTION

Influenza is an acute viral disease of the respiratory tract affecting millions of
people each year. Global outbreaks of human infection arise from influenza A viruses
with novel haemagglutinin (HA) and/er neuraminidase (NA) molecules to which
humans have no immunity (Matrosovich et al’, 1999). Three episodes of human
influenza pandemics had occurred in the last céntury: H1 in 1918 (and 1977), H2 in
1957 (Asian influenza [H2N2j) and H3 in 1968 (Hong Kong influenza [H3N2]). In
1997, the HS avian virus and in/1999 theI.H? virus had caused the serious outbreaks of
respiratory diseases in‘humans in Hong Koqg (Ha et al.; 2002). However, the HIN1
pandemic of 1918-19 was the most devast;_“ﬁ_f;g._incidence causing 40-50 million deaths
(Nicholson et al., 2003). Human-avian reajw;s:_o_rgant viruses caused the pandemics of
1957 and 1968. The 1957 H2N2 dlﬁ‘a‘e; ' _by three genes (haemagglutinin,
neuraminidase, and the RNA polymerase PI-BIM) from the HIN1 virus that infected
people between 1918 and 1977. The 1968 H3N2 virus differed by two genes
(haemagglutinin and PB1) from the H2N2 virus that infected people between 1957 and
1968. In both cases,the H2:and H3 haemagglutinin genes were contributed by avian
viruses (Stephenson.et al.,.2004)..This is an adaptive process where avian strains or
their genome segments enter the human population from birds via swine that are
susceptible to both avian and human strains and are thought to be the mixing vessel

(Brown, 2000). Avian influenza viruses (AIV) are therefore key contributors to the

emergence of human influenza pandemics (Horimoto and Kawaoka, 2001).
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In general, AIV do not replicate efficiently m humans. This event suggests that
direct transmission of an avian influenza virus to humans would be an extremely rare
(Stephenson et al., 2004). This perception changed in 1997, when an avian influenza A
(HS5N1) virus was directly transmitted from birds to humans in Hong Kong, Special
Administrative Region of China (Subbarao et al., 1998). In addition, HS5 influenza
virus had never been isolated from humans, raising concern over the possibility of a
major influenza pandemic among the world’s”immunological naive populations
(Horimoto and Kawaoka,.2001). Mon;over, all viral genes were of avian orgin,
indicating that H5N1" had" csossed the species barrier without adaptation or
reassortment with the human viruses (Stephenson et al, 2004). Since late 2003, highly
pathogenic HSN1 viruses have been causu;g an outbreak 1n Asian countries, including
Vietnam, Korea, Cambodia, Laos; Thail:{ﬁd,‘-’ Indonesia and China. These H5NI
viruses in the south eastern Asia were thoﬁ;l;t:}_p be the viruses of genotype Z (Li et
al., 2004). Until now, the HSN1 wvirtises conta__nugrto circulate in Asia. In fact, the HAs
of these HSN1 viruses can be traced back to the vinis isolated from a goose in
southern China in 1996 [A/goose/Guandong/1/96 (HSN1)] and the H5N1 viruses of
multiple genotypes have also been ciraﬂaﬁng in the same area (Chen et al., 2004; Li et
al., 2004). By 2007, the H5N1 viruses expanded a devastating impact on domestic or
wild birds in'many parts of Asia, Europe, the Middle East and paits ‘of Africa (WHO,
2009). In July 2009, the World Health Organization (WHO) reported 436 confirmed
human cases of HSN1 infection across twelve countries with 262 deaths (60 %
mortality rate). |

In Thailand, laboratory surveillance during 1997-2002 covering the areas

where intensive poultry farms and native chicken raising located was done. The



poultry population in these studies contributecd to almost 75 % of the country and there
was no scientific evidence of avian influenza infection (Chaisingh et al., 2003). It was
not until January 2004 that, the first outbreak of HSN1 avian influenza was reported
(Viseshakul et al., 2004). This outbreak caused severe epidemics in the poultry and
resulted in a major economic loss due to Office International des Epizooties (OIE list
diseases. Since export bans have been imposed in cases of infection with H5 or H7
virus, regardless of the virulence of the isolate (Capua and Marangon, 2003). So far,
the HSN1 outbreaks in Thailand appear::d to emerge in six major episodes, 1) July 23
to 24, 2004, 2) July 3; 2004, 3) July 1, to November 9, 2005, 4) January 11, to
November 7, 2006, 5) Janvary 15, to Juilé«' 18, 2007 and 6) January 23, to April 25,
2008 (OIE, 2008). The outbreaks in Th:pland led to a total of 25 cases of human
infection and 17 fatalities (Bureau of General Communicable Diseases, 2006),
sparking concerns that this HSN:] virus mlght cause the human pandemic. The current
outbreak in humans of avian influenza A (HTSNJ)Land the apparent endemicity of this
subtype in the pouliry popuiation in Southeast Asia requife increase attention to the
need for virus characterization and rapid diagnostic tests with high sensitivity and
specificity. |

Therefore, this study has aimed at the preparation and characterization of
purified/concentratéd; HSN1 ‘avian influenza ‘virus and the ‘development of indirect
ELISA as well as the attempt for monoclonal antibody production. The whole
dissertation has been divided to fou. chapters. The first chapter provides a general
introduction of influenza virus and various laboratory techniques to detect influenza
viruses. The second chapter deals with growth characteristics of the HSN1 avian

influenza virus in chicken embryonic eggs and MDCK cells. This result was useful for
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selection the appropﬁﬁe host for producing a large @om of a Thai H5N1 avian
influenza virus. The third chapter deals with using the crude virus to prepare purified
and concentrated virus. Then, the virus was used for development of an indirect
ELISA. The fourth chapter deals with production of monoclonal antibodies against
H5N1 avian influenza virus using the purified and concentrated virus from the
previous chapter. The last chapter deals with the conclusion and some suggestion with

regard to monoclonal antibody preduction.

1.2 OBJECTIVES }

The objectives of thisstudy are:, |

1. To compare the two systems, ;ﬁi_:__q:lg_(_en embryonic eggs and Madin-Darby
canine kidney (MDCK) eell 1i1'{é,__-: for a Thai HSN1 virus (C2105Dx1)
propagation and to study the biol@ ef Ehis Thai isolate

2. To purify andcharactmzethe H5N1 virus

3. To develop and evaluate an in house indirect ELISA

4. To produce monoclonal antibodies against avian influenza virus (H5N1)



1.3 LITERATURE REVIEW
1. Biology of the influenza viruses
Virus classification ;nd structure

Influenza viruses, members of the Orthomyxoviridae family, are composed of
3 types A, B and C on the basis of the nucleocapsid (NP) or matrix (M) proteins of the
virus. Only type A and B can cause widespread outbreaks (Nicholson et al., 2003).
Type C generally causes mild illness and is of limited clinical significance (Poddar,
2002). Type B and C are not divided into subtypes. Type A viruses are subtyped based
on the antigenicity of wo/ surface glycoproteins: haemagglutinin (HA) and
neuraminidase (NA). Regently, sixteen se.mtypes of HA (H1-H16) and nine of NA
(N1-N9) have been foundiin the mammallan and avian influenza A viruses (Fouchier
et al., 2005; Stevens et al , 2006).-T!;rpe A n}ﬂ_uenza viruses infect a variety of avian
and mammalian hosts and can cause severe__di'seam in many species (Lee et al,
2004a) such as swine; horses and humans,bﬁt ‘with only selected HA and NA
subtypes, including HAN] in swine, H3N8 in horses, and HiN1 and F3N2 in humans
(Suarez et al., 2003). However, all 16 HA and 9 NA subtypes have been isolated from
birds particular imaquatic birds that ‘are believed to be a natural host and reservoir for
influenza viruses (Lee et al., 2004b; Nicholson et al., 2003). Avian influenza viruses
(AIV) may cause two different clinical pictures based on the severity of clinical signs
inducing in susceptible species. Highly pathogenic avian influenza (HPAI) is a
devastating disease of poultry caused by some viruses of HS and H7 subtypes. In these
viruses, the deduced amino acid sequence of the region coding for the proteolytic
cleavage site of the precursor haemagglutinin molecule, containing multiple basic

amino acids. This characteristic appears to be responsible for the virulence of these
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strains by enabling thé virus to replicate throughout the host body. Unlike HPAI,
viruses causing low pathogenic avian influenza (LPAI), have only two basic amino
acids in the cleavage site motif, replicate only in limited tissues or organs and do not
become systemic (Capua and Alexander, 2004). Moreover, epidemiologic and
molecular genetic information suggested that HPAI viruses could arise via mutation of
LPAI viruses (Di Trani et al., 2004).  All HPAI viruses are of the HS or H7 subtype,
but LPALI viruses can be of any of the 16 HA subtypes (Jones et al., 2004).

Influenza viruses.are necgaiive stranded, segmented and enveloped RNA
viruses. Virus particles are usually spherical and bud from the plasma membrane more
specifically, the apical plasma membrane-of polarized epithelial celis (Nayak et al,,
2004). The viral particles' are usually aﬁprbximately 50-120 nm in diameter for
spherical forms (Brown, 2000). Most labo;‘;a-i’!bfy-adapted influenza virus used in cell
culture experiment exist in a predominantly.{:«xiij)‘crical morphology of approximately

100 nm in diameter. However influenza virus iselated from the lungs of infected

individuals is believed 1o exist is predominantly filamento :

micrometer in length (Sieﬁzkarsld and Whittaker, 2005). | The most striking feature
of influenza virions is a layer of spiké projecting radially outward over the surface.
These surface spikes on influenza A viruses are of three distinct types, corresponding
to the HA, NA and M2, components of the yirus. The latter component is present in
small numbers and is not found in influenza B strains. Influenza C viruses possess
only one surface spike with both HA and esterase activity. On influenza A and B
viruses, the HA spike seen by electron microscopy appears rod-shaped and the NA

spike is mushroom-shaped (Murphy and Webster, 1996).
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The nomenclature system applied to influenza viruses includes the host of

origin (excluding humans), geographical site of origin, strain number and year of

isolation. The antigeliic description of the HA and NA is given last, in parentheses e.g.

A/Chicken/Pennsylvania/1370/83 (H5N2) and A/Hong Kong/156/97 (H5N1)

(Horimoto and Kawaoka, 2001).

Viral genome and encoded proteins

An influenza A viral genome of 13,588 nucleotides comprises of eight

different segments of single stranded, negative sense RNA encoding a minimum of 10

proteins (Brown, 2000). The'eneoded proteins of each segment of influenza virus are

showed in Table 1.1.

Table 1.1 The genome segments and enco&éd ‘proteins of the prototype strain,

A/PR/8/34 (Brown, 2000).
Gememe Protein  Sizé {(amino acld§) 4 Function
segment =
~ Subunit of polymerase: host cap binding
: PB? = 77753 —and endonuclease
2 PB1 757 Catalytic subunit of polymerase
Subunit of polymerase active in viral
ot FA e RNA synthesis
4 HA 566 Receptor binding and fusion
5 NP 498 Nucleocapsid
6 NA 454 Neuraminidase
7 M1 252 Matrix protein
M2 L Ton ¢haniiel
8 NS1 230 Interferon-respoiise inhibitor
NS2 121 RNP nuclear export

Most structures of influenza A viruses are quite similar (Figure 1.1). The ten

viral proteins can be divided into three main categories.

1. The surface proteins include the haemagglutinin (HA), neuraminidase (NA) and

matrix 2 (M2) proteins.
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1) HA pmteiﬂ exists as a trimer formed by identical monomer glycoprotein
molecules. The HA is involved with receptor binding and membrane fusion
(Vareckova et al., 2008). The HA can be used to develop vaccines and diagnostic kits
using genetic expressed proteins (Hu et al., 2006).

2.) NA protein facilitates cleavage of virus progeny from infected cells,
prevents viral aggregation and aids movement through the mucosal respiratory-tract
epithelium (Stephenson et al., 2004).

3.) M2 protein funetions as an ion channel for the virus particle. After virus
attachment and endocytosis, the decrease in pH in the endosome also decreases the pH
inside the virus particle begdusé of the M2 ion channel which will trigger the fusion
activity of the HA protein (Suarez and Cherr&, 2000).

2. The internal proteins include the three polyfr1erase proteins PA, PB1, and PB2, the
nucleoproteins (NP), the matrix 1 (M) and;éi;gon structural proteins 2 (NS2). M1
protein that lies within the envelope is though;to function in assembly and budding.
Eight segments of single-siranded RINA molecule aré contained within the viral
envelope in association vﬁth NP protein. Three subunits of viral polymerase form a
ribonucleoprotein-(RNP) , complex, that, participatesin- RNA replication and
transcription (Brown, 2000; Horimoto and Kawaoka, 2001).

3. Non structural proteins 1 (NS1) is the only protein that is not packaged in the viral

particle, although it is produced in the large quantities in infected cells (Suarez and

Cherry, 2000).



PBt [ = | BB
PA e 1-F2
HA - HA —
¥z e—_ =
L)
\
M - m%
NS - NSt
NEP:/NS2

Figure 1.1 Structure ofunflucnza A virus. (a) An Electrophoretic separation of the
influenza virus genome consisiing of eight RNA segments of negative polarity. (b)
The location of the différent'suuetural proteins within the virus particle (Ludwig et al,
2003).

Life cycle

Life cycle of influenza virus is shbwed in Figure 1.2. The virus first binds to
host cell via specific sialic acid-containiﬁg }ggepters on the membrane surface. The
virus enters the cell by receptor-mediated a;dogytoms (Horimoto and Kawaoka, 2001).
Two critical functions-eeeus en-unceating - Firsily,-acidification of the interior of the
virion by M2-mediated channeling of protons causes M1 protein to dissociate from
RNP. Secondly,, the viral faembrane fuses’with the endosomal membrane via a low
pH-triggered conformational change of the HA to release the ribonucleoprotein into
the cytoplasii (Brewny2000): Following replication;) the'newly forried viral genomes
leave the nucleus and assemble into infectious particles at the plasma membrane.
Finally, ‘he release of viruses from infected cells is depended on the enzyme
neuraminidase (NA). An important function of neuraminidase is to catalyse the

cleavage of glycosidic linkages to sialic acid (Nicholson et al., 2003).
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Figure 1.2 Life cycle of an influenza virus (Whittaker, 2001).

Antigenic shift and drift et -

The epidemiological behavior of influenza i peopie is related to the two types
of antigenic variation of;its envelope glycoproteins-antigenic drift and antigenic shift
(Nicholson et al;, .2003). A" lack 'of effective. proofreading by the viral RNA
polymerase leads to a high rate of transcription errors and results in amino acid
substitutions in surfa¢e, glycoproteins. Viral variants with: substitutions in antibody-
binding sites can evade humoral immunity and reinfects individuals. This is termed
“antigenic drift”. The segmented viral genome allows for a second type of antizenic
variation. If two influenza viruses simultaneously infect a host cell, genetic
reassortment may generate a novel virus with new surface or internal proteins.

Pandemic influenza viruses arise by this process of “antigenic shifi”, when a virus
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with a new haemagglutinin subtype emerges and spreads efficiently in a naive human
population (Stephenson et al,, 2004). Theoretically, 256 different combinations of
RNA can be produced from the shuffling of the eight different genomic segments of

the virus (Horimoto and Kawaoka, 2001).

2. Pathogenesis of influenza viruses

The virulence of avian influenza vituses.has been well studied in avian species
(Nicholson et al., 2003). lafection wrth avian influenza A viruses causes a wide
spectrum: of disease“Tanging from s%.lbclinical to overwhelming systemic illness
(Stephenson et al., 2004). /The severity of disease depends on multiple factors,
including the virulence/of the virus,'-;th_c immune status and diet of the host,

accompanying bacterial infections, and st{esses imposed on the host (Horimoto and

Kawaoka, 2001). ;- 7,

Although virulence of the mﬂue:za;vuus is a polygenic trait, a major
contributing factor in-birds.is-the hacmagglutinin (1IA) (Stephenson et al., 2004). It
initiates the infectioﬁ rby mediating virus budding to cell receptors and by promoting
the release of the viral RNP through meribrane fusion. The HA of HPAI is readily
cleaved in tissue culture 'and does not require an exogenous protease for plaque
formationy Thewimlent HS and-H7 viruses differ, from the ' HAS of other influenza A
subtypes in that their HAs possess multiple basic amino acids at the carboxyl terminus
of HA1 (Murphy and Webster, 1996). Generally, the avirulent avian influenza viruses
hve a maximum of two basic amino acids within the cleavage region. In contrast, the

virulent avian influenza viruses have a minimum of four basic amino acids out of five

residues in the HA1 immediately upstream from the cleavage site (Swayne et al.,
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1997). This presumalﬂy permits cellular proteases that recognize multiple basic amino
acids to cleave the HA and render the virus replication outside the intestinal and
respiratory tracts which will cause systemic disease and high lethality (Murphy and
Webster, 1996). In contrary, the HAs of avirulent avian influenza viruses are usually
cleaved only in a limited number of cell types. Thus, the viruses cause only localized
infections in the respiratory or intestinal #ract, or both, resulting in mild or
asymptomatic infections (Horimeto and Kawaoka, 2001). The loss of a glycosylation
site near the vicinity of the/ HA cleavage site, can resuitin virulence of the viruses. An
amino acid substitution at_aéighboring pesition 13 prevents glycosylation of Asn at
position 11, thus rendering'the hdemagglutinin molecule cleavable to a wider variety

it

of protease (Swayne et al, 1997) " -

The H5N1 viruses isolated from humans replicated efficiently in the lungs of
mice without prior adaptatill FHEESNEREENe Mibit additionsl features include
rapid and uncontrolled replication in the lun'_g'siof infected mice, dissemination and
replication of virus in otheér organs; and depletion of peripheral blood leukocytes (Katz
et al., 2000). Aquatic birds are the natural reservoir of influenza A viruses. Avian
influenza A viruses generally.de not cause disease in these-natural hosts. In principal,
site of influenza virus replication in aquatic birds is the gastrointestinal tract resulting
in high ‘wviral sheddmg, in feces and viral fransmission in migratory |feeding areas
(Stephenson et al., 2004). Other mammals can be susceptible to the H5N1 virus.
Tigers and leopards also died after eating contaminated chicken carcass from the local
slaughter houses (Keawcharoen et al., 2004). Therefore, these animals migﬁt serve as

the biological vectors facilitating the transmission of H5SN1 viruses to humans. In

mammal, factors other than viral HA are involved in determination pathogenicity
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including NS1, PB2 and NA (Nicholson et al., 2003). The severity of HSN1 infection
in people is likely to be related to the induction of excessive pro inflammatory

responses that exacerbate tissue injury (Stephenson et al., 2004).

3. Clinical signs and pathology

The outcome of infection produced /by avian influenza virus isolates varies
from no obvious clinical signs te 100% mortality: Birds of all ages and most, if not all,
avian species are susceptible.io the infection (Swayne et al., 1998). The typical signs
and symptoms manifested by poultry infected with HPAI viruses include decreased
egg production, respiratery sigms, rales, .é;’(;cessive lacrimation, sinusitis, cyanosis of
unfeathered skin (especially, the cbmbs zfnd wattles), edema of the head and face,
ruffled feathers, diarrhea and nervous sys}.e_m disorders (Horimoto and Kawaoka,
2001). In the Netherlands, these clinical si_é:é";in poultry could be used as an early
warning system for HPAI outbreaks(Elberseta]', 2005).

The gross andhlstslggjcal lesions in chickens inoiculated with HPAI viruses
include swelling of the ‘micro vascular endothelium, systemic congestion, multifocal
hemorrhages, perivascular monenuclear cellinfiltration and thrembosis (Horimoto and
Kawaoka, 2001)." Lesions are most prominent in the brain, heart, pancreas, lung,
adrenal ‘and 'skin, Typical lesions include lymphohistiocytic meningoenchephalitis
with vasculitis and focal rarefication, widespread caseous necrosis of the pancreas,
dermal vasculitis with thrombosis and infarction, lymphohistiocytic myocarditis with
hyaline necrosis of myofibres and severe lymphocytic apoptosis of primary and

secondary lymphoid tissues. Variation in the distribution and severity of lesions is the
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result of differences between strains of HPAI viruses and species of birds (Swayne and
Suarez, 2000).

In humans and monkeys infected with A/HongKong/156/97, acute respiratory
distress syndrome (ARDS) and multiple organs dysfunction syndrome (MODS) are
caused by diffuse alveolar damage from virus replication in the lung (Rimmelzwaan et
al., 2003). The features of HSNI1 patients in Thailand include pneumonia and
lymphopenia and progression to ARDS SChotpﬁayawnondh et al., 2005). Pathological
findings included diffuse alveolar damage and interstitial pneumonia in the lungs,
chelestasis and haemophagecytic activity in the liver with congestion and depletion of
lymphoid cells in the spleén with congessg’h (Ungchusak et al., 2005).

4. Immunology ‘)

After infection with influénza wmgai,‘ most of the initial innate response
include cytokine release (IFNa/f) and inflft'i.x:'*-(-)f neutrophil granulocytes or natural
killer cells. The celi .activation is responsible for the acute onset of the clinical
symptoms (Mandelboim et al., 2001). IFNo/B, type I interferon plays a crucial role in
innate immunity in dendrntic ' cell maturation/differentiation and in the priming
antibody responses (Bracci et al,, 2006) and inhibits viral repligation by interfering
with replication' of viral RNA"or DNA (Neuzil and Graham, '1996). However,
influenza viruses encode NS1 mechanisms to evade and being an antagonist to the
IFNo/P response. NS1 is likely to sequester viral dsSRNA which prevents recognition
of the viruses by cellular sensor and trigger IFNo/p release (Ludwig et al., 2003;

Sastre et al., 2006). The unusual severity of HSN1 virus-induced disease in mice is due

to the cytokine imbalance caused by the virus’s NS gene (Lipatov and Webster, 2004).
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The humoral immune response in poultry includes systemic and mucosal
antibody production. The production of IgM can be measured as early as 5 days post-
infection and IgY detected shortly after. These antibodies targeted against a variety of
influenza viral proteins that are of importance for both protection from disease and for
the diagnosis (Suarez and Cherry, 2000). Antibodies control the infection by
suppressing the release of progeny virus from infected host cells and/or by preventing
released progeny virus from infecting new host cells (Gerhard and Mozdzanowska,
2001). The humoral immune respense to influenza virus infection is directed against
various epitopes of influenza virus antigens (Gschoesser et al., 2002). Among them,
antibodies against the HA and NA pro.t?’i'ns provide the primary protection against
avian influenza viruses (Suarez and Chéfry, 2000). HA antibodies can prevent
infection by neutralizing the infectivity of:(he virus whereas NA antibodies mediate
their antiviral effect primarily after mfectlo;ims been initiated by restriction spread of
virus within the respiratory tract of theiost (Murphy and Webster, 1996). The
experiments using f2m-knockout mice with lack CD8+ T-lymphocyte, HA and NA
protein expressing recombinant vaccinia viruses induced protection that was fully
mediated by virus |neutralizing rantibody- (Rimmelzwaan=and Osterhaus, 1995).
However, mutations in the surface glycoproteins, particularly HA, allowing escape
from antibody-mediated immunity (Rimmelzwaan et al.,~2003). Passively transferred
monoclonal antibody recognizing the extra cellular domain of influenza A virus M2
protein is able to induce protective immunity in mice (Liu et al., 2004). Recently,
Huang et al. (2007) reported that neutralizing monoclonal antibodies against avian
influenza H5N1 virus showed lower neutralization efficiency to highly virulent virus

strains than lowly virulent virus strains. Moreover, the neutralizing antibodies could
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neutralize ATV H5N1 strains more efficiently in the natural hosts such as waterfowl.
Secretory antibody in the mucosal immune response probably plays an important role
in the recovery of infected birds and providing protection from further infections,
particularly with LPAI. The mucosal immune response probably also has a role in
protection from the HPAI infection because the initial exposure to the virus is through
a mucosal surface (Suarez and Cherry, 2000).

Cellular immune responses, mediated by effector T lymphocytes, mainly
function by recognizing-influenza virus-infected cells; inhibiting viral replication and
accelerating influenza clearance (Gschoesser et al, 2002). Influenza virus infection
can be controlled quite effectively in mice that lack either cytotoxic or helper T
lymphocytes but not bothf thesés T cell subsets (Gerhard and Mozdzanowska, 2001).
The cytotoxic T lymphocyte response canr?duce viral shedding in LPAI viruses, but
provides questionable protecuon aiéainst }JIP;AL viruses (Suarez and Cherry, 2000).
The helper T cells are poorly éffective inﬁéo'ﬁtrolling the influenza infection. They
appear to operate primarily by enhancing other anti-viral effector mechanisms of the
adaptive immune systeﬁ: (Gerhard and Mozdzanowska, 2001).

In animal; models; vaccination with.recombinant vaccinia virus expressing the
NP protein, resilted in the induction of CTL responses but did not protect against
lethal challenge suggestive of an inadequate induction ‘of cytotoxic T-lymphocytes
memory (Rimmelzwaan and Osterhaus, 1995). Although immunity to NP may not be
abie to prevent influenza virus infections and protection, it plays a crucial role in viral
clearance and recovery from disease (Gschoesser et al., 2002). Sequence variation in
the influenza virus nucleoprotein (NP) is one of the immune evasion mechanisms from

cytotoxic T lymphocytes-mediated immunity (Rimmelzwaan et al., 2003).
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5. Diagnosis of the influenza

Avian influenza virus infections can cause high morbidity and mortality. Rapid
identification of thé virus and diagnostic tests are of clinical importance and
economical and epidemiological implications (Munch et al., 2001).
Identification of the agent

Diagnosis of avian influenza is preferably made by virus isolation via
inoculation of embryonating chicken  eggs, demonstration of haemagglutinating
activity and verification by.agar-gel immunodiffusion (AGID) or other-antigen
detection tests (Swayne etal., 1998). Generally, virus isolation is the standard method
for diagnostic detection of mest viral'pat}.fgéens (Glikmann et al., 1995a). Since it is a
sensitive technique with the admﬁge thht v1rus is available both for identification
and for further antigenic and genétfc char-aéie;ization, drug susceptibility testing and
vaccine production. Identification of an unkn%wbi influenza virus can be carried out by
haemagglutination (HA) and ‘antigenic ana;lysi*s (sub. typing) by haemagglutination
inhibition (HI) using reference sera (WHO, 2005). The sutface H glycoprotein of AIV
isolates will bind to receptors on a variety of mammalian and avian erythrocytes. This
is the basis for screening ‘of allanioic fluid for thé presence of haemagglutinating
agents (Swayne et al., 1998). Virus isolation cannot be practiced routinely under field
conditions due to .inadequate laberatory facilities prevailing,'in the developing
countries and deteriorated conditions of the clinical materials (Luo et al., 2009). The
direct demonstration of influenza viral proteins by antigen capture enzyme
immunoassay in avian specimens and allantoic fluid of inoculated embryonating
chicken eggs is also routinely used for diagnosis (Davison et al., 1998). A commercial

test kit such as Directigen Flu A® (Becton Dickinson Microbiology Systems, Sparks,



18

MD) uses monoclonai antibody technology to deménstrate type A influenza RNP in a
solid-phase, flow through ELISA. The test has potential use for rapid screening of
poultry flocks but the chicken must be in the acute stage of the disease to provide
sufficient viral antigen (minimum of 10>’ EID50/ml of allantoic fluid) for detection
(Swayne et al., 1998). Other immunochemical methods such as ELISA could provide
the most convenient diagnostic assays since they are easy to perform, and virus
detection could be finished within a few h_purs. In addition, no expensive equipment is
required (Glikmann et al; 1995). Using indirect sandwich ELISA, the limit of
detection was determined to/be approximately 1.0 ng of influenza viral protein in the
virus preparation (Luo et als; 2009). ._

Demonstration of/ viral antigen-;- in tissue by immunocytochemistry,
immunohistochemistry or immuhoﬂuoresé-é;ht"— microscopy has value for rapid
diagnosis of avian influenza can bexutiiizedi'éﬂy as an adjunction to virus isolation
(Swayne et al,, 1998). The immunohistochei;iéﬁ'y' technique is able to use for both
diagnosis and pathogenesis studies, since histological studies with HPAI virus
infections have failed to demonstrate any pathognomenic lesions (Jordan, 1990).
Demonstration of  avian inﬂue@ virus ;) /antigem, «in .tissue sections by
immunohistochemistry has value for microbiologists and pathologists to obtain
informatien about the\stage and pathology of avian influenza virus'infection in tissue
samples in the pathogenesis studies (He et al., 2008). Detection of viral antigen in
tissue sections is consistently only when virus titer is higher than 10 *° ELD50/g of
tissue (Swayne et al., 1998). Since viral pathogens are inactivated in formalin-fixed
tissues, so that the risk of accidental release or exposure to live virus was reduced (He

et al., 2008). In the chickens inoculated with HSN3 virus, positive immunoreaction to
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avian influenza virus antigen persisted for longer peﬁod in the pancreas than in other
organs (Shinya et al., 1995). The presence of viral antigen in lung tissues taken from
HK/485-infected mice was detected either early (day 3) or later (day 7) in the
infection. In the brain, antigen-positive cells were only detected at the later time point.
In contrast, staining of ant{gen-positive cells was not detected in the livérs, kidneys or
spleen at either time point according to the lewer titers of viral recovery (Katz et al.,
2000). In Australia, this test has been used in“the rapid laboratory confirmation of
avian influenza outbreaks. The advmtaée includes the rapid of the test, the reduction
in the number of eggs inoculated and time in processing tissues, as well as the lower
costs. In addition, this tesf is'ablé to distinguish between HPAI and LPAI viruses
based on the detection of influenza A aﬁjig‘én in the internal organs (Selleck et al.,

2003). ;

Recently, novel diagnostic methods as *neverse transcriptase polymerase chain
reaction (RT-PCR) and cDNA- *hybridizatii_;d—;have been developed to detect the
presence of nucleic acid. PCR is a powerful technique for identification of influenza
genomes. A DNA copy (cDNA) must be synthesized first using a reverse transcriptase
(RT) polymerase; The procedure.for @lifying the RNA-genome requires a pair of
oligonucleotide primers. These primers are designed on the basis of known NP or M
sequence, of influenza ‘A. ~ This PCR ‘procedure’ was developed-to the simultaneous
detection of influenza virus types and subtypes together (Poddar, 2002).

Serological tests

Serological mweillm& of chickens and turkeys for avian influenza is essential

for preventing introduction and spreading of influenza viruses in susceptible poultry

through trading (Meulemans et al., 1987). Three major tests are used, agar gel
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immunodiffusion (AGID), haemagglutination inﬁbition (HI) and enzyme-linked
immunosorbent assay (ELISA).

1.) Agar gel immunodiffusion (AGID)

The agar gel immunodiffusion (AGID) is commonly used for detection of
antibodies to avian influenza virus. The AGID test is simple and economical
(Meulemans et al, 1987). In USA, the AGID test is the preferred serological
surveillance test because a single test detjacts serologic response in all bird species and
against infection by all type'A influenza viruses (Swayne et al., 1998). In addition, this
test was superior for detecting ATV infection during the clinical phase (Swayne et al,,
1997). However, some wegaknesses in the::}}"GID test, such as its dependency on high
concentrations of antibody and 'the tran%ieii-t nature of the precipitating antibody
elicited still exist (Snyder et al ; 1984). |

2.) Haemagglutination ihibition (HL)J

The HI test allows avian nfluenza H;ubtypes to be differentiated on the basis
of the antigenic character of the Fi. Therefore, the HI is an cssential follow-up test for
AGID-positive sera samples (Swayne et al, 1998). However, the HI test is
complicated due-to the existence-of vanous haemagglutinin types of avian influenza
viruses (Zhou et al., 1998). Therefore, the HI test is only of value when the HI subtype
of the infecting virus:is.already known (Jordan, 1990). A large battery of control sera
and test antigens representing all 15 of the known H subtypes would be necessary for
detecting primary infection of an unknown H subtype. However, it still cannot be

ruled out the possibility that the serum might contain antibodies to a new H subtype

not yet described (Swayne et al., 1998).
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3) Enzyme-linked_immunosorbent assay (ELISA)

The ELISA conveys the rapid survey of large numbers of samples, but test
results should be interpreted on a flock and not an individual bird basis (Al-Natour and
Abo-Shehada, 2005). The sensitivity of ELISA over the HI test is apparently greater
(Snyder et al,, 1984). The ELISA significantly improves the ability for quickly
detecting the antibody levels of AIV 'during a field outbreak, providing key
information for decision making (Jin et a], 2004).

There are several formats for ELISA such as direct ELISA, indirect ELISA and
competitive ELISA. Commercially available ELISA test kits are available for
detection antibody against the nucleopr&_téin by indirect ELISA (Suarez and Cherry,
2000). Currently, there dre fthiee com:ﬁgréially available indirect ELISA test kits
produced by IDEXX, Synbiotics and B_ié'c’ﬁek (Table 1.2). Usually, the indirect
ELISA requires purified antigens and specié ?beciﬁc enzyme conjugated antibody to
develop the colorimetric reaction (Fatunmblet* al., 1989). Thus, indirect ELISA tests
are host specific, althogh the available commercial kit will detect serologic response
in both chickens and turkeys (Swayne et al., 1998). When the whole influenza virus is
used as the antigén; antibodies can be.detected, primarily against the ribonucleoprotein
and matrix proteins (Beck and Swayne, 1998). In the competitive ELISA, the
nucleoprotein antigen ‘is bound to the ELISA plate and the test'serum competes for
binding to the nucleoprotein with an anti-nucleoprotein monoclonal antibody. This
assay has been developed for all avian species (Swayne and Suarez, 2000). A
monoclonal antibody-based competitive ELISA, using a group specific antigen,
recombinant nucleoprotein (rNP) avian influenza antigen, was found to be as sensitive

and specific as the agar gel immunodiffusion (AGID) and haemagglutination
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inhibition (HI) tests (Zhou et al., 1998). Therefore, in view of the advantages of a
universal test for various species, much attention has been given to development of
competitive ELISA tests for serological diagnosis of avian influenza. Recently, the
competitive ELISA tests, the H5-specific and H7-specific competitive ELISA were
developed for detection of antibodies against the H5 and H7 viruses. This competitive
ELISA format was based on the reaction jbetween monoclonal antibodies and
recombinant HA proteins of the H5 and 1_1,7 subtypes purified from E. coli (Chang et
al., 2005). Recently, gold-immunochromatographic assay was developed for detection
antibodies against the nucleogdpsid protein of avian influenza virus. The advantages of
this test were high specificity, high serisiti\r:i_’fi;, rapid and low cost. Moreover, the test

’ A 4
strip provides a unique too!l for the onsite surveillance and diagnosis of avian influenza

FRA o

(Peng et al., 2007). & rj '

Table 1.2 Commercially available ELISA test hjsu

Company Produci Name - Country
Biochek B.V. A Antibody CK121 /| Netherlands
IDEXX | Y Y |

Synbiotics

Overall, our objective of this study ls' to develepment the avian influenza
HS5SN1 diagnosis. /The study began with .comparing the «chicken:embryonic eggs and
MDCK cells for a'Thai first isolated H5SN1 virus (C2105Dx1) propagation to define
the most appropriate host for producing a large quantity of the HSN1 virus. The crude
virus was taken to prepare purified and concentrated virus. Then, the virus was used
for development of an indirect ELISA and mice immunization for monoclonal

antibody production.




CHAPTER 2

Growth characteristics of the HS5N1 avian influenza virus
in chicken embryonic eggs and MDCK cells

2.1 Introduction

Influenza viruses are members of the family Orthomyxoviridae composing of 4
genera, A, B, C and Thogotevirus based en‘the basis of the nucleocapsid or matrix
antigen (Brown, 2000). However, onl;l type A influenza viruses are able to infect a
variety of avian and mammalian hosts 'zlmd can cause severe disease in many species
(Lee et al., 2004a).

Influenza virus is an enveloped i{NA virus containing 8 segments of single
stranded negative-sense RINA genomes. The envelope contains haemagglutinin (HA)
and neuraminidase (NA) proteins.Sixteex;J;_é(?:(ypes of HA (H1-H16) and nine (N1-
N9) of NA have been identified in both E@mﬂian and avian influenza A viruses
(Stevens et al., 2006)-The viral particles are approximately 50-120 nm in diameter for
spherical forms (Broﬁm, 2000). Most laboratory-adapted influenza viruses existing in
the spherical morphology of approximately.100 nm in diameter are grown using the
cell culture system."However, ‘influénza viruses isolated from the clinical specimens
are belieyed-to-be-predominantly, filamentous, particles'(Sieczkarskij and Whittaker,
2005). In addition, the internalization of the filamentous influenza virus particles is
delayed according to their spherical particles.

The laboratory techniques based on isolation and propagation of influenza
viruses are important in the surveillance, studies of host range, pathogenesis and

vaccine production (Seo et al, 2001). Avian influenza virus isolation often uses



24

chicken embryonic eggs However, the cell culture system is an alternative method in
some laboratories. Cultivation of influenza viruses in the embryonated chicken eggs
(CE) is also the system of choice for generating of large quantities of virus used in the
laboratory studies (Murphy and Webster, 1996). However, the virulent strains of type
A influenza virus after inoculating into the allantoic cavities of chicken embryos
rapidly kill the embryos and yield a low virus gitre.

The disadvantages of using chicken embryonic eggs are that the eggs may
contain various microbiclogieal eontamination and residual endotoxin (Oxford et al.,
2003), and the eggs may be umavailable in some laboratories. The alternative
techniques using tissue eulture system m_ay be considered in some laboratories since it
is easy to obtain and /maintain the cxﬁpife system. Attempting to propagate the
influenza virus in the tisstte gulture systetﬁ;}u;s been done using primary chick embryo
kidney cell (Austin et al., 1978); Vero cellé’(’i’ouil et al., 2004), Hep2 and RD cells
(WHO, 2005). Currently Madin-Darby canme*kldney cell (MDCK) is the cell culture
of choice using for a wide variety of influenza A virusesr propagation, comprising of
human, equine, porcime and avian origins (Tobita et-al. 1975). WHO (2005) also
recommends MDCK ¢ells‘as the preférred-cell'line for culturing the influenza viruses.
The advantage of the MDCK cell line is the availability from the cell bank system and
free of other microbiological contaminants (Oxford et al., 2003). In addition, the
MDCK cells are also used for large quantities of the HSN1 virus production especially
for vaccine production.

The objectives of this study are to compare the two systems for a Thai first

isolated H5N1 virus (C2105Dx1) propagation and to learn more on the nature of this



25

Thai isolate. The results are useful for the avian influenza researca when using this

virus and other related HSN1 virus.

2.2 Materials and Methods
Virus: Avian influenza A (H5N1) virus used in this study was isolated from 25-day-
old broiler chickens in Thailand during the first outbreak in 2004 and named
C2105Dx1 (Veterinary Diagnostic Laboratory; Faculty of Veterinary Science,
Chulalongkorn University, Thailand). The stock virus from the second passage of 10-
day-old embryonating chicken eggs, containing the titre of 7.78 log;cEIDso/ml, was
prepared as described by OIE (2004). All viral manipulations were performed under
the appropriate biosafetylevel 3 laborato;y cJ:'-onditions.
MDCK cells: MDCK ¢ells use in this-i_-}t;idy (passage number 53) were kindly
provided by Dr. Christopher. ©lsen ﬁ'oil‘l: _ :-the Veterinary School, University of
Wisconsin-Madison. o
Viral propagation in MDCK cells

1) Flask preparation. Confluent monolayer of MDCK cell line was prepared in
a 75 cm” flask/ After|washing MDCK‘ cells:with/10 mlI'of PBS; pH 7.0, 1 ml of trypsin
was added to the flask to detach the cells and discarded. The flask again filled with 3
ml of tfypsin and shaked until all cells detached from the plastic 'surface. After that, 3
ml of 5 % FBS (Fetal Bovine Serum, GIBCO, Invitrogen Corporation) of MEM
(Modified Eagle Medium, GIBCO, Invitrogen Corporation, was added to inactivate
the trypsin digestion.

2) Inoculation of the virus: 5 % FBS of MEM from the flask was discarded and

the flask was washed 2-3 times with 3 ml of MEM. The inoculum was prepared by
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diluting the virus with MEM to multiplicity of infection (MOI) of 1.8, then inoculated
onto the monolayer of MDCK cells and incubated for 1 hour at 37 °C and 5 % CO,
incubator to allow for viral adsorption. After that, the inoculum was descanted and 10
ml of 3 % BSA (bovine serum albumin) of MEM were added to the monolayer.

3) Harvesting of the virus: The flask containing virus was freezed and thawed
twice before harvesting the supernatant at 0, 8; 16, 24, 32, 40, 48, 56, 64 and 72 hours
post inoculation (hpi) and kept at -80 °C before virus titration.

Viral propagation in chicken embryonic eggs

Stock virus comfaming fhe dtre of 7.78 logicEIDsy/ml was inoculated
approximately 0.2 ml/egg in'the 9-d§ys old embryonic chicken eggs. Four eggs at each
incubation period of 0,4, 8, 12,-16, 201_24 28 and 32 hpi were collected and the
allantoic fluid was harvested aseptlcally fei;wv_lrus titration.

i

Virus titration s e _"

To determine)the haemagglutmatlontltre 1% (9/v) chicken red blood cells
(RBCs) was used m96 wells V-bettom miltilD plété (NUNC, Denmark) (OIE,

2004). Briefly, 0.05 mil of PBS was dispensed into each well of a microtitre plate.

Then, 0.05 ml of the infective allantoic fluid was placed in the first well and two-fold

“dilutions of 0.05 ml volumes of the suspension was performed across the plate. The
0.05 % of RBCs was added ta each well, mixed by tapping the plate.and settled for 30

minutes at room temperature. HA was determined by tilting the plate and observed the

presence or absence of the agglutination. The titration was read to the highest dilution

yielding complete agglutination.
To determine of the infectivity titre, MDCK cell line was used in 96 well

microplates (NUNC, Denmark). The harvested virus from each incubation period was



27

diluted in a ten-fold dilution manner. The diluted virus was transferred to the
monolayer of MDCK cells microplates and allowed to absorb at 37 °C for 1 hour in 5 %
CO;, incubator. Then, the inoculum was discarded and washed with 150 microlitres of
PBS twice. A hundred and eighty ml of 3 % MEM was added to all wells. Cells were
incubated at 37 °C, 5 % CO; incubator for 72 hour. The plates were observed daily for
cytopathic effect (CPE) under the inverted microscope. The CPE characterized as
rounding up of infected cells was recognized mieroscopically. Then, the viral titre was
calculated as tissue culture~iniectivity dose 50 (TCIDsg) ml of logie values as

described by Reed and Miinch (1938).

it

y

2.3 Results and Discussion

The isolation and probggaﬁon Jof_‘ influenza viruses are important in
epidemiological surveillance, ‘studies of %hosi’ range, pathogenesis, diagnosis and
vaccine production.~Therefore, 'clriicken embfyomc eggs and Madin-Darby canine
kidney (MDCK) oAREINREI P abpesstion ability of avian
influenza A (H5N1) virus (C2105Dx1), a Thai isolate.

Using the MDCK meonolayer at the multiplicity of infection (MOI) of 1.8, the
HSN1 virus initially grew between 8 to 16 hours after inoculation and reached
maximum titre between 40 to 48 hours after inoculation. The infectivity titre of viral
propagation in MDCK cells was between 2.4 to 4.2 TCIDs¢/ml, whereas, the HA titre
was between 2.0 to 2.5 log, (Figure 2.1 and 2.2). Morphological change of cytopathic
effect (CPE) was firstly observed at 16 hpi in accordance with viral infectivity and HA

determination (Figure 2.3).
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Figure 2.1 Growth curves of the virus in_‘l}/[DCK cells based on HA test determination
(HAU/50ul). The HA fitreé were betwien 4.0 to 5.7 HAU/SO pl (2.0 to 2.5 log,
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Figure 2.2 Growth curves of the virus in MDCK cells based on 50% infectivity dose
determination (TCIDs¢/ml). The infectivity titres were between 2.4 to 4.2 log)o

TCIDs¢/ml.
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Figure 2.3 Photomicrographs ef nermal MDCK ecells cultured (left) and sequential

\
changes after viral infegtion 32 hpi (right). Morphological change of CPE was firstly
observed at 16 hpi in ageordance with-viral infectivity and HA determination.
,IF N
The infected chicken embryomc eggs died within 32 hpi according to the
characterization of virulent strains as descnhed by Park et al. (2001). This study was

performed until 32 hp1 The virus 1mt1ally grew between 12 to 16 hours after

inoculation and reached maximum titre between 24 to 28 hours after inoculation. The
infectivity titre of viral iiropagation in chicken embryonic eggs was between 5.7 to 7.4
TCIDso/ml and between 7.3 to 9.0 log; of HA titre (Figure 2.4/and 2.5). Thus, for the
Thai H5N1 virus studied in this work, the infectiyity and HA titres of the HSN1 virus
in chicken embryonic egg weré better than those of MDCK-cells (>3 log;o and >5 log,,
respectively). The poor replication efficiency of the Thai HSN1 virus in MDCK cells
was similar to the previous study (Seo et al., 2001) indicating that the replication
efficiencies of the 1997 H5N1 viruses ranged from 1.5 to 5.0 log;oTCID50/ml. The
virus appears initially in the surface epithelium of the allantoic membrane, then in the

vascular endothelial cells of chorioallantoic membrane and the visceral organs of the
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embryos, before spreading to the parenchymal cells of many organs. In contrast to the
virulent strains, avirulent strain virus confines in the allantoic membrane and
sometimes may not kill the embryos (Park et al., 2001).

The binding property of the virus to the host cell is determined by two factors,
the receptor binding affinity of the virus and the receptor density on the host cell
surface (Asaoka et al., 2006). These binding specificities correspond to the types of
sialic acid linkages within these hosts. A:vian mfluenza viruses preferentially bind 5-
N-acetylneuraminic acid @-2, 3-galactose (NeuSAca-2,3Gal) linkage, while human
influenza viruses prefereatially bind NeuSAca-2,6Gal (Roger et al, 1983). The
allantoic cells of chicken embryonated eggs contain NeuSAca2,3Gal but no
NeuSAca2,6Gal, while amnietic cells and MDCK cells contain both linkages (Ito et
al,, 1997). The HS5N1 virus in Tha.lland cantamed a glutamine 222 and a glycine at
position 224 in HA1, which are related to preferentlal to avian cell-surface receptor or
Neu5Aca-2,3Gal (Kaewcharoen et al 2004) Therefore the allantoic cavities should
be the most preferential sites of viral replication.

Since cell surface sialyloligosaccharides play an important role in the selection
and maintenance" of the receptor specificities of 'influenza viruses (Ito et al., 1997),
cultivation of the HSN1 virus in the Neu5Aca2,3Gal-riched allanteic cavities will not
select virus variant with mutations as previously described in human influenza viruses
(Gambaryan et al., 2005; Hardy et al,, 1995; Ito et al,, 1997; Widjaja et al., 2006).
Undoubtedly, the chicken embryo still remains the best system of choice for the
isolation and propagation of the Thai H5N1 virus. The optimal time for harvesting the
selected Thai isolate from our study was 24 hours after inoculation, which yield the

titre of at least 9.0 log, HAU/50ul or 10”° TCIDso/ml.
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In this study, vthe replication efficiency of .the HSN1 virus was greater in
chicken embryonic eggs than that of MDCK cells due to the binding property between
the virus from the avian origin and host cell. To culture large scale of the HSN1 virus
such as vaccine production or antigen preparation for further researcheé, the chicken
embryonic eggs are the most appropriate system with minimal viral selection.
However, diagnostic laboratories receiving the specimens from various species may
consider MDCK cell as an alternative system for.a-wide variety of influenza A virus

isolation.
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Figure 2.4 Growth curves of the virus/in chicken embryonic eggs based on HA tést
determination (HAU/50ul).. The HA titres were between 158 to 512 HAU/50 ul (7.3

to 9.0 logs HAU/50pl).
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CHAPTER 3

Characterization of purified H5N1 avian influenza virus and
development of an indirect ELISA

3.1 Introduction

Avian influenza is an important disease of domestic poultry and can cause
considerable financial losses to the poultry industries. Avian influenza virus (AIV) can
be classified into two categories, low-pathogenic (LPAT) and high-pathogenic (HPAI)
forms based on the virulence of ihe illness caused in chickens. Most AIVs are low
pathogenic and typically cause little or n(:- clinical signs in infected birds (Yang et al,
2008). The HPAI causes serious loss to thequult!y industry and it is defined as a list A
disease by the Office International des'fi_fl_:_i_,pi_zooti&s (Suarez and Cherry, 2000).
Domestic poultry plays an important role i-:lf_"_e_t_e_ation of novel influenza strains with
the capacity to cross the species_barrier and ﬁeet lfumans (Yang et al., 2008). Control
measures usually include tlgefsiampmg out: -within a protection zone, quarantines,
disinfection, movement restrictions and surveillance (Lee ét al., 2007). A portion of
the Al surveillance and ;radication efforts rely on serolégical surveys (Snyder et al.,
1984). Most serological assay developed se far is_based on the agar gel precipitin
(AGP), haemagglutination inhibition (HI) and commercial available indirect ELISA.
The HI test is a subtype specific test that measures the ability of test serum to block
the haemagglutination of a constant amount of virus. The presence of a HI titre in
poultry is strongly correlated with protection from virulent challenge to viruses of the
same HA subtype (Suarez and Cherry, 2000). The high sensitivity of ELISA over the
AGP and HI is apparently recognized (Beck et al., 2003; Snyder et al., 1984). The

ELISA conveys the rapid survey of large numbers of samples, but test results should
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be interpreted on a ﬂéck and not aa individual Bhd basis (Al-Natour and Abo-
Shehada, 2005). The ELISA significant improved the ability for quickly detecting the
antibody levels of AIV during a field outbreak, providing key information for decision
making (Jin et al., 2004). There are several formats of ELISA such as direct ELISA,
indirect ELISA and competitive ELISA. Commercially available ELISA test kits are
available for antibody detection against the nucleoprotein by indirect ELISA (Suarez
and Cherry, 2000). Currently, there are three cominercially available indirect ELISA
test kits produced by IDEXX, Synbiotics and BioChek. Usually, the indirect ELISA
requires relatively a purified antigen and species specific enzyme conjugated antibody
to develop the colorimetrigteaction (Faturﬁ_gﬁ;i et al, 1989). When the whole influenza
virus is used as the antigen, mtibodie.v-}'déén be detected, primarily against the
ribonucleoprotein and matrix proteins (Beclg and Swayne, 1998). The nucleoprotein
(NP) is a type-specific antigen./ All strains o_;‘ Eii_hﬂuenza A viruses share serological
cross-reacting NP, and development of antlbojiie's against this antigen is of diagnostic
value (Fatunmbi et al, 1989). Antibodies against the mnucleocapsid protein persist
longer and are found greater than antibodies against other viral components such as
the membrane and enyeloped proteins‘(Huang et al.) 2004). Moreover, viral surface
glycoproteins have a high rate of antigenic variation and the development of assays
based on detecting these | antibodies are problematic: The ‘internal antigenic
determinants on the NP are more preserved among different strains (Yang et al,
2008). In Thailand, current avian influenza surveillance programs according to
compartmentalization campaign require the testing of large number of sera from
poultry flocks to obtain an official status as “Al free”. Furthermore, to export poultry

or poultry products, the exporting country is required to certify that the flock is free of
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Al by testing serum fof anti-influenza antibodies (Beck et al., 2003). Since detection
of avian influenza virus carriers is of importance in control programs and international
trade activities, tests to detect specific antibodies in serum must be highly sensitive. In
addition, it is necessary to determine the AIV strain with the broadest antigenic
spectrum for indirect ELISA. Although the current eradication and surveillance
procedures for AIV are not based solely on serology, the added expense of virus
isolation might be eliminated if ELISA is more-fiilly investigated and adopted. Thus,
the development of diagnestic tests for screening of avian influenza antibodies will
contribute to the risk management of the disease and more effort should be directed
towards developing simple.and inemensiv.ejéssay for the detection of avian influenza

virus antibodies.

In this study, we produced -pu-n'ﬁed H5N1 avian influenza virus. The purified
virus was characterized by PCR, ‘SDS-PAGE and Western blot. In addition, a simple
and convenient indireghendiNIRESIA R assély (ELISA) using purified
H5N1 avian influenza vi;us antigen-coated micro titre plates, chicken sera and HRP-
labeled goat anti-chicken IgG, is described for its use in the laboratory and field

conditions.

3.2 Materials and Methods
Viruses and sera

Avian influenza A (H5NT1) virus used in this study was isolated from 25-day-
old broiler chickens in Thailand during the first outbreak in 2004 and named

C2105Dx1 (Veterinary Diagnostic Laboratory, Faculty of Veterinary Science,
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Chulalongkorn University, Thailand). The stock v1rus from the second passage of 10-
day-old embryonating chicken eggs, containing the titre of 7.78 log,oEleo/ml, was
prepared described by OIE (2004). All viral manipulations were performed under the
appropriate biosafety level 3 laboratory conditions.

Negaﬁve control serum was obtained from the commercial Avian Influenza
ELISA test kit (Synbiotics Corperation, San Diego, CA). Anti sera to HSN1 was
produced in 28-day-old broiler chickens. Threechickens were used and each received
subcutaneous injection of 100 _ug of purified H5SN1 virus emulsified with an equal
volume of Freud’s iucomplete adjuvant (Sigma, USA) for three times with a 2-week
interval. Then antisera were collected and .Et:i.)red at -20 C until needed.

Virus propagation and inactivation s

The method of / growing mﬂuqua virus was described previously
(Wanasawaeng et al., 2009) by the moculiﬂqn of 9- to-11-day-old embryonated
specific antibody negative (SAN) eggs. Eac_hegg was inoculated into the allantoic
route with 0.2 ml of tlig working stock of the virus. The eggs were incubated at 35-37
C. After incubation, the,;eggs were chilled 2 hrs. Pooled infective allantoic fluid (AF)
was harvested from the eggs at;24 hr bost inogulation-and-clarified of cell debris by
centrifugation at 3,390 x g for 60 min at 4 °C in high speed refrigerator centrifuge
(Hanil Seientific, Union 32R Plus). The virus was inactivated by, treatment with 0.05
% formaldehyde. All procedures involving live virus was performed in a biosafety-
level 3 laboratory facility at Veterinary Diagnostic Laboratory, Faculty of Veterinary

Science, Chulalongkorn University.



37
Purification of large quantities of influenza virus

The following procedures were modified from Huang et al. (2007). Virus was
pelleted by centn'fuga;ion at 35,000 rpm in 50.2Ti fixed rotor for 1% hours at 4 C in
ultracentrifuge (Beckman Optima™ XL-100K). Two distinct rotors were used. The
first was 50.2Ti fixed rotor used for concentrating virus. The second was SW41Ti
swing rotor for purifying virus. After soaking overiiight in 50 pl of PBS, the virus
resuspension was layered on.10-50 % sucrose gradient. The gradient was spun at
27,000 rpm in SW41Ti rotor.for 2 hours at 4 C. The viral band was harvested in PBS
buffer. The purified and conceatrated v1rusI was stored at -70 C until used.

Determination of haemagglutinin (HA) tigre

To determine the haemagg_lut_inatiox;it:it;e, 1 % (v/v) chicken red blood cells
(RBCs) was used in 96 wells Vébc;&om miér_'f;-’ﬁUe plates (NUNC, Demark) (OIE,
2004). Briefly, 0.05 m! of PBS was dispen:s&i-’ihto each well of a microtitre plate.
Then, 0.05 ml of the infective allantoic fluid was placed i the first well and two-fold
dilutions of 0.05 ml volumes of the suspension were perfoermed across the plate. The
0.05 % of RBCs ,wasiadded toeach well; mixediby tapping theplate and settled for 30
minutes at room temperature. HA was determined by tilting the plate and observed the
presence or absence of the agglutination. The titration was read to the highest dilution

yielding complete agglutination.
Determination of purified/concentrated viral protein

The total protein of purified concentrated viruses was measured by Bradford

protein assay (Bio-Rad, USA).
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DNA analysis of purified/concentrated viras

DNA analysis of purified/concentrated virus was carried out using reverse
transcription—polymer’ase chain reaction. Viral RNA was extracted from the virus
using RBC viral nucleic acid extraction kit (RBC Bioscience Corp, Taiwan). The viral
RNA was resuspended in nuclease free water and stored at -20 C. The RNA samples
were reverse transcribed with SuperScript-IJ first-stranded synthesis system for RT-
PCR and then amplified with the specific primers of HS gene (Poddar, 2002) (Forward
primer (5'-3"): ACT CCA ATG GGG GCG ATA AA and Reverse primer (5'-3"): CAA
CGG CCT CAA ACT GAG TET). Briély, 1 il of DNA template was added in a 20
ul PCR reaction containing’ 10 ul of 2X PCR master mix (GeneJet Fast PCR,
Fermentas, USA), 1 pl each (10 uM) of ferward and reverse primers and 7 pl of
nuclease-free water. Reactions were incubatjea_ja_t 95 C for 1 min, and 35 cycles of 95
C for 1 sec, 51 C for 5 sec, 72:7C for 25 sec,Tollowed by 72 C for 10 sec. The PCR
product was analyzed by _electrqpixoresis ona 71:5 % agarose gel, stained with ethidium

bromide and visualized under UV transluminator.

Characterization of purified/concentrated.-virus

The purified virus was analyzed with 12 % SDS-PAGE, sidentified directly
with either Coomassie brilliant ‘R250" or transferring to mitrocellulose-membrane for
Western blot analysis. The primary antibody was the immune sera from HSNI
vaccinated chicken (1:50 dilution). The secondary antibody was goat anti-chicken
immunoglobulin G (IgG) antibodies conjugated with horseradish peroxidase (HRP)
diluted at 1:2000. The membrane was incubated with the substrate 0.6% 3, 3'-

diaminobenzidine carbonyl chloride (DAB) in Tris-HC] (pH7.6) containing 0.03 %
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hydrogen peroxide (H202). After 30 min of color development, the nitrocellulose
membrane was photographed using a gel documentation system. Procedures for SDS-

PAGE and Western blot analysis were followed according to Walker (2002).
Standardization of the indirect ELISA

Coating buffer (pH 9.6). The coating buffer contained 0.05 N carbonate-bicarbonate

buffer.

.

Conjugate. The conjugate reageni ‘was a goat anti-chicken IgG (H+L) (Synbiotic

Corporation, USA). '

Washing buffer. The washing'buffer contained NaCl 8.0 g, KC1 0.2 g, Na,HPO,4 1.2 g,

y
KH,PO,4 0.2 g, Tween 20:0.5 ml and distilled water 1 litre.

Antigen and conjugation titration, Checkerb}eta_rlq_-.ﬁtrations were performed using 100
ul of various concentration of purified anti;;n;(Z, 4, 8 and 16 pug/ ml in 50 mM
carbonate/bicarbonate buffer) that was allowed to adsorb onto the wells of a 96-well
immunoplate (NUNC). The plates were treated with 200 pul PBS containing 1%
Bovine serum albumin (BSA).for 60 miﬁ to reduce non-specific-adsorption. The plates
were washed threé times with PBS containing 0.05 % of Tween20 (PBST). The goat
anti-chicken immuneglebulin conjugate (Synbiotic Corporation, USA) was added to
the plate at various dilutions (1:500, 1:1000, 1:2000, 1:4000 and 1:8000) and
incubated for 30 min. After washing the plate three times with ?BST, 100 pl of
substrate solution containing TMB [SureBlueTM: TMB Microwell Peroxidase
Substrate (1-Component)] was added to each well and incubated for 15 min. Finally,

100 pl of stop solution containing 1 M phosphoric acid was added to each well. The



40

absorbance at 450 nmr was measured using a microplate reader (Labsystem iEMS
reader MF). All reactions were carried out at room temperature. The A \(alues of AIV-
antibody positive and AIV-negative sera were evaluated at a single serum dilution
using the signal-to-noise (S/N) ratio. The S/N ratio was defined as the following: S/N
= (A4s0) arv/ (Asso) m;;, where (A4s0) arv = the A value of AIV positive serum and

(A450) comrol = the A of AIV negative serum at'the same dilution (Fatunmbi et al, 1989).

The cut-off values for the indirect! ELISA was calculated from the results of
non-immunized sera of broilerchicken at 0, 1, 2, 3, 4, 5 and 6 weeks old using the
formula mean optical density (@D) value 4IL 3 standard deviations (SD). A serum was
considered positive when its OD value was igrleater than the cut-off value.

For field sera, the SP value was calculated using the formula:

SP value = mpl-cé)D —ﬂ;g_z;tive sera

Positive.sera — Negggive sera

1.) Specificity tést. For the specnﬁmty test;. the positive avian sera for
Newcastle Disease viru; (NDV), infectious bronchitis virus (IBV). infectious
laryngotracheitis virus (ILTV), infectious bursal disease virus (IBDV), REO virus,
chicken anemia vitus (CAV), Pasteurella multocida (PM) and negative chicken serum
were obtained from Synbiotics Corporation, USA.

2.) Sensitivitytests. The performance of'an indirect ELISA-using purified
avian influenza virus was compared with the established HI and commercial ELISA
tests for detection of avian influenza antibody.

HI assay was performed using 8 HA units of the formalin-treated H5N1 virus
and 1 % chicken red blood cell in V-bottom 96-well micro titre plates as described in

the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals (OIE,
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2004). Titres were expressed as the highest dilution of serum that completely inhibited
viral haemagglutination. Commercial ELISA test detects type-A group-specific RNP
and M antibodies was used according to the manufacturer’s instruction (Synbiotics
Corporation, USA.). Comparison test of different tests were performed using sera
from known nine AIV positive and known five negative sem kindly provided by Prof.
Dr. Jiroj Sasipreeyajan (Department of Veterinary Medicine, Faculty of Veterinary
Sciences, Chulalongkorn University).
Application of an indirect ELISA in field sera

Field sera were uaderiaken to our laboratery from the AIV surveillance
program according to compm1memalizaﬁg};x campaign. A total of 166 field serum
samples were collected from chickens of diﬁ'éfem ages and geographic iocations from
11 flocks at six broiler chicken farms and ﬁ?erbreeder chicken farms in Lopburi and
Petchaboon provinces, Thailand. it is notew;it'-hy_}that Thailand has not been officially
reported of HSN1 virus circulation since Neiiéﬁlber, 2008 and these field sera were
considered negative.
Statistical analysis

The correlation ;coefficient (Ré) between [HI -and"an-indirect ELISA was

determined for serological analysis according to Cardoso et al. (1999).

3.3 Results

To prepare and analyze the purified/concentrated H5N1 virus from 5 litres of
crude virus, we used ultracentrifugation (Beckman Optima™ XI.-100K). Firstly, the
50.2 Ti fixed rotor was used for concentrating the HSN1 virus at 35,000 rpm for 1.30

hrs at 4 C. Each cycle loaded 12 28 ml-ultracentrifuge tubes. The pellets were
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suspended in PBS. Sucrose suspension (Wako Pure Chemical Industries, Ltd.) was
prepared at the 10, 20, 30, 40, 45 and 50 % and verified their sucrose concentration by
hand-held refractometer (ATAGO, Japan). Then, virus suspension was layered on the
top of sucrose gradient. The suspension was centrifuged in the SW41Ti swing rotor at
27,000 rpm for 1.30 hrs at 4 C. The gradient was fractioned from the bottom and
portions from each fraction of
1 ml were taken to determine suerese concentration, HA and the protein contents. Two
virus bands named band A-and B weré obtained at 1.15 and 1.08 g/ml density of
gradient, respectively, according to the buoyant gradient of whole influenza viral
particle (Figure 3.1). T

The viral band A had the hlghest IEI_A“:titre at 10,240 HAU/50 pl and protein
content at 1.781 mg/ml, whereas the viral band B had 1,024 HAU/50 pl and 0.928

R v dia

mg/ml protein content. The materjals'which banded in these sucrose gradients as wide

peak were concentrated and eluted with PBSagafn to. remove the sucrose (Table 3.1

and Figure 3.2). Bradford’s protein assay revealed that 30.4 and 24.1 mg/ml or 40,960
and 10,240 HAU/50 pl of purified and concentrated HSN1 virus were obtained from
the viral band/ Al and| B; Crespectively. Inl (conclusion,. both fractions of
concentrated/purified virus had higher HA titre and protein content than pre-

inactivated and post-inactivated original allanteic fluid (Table 3.2).
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Table 3.1 Distﬁbqrtf.)n of H5NT avian influenza vi:r_gs (HA titre) and protein
concentration (mg/ml) in a sucrose gradient. i
No. goncentration (%) | (g/ml) || /50 i) (mg/ml)
1 U 14.0% 1.05 64 X 0.265
2 olov 2.8 oo b 1 a1y Wp A A anldP2d Alny 0765
N IN Taeded | JELL Adob) | 1d Vo4 g (F] 0928
44 |  350% b e 10,240 , 198}
5 40.0 % 1.17 1,024 0.389
6 45.0 % 1.20 256 0
7 48.5 % 1.21 128 0
8 495% 1.23 128 0
Remarks

* represents A band with 4.3-4.9 cm from the bottom of the ultracentrifuge tube

** represents B band with 5.1-5.3 cm from the bottom of the ultracentrifuge tube
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DNA analysis of HSN1 avian influenza virus using specific primers against HS
gene (Poddar, 2002) by two-step reverse-transcription polymerase chain reaction (RT-

PCR) revealed expected bands of 351 base pairs amplified product (Figure 3.3).

3,000 bp
2,000 bp

1,000 bp

500 bp

Figure 3.3 DNA analysis of HA gene on 1.5 % agarose gels. Lane M was 1 kb DNA

marker. Lane 1 wasipurified and concentrated HSN1 virus.
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SDS-PAGE ané.lysis revealed that a banding pattern characteristic for purified
H5N1 influenza virus had three prominent bands with apparent molecular weight
25,500 to 25,600, 48,300 to 49,100 and 61,100 to 61,900 according to Glickmann et
al. (1995a) and Okono et al. (1993) representing M, NP and HA protein, respectively
(Figure 3.4). Western blot analysis using mouse polyclonal antibody against HSN1

I
avian influenza virus, conﬁrmed th ‘)b ein band came from the H5N1 avian
influenza virus and free oi‘&mhmman_gs (F 1@_

Figure 3.4 SDS-PAGE analysis. Lane M is molecular weight standards (kDa). Lane 1
and 2 are purified/concentrated HSN1 virus. Lane 3 is crude H5SN1 virus. Lane AF is

allantoic fluid.
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animals, checkerboard titration was performed. After collecting the virus bands from
the sucrose gradients, the purified virus was used for coating ELISA plates at various
concentration 0.5, 1, 2, 4 ng/ml and the goat anti-chicken immunoglobulin conjugate
(Synbiotic Corporation, USA) was added to the plate at various dilutions 1:500,

1:1000, 1:2000, 1:4000 and 1:3000, respectively. The optimal concentrations of
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purified virus antigen and conjugated antibody dilutions were optimized based on the
results of checkerboard titrations. The results demonstrated that 2 pg/ml of purified
virus antigen and the HRP-labeled goat anti-chicken IgG (H+L) conjugate at the
1:2000 in the test were determined as the optimal working conditions based on the
peak signal-to-noise ratio (Table 3.3). The cut-off level (OD4s50=0.33) for this indirect
ELISA format was calculated as three standard deviations above the mean optical
density value obtained with mon-immunized bieler chickens at various ages. The

serum was considered positive when'its OD value was greater than the cut-off value.

Table 3.3 Checkerboard iitration of the indirect ELISA.

Coating antigen Cogjugate, -

1:500 1:1000 © 1:2000 1:4000 1:8000
4ug r28f §F. 181 =, . 464 3.60 3.52
2pnug 148 P 1 1 "! " 5.01 3.23 279
1pg 1.74 M85 458 2.84 2.64
0.5 ug 1.81F fla=appyasas 25 2.29 1.97
Opg 1.21 V.57 piaml. 32 1.53 1.28

Remarks: * This number, repr&senfs'th'e signal-to-noise ratio of the sample measured at

different combinations of the coating antigen and conjugate in an indirect ELISA.

The specificity ofn’rthe indirect ELISA was determiﬁed using the positive avian
sera against Newcastle Disease (NDV), infectious bronchitis (IBV), infectious
laryngotracheitis (ILTY) infectious bursal disease (IBDV), REO, chicken anemia virus
(CAV), Pasteurella multocida (PM) and negative chicken serum from Synbiotics
Corporation, San Diego, CA, USA. Obviously, the indirect ELISA has high specificity
in detection of the anti-H5N1 avian influenza IgG without cross-reactivity to the

positive sera tested against other pathogens.
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Table 3.4 Specificity test using positive reference sera against various agents.

_Agents Optical density at 450 nm

Negative chicken sera 0.17+0.00
NDV 0.10 £0.00
IBV 0.19+0.01
ILTV 0.19+0.02
IBDV 0.22 +£0.07
REO 0.23 +£0.01
CAV 0.19+£0.01
PM 0.21 £ 0.00

-

The sensitivity of indirect ELISA was determined using positive sera against
HS from nine chickens compared with A]].V negative sera from 5 chickens at the same

age (Table 3.5). This result suggests that OD level of an indirect ELISA was well

— it

correlated with the HI tiire and 'cOmme'_'yci’a'l ELISA. The correlation coefficients

among HI and OD level of the indirect ELISA"Were 0.759. A scattered diagram of HI
d ;I- |I'
ald v oll ol ok
and ELISA antibody titres is shown in Figure 3.6,

e o o -
it T el
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Table 3.5 AIV positive and negative field sera-comparison of HI, commercial ELISA and

indirect ELISA.
Serum | ‘1 itre(logs) | Commercial ELISA | Indirect ELISA
number
AIV positive field sera
1 ¥ 0.464 0.454
2 8 0.489 0.450
3 7 Y] 20475 0.562
4 N2 0.599
5 T N 0SS 0.560
6 — 0616 0.564
7 B a.‘.i_ 0.504
8 R ™ - 1.938. 0.494
9 R ﬂ? "' ‘ii: (S, 0.352
Y gt il s
1 lll = w ONNECE
2 1. % 10 0.294
3 9 0.C 0.227
4 0.226
5 0.300
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AIV-positive sera and SATV —negati\;q seré, The equation for the line is y =0.036 +

3 (8 4
0.221; R?*=0.759. A

i

For field sera, SP value wasdoalculatog usmg formula according to previously
e .“
described. Sample was consndered posmve v_vﬁn |ts SP value was higher than 0.33 and

,4--.

negative when its SP value was hlgher than 0.22. The SP wvalues between 0.22-0.33

were considered as suspected cases and might need to be re-tated Deiection of avian
influenza antibodies in the field samples were then performed on 166 samples
collected from broiler and breeder farms. All 166 samples collected from broiler and
breeder farms, found no positive cases for the ‘HI, commercial ELISA or indirect

ELISA as shown in Table 3.6.
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Table 3.6 Comparison of the HI, commercial ELISA and indirect ELISA from field sera

samples.
- HI(log2) |Commercial ELISA | Indirect ELISA
No. Origin N
Log2 | PN Susp. Pos. Susp. Pos.
1 BroilerA | 15| <1 | o015 | 515 0/15 0/15 0/15
2 Broiler B | 15| <1 | 015 | 215 0/15 3/15 0/15
3 Broiler C | 15| <1 | 0A5 | 315 0/15 3/15 0/15
4 Broiler D | 15 | <i | 0415/} 245 0/15 3/15 0/15
5 Broiler E [ 13| <1 | 013 [“om3 | o013 9/13 0/13
6 Broiler F g [re— 0/8 o8~ 0/8 2/8 0/8
7 | BreederPA | 201" <14 0/20 | 3/20 | 0/20 1/20 0/20
8 | BreederPB | 184" <4 | 0/18 | 318 | 0/18 3/18 0/18
9 | Breeder PC ‘ 418 0/18 3/18 0/18
11 | Breeder PD <p /|ons § 318 018 | 218 | ons
12 | Breeder PE ] o2l 02 0/12 4/12 0/12
TOTAL 166 | £ IT A"

Remarks: P/N represents aumber _o‘f po;iﬁyq samples (P) and total samples (N).
Susp. is number of suspect sample and total samples.
Pos. is number of posiﬁve sampieand total samples.

| el

2.4 Discussions

The ELISA preparation using crude antigen often yield the nonspecific
reactions associated ' with contaminated 'macromolecules competing with specific
antigen at the binding sites on the solid-phase immunosorbent. When highly purified
antigen was used in place of a crude antigen preparation, a sigmificant increase in
specificity and sensitivity of the ELISA was observed (Abraham et al, 1984).
Centrifugation in density gradients customarily performed in swinging rotors, has
proved to be useful in virology and in other area (Reimer et al., 1967). This study was
undertaken on sucrose gradient technique to prepare purified/concentrated H5N1 avian

influenza virus antigen for an in-house indirect ELISA.
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After viral purification, two virus bands named band A and B were obtained at
the density of gradient according to the buoyant gradient of whole influenza viral
particle. Both fractions of concentrated/purified virus yielded higher HA titre and
protein content than that of the pre-inactivated and post-inactivated original allantoic
fluid. Bradford’s protein assay revealed that 30.4 and 24.1 mg/ml or 40,960 and
10,240 HAU/S0 pl of purified and concentrated H5N1 virus were obtained from the
viral band A and B, respectively. SDS-PA__GE and Western’ blot analysis revealed that
a banding pattern was according 6 purified HSN1 influenza virus described by
Glickmann et al. (19952) and Okono et al (1993), which was essentially free of

contaminants.

An indirect ELISA' was establishedlu_s_ir__l_g the purified HSN1 avian influenza
virus as the whole antigen. The concentira-ﬁojn of antigen for coating plates also
optimized for maximum sensitivity and specxﬁc‘:lty An optimum conjugate dilution
was evaluated in order to reduce tﬁe nonspecii-i-c'; _;c-isorption and for economic reasons.
The results demonstrated that 2 pg/ml of purified virus aatigen and the HRP-labeled
goat anti-chicken IgG (H+L) conjugate at the 1:2000 in the test were determined as the
optimal working conditions based on the peak signal-to-noise ratio. Since cross-
reactivity is the most important factor in determifiing the value 6f‘an antibody and
dominates the specificity of an immunoassay, the assay specificity was verified by
determining the cross-reactivities of the purified HSN1 avian influenza virus antigen
with positive antisera against Newcastle Disease virus (NDV), infectious bronchitis
virus (IBV), infectious laryngotracheitis virus (ILTV), infectious bursal disease virus
(IBDV), REO virus, chicken anaemia virus (CAYV), Pasteurella multocida (PM) and

negative chicken serum from Synbiotics Corporation, USA. The results indicated that
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the specificity of this indirect ELISA was acceptable because of no cross-reactivity to
any antisera against other avian pathogens as described above and yielding values
below the cut-off levels of the assays. In poultry, high specificity of serological tests is
more important than the high sensitivity since low sensitivity can be compensated by
using a larger number of blood samples (Witt et al., 1997). The sensitivity of the
indirect ELISA was determined using known_ positive sera against H5 from nine
chickens compared with AIV negative sera from 5 chickens at the same age (Table
3.5). The results suggested that.the OD levels of the indirect ELISA were correlated
well with the HI titres and the commercial ELISA. The correlation coefficients among
HI and OD levels of an indirect ELISA well_"é' 0.759 acceording to previous reports that a
highly significant agreement between the I-I[ and ELISA (Adair et al., 1989; Brown et
al., 1990). An assay of 166 /samples éol]ect'bié' from broiler and breeder farms revealed
that all samples collected from broiler and E;egder farms were negative by the HI,
commercial ELISA or indirect ELISA accordmg to the AIV’s situation in Thailand

that no evidence of HSN1 virus has been reported since November, 2008.

This study describes the characterization of purified HSN1 virus as well as the
development of an indirect ELISA, offering a safe, cost-effective tool for detection of
avian influenza antibodies. In laboratories performing large numbers of sera, this
indirect ELISA test'will ‘offer obvious advantages as well-as in the situation where a
large proportion of tests are likely to be negative to confirm and maintain Al free in
the ‘broiler production compartment. Therefore, high specificity is expected from the

test and our in-house indirect ELISA can fulfill that need.



CHAPTER 4

Production of monoclonal antibodies against HSN1 avian
influenza virus

4.1 Introduction

The sensitivity of such immunological. diagnostic methods is mainly
determined by the quality of the antibodies, particularly monoclonal antibodies
(Vareckova et al., 1995). Kohler and Milstein (1975) that are the products of fusing
antibody-producing mousg spleen cells wﬁh mouse myeloma cells. The somatic cell
hybrids are capable of indefinite productlon of antlbody of predetermined specificity.
The products of monogclonal hybndomas can be applied to many areas of
biotechnology with a wide varlety of a.ntlgem Monoclonal antibody technology
provides antibody reagents of known specnﬁcxt_y‘; hgh titres and unlimited availability
(Glikmann et al., 1995a), Thus, monoclonal ant1b6dy is an ideal antibody for use in the
variety of diagnostic twt;'; such as serology and mmunohnstochemlstry

There have been many previous reports on the¢ diagnostic application of
monoclonal antibodies against influenza A ‘and B (Glickmann et al.,, 1995a). These
antibodies were proved to be useful for a variety of antigen detection tests such as
immunochromatography and dot ELISA! (Glikmanncet al., 1995b). The dot-ELISA is
of low cost (< $0.50/sample) test and is feasible for use in the mass testing. One
individual can screen up to 100 clinical samples in one run within 2 hr (Lu et al,
2003). Moreover, the MAbs provide a tool for the precise antigenic analysis of
influenza variants (Laver, 1983). However, minor antigenic changes can cause

difficulty for the detection with polyclonal antibodies and the result of antigenic
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analysis of virus isolate varies with the batch of antisera. MAbs application for
antigenic analysis of HA can reflect the minor antigenic difference when the antigenic
drift appeared (Yamada et al., 1985). Recently, the HSN1 viruses in Japan could be
differentiated from 1997 and 2003 Hong Kong isolates by the uses of monoclonal
antibodies in haemagglutination inhibition assay (Mase et al., 2005). Antigenic
variation is the principal mechanism employed by influenza viruses to evade the
adaptive immune response. For example:jthe incidenee occurred in the recent 2003-
2004 influenza epidemic-due to.the proliferation of the new H3N2 subtype strain
A/Fujian/411/2002, an antigenic drift n'!utant of A/Panama/2007/99 (Munoz and
Deem, 2005). In additién,/ the HSNj virus. antigens were identified by
immunohistochemistry on sections of aﬂ'eoted organs, using a monoclonal antibody
specific for the nucleocapsid, of mﬂuenz:aF A virus (Jones and Swayne, 2004;

A o

Keawcharoen et al., 2004; Ungchusak et al,, 200‘5) Since, monoclonal antibodies are

widely used as a tool for various biological iﬂ%?!es'tigations due to their specificity, the

aim of this study was o produce monoclonal antibodies aggmst H5N1 avian influenza

virus.
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4.2 Materials and Methods
Myeloma cells lines

The myeloma cell lines, SP2/0-AG14 and P3Ag8.653 (Riken Cell Bank,
Japan), were cultured in eRDF medium (Kyokuto, Japan) consists of 10 % fetal bovine
serum at 37 °C in a 5% CO; humid atmosphere. The following procedures were
modified from Morinaga et al. (2001).
Immunization 2

The BALB/c female mice were immunized with the purified virus antigen
(Figure 4.1). Immunization$ wére initiated by an intraperitoneal injection of 100 pg
emulsified in an equal velume of complete Freud’s adjuvant. Three weeks later, the
injection was repeated with' the same imount of antigen in incomplete Freud’s
adjuvant. Then, three weeks later A onster of 200 pg in PBS solution was

administered intraperitoneally. ' On  the tlurelJ day after the final immunization,

splenocytes were isolated and ﬁxsed thli a hypoxanﬂnne—ammoptann-thymxdme

(HAT)-sensitive mouse myeloma cell line. All animal expernments were performed in
the negative-pressure stainless steel isolation cabinets with high-efficiency particulate
air-filtered (HEPA-filtered ‘isolators). Water, and feed were provided ad libitum. The
procedure was authorized by the ethical committee on experimental animals, Faculty

of Veterinary Science, Chulalongkom University (No. 56/2549).
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Day 66
Day 0 Day 21 Day 42 Day 63
SRR R PERIR ML DEMELSaL IRl poa
Primary 1% boost 2" boost Final boost
T ﬁ a8 EN *

Bleeding for antibodystiter

Figure 4.1 Immunization pretocol

Indirect ELISA ‘ | 4

The 0.2 ml blood sarlplosrwrere collected from mouse’s tails at 3, 6, and 9
weeks after the first dose and at the ﬁxsion’s_-ﬂa].y. The antibody titre in the blood was
monitored by an in-house ELISA test. Bneﬂy7160 ul of purified antigen (2 pg/ ml in
50 mM carbonate/bicarbqnate buﬁ;er) was dlbﬁé fo adsorb onto the wells of 96-well
immunoplate (NUNC, Denmark). The plates were treated-with 200 pl PBS containing
5% Bovine serum albumin' (BSA) for 60 minutes to reduce non-specific adsorption.
The plates were washed threetimes with/ PBS containing 0.05 % of Tween20 (PBST).
The diluted sera..(1:1000) were combined with 100 ul_of .a 1.71000 dilution of
polyclonal irabbit anti-mouse immunoglobulin (DakoCytomation Code Nr. P 0161;
Lot. 00014586) for 1 hr. After washing the plate three times with PBST, 100 pl of
substrate solution containing TMB [SureBlueTM: TMB Microwell Peroxidase
Substrate (1-Component)] was added to each well and incubated for 15 minutes.

Finally, 100 pl of stop solution containing 1 M phosphoric acid was added to each
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well. The absorbance at 450 nm was measured using # microplate reader. All reactions
were carried out at room temperature. When high antibody titre was observed, the cell
fusion was carried out.
Fusion procedures
1. Preparation for fusion
1) Immunized mouse
2) Pre-warmed eRDF medium, fetal bovine serum and PEG 1500 in 37 °C
3) Three sets of sterile surgical instruments (seissors and forceps), a couple
of sterile glass slides and stenle tissue papsr
2. Fusion procedures ._

The mouse was anaésthietized by etigr‘snd blood collection from the heart was
done for reference serum. The mouse was dxpped into 70 % alcohol and conveyed into
a laminar flow hood as left lateral reeumbenéi i;bstme on sterile gauze pad. The first
set of surgical instrument was used to mak;an incision_into the left side of the
abdomen and remove the skin away. The second set of surgloal instrument was used to
remove spleen and transferred into a sterile 6-well culture plate containing 5 ml of
¢RDF medium. Thethird set of surgical instrument;was used to remove adhesive fat.
The spleen was washed by transferring well to well and swirling gently in each of 6-
well culture plate. Then, the spleen was transferred into a petridish containing 10 ml of
eRDF medium. The spleen was minced into the single cell fashion using sterile glass
slide. The cell suspension was pipetted into a sterile 15 ml conical tube and allowed
large fragments to settle down for 5 minutes. ﬁe suspension above the sedimented

fragments was sucked up and transferred into a new sterile 15 ml conical tube. Then,

the suspension was centrifuged at 1,000 rpm for 10 minutes at room temperature. The
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supernatant was removed and resuspended tﬂe cells into 10 ml of eRDF medium. After
washing twice, the spleen cells were counted using haemocytometer and combined
with the myeloma ceils in a ratio of 5 spleen cells:1 myeloma cells in a sterile 50 ml
conical tube. Then, the combined cell suspension was centrifuge at 1,000 rpm for 10
minutes at room temperature. The supernatant was discarded and the base of the
conical tube was tapped to resuspend the cells in a small amount of remaining
medium. Using a 1 ml pipette, PEGlSi00 was added up drop by drop within 60
seconds. Then, the cell suspension’ was incubated in the hand for 2 minutes and
gradually diluted with 9 mi‘of éRDF medium over a period of 5 minutes. The cell
suspension was centrifugedat 1,500 rpm f.odf"S minutes. The supernatant was discarded
and resuspended the cell pellet in 15 m} of FBS. Then, the cell suspension was
pipetted up and down and transferred to 85 m} of eRDE medium. Using a 10 ml single
pipette, the cell suspension was distributed i;_t?o; 96-well flat bottom plates, 1 drop per
well and incubated in a CO, ineubator. Tw_emy four hours later, 1 drop of eRDF
medium supplemented with 2X HAT was added to éach well and kept in the
incubator. After 7 days of incubation, the clones were pulled and fed with 1 drop of
¢RDF medium. At day, 14, 100 plof supernatant was assayed for antibody production
with ELISA.
3. Propagation

The transferring of hybridomas from one size of culture well to the next is a
critical step to maintain the cell viability due to the dilution of growth factors in the
medium. Therefore, the propagation procedure must perform carefully (Figure 4.2).
After a positive clone was identified, the cells were transferred from the culture into

the 96-well culture plate using 1 ml of eRDF medium supplemented with HAT in a
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24-well culture plate. At day 4-7, after the culture became dense, 100 pl of supernatant
was assayed for antibody production with ELISA. The positive clones were made into
a good cell su;Spensién and transferred to S ml of eRDF medium supplemented with
HAT in a 6-well culture plate. At day 4-7, after the culture became dense, 100 pl of
supernatant was again assayed for antibody production with the ELISA. Then, a good
cell suspension was made and used it as an ineculum. One part of the inoculum was
used to feed into 10 ml of eRDE supplemented wath HAT in a petridish and kept as “a
Master”. The remaining was_performed using limiting dilution. At least two times of

limiting dilution usually perform to obtain a good hybridoma.
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Figure 4.2: Propagation and screening procedures of hybridomas (modified from Shan

et al., 2002).
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4. Cloning by limiting dilution

When a hybridoma was found to secrete the specific antibody production.
Limiting dilution was carried out to obtain each pure clone to ensure that the secretor
was selected and propagated (Figure 4.3).

Seven wells of 4 ml of eRDF medium supplemented with HAT were
transferred to two new 6-well culture plates at-well no.2 -8 as shown in Figure 4.3. All
hybridoma cells from the 6-well culture platé were taken to perform 5-fold dilution
from well no. 2-8. Then, cach diluiion fr:m well no.1-8 was transferred to 3 columns x
8 rows of 96-well culture piate; | drop per well and incubated in a CO, incubator.
After 14 days of incubation, the platés were examined for hybridoma cell growth. For
example, the column no. 5 and 6, revai;in‘g complete and partial hybridomas cell
growth were used for antibedy producﬁoﬁzéssay. The best antibody-producing clone
was selected and either grew up and repe;t;d it.he cloning procedure as the second

limiting dilution with a single celi pick. =
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Figure 4.3 Scheme of thie fimiting dilution procegure: +Ail Wells had good hybridoma

cell growth. — All wells had no hybridoma cell growth. + A few wells had good

hybridoma cell growth (modified from Shan et al., 2002).
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5. Screening of the selected hybridomas
Supernatant from the hybridoma cell cultures was screened for antibodies
against the HSN1 avian influenza virus by ELISA and Western blot detection as

previously described.

4.3 Results and Discussions
Optimization of indirect ELISA for screening test

In order to verify.an indirect iELISA to detect antibody response after
immunization, checkerboard titration was performed. The purified H5N1 avian
influenza virus was used for'coating ELISA plates at various concentration 0.5, 1, 2, 4
ug/ml. Whereas the rabbit anti-meuse imn;pnbglobulin conjugate (DAKO, Denmark)
was added to the plate at various dilutions 1500 1:1000, 1:2000, 1:4000 and 1:8000.
The optimal concentrations ' for purified v:r‘us antigen and conjugated antibody
dilutions were optimized by cliéckaboard HiliiBis. The results demonstrated that 2
pg/ml of purified virus antigen and the HRP-labeled rabbit anti-mouse IgG (H+L)
conjugate at the 1:4000 in the test were determined as the optimal working conditions

based on the peak signal-to-noise ratio (Table4.1).

Table 4.1 Checkerboard titration of the indirect ELISA.

. A Conjugate
Coating anfjgen 1:500 1:1000  1:2000  1:4000 1:3000
4pg 1.23* 136 1.52 302 274
2 ug 1.18 0.99 1.10 361 245
1ng 136 235 1.04 325 295
0.5 ug 181 2.23 3.25 229 197
0ug 1.11 136 142 103 119

Remarks: * This number represents the signal-to-noise ration of the sample measured

at different combinations of the coating antigen and conjugate in an indirect ELISA.



Fusion of cells

Four fusion groups were carried out.
1. Fusion of mouse in M group

After immunization with concentrated/purified HSN1 virus, high antibody titre
was observed. The antibody }esponse was detected at low level on week 2 and peaked
at 6 weeks post primary immunization. Cenversely, non-immunized mouse was
negative at all sampling periods post immunization. Then, the cell fusion was

-

performed using myeloma cells, SP2/0-Ag14 strain.

% Immunized M Mouse
2.5
2 ' )/r ——
g 1.5 e -
w
<
A 1
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ow 2W. 4W 6w FUSION

Figure 44 Antibody titres in mouse serum determined by indirect ELISA after

immunization.

Normally, the myeloma cell line is not capable of producing HGPRT and thus,
not capable of converting hypoxanthine to GTP. If myeloma cells mutate and acquire
the ability to produce HGPRT and is able to use hypoxanthine to make GTP, they will

not die out in HAT medium and remain dividing for long-term culture of myeloma
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cells. It is not unusual for a.few of the myeloma cells to mutate and acquire the ability
to produce HGPRT (Zola and Brooks, 1983). In this fusion, the cells rapidly grew and
turned the media to be acidified rapidly within 2-3 days after the fusion according to
the aminopterin-resistant cells described by Zola and Brooks (1983). The colonies

appeared monolayer soon after fusion as shown in Figure 4.5.

. HGPRT+
Hypoxanthine === GTP (make DNA)

~ - - . g - & . N - 345 g - :
Fad z . a § ¥ ol s N . iy

b 2 s b 4 gz e & .-:,\ v SR SRS Ao

4, S J L n K & Y . =

Figure 4.5: Appearance-of aminopierin-resisiant myeloma cell culture at the 8" days

after fusion under the i_)ottom of 96-well culture plate;(leﬁ) and under microscopic

observation at 400X magnification in an inverted microscope (right).

Fortaminopterin:resistant cells; treatinent of myeloma cell\ciltire to eliminate
any cell that has mutated and is capable of producing HGPRT was recommended
(Zola and Brooks, 1993). Therefore, 8-azagnaine, an “analog” of hypoxanthine and

can kill the cells if it is incorporated into DNA.

HGPRT+
8-azaguanine =) Faulty GTP cause cell death
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Undesirable cells having HGPRT will die off. Desirable myeloma cells, which
lack HGPRT, will resist the presence of 8-azaguanine and will continue to live.
Therefore experiment was designed to proof this event. The myeloma cell cultures
were separated into 3 treatments.

Treatment 1 Tx SP2/0 in RPMI: SP2/0 strain of myeloma cells after 8-
azaguanine treatment for 3 days was cultured in 10 % FBS in RPMI medium.

Treatment 2 Tx SP2/0 in HAT/I}PMI: SP2/0 strain of myeloma cells after 8-
azaguanine treatment for 3" days was cultured in 10 % FBS in RPMI medium
supplemented with HAT. |

Treatment3 SP2/0 in HAT/RPIEi: SP2/0 strain of myeloma cells was
cultured in 10 % FBS in REMLingtlium supplemented with HAT.

Table 4.2 Comparison of myeloma cell growth.

Treatment OHP N /2a8p | 48HP 72HP 96HP
1 1.25E+05 1.85E+05 | 6.45E+05 | 9.27E+05 | 9.45E+05
2 8.00E+04 | 2.50E+04 | 5.00E+03 | 1.00E+04 | 1.00E+04
3 4.95E+05 2.70E+05 | 3 80E+05 | 7.00E+05 | 5.90E+05

Remarks HP is hours after feeding cells

After 24 hrs incubation, number of cells in treatment 3 was slightly reduced
and returned to rapid growth within 48 hours incubation, whereas, myeloma cells in
treatment 2 were completely died off within 24.hours after ificubation. On the
contrary, myeloma cells in treatment I grew well according to normal cell growth
characteristic manner (Figure 4.6). Obviously, the results revealed that the myeloma
cells used for fusion with M mouse were aminopterin-resistant cells. Unfortunately,
these cells could revert to aminopterin-sensitive cells again after 8-azaguanine

treatment.
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2. Fusion of mouse in N group ) T = -

29 =

The second Q'wp used 2 mmumzed mice (N1 aﬁd N2) and non-immunized

J
mouse (NO). Aﬁer mmumzatlon with concentatediplmﬁed H5N1 virus, high

antibody titres were observed as shown in Figure 4.7.
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Figure 4.7 Antibody titres.in N.mice sera determined by indirect ELISA after

immunization. s &

However, after three fiisions of N nfjcé', the fusions were unsuccessful as
shown in table 3. The best fusion came from‘.‘-NZ"mouse, but the efficacy was only 3.8
%. In addition, supernatant from all clones rev;.aled no detectable antibody production.
3. Fusion of mice in T group

After several fusion failures, non-immunized mice in T group were raised for
trying the fusion practices. “The best ﬁlsion using Roche’s PEG1500, approximately
67 %, came from, T2, after changing the myeloma strain from SP2/0 to P3-X63-
Ag8.653_ Thuis, the T4, and T5-mice fusiofis were uséd P3-X63-Ag.653. In addition,
the PEG1500 producer was changed from Roche to SERVA and Merck, respectively.
Then, the fusion efficacy was increased to 75 and 62 %, respectively as shown in
Table 4.3. Fusion trials from mice inl T groups indicated that the consecutive six fusion

failure probably came from myeloma strain and fusion agents.



71

Figure 4.8 Appearance-of suecessfil fusion cells at the 7" days after fusion under the
l

bottom of 96-well culturgfplate’ (left) and under microscopic observation at 400X

magnification in a phase contgast microsc?pe_ (right).

")
4. Fusion of mice in O group —=.
7,

After immunization with concentrat_@;;q;iﬁed H5N1 virus, high antibody titre
was observed as shewn in Figure 4.9. Figure 4.10 indicating that the antibody response
from both O1 and O2 mice at the fusion’s day were higher than 1:512,000. The Ol
mouse did not changed’ PEG1500 so that,the fusion efficacy was still be poor
approximately 0.1 %. When changing PEG1500, fusion efficaty of the 02 mouse was
higher than, approximately.85.%..Consequently, ‘the.fusion cells-were carried out for

the screening for the desired hybridomas.



72

-B-01 =02
35 p
3
E 25 +
2 2 §f
= 3
8 1.5 -
1 £
0.5 -
o -E
0w W . 6W W FUSION
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Figure 4.10 Antibody titre in the O mouse sera determined by indirect ELISA at the

fusion’s day shown as dilution titres.
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In conclusion, thirteen fusions were carried out. The first fusion failure caused
by aminopterin-resistant myeloma cells. Unfortunately, six consecutive fusions were
still unsuccessful probably due to PEG1500. When changing PEG1500, fusion
efficacy yielded better result, particularly the O2 mouse. These fusion cells were, then,
screened for antibody production;

Table 4.3 Conclusion of fusicn efficacy.

d Number of € et loma :
Group | Mice Totens foma 3 Rat:o;?ﬁw PEG | Fusion efficacy
. Lar” el il e Aminopterin-
1 M | 29X10°f 67 107\ 6:1 {SR2/0* | Roche | oo s
No | 20X 0X10"] 51 | SP2/0 | Roche 0%
2 | N1 | 45X10°41 9 ¥X10°) 5:1 |  SP2/0° | Roche 0%
N2 | 12X [75 j{ m’ .1:2 | SP2/0. | Roche 3.8%
Tl | SP2/0 | Roche 0%
T2 " P3X63 | Roche 67 %
3. 113 'P3X63 | Roche 0%
T4 23X63 | Serva 75 %
T5 . 3 : 0 | Merck 62 %
4 |01 ] 14X 10° |95 X 10" | 6.6:1] P3X63 | Roche 0.1%
02 | 98X10" |20X10"| 51 | P3X63,] Serva 85 %
Remarks: SPWOT:I < - 653

PEG= Pd_lyethylene glycol 1500 (fusion agent) from three producers

Screening for the desired hybridomas

Screening, fer the desired hybridomas was catried out using fiision cells from
the O2 mouse as shown in Table 4.4. After serial propagation using various sizes of
cell culture plate, the selected clones with the O.D. higher than 0.4 contained 253

clones. Mean O.D. + SD was 1.283 + 0.560. After propagation using 24-well culture

plates, 19 selected clones were processed and the mean O.D. + SD was 0.749 + 0.294.
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When culturilig using 6-well culture plates, 3 positive clones were selected and the

mean O.D. + SD was still high at 0.733 + 0.248.

able 4.4 Antibody titre of selected clones before going through limiting dilution

Screening steps e, :lt; s:;:cted Mean O.D. +SD Minimal O.D. | Maximal O.D.
96-Well culture plate 2538\ 11 f 83 £ 0.560 0.402 2.875
24-Well culture plate s o‘f&t 0.294 0.477 1.59

6-Well culture plate — 2 13340.248 0.543 1.07

Three hybridoma™ clenes 3B4, 8F8 and 8C3 produced consistency high
1

antibedy from consecutive screening procedures using ELISA as shown in Table 4.5

it

::I #
Table 4.5 Antibody titre of positive CIOn&i'bcfore going through limiting dilution

o ‘“OD ous steps of screening procedure
Positive clone ID I'5e <l diifune B%‘TVS] culture 6-Well culture
3B4 1.774: v oo 1.590 1.07
8F8 . 0907 T 0.585
8C3 = 0502 0.543
Negative control |/ 0.278 ‘ 0.212
Remarks: Negatlve control using mpematant collected from myeloma cells

After the first! limiting dilution, one clone of 3B4 and 3 clones of 8C3
hybridoma_ producing high antibody,was obtained.and, kept at -80 C as “Mother

limit1”. Unfortunately, after the second limiting dilution, all hybrids lost their antibody

secreting ability as shown in Table 4.6.
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Table 4.6: Antibody titres after two consecutive limiting dilutions.

oy 0.D. and number of positive 0O.D. and number of positive
Pogiive ciine 1) clone after first limit dilution clone after second limit dilution

3B4 1.063 (1) N
8F8 N N
8C3 0.425, 0.453, 0.413 (3) N

Remarks: N represent no positive clone obtained aftgr limiting dilution.
( ) was number of positive clones.

According to Zola and Brooks (1988),.the propagation procedure is the most
difficult and complicated procedures. Even the fusion products were performed at this
stage, the cell culturesware unstable due to many factors. The fusion preducts
themselves are genetically unstable. A mlouse diploid cell has 40 chromosomes, so that
a nucleus after the fusion gontained 30 ci__irqmosomes. Such a nucleus is unstable and
over the first few days'during culturing tgh“g.c};romosomes might be lost. When a cell
loses a chromosome involving in the prodt:u:;tjtox_l or secretion immunoglobulin, but still

.'j_..l
retains the ability to grow, it bécomes a non. secretor. Therefore, in a culture well

which originally contained only the hybrid-cg;ll, an antibody secretor, after several
divisions that cell may have several non-secreting clones. Eventually, the non
secretors may overgrow the secretor resulting in a gradual loss of antibody production.

Currently, the HS5N1 avian influepza virus has caused global concerns for
public health. To date, only a few reports on preduction of menoclonal antibodies
against HSN1 avian influenza virus have been done indicating that monoclonal
antibody production against this virus might face many obstacles. Recombinant full-
length HSN1-NP protein was firstly used to produce monoclonal antibody, named 28-
73 (Yang et al, 2008). A non-pathogenic reassortant AIV strain containing the HA

and NA genes of strain A/Vietnam/1203/04 and HIN1 (A/PR/8/34) was used to
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produce monoclonal antibody, called 7H10 (He et al., 2008). Recent report using
monoclonal antibody production strategy similar to our study from the Hubei isolate of
AIV H5N1 virus, called 2H4 (Luo et al, 2009). Since, monoclonal antibody
preparation requires many steps. Mice must be well immunized and a myeloma cell
line suitable for fusion must be obtained and maintained in culture. Immune cells must
be fused with myeloma cells successfully and the fusion products, which form very
small proportion of the cells, are able to grow in culture in the absence of other
unwanted cells. When achieved, a num;er of growing hybridoma colonies arise and
must be screened for thic ones that produce the desired antibody. The selected hybrids
must be cloned to ensure the monoclonality (Zela and Brooks, 1988). These
procedures may take at least six months l;efo're getting a good monoclonal antibody.
To prepare enough purified and concentrat'o;l"HSNl avian virus from infected allantoic
fluid, a large amount of crude yirus have 25799 prepared and purified. In Thailand,
there are a few laboratories, allowing infecﬁ;mma]s for the ultracentrifuge work.
Additional observatioi during the experiments; every immunized mouse revealed
small size of spleen according to the low number of spleen cell counting using
haemocytometer. It’s possibie that some viral protein may induce immunosuppressive
property. According to Perkins and Swayne (2001) described that the
immunosuppiession.was the important repercussions for birds that ‘survive infection
with the HSN1 virus. This event may reduce the chance to obtain a good hybridoma.

In conclusion, eleven fusions were attempted. However, many obstacles
appeared including HAT-resistant myeloma cell, myeloma strains and the quality of
fusion solution. Although, fusion procedure was successful, there were many

complicated problems arising due to non secreting clones overgrowing.
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Conclusion

In order to prepare a large amount of crude virus antigen, chicken embryonic
eggs and Madin-Darby canine kidney (MDCK) cell line were used for comparing the
propagation of avian influenza A (H5N1) virus (C2105Dx1, a Thai isolate). The
growth of the H5N1 virus was determined using HA test and 50 % infectivity dose to
assess the suitability of the sysiems ilpporting the propagation of the virus. The
results indicated that the Thai H5N1 vin_lxs propagated better in the chicken embryonic
eggs, which should be considergd as a‘-__system of choiee for the avian H5N1 virus
isolation. The optimal time for ha.rvesti;? the selected Thai HSN1 virus was at 24
hours after inoculation in the chicken exii}g___rypnic eggs, yielding the virus titre of at
least 9 log; HAU/50pul or 10™° Tcm,o/éi’_.__-é?ide from obtaining high viral yield,
cultivation of the HSN1 virus m thns -2, 3Tnc:h allantoic cavity will not select virus
variant with mutations,

Purified and concenirated H5N1 avian inﬂuem ﬁms antigen was prepared
by sucrose density gradient technique for use in an indirect ELISA. After
centrifugation, two ‘viral-bands 'were presented. The first 'viral band had 30.40 mg/ml
protein content-or equivalent-with 40,960 (HAU." The, second ~iral band had 24.11
mg/ml protein content (10,240 HAU). Both fractions of concentrated and/or purified
virus had higher HA titre and protein content than pre-inactivated and post-inactivated
original allantoic fluid. The concentrated and/or purified virus was tested for the H5
viral nucleic acid detection using two-step RT-PCR and SDS-PAGE and Western blot

assay revealing haemagglutinin (HA), nucleoprotein (NP) and matrix (M) proteins. An
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indirect ELISA was also developed for the detection and measurement of antibodies
against avian inﬂuenza virus. The specificity and sensitivity of an indirect ELISA was
ac<‘:-eptable. The results of 166 chicken samples indicated that all samples were
negative by HI, the commercial ELISA and the indirect ELISA. According to the
AIV’s situation in Thailand, no evidence of HS5NI1 virus was presented since
November, 2008. To regain chicken meat export, Thai government tried to propose
compartmentalization campaign, thus la_boratery technicians have to face hundreds of
sample per day. In present; the test usually based on HI, which require labor works.
One microtitre plate is capableto examine only 8 samples. On the other hand, the in-
house indirect ELISA test from this .st'ﬁdy i1s suitable for automation with low
dependence to technician skills and moré appropriate. for screening large number of
samples. One microtitre plate is capable to'éé(dmine 90 samples.

The purified HSN1' virus was used‘to immunize eleven mice to produce
monoclonal antibodies. High antibody responses were obtained, but all eleven fusions
were not successfully done due to many reasons for example HAT-resistant myeloma
cells. After changing to HAT-sensitive myeloma cells, other problems arised such as
fusion techniques including-myeloma strains and, the quality of fusion solutions. When
the fusion technique was succeeded, there were other complicated problems like non-
secreting clones oveigrowing.

Additional suggestions for the production of monoclonal antibodies using
recombinant protein against HSN1 virus are avoiding the problem of working with
harmful virus and the immunosuppressive property of some viral protein. The
interesting proteins including HA and NP are of interest because each protein provides

detection of subtype and type of avian influenza A virus, respectively. These
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monoclonal antibodies can apply to various diagnostic tests including
immunohistoéhemisu'y, immunofluorescence, immunochromatography and ELISA
usi;g indirect ELISA format or competitive ELISA format. For developing ELISA
test, it would be wise to increase sample size for field sera and take additional

validation of the diagnostic test using challenged or immunized chicken sera. The

Wy of an in-house ELISA test in more
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antibody kinetic studies can show t
details. ~
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