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Introduction

CHAPTER 1: INTRODUCTION

Avian influenza viruses (AIVs), belonging to the family Orthomyxoviridae, are negative-
sense, segmented, single stranded, enveloped RNA viruses. The virus genome encodes at least
11 viral proteins, where the surface glycoproteins haemagglutinin (HA) and neuraminidase
(NA) are anchored in the lipid-bilayer viral envelop. To date, AIVs have 16 HA and 9 NA
subtypes. While all AIVs subtypes cause mild, if any, clinical signs in poultry, a few members
of H5 and H7 subtypes cause major and frequently fatal disease in birds (Webster et al.,
1992). Highly pathogenic avian influenza virus (HPAIV) H5N1 which originated in South
East Asia in 1996/1997 has spread across Eurasia since 2003 and entered Africa in 2005
caused magnificent economic losses in the poultry industry, threatened food security and
disrupted trade in poultry (OIE, 2004; Capua and Marangon, 2006; Cattoli et al., 2009).
Additionally, the HSN1 virus poses a significant risk to human health (WHO, 2008). Much
interest has arisen that the HPAIV H5NI1 could evolve into a new form that can transfer from

person to person, which poses a potential pandemic threat (Djunaidi and Djunaidi, 2007).

In Egypt, the first outbreak of HPAIV H5NI1 clade 2.2.1 was reported in February 2006. In
spite of a strong preliminary reaction to the disease, including the depopulation of over 40
million birds, HPAIV H5N1 was not totally eliminated. Over $ 1 billion losses were estimated
in the commercial (total annual production of 850 million birds) and backyard sectors (250
million birds) due to HPAIV H5N1 in Egypt in 2006 (Meleigy, 2007; Abdelwhab et al.,
2010a). At the end of 2007, outbreaks were reported in some poultry farms due to vaccination
failure, and a variant H5N1 virus was detected. Sequencing of isolated viruses confirmed that
this variant was an HPAI virus subtype H5N1 with a significant increase in the number of
amino acid substitutions in the HA1 protein (Abdel-Moneim et al., 2009; Arafa et al.,
2010a). Since 2008, Egypt declared an endemic status of HPAIV H5N1 and outbreaks are
regularly recorded from different regions, particularly in the household sector. In February
2010, out of 113 HPAI H5N1-infected poultry flocks (chicken, ducks and turkeys) from 17
governorates, 93 (82 %) were detected from the backyard poultry sector (FAO, 2011).

In order to limit the animal and human health impacts, it is very important to control and/or
eradicate the HSN1 virus infection in poultry (Tiensin et al., 2005; Songserm et al., 2006a).
Therefore, early detection is essential to prevent the spread of infection in poultry and
subsequently spillover to humans. Standard methods for isolation and identification of
HPAIV are still time-consuming, less sensitive, laborious, need a qualified team and
particular laboratory infra-structure. However, molecular diagnostic tools using RT-PCR have

considerably enhanced the speed, sensitivity and specificity of AIV detection (Dhumpa,
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2011). The principles of HPAI prevention and control depend on biosecurity, flock

management, preventive vaccination and sanitation (Zander et al., 1997).

Biosecurity is one of the most important tools to reduce the microbial infection generally and
the level of pathogens particularly in poultry farms. Usually, a hygiene program is supposed
to comprise harmless and simple measures outlining the accurate use of detergents and
disinfectants in addition to an efficient monitoring system and appropriate use of application
equipment (Spielholz, 1998; Gehan et al., 2009).

The application of chemical disinfectants has been an essential constituent of disease
management programs. Although there are a wide variety of chemical disinfectants available
in markets, which considered effective against pathogens, the appropriate disinfectant must be
chosen according to the susceptibility of the target virus (Suarez et al., 2003). Based on their
resistance to chemical agents, viruses are divided into three categories denoted A, B and C
(Noll and Youngner, 1959). This classification is based on the presence or absence of lipids
on the virus and on the virus size itself, which appear to be the most important characteristics
that influence the resistance to chemical agents. AIVs are belonging to category A, which
includes all the enveloped intermediate to large sized viruses. Therefore, AIV is grouped in
the category of viruses that can be inactivated by all the major classes of disinfectants if used
properly (Maris, 1990; Prince and Prince, 2001). In contrast to considerable published
information on the disinfection of poultry pathogens, respective information for HPAIV

HS5NI is still scanty. The objectives of the study therefore were:

1- Standard identification and molecular characterization of two isolates of AIV subtype

HS5NT1 isolated from commercial chicken in Egypt during the 2006 and 2010 outbreaks.

2- Comparative sequence and phylogenetic analyses of the HA and NA genes of different
HPAIV H5NI1 during the 2006 and 2010 outbreaks.

3- Evaluation of the efficacy of some commercial chemical disinfectants in the Egyptian
poultry market against the two identified strains of HPAIV H5NI.
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CHAPTER 2: REVIEW OF LITERATURE

2.1 Background of the avian influenza virus

2.1.1 Nature of the virus

Influenza viruses are negative single-strand, enveloped RNA viruses that belong to the genus
influenza virus in the family Orthomyxoviridae. Within the family, there are three types of
influenza: A, B and C (Scholtissek et al., 1983). Influenza viruses that cause diseases in
animals belong to type A; in contrast, disease in human beings can be caused by types A, B
and C. Based on their surface glycoprotein antigens, the type A viruses are classified into
subtypes according to the haemagglutinin (HA) and neuraminidase (NA). The HA is
classified into sixteen subtypes (H1, H2...H16), whereas NA is classified into nine subtypes
(N1, N2...N9) (Swayne, 2000; Siengsanan-Lamont, 2010). Most recently, a new H17N10
virus was detected in bats in Guatemala, however isolation of this live virus was not
successful so far (Sun et al., 2013; Zhu et al., 2013).

The AIV particle is circular in shape with a width of 80-120 nm, although occasionally, it
takes a filamentous or polymorphic structure (Suarez, 2008; Siengsanan-Lamont, 2010). All
type A influenza viruses have eight genome segments that express at least eleven viral
proteins, namely PB2, PB1, PBI1-F2, PA, HA, NP, NA, M1, M2, NS1, and NS2 (Chen et al.,
2001; Suarez, 2008; Siengsanan-Lamont, 2010). The surface of influenza A virus consists
of a bilayer of a lipid envelope containing big surface glycoprotein spikes (peplomers) that
have HA or NA activities, adjoining and strictly linked with an interior layer consisting of
matrix (M1) proteins which in turn bind eight helically symmetrical nucleocapsid segments of
dissimilar sizes (Potter, 2004; Siengsanan-Lamont, 2010). The HA protein exists in
ancestor form that has to be cleaved by proteases at the proteolytic cleavage site (PCS) into
HA1 and HA2 subunits for infection to continue (Potter, 2004). The HA1 has a receptor-
binding subunit, immunogenic epitopes, antigenic determinants and most of potentially
glycosylated sites. The HA2 has a cell fusion function and viral transmembrane domain. The
NA has a role as a receptor-destroying enzyme that facilitates the liberation of mature
progeny virions from the infected cell (Suarez, 2008; Siengsanan-Lamont, 2010). A third
surface protein, the matrix protein (M2) is organized as tetramers to form an ion channel,

which bypasses throughout the envelope (Padtarakoson, 2006; Siengsanan-Lamont, 2010).

The nucleocapsid composes of genome segments associated with an RNA polymerase
complex containing three polymerase proteins (PB2, PB1 and PA) and is enclosed within a

capsid of helically arranged nucleoprotein (NP) (Padtarakoson, 2006; Siengsanan-Lamont,
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2010). The main function of the non-structural protein NS1 is the inhibition of host antiviral
interferon o/f production, while the nuclear export protein NS2 is responsible mainly for
exportation of viral ribonucleoprotein from the nucleus to the cytoplasm (Webster et al.,
1992).

2.1.2 Host spectrum and distribution

Avian influenza viruses are able to infect several bird species, either in the wild bird fauna or
in domesticated poultry (ECDC, 2006; Fiebig et al., 2011). All subtypes of AIV have been
isolated from more than 90 species of wild birds, which mostly showed no clinical disease
(Ligon, 2005). Gulls, wild waterfowl and shore birds are the common reservoir of nearly all
AlIVs. They possibly have carried the viruses, asymptomatically, for thousands of years in an
environment that is most favourable for adaptation of the virus to the host. These particular
birds are very movable, and mainly wild waterfowl are well known to carry the virus over
long distances and to expel large quantities in their faeces (Ligon, 2005; WHO, 2005). All
other bird species are thought to be susceptible to being infected with AIV, even though some

more so than others, with less favourable consequences (Ligon, 2005).

Since 1996, the first history of the recent spread of HPAIV H5NT1 is thought to originate from
the wild bird reservoir into domesticated land-based poultry. The virus was initially reported
in Hong Kong, spread in the Far East region and later in some parts of Europe, Africa and the
Middle East. At present, the infection is endemic in poultry at least in different areas of
Bangladesh, Cambodia, China, Egypt, India, Indonesia and Viet Nam. Moreover, the viruses
have also been reported sporadically in poultry and wild birds in other countries, including
Europe (ECDC, 2011). Infected birds demonstrate a wide variety of symptoms, ranging from
mild illness to a highly contagious and rapidly fatal disease. Therefore, avian influenza A
virus strains are classified into two pathotypes: high pathogenic AIV (HPAIV) or low
pathogenic AIV (LPAIV). The majority of avian influenza A viruses are LPAI viruses that are
frequently associated with mild infection in poultry. In contrast, the HPAIV is usually
evolving from LPAIV precursors and causes sudden onset, severe illness, rapid death and up
to 100% mortality within 48 hours. Some HPAI viruses of subtype H5N1 have been found to
cause no illness in some poultry species, such as ducks (CDC, 2005; Capua and Alexander,
2006; Busquets et al., 2010). Until now, HPAIV is limited only to viruses of the H5 and H7
subtypes; therefore, both subtypes are notifiable to the World Organization for Animal Health
"OIE" (OIE, 2009).
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In contrast to the LPAIV which is usually limited to the respiratory and eliminatory tracts of
birds, the HPAIV causes high viraemia and systemic infection (Capua and Marangon, 2000;
Tiensin et al., 2005; Busquets et al., 2010).

In humans, LPAIV infections have been also reported, including very mild signs (e.g.
conjunctivitis) to influenza-like illness (CDC, 2005). Likewise, AIV of the subtypes H5 and
H7, including HSN1, H7N7, and H7N3 viruses, have been associated with human infections
causing mild (H7N3, H7N7) to severe and fatal disease (H7N7, H5N1). Unlike other avian
influenza viruses, HPAIV H5N1 is highly pathogenic for humans. The average human case-
fatality rate among recorded diseased cases still varies considerably, it was more than 50% in
2011 (ECDC, 2011; WHO, 2011). Nevertheless, the virus remains scantily adapted to
humans and transmission from birds to humans is not uncommon (Tarantola et al., 2010;
ECDC, 2011; Fiebig et al., 2011).

2.2 Worldwide situation of HPAI subtype HSN1

In April 1997, the first outbreak of HPAI subtype H5N1 was recorded in Hong Kong (Sims et
al., 2003; Minh, 2010). About 1.5 million poultry in all poultry farms and markets in Hong
Kong were destroyed as the result of control procedures. From 1999 to 2002, the virus was
persistently isolated from poultry farms and markets in Hong Kong (Sims et al., 2003; Minh,
2010). In 2001, HPAIVs were isolated from duck meat introduced from China into the
Republic of Korea (Chen et al., 2004). At the end of 2003, HPAI of subtype H5N1 from
poultry outbreaks was distributed throughout Asia. At the beginning of 2004, HPAI outbreaks
were concomitantly recorded in nine Asian countries: South Korea, Vietnam, Japan, Thailand,
Cambodia, Laos, Indonesia, China, and Malaysia (Li et al., 2004; Minh, 2010).

From 2003 to 2010, outbreaks of HPAIV H5N1 were recorded in Asia, Africa, Europe, and
the Middle East. The virus spread into household poultry, undomesticated birds, humans and
other mammals. In Europe, Germany reported two outbreaks in backyard poultry in
December 2007. In the north central part of Turkey on the Black Sea coast, an outbreak of
HPAI H5N1 was detected in backyard poultry in mid-January 2008 as well as in commercial
laying hens in the Grimean region of Ukraine. Moreover, several cases were detected in
carcasses of a small number of wild swans gathered in December 2007 and January 2008 in
Dorset (south-central coast of England), United Kingdom (OIE, 2008). HPAI outbreaks in
birds eventually have been recorded in more than 60 countries. This disease has then affected
both wild birds and land-based poultry.
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In humans, the incidence of HPAI subtype H5N1 outbreaks in 1997 in Hong Kong has
attracted worldwide concern due to the probability that this might supply satisfactory
conditions to begin an influenza pandemic. From 2004 to 2005, human infections with
HPAIV H5N1 were recognized in Vietnam, Thailand, Indonesia and Cambodia. A great
concern is directed to the subtype H5N1 because, at 22 July 2010, it infected 501 humans in
15 different countries (Minh, 2010; WHO, 2010).

2.3 Situation of HPAI H5N1 in Egypt

After Nigeria, Egypt was the second African country to report the infection of poultry with
HPAIV H5NI, on 16 February 2006 (Aly et al., 2008; Hafez et al., 2010). In the first wave
of the disease in 2006, the National Laboratory for Veterinary Quality Control on Poultry
Production (NLQP) reported infections of HPAIV H5N1 in 820 commercial poultry farms (1
grandparent, 67 broiler breeders, 332 layers and 366 broilers) and in one quail, 22 ducks and
31 turkey farms. In 20 March 2006, the first case of human infection with HSN1 was reported
in Egypt. Between March 2006 and March 2009, the Egyptian Ministry of Health recorded
6355 suspected cases of H5N1 infection (Kandeel et al., 2010). In November 2010, 36
fatalities out of 112 laboratory confirmed human cases were reported in Egypt. All confirmed
clinical cases of H5N1, except for three, were linked to household poultry possibly infected
with H5N1 virus due to either contact with or involvement in the slaughter and de-feathering
of backyard birds, approximately one week prior to the beginning of the symptoms (WHO,
2010; Abdelwhab and Hafez, 2011).

From 2006 to 2009, the incidence of HPAI H5N1 virus in Lower Egypt was higher than in
Upper Egypt in commercial farms, backyards and humans and the outbreaks were
concentrated mainly in the Nile delta (northern Egypt) (Table 1) (Aly et al., 2008; Hafez et
al., 2010; Arafa et al., 2012). In 2006 — 2008, an association of HSN1 outbreaks with winter
months was noticed in Egypt. When the temperature increased during the summer and
autumn, the occurrence of the disease decreased. On the other hand, in 2009, circulation of the
virus all year around has been reported in both commercial poultry and backyard birds
(Abdelwhab and Hafez, 2011; Arafa et al., 2012).
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Table 1: Outbreaks of HPAIV H5N1 recorded in different areas in Egypt from 2006 to 2011°

Region | Total | 2005/2006 | 2006/2007 | 2007/2008 | 2008/2009 | 2009/2010 | 2010/2011
Delta | 1595 708 143 80 161 302 201
Cairo | 330 198 24 8 23 51 26
Upper

513 125 77 31 88 104 88
Egypt
Other | 141 40 38 8 15 14 21
Total | 2579 1071 282 127 287 471 336

“Modified from Arafa et al. (2012)

2.4 Diversifying evolution of HPAIV H5N1

The origin of the Asian HPAIV H5NI1 (A/Goose/Gunagdong/96) is thought to be an
unidentified ancestral LPAI virus (es) circulating in wild aquatic birds (Alexander, 2000).
Meanwhile, the current HSN1 virus is mostly a reassortant derived from Goose/GD/96-like
virus and non-HS5 AIV. Over time, the HPAI of subtype H5N1 virus has varied into numerous
phylogenetically distinct lineages, classified according to the WHO/OIE/FAO nomenclature
system as clades 0 to 9, which are further sub-diversified into second, third and fourth orders
or clusters (WHO/OIE/FAOQO, 2008; Fusaro et al., 2010; WHO/OIE/FAO, 2012).

There are two main prevalent phylogenetic clades: Clade 1 viruses in Cambodia, Thailand,
and Vietnam and clade 2 viruses, which moved from China and Indonesia to Europe, the
Middle East and Africa. Until now, six distinct subclades of clade 2 have been identified
where H5N1 virus of clade 2.2 (designated as European-Middle Eastern-African "EMA" or
Qinghai-like in earlier publications) is predominant in central Asia, Europe, the Middle East
and Africa (Chen et al., 2004; Liu et al., 2005; Salzberg et al., 2007; WHO/OIE/FAO,
2009; Fusaro et al., 2010). In April 2005, the 2.2 clade was firstly discovered during a large
outbreak of a phylogenetically distinct HSN1 virus amongst wild bird populations at the
Qinghai-Lake in western China and quickly spread west throughout middle Asia and Europe,
eventually reaching Africa in 2006 (Salzberg et al., 2007; Fusaro et al., 2010). Thereafter,
clade 2.2 has diversified into clade 2.2.1 including the Egyptian viruses that recently
subgrouped into the clade 2.2.1.1. The later clade includes specifically the antigenic drift
variants isolated from vaccinated poultry while the 2.2.1/C "classic" subclade isolated mainly
from backyard birds and humans and accidently from vaccinated small-scale commercial
poultry (WHO/OIE/FAOQO, 2009; Abdelwhab et al., 2012a; WHO/OIE/FAOQ, 2012).
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2.5 Laboratory host system for the propagation of AIV

Formerly, two universal systems are used for influenza virus isolation: embryonated chicken
eggs (ECEs) and/or tissue/cell culture methods (Pearson, 2003; El Zowalaty et al., 2011).
Inoculation of ECEs in the allantoic sac of 9 — 11 day-old eggs is the common used route for
isolation and propagation of AIV. ECEs are the most sensitive system for AIV propagation
due to the growth of viruses with a high titre in eggs, regardless of the host origin of the virus
(Swayne et al.,, 1998). Avian, swine, human and equine influenza viruses are usually
propagated in ECEs and this method is still widely used for diagnostic purposes and vaccine
production (Swayne and Halvorson, 2003). Eggs obtained from specific pathogen free (SPF)
or AIV-free chicken is the frequent source ever, but eggs from turkeys, muscovy ducks and
mallards can support the replication of LPAIV and HPAIV as well (Capua et al., 2003). For
LPAIV, two or more passages are required to obtain a quantifiable virus, whereas HPAIV kill
the embryo within 72 hours after inoculation (OIE, 2009). Although ECEs are the most
efficient system for growth of influenza viruses, they are expensive and time consuming
(Reina et al., 1997). Moreover, further identification and subtyping using conventional
methods (e.g. haemagglutination inhibition "HI" test) is inevitable which is insensitive,
laborious, awkward and can lack specificity (Pearson, 2003; El Zowalaty et al., 2011).
Importantly, propagation of HPAIV HS5N1 to such high titre requires high biosafety

containment facilities, which are not available mostly in countries endemic with the virus.

On the other hand, a number of cell cultures and cell lines can successfully support the in-
vitro cultivation of the virus. Several cells from different species are used in different
laboratories for isolation and propagation of AIV; like primary chicken embryo kidney (CEK)
and primary chicken embryo fibroblast (CEF) or cell lines such as Madin-Darby canine
kidney (MDCK), chicken bone marrow macrophage (HD11), chicken fibroblast (DF-1), mink
lung epithelial (Mv1Lu) cells, quail fibroblast (QT-35), baby hamster kidney (BHK-21),
adenocarcinomic human alveolar basal epithelial cells (A549) or kidney of African green
monkeys (Vero) (Suarez, 2008; Moresco et al., 2010). It is worth mentioning that so far
there is no single cell line allows proliferation of all influenza virus subtypes. Moreover,
contrary to the HPAIV, addition of trypsin is a prerequisite for isolation of LPAI viruses
(Suarez, 2008).

2.6 Molecular diagnosis of HPAIV H5N1

Over the previous decade, the use of molecular methods, based on nucleic acid magnification
for molecular identification have enhanced the sensitivity and speed for diagnosis and
research investigations of AIV (Pasick, 2008). Polymerase chain reaction (PCR) is an
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influential molecular technique, which used mainly to magnify a single or few copies of DNA
to several-million-fold of copies. To use this technique for finding of AIV, a copy of DNA,
complimentary (cDNA) to viral RNA, is synthesised using a reverse transcriptase (RT)
enzyme and random hexanucleotides or a sequence-specific primer (Dhumpa, 2011). The
sequence of a target segment within the cDNA is usually amplified using a heat stable
polymerase enzyme from the bacterium Thermus aquaticus (TAQ) plus primers. The PCR
endpoint analysis is performed by gel electrophoresis. PCR is more sensitive than the
traditional virus isolation method. The improved sensitivity is predictable due to the detection
of RNA fragments from incompletely packaged virus particles or of viral RNA from
contaminated cells (Carter and Mahy, 1982; Dhumpa, 2011).

Moreover, molecular subtyping of different AIV serotypes/subtypes/pathotypes could be
achieved by specific primers targeting variable or conserved regions along the HA and/or NA
genes. Also, simultaneous detection of different HA or NA subtypes has been developed to
rapidly identify multiple influenza subtypes in one analytical run (Hoffmann et al., 2001;
Wang et al.,, 2008; Fereidouni et al., 2009; Gall et al., 2009). The main challenge for
accurate and sensitive diagnosis of AIV using PCR assays is the continuous mutation of the
virus. In the event of sequence mismatches, the oligonucleotide primers should be modified to
avoid false-negative results from infected flocks (Ellis and Zambon, 2002). In Egypt, the
2.2.1.1 clade found in vaccinated commercial birds escaped from the H5-specific PCR assay
recommended by the OIE (Slomka et al., 2007). Genetic analysis revealed several nucleotide
mismatches in the primers sequon complementary to the viral RNA (Arafa et al., 2010b).
Modification of those nucleotides improved dramatically the sensitivity of the PCR-assay for
detection of the divergent HPAIV H5N1 in Egypt (Abdelwhab et al., 2010a). Furthermore, a
versatile multiplex PCR assay for simultaneous detection and differentiation of the Egyptian
2.2.1.1 and 2.2.1/C genotypes has been successfully developed (Abdelwhab et al., 2010b).

Sequence analysis of influenza genes amplified by PCR may also be done to provide
information on novel genetic mutations and/or reassortment of AIV (Banks et al., 1998). In
many laboratories, sequence analysis of PCR amplicons is a routine practice, particularly of
the HA gene, where sequence changes are usually studied in relation to functional aspects by
reverse genetics (Cox and Bender, 1995). Generated sequences are used to study the
phylogenetic relatedness with the circulating or ancestral viruses to better understand the
epidemiology of the HPAIV H5N1 (Sims and Brown, 2008).
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2.7 Serological diagnosis of HPAIV H5N1

Serological assays are inexpensive valuable tools used widely in surveillance activities
(Spackman et al., 2008). The HI test, agar gel precipitation test (AGPT) and enzyme-linked
immunosorbent assay (ELISA) are commonly used tests for detection of antibodies or
antigens. HI is a simple test for diagnosis, vaccination monitoring and subtyping of AIV using
a panel of subtype-specific antisera or antigens representing the 16 HA subtypes. While the
HI and AGPT are found to be more specific for detection of AIV antibodies, ELISA was
more sensitive (Abraham et al., 1986; Swayne et al., 1997; Davison et al., 1998; Lu et al.,
2004). Several commercial ELISA kits are available for the detection of anti-AIV antibodies
in serum, plasma, and egg yolk from chicken. ELISA can be more sensitive than the AGPT
but may give false-positive results due to poor specificity. The ELISA positive test is
routinely confirmed with the AGPT (Swayne and Halvorson, 2003). ELISA, based on
heterologous (NA) subtypes or on NS1, has been successfully used to differentiate infected
from vaccinated birds (DIVA) (Capua et al., 2003; Zhao et al., 2005).

In Egypt, monitoring of vaccination efficiency by examination of serum samples collected
from vaccinated birds using the HI test is a routine laboratory investigation (Hafez et al.,
2010). A moderate to strong correlation between the HI titre and the efficiency of H5 vaccines
to protect chicken against HSN1 infection was reported (Tian et al., 2005; Kumar et al.,
2007). In contrast of the original 2.2.1 virus introduced into Egypt in 2006, the new variant
2.2.1.1 clade viruses induce very low titres as shown by testing serum samples obtained from
flocks vaccinated with HSN2 vaccines (Hafez et al., 2010; Grund et al., 2011; Kilany et al.,
2011; Abdelwhab et al.,, 2012b; Yoon et al.,, 2013). Likewise, a number of H5NI
monoclonal antibodies targeted different epitopes in the HA protein or commercial NP-
competitive ELISA were not able to detect anti-H5 or anti-NP antibodies, respectively, in sera
obtained from 2.2.1.1 variant vaccinated chicken, indicating a significant antigenic drift of the
Egyptian HPAIV H5N1 (Postel et al., 2011).

2.8 Prevention and control of HPAIV H5N1

Prevention and control of HPAIV H5NI1 are complicated duties that can be achieved by a
combination of several measures. No particular set of measures is probably suitable and
effective for all countries. The measures are to be selected and modified according to

economic situations and the disease condition of each country or area (Hinrichs et al., 2006).

The main approaches are: early detection, movement restriction of birds, improvement of

biosecurity in poultry farms, stamping out of infected poultry followed by cleaning and
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disinfection of poultry farms as well as of live bird markets and associated equipment and
facilities (FAQ, 2004; Hinrichs et al., 2006).

Vaccination of poultry has been recently introduced in several developing countries to
mitigate the socioeconomic impact of the endemic HPAIV H5NI1 on the poultry industry
(Swayne, 2012). However, vaccination of poultry as a sole tool is insufficient to eliminate
H5N1 in endemic countries and direct control measures must be implemented to support the
vaccination campaign (Capua and Marangon, 2006). Vaccination against the HPAIV has
several benefits: prevention of clinical disease and mortality, decreased shedding of the virus
into the environment, increased resistance of the host to infection, reduced bird-to-bird
transmission and limited losses in egg production (Van den Berg et al., 2008; Swayne,
2009). On the other hand, use of the vaccine masks the field infection, interferes with
serological surveillance and increases virus evolution and antigenic drift as the major
drawbacks of vaccination against HPAIV (Capua and Marangon, 2006; Abdelwhab et al.,
2011; Grund et al., 2011; Kilany et al., 2011). Two major types of vaccines have been
developed and are used in poultry against HPAIV: (1) inactivated whole virus vaccines,
administered by parenteral routes, seeded by the same H5 AIV strain matching the circulating
field virus (homologous) or prepared from an unrelated virus of the same subtype
(heterologous) (Swayne and Suarez 2000; Lee et al., 2004). It has been used extensively to
eradicate outbreaks of HSN2 in Mexico, H7N3 in Pakistan and to combat the HPAIV H5N1
in China, India, Indonesia, Viet Nam and Thailand (FAO, 2011; Swayne, 2012). (2) Live
recombinant vaccines: different viruses have been used as a vector for one or more genes of
AIV without interrupting the vector virus replication, like poxvirus, NDV, ILT, Adenovirus,
HVT and Vaccinia virus (Swayne et al., 2000; Liischow et al., 2001; Qiao et al., 2003;
Veits et al., 2008; Swayne et al., 2012). Mass application, labour saving, cost-effectiveness
and no interference with serological surveillance of vaccinated and infected birds are
advantageous (Swayne et al., 1999; Qiao et al, 2003). Main disadvantages of the
recombinant vaccines, except for the HVT-AIV, are that prior exposure or vaccination of
chicken with the vector virus as well as high levels of maternal immunity will lead to
vaccination failure (Rauw et al., 2011). Non-vaccine alternative approaches for control of
HPAIV HS5NI including antiviral therapies, avian-cytokines, RNA interference, genetic
breeding and/or development of transgenic poultry as complementary strategies for control of
HPAIV H5NI1 in poultry were recently reviewed in details by Abdelwhab and Hafez (2012).

In Egypt, the early control strategy depended on stamping out infected birds, achievement of
quarantine measures, movement restriction, cleaning, and disinfection. Nevertheless, the
disease spread throughout the country within a short period due to rapid and random

movement of live poultry and the lack of geographical barriers between most of the Egyptian
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governorates. Consequently, Egypt altered its control policy to include mass vaccination and
culling of infected birds. To date, at least 26 H5 vaccines are licensed in Egypt. These
vaccines are based on inactivated homologous H5N1 or heterologous H5N2 vaccines as well
as on tHVT-HS5 recombinant vaccines (Abdelwhab and Hafez, 2011).

2.9 Environmental persistence of AIV

A number of studies reported persistence of AIV in faecal materials, water or the environment.
In an early experimental study conducted by Webster et al. (1978), AIV retained infectivity
for 32 days in both faecal material and non-chlorinated river water. Persistence of AIV for
long periods in water at 4° C, 17° C, and 28° C has been recorded, whereby water temperature,
pH, and salinity greatly affected persistence of the virus (Stallknecht et al., 1990; Brown et
al., 2006). In addition, Horm et al. (2012) have studied persistence of H5N1 in the
environment. They found that HSN1 retained infectivity in rainwater not more than 4 days,
but viral RNA was detectable up to 20 days. They also could not detect any infectious virus
particles in pond and lake water or mud contaminated with high doses of the virus but viral
RNA was detected in water and mud for up to one and two weeks, respectively. Intriguingly,
H5N1 remained infectious and viral RNA was detected, although scarcely, in the aquatic
fauna and flora. Moreover, Hénaux et al. (2012) reported continuous circulation of LPAIV
during summer in unfavourable environmental conditions in California wetlands. Similar
observation has been recently reported in Egypt where a virus of the 2.2.1/C group was
isolated from backyard native ducks in mid-summer (Hassan et al., 2012).

2.10 Virus stability to physical factors

Several studies have addressed the sensitivity of AIV, particularly HPAIV HS5SNI, to
ultraviolet (UV) light, heat, sunlight, relative humidity and pH. Exposure to UV light was
effective for viral destruction on a clean surface, water or in air but not in faecal material, as it
protects the virus from direct UV light (Jeffrey, 1995; Lu et al., 2003; Chumpolbanchorn et
al., 2006; Lénés et al., 2010). In contrast, Shahid et al. (2009) found that UV light was not
effective in inactivating virus completely even after 60 minutes. Moreover, Birnbaum and
O’Brien (2008) mentioned that AIVs are generally sensitive to heat and Lu et al. (2003)
confirmed that heat accelerates the inactivation of the AIV in manure. At temperatures of 40°
C, AIV in manure may be killed within short time (Chumpolbanchorn et al., 2006). HPAIV
HS5NI can persist at 4° C for more than 100 days but the virus was inactivated after 24 hours
at 28° C, 30 minutes at 56° C (Shahid et al. 2009) and after 3 min at 70° C (Songserm et al.,
2006b). Likewise, at 4° C infectivity of HSN2 in wet faecal matter was retained after 35 days

but was inactivated after incubation at 25° C for 2 days (Beard et al. 1984). In addition,
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Chumpolbanchorn et al. (2006) showed that AIV lost its infectivity within 24 hours at 25° C
and at 40° C within 15 minutes. Lu et al. (2003) reported inactivation of H7N2 virus within
less than a week at an ambient temperature of 15-20° C. The virus lost infectivity completely
within 30 minutes after direct exposure to sunlight at an ambient temperature of 32 to 35° C.
In contrast, infectivity was retained after 4 days in the shade at 25 to 32° C (Songserm et al.,
2006b). Moreover, Wood et al. (2010) reported persistence of HPAIV on glass and steel after
13 days at low temperature and relative humidity conditions. Acidic pH (1- 3) and basic pH
(11- 13) had virucidal effect after 6 hours contact time for HSN1 (Shahid et al., 2009) and pH
2 for H7N2 for 2 minutes (Lu et al., 2003); yet, HSN1 virus retained infectivity at pH 5 (18
h), at pH 7 and 9 for more than 24 hours as reported by Shahid et al. (2009). Principally,
Wanaratana et al. (2010) noticed variation among different HSN1 viruses in sensitivity to

pH and temperature.
2.11 Inactivation of AIVs by chemical agents

While considerable published information and disinfection efficacy data regarding bacteria
and fungi exist, the efficacy of chemical disinfectants against viruses (Bieker, 2006),
particularly HPAIV HS5NI, is scanty. Chemical disinfectants acting against AIVs can be
grouped into soaps and detergents, acids, alkalis, chlorine and chlorine compounds, aldehydes,
oxidizing agents, phenol compounds, alcohols and quaternary ammonium compounds
(QACG:s) (Table 2) (Klein and Deforest, 1965, 1983; Evans et al., 1977; Scott, 1979; Maris,
1990: Maris, 1995; AusVetPlan, 2005; DeBenedictis et al., 2007). It is worth pointing out
that the mechanisms of virucidal activity by chemical agents are not widely understood but
theories exist (Maillard and Russell, 1997; Maillard, 2001; Lambert, 2004).

Lu et al. (2003) mentioned that H7N2 virus was inactivated after contact with 70% ethanol in
less than 30 minutes. Wanaratana et al. (2010) showed very low, if any, resistance of
different HPAIV H5NI1 against QAC, chlorine and phenol (Table 3). Lénés et al. (2010)
reported effectiveness of ozone, chlorine and chlorine dioxide in inactivating HPAIV H5N1,
whereas monochloramine required relatively higher doses and extended contact times to
induce significant reductions. Muhmmad et al. (2001) confirmed that AIV is very sensitive
to detergents, probably due to the destruction of the fat-containing virus envelop. Shahid et al.
(2009) observed that soap (lifebuoy®), detergent (surfexcel®) and alkali (caustic soda)
destroyed infectivity of H5SN1 after 5 min at 0.1, 0.2 and 0.3% dilution and all commercially

available disinfectants inactivated virus at recommended concentrations (Table 3).
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Table 2: List of available chemical disinfectants against HPAIV (modified from
DeBenedictis et al., 2007)

Chemical product Recommem.ied Mode of action Recommeflded Reference
Concentration contact time
Breaking down the cell walls
. of wviruses (lipid-containing 10 min
Alk?hs . o virus has up to several layers .
Sodium hydroxide 2% . Birnbaum
. o of fat that sheaths the nucleic ot
Sodium carbonate 10% . . . and O'Brien
. acid that the virus uses to 30 min
(washing soda) . . (2008)
Calcium hydroxide 39, infect the host cell. Alkaline
disinfectants stop the growth
of these viruses)
Acids
Hydrochloric acid 2-5% Inhibition of enzymatic 10 min Yilmaz et al
inorganic acid reactions. Proteins and nucleic az ct al.
(inorg (2004)
Citric acid 0.2% acid denaturize 30 min
(organic acid)
Chlorine
compounds 239
Calcium . .. .
hvpochlorite Protein denaturizing 10-30 min AusVetPlan
Sﬁium and oxidizing (2005)
. 2-3%
hypochlorite 10-30 min
(household bleach)
Oxidizing agents Denaturizing activi Muhammed
Hydrogen peroxide 3-6% livid g 4DN Aty 30 min ¢ al. (2001
Virkon® 1-2% on lpids an etal. (2001)
Aldehydes Alchilation of amino
Formalin 89 and sulphydrilic groups 10-30 min AusVetPlan
Glutaraldehyde 1723/ of protein and nitrogen 10-30 min (2005)
Formaldehyde 40‘V0 of the purinic basis 15-24 h
(1)

2.12 Factors affecting the efficacy of chemical disinfectants

Different environmental aspects such as humidity, pH, temperature, and organic load
considered to have a high impact on the efficacy of commercially available chemical
disinfectants against AIV (Maris, 1995; Sattar and Springthorpe, 1999; Prince and
Prince, 2001; Quinn and Markey, 2001; Maillard, 2004; Bieker, 2006). The rate of
chemical reaction can be enhanced in warm climate conditions, but the stability of chemical
disinfectants can be affected by very high temperatures. In contrast, cold environmental
temperatures will reduce the efficacy of chemical agents, and very cold climate can freeze
liquid-based chemical disinfectants. Factors like pH have the major impact on acidic- and
alkaline-based chemical disinfectants (Bieker, 2006). These chemical agents need specific pH
ranges (acidic for the acid based disinfectants and basic for the alkaline compounds) and are

sometimes affected by the presence of heavy organic soiling (Prince and Prince, 2001;
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Quinn and Markey, 2001). Additional factors can come into play depended on the proposed
application of a chemical agent. Several chemical disinfectants also have corrosive properties
of undesirable effects on some materials being treated. Quinn and Markey (2001) and
Bieker (2006) found that the deterioration of metal surfaces that were treated with bleach is a
primary example of corrosive properties of chemical disinfectants. Exposure time of the
disinfectant on sensitive surfaces or materials will also influence the degree of corrosion.
Furthermore, chemical disinfectants possess their own inherent stability properties and the
disinfectant product shelf life can be an important issue (Quinn and Markey, 2001; Bieker,
2006).

2.13 Suspension and carrier tests used for inactivation studies of influenza viruses

Different methods used for testing the virucidal efficacy of chemical disinfectants exist both
nationwide and worldwide in the form of guiding principles and published standards. The
most important two methods used for evaluating the virucidal efficacy of different types of
chemical disinfectants are suspension and carrier tests (Bieker, 2006). Suspension tests
evaluate the virus as liquid inoculum, while carrier tests are designed for evaluating virus
inoculum onto various materials. The standard protocols for testing the virucidal activity of
various biocides in suspension as well as carrier tests have been described in detail (Maillard,
2004; CEN, 2005; OECD, 2009). In Germany, the virucidal testing of chemical disinfectants
used in the veterinary field is performed according to the guidelines of the German Veterinary
Medical Society "DVG" (Anonymous, 2007). The basic protocols involve the use of
Newcastle disease virus (NDV) as well as the Vaccinia virus as representatives of enveloped
viruses and the enteric cytopathogenic orphan (ECBO) virus as well as the Reovirus as
representatives of non-enveloped viruses as test organisms. Testing of virucidal activity of
chemical disinfectants by DVG methods using organic soiling and surface porosity may under
field conditions significantly interfere with the inactivating potency of chemical substances.
According to the guidelines, tests have to be performed at room temperature (20-22° C).
However, several experiments stated that temperature is one of the most important factors to
be considered when using chemical disinfectants (Herbst et al., 1990; Haneke, 1991;
Yilmaz et al., 2004); especially the efficacy of aldehydes and organic acids is reduced at
temperatures under 20° C (Yilmaz and Kaleta, 2003). In the European Committee for
Standardization (CEN), 10° C is designated as the test temperature. Additional testing
temperatures at room temperature, 0° C, 4° C and 10° C are optional. Another difference
between the guidelines is the protein load. According to DVG-guidelines, the suspension test
is run using 40% foetal calf serum (FCS) as a protein load, whereas the CEN protein load
consists of yeast extract and bovine serum albumin (BSA) (low level 0.4% and high level 2%)

(Yilmaz and Kaleta, 2003).
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Yilmaz et al. (2004) studied the efficacy of two commercial disinfectants against AIV using
suspension tests and poplar wood carrier tests loaded with serum to simulate the field
conditions considering organic soiling and surface porosity. The tests were carried out at 20°
C for reaction times of 15-120 min and additionally at 10 and 4° C for reaction times of 5 and
10 min. Both disinfectants were initially effective but showed losses of efficacy when organic
load increased and temperature decreased. Both disinfectants were suitable at 20° C but for
safe inactivation at 4° C the contact time had to be extended up to 120 min. To evaluate the
virucidal activity of six commercial disinfectants against LPAI viruses, Lombardi et al.
(2008) used materials made up of metal, plastic and wood as carriers, which are typically
present in a poultry house. They noticed that all tested disinfectants were effective at
maximum concentrations, although not all of the tests on porous surfaces were conclusive and
a lower neutralization index for wood was believed to be due to better recovery from the

media rather than poor inactivation on the surface.
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Materials and Methods

CHAPTER 3: MATERIALS AND METHODS

3.1 Materials

3.1.1 Avian influenza virus

Two HS5SNI1 isolates, A/chicken/Egypt/0626/2006 (designated here as EGY06) and
A/chicken/Egypt/1094/2010 (designated as EGY 10) were obtained from the repository of the
Department of Poultry Diseases and Hygiene, Faculty of Veterinary Medicine, Alexandria
University, Egypt. They were selected according to the NLQP database of official outbreaks
reported to the General Organization of Veterinary Services in Egypt, which indicated that the
most frequent outbreaks were recorded in 2006 and 2010 with 1071 and 471 outbreaks,
respectively. The two strains were isolated from cloacal and tracheal swabs of broiler flocks
with high mortality during the 2006-2010 HPAIV H5NI1 outbreaks in two different areas
along the Northern Coast of Egypt. The first strain, EGY06 was isolated from a non-
vaccinated flock in February 2006 in the Alexandria governorate. While the second strain,
EGY 10, was isolated from a vaccinated flock in November 2010 in the Marsa Matrouh

governorate.
3.1.2 Embryonated chicken eggs
Specific Pathogen Free (SPF) chicken embryonated eggs were purchased from Kom Oshiem

Farm, Fayoum province, Egypt.

3.1.3 Chemical disinfectants

No. | Disinfectant Contents Concentration | Company
Alpha Chemical (39
1 | Formalin Formalin 38% Melsa Buildings, Cairo,
11361, Egypt

2 | Glutaraldehyde | Glutaraldehyde iigz%l,ACbzirZ(iagg;p ¢

Potassium Antec International- A
21.41%

3 | Virkon®-S Perqumono sglfate DuPont Company
Sodium Chloride 1.5% (Sudbury, Suffolk CO10
other ingredients 77.09% 2XD, UK)

Didecy Dimethyl

Ammonium Chloride 18.75¢

Octyldecyl Dimethyl Sogeval (Laboratoire
. . 37.5¢

4 | THa® Ammonium Chloride Sogeval, 200, avenue
Alkyl Dimethyl Mayenne, 53022 Laval
Benzyl Ammonium 50g Cedex 9- France)
Chloride
Glutaraldehyde 62.5¢
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3.1.4 Wood and Gauze carriers

Source

Description

Carrier

The poultry farm of the Faculty of
Veterinary Medicine, Alexandria

University, Egypt

2 cm’ large

and 1 mm thick

Pieces of poplar wood

i . 2 cm? large
Tiba pharma company, Alexandria, Egypt . Gauze
and 4 layers thick
3.1.5 Solutions and reagents
3.1.5.1 Phosphate buffer saline (PBS)

Weight Reagent
80¢g NaCl
02¢g KCl
1.15¢g Na,HPO4
02¢g KH,PO4

Add to 1 liter Distilled water

Autoclave at 12° C for 15 minutes

3.1.5.2 Bovine calf serum (BCS)
Sigma-Aldrich Chemie GmbH, Germany

3.1.5.3 Chicken red blood cells (RBCs)

Product NO.12133C  Bovine calf serum

Blood was collected from the wing vein of chicken in sterile tubes containing 3.8% sodium

citrate solution.

3.1.5.4 Antibiotic solution for 1 liter PBS

2x10° IU Penicillin G
200 mg Streptomycin

0.5x10°1U Mycostatin
250 mg Gentamycin
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3.1.5.5 RT-PCR reaction mix
RT-PCR amplification was carried out using Qiagen® Onestep kit as mentiond in point
3.22.2.2.

3.1.5.6 Agarose gel (1.5%)
Agarose gel medium (1.5%) was prepared as agarose powder (ABgene) 1.5 gm plus 100 ml of
1x Tris Acetate EDTA (TAE) buffer (Serva, Germany). The agarose was melted in the

microwave until it was completely melted.

3.1.5.7 Ethidium bromide solution
Ethidium bromide solution (10 mg/ml) was prepared from Ethidium bromide powder (Sigma)

10 mg and 1.0 ml of sterile distilled water.

3.1.6 Instruments and equipments

3.1.6.1 Bio-Rad iCycler Thermal Cycler (2x48 PCR Machine)
PCR amplification of the two isolates of HSN1 was done by using the iCycler thermal cycling
instrument (iCycler, Biorad, USA), which provides optimum performance for PCR and other

thermal cycling techniques.

3.1.6.2 Applied Biosystems 3130 genetic analyzer
A sequencer machine (Applied Biosystems 3130 genetic analyzer, 4 capillaries system; 80

cm, Hitachi, Japan) was used after adjustment of its software for genetic analysis of H5N1.

3.1.6.3 Microtiter plates

V-shaped 96 Well Microtiter Microplates were obtained from the Sigma Aldrich Chemicals
Company (Eschenstrasse 5, 82024 Taufkirchen, Germany). These plates were used in HA and
HI tests.

3.1.6.4 Multichannel micropipette
The multichannel micropipette from 5-50 ul (Biohit Proline®, Helsinki, Finland) was used in

the current study for HA and HI tests.

3.1.6.5 Vortex-Genie
The vortex-Genie Model K 550-GE (USA) was used for mixing the samples.
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3.1.7 Kits

Kit Cat-No.

Manufacturer

QIAamp viral RNA Mini Kit 52904

Qiagen GmbH, Hilden, Germany

Qiagen one step RT-PCR Kit | 210212

Qiagen GmbH, Hilden Germany

QIAquick Gel Extraction kit 28704

Qiagen GmbH, Hilden Germany

BigDye® Terminator V3.1

. . 4336935 | Applied Biosystems, Foster City, USA
Cycle Sequencing kit
i . Princeton Separations Inc., Adelphia, New
Centri-Sep spin columns CS-901
Jersy, USA
3.1.8 Software
Software Version Reference
DNA sequencing analysis software 5.1 Applied Biosystems
SecScape 2.5 Applied Biosystems
BioEdit 7.1.9 Hall (1999)
Multiple Evolutionary Genetics Analysis (MEGA 5) 5.0 Tamura et al. (2011)
Multiple Sequence Alignment (MUSCLE) 3.5 Edgar (2004)
Inksacpe 0.48 Inkscape.org
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Materials and Methods

3.2 Methods

3.2.1 Virus propagation and isolation

HS5NI1 virus was propagated in SPF ECEs via the allantoic sac route of inoculation. Eggs were
kept in the egg incubator at 37° C with humidity 40-60% for 9-11 days. The eggs were
inoculated with suspected fluid and then incubated at 37° C for 72 hours. The allantoic fluid
(AF) was then harvested and kept at -80° C until use.

3.2.2. Identification of AIV subtype HSN1

3.2.2.1 Classical methods

Classical methods (HA and HI tests) for the identification of the two isolates were carried out
in the Department of Poultry and Hygiene, Faculty of Veterinary Medicine, Alexandria
University, Egypt. The allantoic fluids were tested primarily by the HA test and confirmed by
HI test, using monospecific antiserum against AIV H5N1 for the presence or absence of

haemagglutinating viruses (OIE, 2009).

3.2.2.1.1 Rapid slide haemagglutination test

Blood was collected from the wing vein of chicken in sterile tubes containing 3.8% sodium
citrate solution. An equal volume of PBS was added and the blood was centrifuged at 3000
round per minute (rpm) for 10 minutes. After 3 wash cycles, 0.5% RBCs in PBS was used for
HA and HI tests. Briefly, 0.1 ml of harvested fluid was taken from an SPF embryonated
chicken egg and placed in a glass slide plus an equal amount of 10% washed chicken RBCs

was used for the rapid slide agglutination test.

3.2.2.1.2 Haemagglutination test

The test was conducted as previously described (OIE, 2009). Each well of a microtitre 96-
well V-bottomed plate was initially filled with 25 pL of PBS. Then, 25ul of a virus sample
was added in each well in the first line of the plate and a two fold dilutions was made across
each line for the whole plate. Lastly, 25 pL of 0.5% chicken RBCs were added to each well
and the plate was incubated for about 45 min at room temperature. Reading of the results was
done by sloping the plate 45 degrees and the HA activity was detected by the formation of tear
shaped streaming of RBCs. One HA unit in the haemagglutinin titration is the smallest
amount of virus that will cause complete agglutination of the RBCs. The last well that

demonstrates complete agglutination is the well that contains one HA unit.
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3.2.2.1.3 Haemagglutination inhibition test (HI)

The HI was done after (OIE, 2009) using a V-bottom disposable plate. A total of 25 pL of
allantoic fluid from each sample was dispensed into the first well of the microwell plate and
then two-fold dilutions were started with 25 pL. PBS. Negative and positive control allantoic
fluid samples were included on one plate. Then 25 pl of monospecific Al HSN1 antiserum
(prepared by the Central Laboratory for Evaluation of Veterinary Biologics, Abbasia, Cairo,
Egypt) (4 HA units) were added to each well. Then, 25 pul of 0.5% chicken red blood cell
suspension were put in each well. The sides of the plate were gently tipped for mixing. A
cover was placed on the plate. The plate was allowed to stand for 45 minutes at room

temperature. The results were observed and recorded.

3.2.2.2 Molecular characterization and phylogenetic analysis of HPAIV H5N1
Molecular identification and genetic analysis were conducted in the gene analysis unit of the

National Laboratory for Veterinary Quality Control on Poultry Production (NLQP), Egypt.

3.2.2.2.1 Viral RNA extraction

Total RNA extraction was done by using the QIAamp Viral RNA Mini Kit (Cat no. 52904,
GmbH, Hilden, Germany) according to the manufacturer guidelines using 140 pl sample and
the RNA was eluted in 60 ul AVE buffer provided by the kit, then stored at 0-4° C when used
within 2-3 days, otherwise kept at -80° C.

3.2.2.2.2 RT-PCR

Reverse transcription and PCR reaction for amplification of the HA and NA genes of H5N1
viruses were done in one step using the Qiagen® Onestep RT-PCR Kit. Each gene was
divided into two overlapped fragments to be easy amplified, using primers described in point

3.1.9 in a total volume of 25 pl as following:.

Reagent Volume
(nL)/reaction
Buffer 5x containing 12.5 mM MgCI2 5
QIAGEN One Step RT-PCR Enzyme Mix 1
Forward primer 1
Reverse primer 1
dNTP Mix, 10 mM 2
RNase-free water 10
Template RNA 5
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The thermal profile of the RT-PCR was as following:

Step Temperature Time Cycle
RT 50°C 30 min

95° C 15 min X
PCR 95°C 30 sec

56° C 45 sec 40 x

72° C 2 min

72° C 10 min 1x

Storage 4° C

To amplify full HA and NA gene segments, two overlapping regions (denoted A and B) were
amplified separately for each gene segment (H5 and N1 gene). For the HA gene, primer pairs
4FV2 and H5-1064R were used for amplification of fragment H5/A for both viruses, EGY06
and EGY 10, with expected fragment size of 1085 bp. Primer pairs KH1 and HR and primers
H5-F4 and 4RV2 were used to amplify 976 and 977 bp of fragment H5/B of EGY06 and
EGY 10, respectively. For the NA gene of both viruses, primers 6FV2 and N1-R2 were used to
amplify 815 bp of segment N1/A and primers N1-608 and 6RV2 for amplification of 804 bp
of the overlapping N1/B gene fragment.

3.2.2.2.3 Agarose gel electrophoresis

Agarose gel medium (1.5%) was prepared, melted in the microwave until it was completely
clear and mixed with ethidium bromide solution (0.1- 0.5 pg/ml). The PCR products were
inoculated (8 pl of product mixed with 3 pl of loading dye) in agarose gel. For determination
of the DNA fragment size in parallel 5 pul 100-bp DNA ladder was loaded. Then the gel was
covered with 1X TAE buffer and run at 95 volt for 40 min. The gel was examined by a UV
transilluminator for DNA visualization.

3.2.2.2.4 Purification of the PCR products

The purification of the PCR products was done using the QIAquick Gel Extraction kit
according to the manufacturer recommendations, where the DNA was finally eluted in 50 or
30 ul of the provided buffer EB.

3.2.2.2.5 Sequencing reaction
The sequencing reaction of the purified one step RT-PCR products was performed using the
Terminator V3.1 kit following the instructions provided by the producing company. Each

reaction was adjusted to a total volume of 20 pl as following:
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Volume (uL)
Reagent
Big dye terminator v.3.1 2
Primer 1
Template DNA 1to 10
PCR grade water Add to 20

Then the reaction was loaded to the genetic analyzer following this thermal profile:

Cycle Time Temperature
1 x 1 min 96° C

10 sec 96° C
25x 5 sec 50° C

2 min 60° C

3.2.2.2.6 Purification of sequence reaction
Using the Centri-sep spin columns kit according to the manufacturer protocol, the sequence
reactions were purified from the unincorporated dye terminators as well as possible salts and

protein contamination which may interfere with the electrokinetic injection of the instrument.

3.2.2.2.7 HA and NA genes sequencing

Once the cycle sequencing reaction was completed and purified, the sample was analyzed
using a DNA Sequencer. The purified sequence reaction was mixed well with 10 pl of Hi-Di
formamide. The mixture was arranged in 96 well plates and was loaded to the sequencer

machine.

3.2.2.2.8 Sequence analysis

The obtained sequences were firstly viewed and edited by the DNA sequencing analysis
software version 5.1. Then, partial overlapping generated sequences of both HA and NA
genes were assembled by SecScape V 2.5 to obtain full gene sequences. Using the nucleotide
Basic Local Aligment Search Tool (BLASTN) our query sequences were entered, the highly
similar sequences (megablast)" option was selected and other advanced options for blast
search were set as default. Similar sequences were identified and retrieved from the GenBank
database. Also both viruses were compared with the available gene HA and NA sequences of
A/chicken/Egypt/06207-NLQP/2006 (HA accession number: EU372943.1), one of the earliest
viruses introduced into Egypt in 2006 and designated here as the parent virus, as well as with

isolated viruses from the Alexandria and Marsa Matrouh provinces. BioEdit software was
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used to generate alignment between the retrieved and generated sequences and were further
manually edited. Potential N-linked glycosylation sites of the HA and NA proteins were
predicted using the NetNGlyc 1.0 Server, where N-X-S/T and X can be any amino acid
residue except proline (Gupta et al., 2002). Moreover, potential O-linked glycosylation
amino acid residues were predicted by the NetOGlcy 1.0 server (Julenius et al., 2005).
Amino acids mutations found in EGY10 in comparison to EGY06 were imposed on the
tertiary structure of the H5 and N1 proteins using 3D-JIGSAW (Contreras-Moreira and
Bates, 2002), then viewed and edited by RasTop version 2.7.1. Amino acid numbers
mentioned in this study are according to the H5 and N1 numbering systems of the EGY06
virus. Phylogenetic relatedness of our viruses to representative viruses from Egypt and Asia
were done by the Neighbor-Joining and bootstrap analysis was performed with 1000
replications as implemented in MEGAS. Evolutionary trees were further edited using the

Inkscape software 0.48 for improving the quality.

3.2.3 Inactivation of HPAIV HS5N1 using commercially available disinfectants

Virucidal efficacy of chemical disinfectants using suspension test with and without protein

and a wood carrier test were carried out according to the DVG guideline (Anonymous, 2007).

3.2.3.1 Titration of HPAIV H5N1 for infectivity

The mean embryo infectious dose (EIDsg) of HPAI H5N1 viruses was measured by ten-fold
serial dilutions (10" — 10”) of the allantoic fluid suspension. Each dilution was inoculated in 9
— 11 day-old SPF ECEs via the allantoic sac. Eggs were incubated for 3 days at 37° C. After 3
days incubation, the AF was harvested from each egg and tested for HA activity to determine
the presence or absence of AIV. The results were tabulated and the EIDsy was then calculated
by the formula of Reed and Muench (1938).

3.2.3.2 Suspension test with or without protein

In the suspension test without protein a solution with 1 ml virus suspension, 0.8 mL PBS and
0.2 ml of the ten-fold concentration of each disinfectant was used at room temperature (20-
22° C). In the suspension test with protein the PBS was replaced by 0.8 ml BCS. Then, 0.1 ml
aliquots of this mixture were taken after 15, 30, 60 and 120 min and diluted in 9.9 ml of PBS.
The HA activity of HSN1 was tested on slides for the presence or absence of the virus.

Estimation of the HA titre was done using a microtitre plate incubated at room temperature.
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3.2.3.3 The wood and gauze carrier test

A suspension of 1 ml H5N1 virus, 0.8 ml of bovine calf serum (BCS) and 0.2 ml ten-fold
concentrated disinfectants (Formalin, Glutaraldehyde, TH4® and Virkon®S) was prepared.
Briefly, 0.1 ml of the protein loaded virus suspension was dropped onto each wood and gauze
carriers. The carriers were dried in sterile petri dishes for 60 min at room temperature. The
infected carriers were then immersed in selectable disinfectants in their final concentrations of
0.5, 1% and 2% and left at room temperature for 15, 30, 60 and 120 min afterwards; each
carrier was homogenized, and then placed in 9.9 ml PBS. Vortex was used for centrifuging
the samples. The HA activity of HSN1 was tested on slides for the presence or absence of the
virus. Estimation of the HA titre was done using a microtitre plate incubated at room

temperature.
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CHAPTER 4: RESULTS

The primary objective of this study focused on rapid molecular diagnostic methods for the
identification and subtyping of HPAIV in Egypt. The second aim was to determine in vitro the

efficacy of four different commercially available chemical disinfectants on the two isolates.
4.1 Detection and identification of AIV subtype HSN1

4.1.1 Classical methods
Both isolates showed positive results when titered in the microplate HA test. The HA titre of
EGY06 was estimated to be 1:64 (Log, %) while the HA titre of EGY10 was 1:128 (Log ).

4.1.2 Molecular identification and phylogenetic analysis of HPAIV subtype H5N1

4.1.2.1 Detection of HPAIV subtype H5N1 by RT-PCR

The full HA and NA gene sequences were amplified using the generic primers described in
Table 5. We succeeded to amplify the whole HA and NA gene segment of the two H5NI1
viruses. As shown in Figure 1, each gene fragment was amplified in two different RT-PCR

reactions and bands were at the expected molecular weight.

Table 5: Description of results obtained by RT-PCR to detect HA and NA full genes of the
selected isolates of AIV subtype H5N1

No. | Sample name Primers used base pairs (bp)
length
1 | HA, fragment A of EGY06 4FV2 + H5-1064R 1085
2 | HA, fragment A of EGY10 4FV2 + H5-1064R 1085
3 | Negative control - -
4 | HA, fragment B of EGY06 KHI + HR 976
5 | HA, fragment B of EGY 10 HS5 F4 + 4RV?2 977
6 | Negative control - -
7 | NA, fragment A of EGY06 6FV2 + N1 R2 815
8 | NA, fragment A of EGY 10 6FV2 + N1 R2 815
9 | Negative control - -
10 | NA, fragment B of EGY06 N1 608 + 6RV2 804
11 | NA, fragment B of EGY 10 N1 608 + 6RV2 804
12 | Negative control - -
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Figure 1: Amplification of HA and NA genes of EGY06 and EGY 10 H5N1 using RT-PCR
Shown: lane M, DNA molecular marker (100 bp ladder); lanes 1 and 4, fragments H5/A and
H5/B of HA gene for EGY06 (1085 and 976 bp, respectively); lanes 2 and 5, fragments H5/A
and H5/B of HA gene for EGY10 (1085 and 977 bp, respectively); lanes 3, 6, 9 and 12,
negative controls; lanes 7 and 10, fragments N1/A and N1/B of NA gene for EGY06 (bps 815
and 804, respectively); lanes 8 and 11, fragments N1/A and N1/B of NA gene for EGY'10 (bps
815 and 804, respectively)

4.1.2.2 Sequence analysis of the hemagglutinin of HPAI HSN1 EGY06 and EGY10

Sequences of the HA genes of EGY06 and EGY 10 were submitted to the GenBank and their
accession numbers are KF178948 and KF178950, respectively. The length of the EGY06 HA
gene is 1707 nucleotides which encodes 568 amino acids (aa); 16 aa in the signal peptide and
552 aa in the mature HA protein. The length of HA of EGY10 is 1704 which encodes 567 aa
(16 aa in the signal peptide and 551 aa in the mature HA protein). The HA length of EGY06 is
similar to the parent-2006 virus, while the EGY10 has three-nucleotide-deletion **TCA*”
which encodes the aa serine at position 145 (S145) (H5 numbering). This deletion (denoted as
S145A) is shown in Figure 2 as black bold arrow. Compared with the parent 2006 virus the
HA of EGYO06 has only 3 nucleotide differences with 99.82% homology, while the EGY 10
has 31 nucleotide differences compared with both parent and EGY06 viruses, with 98.18%
homology.

A total of 11 amino acid substitutions were found in EGY 10 compared to both the parent and
EGYO06 viruses with 98.06% identity. One mutation occurred in the signal peptide through
substitution of the leucine (in the parent virus) by isoleucine in EGY 10 virus as shown in
Figure 2. Ten mutations were observed in the HA1 subunit, namely D59N, S136D, S145A,
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1167T, D170N, N171D, R178K, N209K, G288S and R341K. All strains have 6 potential GS.
Four potential GS are located at the HA1 subunit: 26NN828, 39NVT41, 182NTN184, 302N SS30
and two GS in the HA2 subunit: *’NGT** and **NGT>*. The PCS of all viruses have
multiple basic amino acids where the EGY06 is identical to the parent virus with the
ERRRKKR*GLF motif but EGY10 has the EKRRKKR*GLF motif. All mutations in the

HAT1 subunit occurred in "coil" secondary structures, except [167T which occurred in "strand"

structure (Figure 2).
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Figure 2: Amino acid sequences alignment of the HA protein of EGY06 and EGY10 in
comparison to the parent A/chicken/Egypt/06207-NLQP/2006 virus

Amino acids M' to S'® are the signal peptide of the HA protein. No amino acid differences

between EGY06 and the parent virus but 11 novel amino acid substitutions were found in the
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2010 virus: one mutation occurred in the signal peptide, 10 mutations in the HA1 subunit and
no mutations were found in the HA2 subunit. The black bold arrow refers to the deletion at
the receptor binding residue S145A. GS refers to a total of 6 potenital N-linked glycosylated
sites (N-X-S/T) while PCS refers to the proteolytic cleavage site motif: ERRRKKR*GLF.
The secondary structure of the HA was predicted and illustrated: white cylinders refer to
predicted "helix" structures, white arrows to "strand" structures and black-bold lines to "coil"
structures. No O-linked GS was found. Dots indicate residues that are identical to the

corresponding residues in the parent virus-

As shown in Figure 3, all mutations occurred in the globular head domain except D59N,
(2888 (in stalk domain) and R341K in the PCS.

Figure 3: Position of amino acid substitutions found in EGY10 on the predicted tertiary
structure of the HA of the parent A/chicken/Egypt/06207-NLQP/2006 virus.

Shown is the trimer structure of the HA of the parent virus (left); mutations found in the HA
of EGY'10 virus were imposed on the monomer of the HA protein of the parent virus (right):
front view, head view and back view. Mutations in or adjacent to the immunogenic epitopes
are illustrated in green, deletion within the receptor binding domain in red, substitution in
potential GS in magenta, substitution in the PCS in yellow, mutation with unknown function
in cyan and the PCS is depicted in blue. Protein modeling was generated by JIGSAW
(Contreras-Moreira and Bates, 2002) and edited by RasTop version 2.7.1.
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4.1.2.3 Sequence analysis of the neuraminidase of HPAI HSN1 EGY06 and EGY10

Sequences of the NA genes of EGY06 and EGY 10 were submitted to the GenBank and their
accession numbers are KF178949 and KF178951, respectively. The length of the NA gene of
both EGY06 and EGY10 is 1363 nucleotides which encode 449 aa, equal to the length of the
parent virus. Compared with the parent 2006 virus, the NA of EGY06 has six nucleotide
differences with 99.56% homology. While the EGY10 has 30 nucleotide differences
compared with the parent virus and 34 nucleotide differences to EGY06 with 97.8% and
97.5% homology, respectively. Only the S436Y substitution was unique for EGY06 compared
to the parent and EGY 10 viruses. In contrast, 11 amino acid substations were found in EGY 10
compared to the parent and EGY06 viruses as shown in Figure 4. Two mutations were
observed in the transmembrane domain: V20A, M291, two in the stalk: A46D, P48S while
seven mutations occurred in the globular head domain: R91K, L204M, S319F, M353I,
S366N, D378E, and S430G (Figure 4). The NA protein of EGY06 has a 99.78% identity rate
to the parent virus and 97.32% to the EGY 10 virus. Also, the NA protein of EGY'10 shares
97.55% identity with the parent virus. Three potential GS are located at the stalk (**NSS™)
and head domain ("**NGT'* and **NGS?!") as shown in Figure 4. No O-linked GS was

found.
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Figure 4: Amino acid sequences alignment of the NA protein of EGY06 and EGY10 in
comparison to the parent A/chicken/Egypt/06207-NLQP/2006 virus
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Amino acids M' to K® are the cytoplasmic domain, I’ to S** are the transmembrane domain,
H* to S” are the stalk region while the rest is the head domain according to Munier et al.
(2010). Only one aa difference between EGY06 and the parent virus but 11 novel amino acid
substitutions were found in EGY10. GS referes to the three potenital N-linked glycosylated
sites (N-X-S/T). Dots indicate residues that are identical to the corresponding residues in the

parent virus.

Figure 5: Tertiary structure of the NA protein of the parent A/chicken/Egypt/06207-
NLQP/2006 virus

Shown are right side view, head view and left side view of the NA monomer. The stalk and
head domains are only predicted. Mutations in the stalk region and head are illustrated.
Protein modeling was generated by JIGSAW (Contreras-Moreira and Bates, 2002) and
edited by RasTop version 2.7.1.

4.1.2.4 Phylogenetic relatedness of the HA and NA genes of EGY06 and EGY10

Phylogentic analysis of HA genes revealed that EGY06 is closely related to the predecessor
parent virus of clade 2.2.1, introduced into Egypt in early 2006 (Figure 6). In contrast, EGY 10
clustered within the classic 2.2.1/C group that contains recent human-origin H5N1 viruses and
viruses isolated from chicken in small- scale vaccinated commercial farms. The same

topology was also observed in the phylogenetic tree of the NA genes (Figure 6).
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Figure 6: Phylogenetic relatedness of HA gene (left) and NA gene (right) of EGY06 and
EGY10 to other Egyptian HSN1

The phylogenetic trees of the HA and NA were generated using the Neighbor-Joining Method
with 1000 bootstrap replicates by the Maximum Composite Likelihood Model implemented in
MEGAS. Viruses obtained in this dissertation are written in black-bold lines. The EGY06
virus was close to the parent virus introduced into Egypt in 2006, meanwhile EGY10
clustered with HS5NI1 viruses isolated from human-origin and small-scale vaccinated
commercial farms in the 2.2.1/C group. Both viruses distinguish from the variant 2.2.1.1 clade
commonly isolated from medium to large-scale vaccinated commercial poultry farms. Trees

were rooted to the corresponding sequences of the origin of the Eurasian H5N1 viruses,
A/Goose/Guangdong/1/1996.
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4.2 Inactivation of two strains of HPAIV subtype HSN1 using four disinfectants

4.2.1 Propagation and titration of HPAIV subtype HSN1

Propagation of EGY06 and EGY10 strains was done by inoculation in 9 — 11 day-old SPF
embryonated chicken eggs and incubation at 37° C for 72 hrs. The harvested AF was tested by
slide and plate agglutination. The HA titre of the two strains were Log, ° and Log, /,
respectively. To determine the mean EIDsy, serial dilutions of 10 to 10 were then
inoculated into the allantoic sacs of 4 — 5 SPF embryonated eggs. The EID50 was estimated
according to the Reed and Muench (1938) to be Logj, > and Log;o "> EIDs¢/ 0.1 ml for
EGYO06 and EGY 10, respectively.

4.2.2 Inactivation of HPAIV of subtype HSN1 EGY06 by four chemical disinfectants
4.2.2.1 Suspension test with or without protein load

Different commercially available chemical disinfectants commonly used in the Egyptian
poultry market, using Formalin, Glutaraldehyde, TH4® and Virkon®S were tested for their
capability of inactivating HPAIV subtype H5N1 at concentrations of 0.5%, 1% and 2% at
different contact times (15, 30, 60 and 120 min). Use of Formalin 1% and 2% in the presence
as well as absence of protein load led to a complete inactivation of the HSN1 strain EGY06 at
all contact times. In contrast, use of Formalin 0.5% with protein load did not inactivate the
virus at 15 min contact time and the HA titre decreased to Log, ' (Tables 6+7, Figure 7). In
contrast, Formalin 0.5% without protein load led to complete inactivation of the tested strain
at all contact times. Use of 0.5% Glutaraldehyde without protein load and 1% as well as 2%
with or without protein load inactivated the virus completely at all contact times. In contrast,
Glutaraldehyde at a concentration of 0.5% with protein load at 15 min contact time failed to
inactivate the virus completely and the remaining HA titre was Log, >. Glutaraldehyde 0.5%
with protein load inactivated this strain at contact times of 30, 60 and 120 min. Use of TH4®
with and without protein load was highly efficient to inactivate the avian influenza virus even
at low concentration (0.5%) at all contact times. When the virus was tested against Virkon®S
0.5% in the presence or absence of protein load, the virus still survived at all contact times
except after 120 min exposure time without protein load. Treatment with Virkon®S 1% and
2% with and without protein load led to complete inactivation of the virus strain at all contact
times.

In summary: TH4® and then Formalin were the best disinfectants even at lowest
concentrations (0.5%), leading to inactivation of EGY06. Glutaraldehyde and Virkon®S led

to complete inactivation of the virus only at higher concentrations (Tables 6 and 7, Figure 7).
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Table 6: Use of the slide agglutination test after treatment of EGY06 H5NI1 with four

commercially available chemical disinfectants (suspension test)*

Slide agglutination test after wusing
suspension test with different effect times in

Disinfectant Protein load minutes
concentrations
15 30 60 120
Formalin without - - - -
0.5% with + - - -
Formalin without - - - -
1% :
with - - - -
Formalin without - - - -
2% : - - -
with -
Glutaraldehyde without - - - -
0.5% with + - - -
without - - - -
Glutaraldehyde 1% :
with - - - -
without - - - -
Glutaraldehyde 2% :
with n - - -
TH4 without - - - -
0.5 % Wlth _ _ _ ]
TH4 without - - B _
1% :
with - - - -
TH4 without - - - -
2% :
with - - - -
Virkon ®-s without + + + -
0.5 % with + + + +
Virkon ®-s without - - . _
1% with - - . }
Virkon ®-s without - - . i}
2% with - , . ]

* EID50 before handling was Logjo /0.1 mL virus m = Gel formation
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Table 7: Estimation of HA titres of EGY06 H5N1 after treatment with four commercially

available chemical disinfectants using the plate agglutination test™*

HA titre in microtitre plate after using
suspension test with different contact times
Disinfectant Protein load In minutes
concentrations
15 30 60 120
Formalin without - - . _
0.5% With 1 _ _ ]
Formalin without i i ] ]
1% ‘
with - - - -
Formalin without i i - -
2% ‘
with - - _ )
Glutaraldehyde without - - - .
0.5% With 2 _ _ ]
Glutaraldehyde without - - - .
1% with ] ) ) )
Glutaraldehyde without - - B} _
2% with . . . .
TH4 without - - . }
0.5 % With _ _ _ ]
TH4 without - - . }
1% :
with - - _ )
TH4 without - - - ]
2% :
with - - - -
Virkon ®-s without 2 1 1 ]
0.5 % with 2 2 o) 1
Virkon ®-s without - - - _
1% with ] ] ) ]
Virkon ®-s without - - - }
2% with ] ] ) -
6
* HA titre (Log,) before handling =2 m = Gel formation
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4.2.2.2 Effect of four chemical disinfectants on EGY06 by use of carrier tests
4.2.2.2.1 Gauze carrier test

As shown in Table 8, treatment of the strain EGY06 of EID50 Log;o 715 Wwith 0.5%, 1% and
2% Formalin, Glutaraldehyde (1%, 2%) and TH4® (1%, 2%) led to complete inactivation of
the virus at all contact times. In contrast, using 0.5% of Glutaraldehyde and TH4® showed a
minimal response of the virus which still survived at 15 min, giving Log, ' HA titres in both
trials. After 30, 60 and 120 min the virus was completely inactivated by TH4® 0.5% but also
after 30 min contact time; Glutaraldehyde 0.5% failed to inactivate this strain and the
remaining HA titre was Log, ' (Table 9). The efficacy of Virkon®S on EGY06 by using the
gauze carrier test gave unsatisfactory results (Figure 8). Virkon®S inactivated the virus only
after 60 min at a concentration of 0.5% and in 30 min at a concentration of 1%. Only 2%

concentration led to complete inactivation of this strain at all contact times.
4.2.2.2.2 Wood carrier test

Formalin 1% and 2% inactivated the virus at all contact times in both trials (Tables 10+11)
while use of Formalin 0.5% failed to inactivate this strain, resulting in a HA titre Log, ' in the
first trial at 15 min contact time (Table 11). For Glutaraldehyde 1 and 2%, the virus did not
survive at all contact times in both trials (Figure 9). Glutaraldehyde 0.5% decreased the HA
titre of this strain into Log, 2 at 15 min contact time in both trials and to Log, !"at 30 min in
the first trial only. Use of TH4® 1 and 2% at all contact times led to the complete inactivation
of this strain, whereas with TH4® 0.5% the virus survived until at 15 min and led to a still
remaining HA titre of Log, 1. Virkon®S 2% performed differently, it did inactivate the virus
at all contact times of 15, 30, 60 and 120 min, while at 0.5% the tested strain survived at 15
min contact time, still showing Log, * HA titre in the first trial and Log, * in the second trial.
The HA titre also still was Log, * in both trials at 30 min contact time (Figure 9). In case of
Virkon®S 1%, the tested virus failed to resist at 30, 60 and 120 min contact time in both

trials, while at 15 min, the HA titre also was Log, "in both trials.
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Table 8: Effect of four different chemical disinfectants on the strain EGY06 of subtype H5N1

by use gauze as a carrier (slide haemagglutination test)

Vil;usl Detection of the remained virus confirmed
Disinfectant (clé)InD?())) Trial by slide haemagglunation test after
concentrations in number different contact times in minutes
Log 10 15 30 60 120
Formalin 7.15 1 - - - )
0.5% 7.15 b ) ) i i
Formalin 7.15 1 ) ) i i
o
1% 7.15 o) ) ] i ]
Formalin 7.15 1 ) _ j i
o
2% 7.15 ) ] ) i ]
Glutaraldehyde 7.15 1 + + - -
0.5% 7.15 ) " + i i
Glutaraldehyde 715 1 - - - -
1% 7.15 ) ) ] i i
Glutaraldehyde 7.15 1 - - - -
2% 7.15 ) ) ) i i
TH4 7. 1 5 1 + _ _ _
0.5 % 7.15 ) " ) i i
TH4 7.15 1 ) _ i i
o
1% 7.15 7 ) ] i ]
TH4 7.15 1 ) ] i i
o
2% 7.15 ) ] ) i ]
Virkon ®-s 7.15 1 + + - .
0.5 % 7.15 7 " + i i
Virkon ®-s 7.15 1 + - - .
1% 7.15 b " ] i i
Virkon ®-s 7.15 1 - - - .
2% 7.15 ) ) ] i i

EID50 before handling was Log; 71501 mL virus
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Table 9: Estimation of HA titre of strain EGY06 subtype H5N1 in the gauze carrier test

using the plate agglutination test*

HA titre in microtitre plate after using Gauze carrier
.. . test with different contact times in minutes
Disinfectant Trial
concentrations number
15 30 60 120
Formalin 1 3 3 3 3
0.5% 2 - - - -
Formalin 1 - - - -
1%
) - - - -
Formalin 1 - - - -
2%
2 - - - -
Glutaraldehyde 1 1 1 B 3
0.5% 2 1 1 - -
Glutaraldehyde 1 3 ) ) B
1% 2 - R - -
Glutaraldehyde 1 3 ) ) B
2% 2 - - - -
TH4 1 1 - - -
0.5 % 2 1 - - -
TH4 1 - - - -
1%
) - - - -
TH4 1 - - - -
2%
2 - - - -
Virkon ®-s 1 3 1 i} B
0.5 % 2 2 1 - -
Virkon ®-s 1 1 B ) B
1% 2 1 - - -
Virkon ®-s 1 3 ) ) 3
2% 2 - - - -

6
* HA titre (Log,) before handling was =2
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Table 10: Effect of four chemical disinfectants on the strain EGY06 of subtype HSN1 by use

wood as a carrier (slide haemagglutination test)

Virus control . . .
EID50 Detection of the remained virus
Disinfectant ( . ) Trial confirmed by slide haemagglunation test
. in . . . .
concentrations Log number | after different contact times in minutes
10
15 30 60 120
Formalin 7.15 1 + - . )
0.5% 7.15 ) ) ) i ]
Formalin 7.15 1 ) ) i ]
1)
1% 7.15 ) ) ) i ]
Formalin 7.15 1 ) _ . ]
1)
2% 7.15 ) ) ) i ]
Glutaraldehyde 715 1 + + - -
0.5% 7.15 o) 4 ) i ]
Glutaraldehyde 7.15 1 - - - B}
1% 7.15 o) ) ) i ]
Glutaraldehyde 7.15 1 - - - }
2% 7.15 o) ) ) i ]
TH4 7 1 5 1 + _ _ _
0.5 % 7.15 o) + ] i ]
TH4 7.15 1 ) ] . ]
1)
1% 7.15 ) ) ) i ]
TH4 7.15 1 ) _ . ]
1)
2% 7.15 ) ) ) i ]
Virkon ®-s 715 1 + + - -
0.5 % 7.15 ) 4 + i ]
Virkon ®-s 7.15 1 + - - .
1% 7.15 o) 4 ) i ]
Virkon ®-s 7.15 1 - - - }
2% 7.15 o) ) ) i ]

EID50 before handling was Log 7150 1 mL virus
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Table 11: Estimation of HA titre of strain EGY06 subtype H5N1 in the wood carrier test

using the plate agglutination test*

HA titre in microtitre plate after using the wood
Disinfectant Trial carrier test with different contact times in minutes
concentrations number
15 30 60 120
Formalin 1 1 - 3 _
0.5% 2 - . - -
Formalin 1 - - - -
1%
2 - - - -
Formalin 1 } i i ]
2%
2 - - - -
Glutaraldehyde 1 2 1 - -
0.5% 2 2 _ _ _
Glutaraldehyde 1 - - - -
1% 2 _ ] i i
Glutaraldehyde 1 - - - -
2% 2 _ ) i i
TH4 1 1 - - -
0.5 % 2 1 _ _ _
TH4 1 - - - -
1%
2 - - - -
TH4 1 - - - -
2%
2 - - - -
Virkon ®-s 1 3 2 - .
0.5 % 2 2 2 - -
Virkon ®-s 1 1 - - .
1% 2 | _ _ _
Virkon ®-s 1 - - - -
2% 2 - - - -

6
* HA titre (Log,) before handling was =2
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Results

4.2.3 Inactivation of HSN1 EGY10 using four disinfectants
4.2.3.1 Suspension test with or without protein load

The same disinfectants were tested for their capability of inactivating the other strain of
HPAIV-H5N1 EGY10.

Formalin 0.5% without protein load led to complete inactivation of the virus after all contact
times, 15, 30, 60 and 120 min (Tables 12+13). The same concentration with protein load
failed to inactivate the virus at 15 min. contact time, resulting in a low HA titre (Log » ).
After 30, 60 and 120 min, the virus was completely inactivated by 0.5% Formalin, even in the
presence of protein load. 1% and 2% of Formalin with and without protein load led to

complete inactivation of the virus at all contact times.

Glutaraldehyde 0.5% without protein showed a complete inactivation of the virus even after

the shortest contact time (15 min), while the presence of a protein load protected the virus at
15 minutes, giving a higher HA titre of Log, °. This titre was higher than for Formalin 0.5%
with a protein load at the same contact time. In contrast, the virus did not survive after being
treated with the 0.5% concentration at 30, 60, 120 minutes contact times. Glutaraldehyde with
a concentration of 1% with and without protein load led to a strong inactivation of the virus at
each contact time. Use of Glutaraldehyde 2% without protein load was efficient enough to
inactivate the virus, while the presence of a protein load led to gel formation and reading of its
HA titre was difficult (Tables 12+13).

For TH4® at 0.5%, 1% and 2% in the presence or absence of a protein load, strain EGY 10

was completely inactivated at all contact times.

For Virkon®S 0.5% without protein load, this strain could survive for 15, 30 and 60 min at
Log, %, Log, ! and Log, ' HA titres, respectively. At 120 min with and without protein load the
tested strain was completely inactivated, while it survived at Virkon®S 0.5% in the presence
of protein load; this strain could resist at 15, 30 and 60 min with resultant HA titres of Log, >,
Log, > and Log, '. On the other hand, use of Virkon®S 2% with and without protein load and
Virkon®S 1% without protein load at 15, 30, 60 and 120 minutes contact times was efficient
enough to inactivate this strain completely. At 1% concentration, Virkon®S in the presence of
a protein load failed to inactivate this strain at 15 min contact time, the HA titre was Log, '
(Tables 12+13 and Figure 10).
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Results

Table 12: Use of the slide agglutination test after treatment of EGY10 H5N1 with four

commercially available chemical disinfectants (suspension test)*

Slide agglutination test after using suspension
Disinfectant Protein load test with different effect times in minutes
concentrations
15 30 60 120
Formalin without - - - -
0.5% with + ] ] ]
Formalin without ] _ i ]
1% :
with - - - -
Formalin without _ j i ]
2% :
with - - - -
Glutaraldehyde without - - - -
0.5% with + - - .
Glutaraldehyde without - - - -
1% with ] ] ] ]
Glutaraldehyde without - - - .
2% with . . . .
TH4 without - - - -
0.5 % Wlth a _ _ _
TH4 without - - - -
1% :
with - - - -
TH4 without - - B _
2% :
with - - - -
Virkon ®-s without + + + -
0.5 % with + + + -
Virkon ®-s without - - - -
1% with + - - .
Virkon ®-s without - - - -
2% with ] ] ] ]

* EID50 before handling was Log;o 813/0.1 ml virus

Gel formation = m
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Results

Table 13: Estimation of HA titres of EGY10 H5NI1 after treatment with four chemical

disinfectants using the plate agglutination test™*

HA titre in microtitre plate after using suspension

Disinfectant Protein load test with different contact times in minutes
concentrations
15 30 60 120

Formalin without - - - -

0.5% with 1 - - ;

Formalin without _ _ _ )
1% )

with - - - -

Formalin without ; - - -
2% )

with - - - -

Glutaraldehyde without - - - -

0.5% with 3 - ] ]
Glutaraldehyde without - - - -
1% with ] ] _ ]
Glutaraldehyde without - - - -
TH4 without - - - ;
0.5 % Wlth _ _ _ )
TH4 without - - . }

1%
with - - - -
TH4 without - - - }

2%
with - - - -
Virkon ®-s without 2 1 1 ;
Virkon ®-s without - - - -
1% with 1 ; ] ]
Virkon ®-s without - - . )
2% with - - i _

7
* HA titre (Logy) before handling was =2

Gel formation = m
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Results

4.2.3.2 Effect of four chemical disinfectants on EGY10 H5N1 by use of carrier tests
4.2.3.2.1 Gauze carrier test

Treatment of EGY10 H5NI1 of a high EID50 of Logo 813/0.1 ml of virus with Formalin
0.5% showed complete inactivation of the virus in both trials, even at the shortest contact time

(15 min). Formalin 1% and 2% gave the same results.

After treatment of the strain with Glutaraldehyde 0.5% in the first trial, the virus was
inactivated at contact times of 30, 60 and 120 min, while at 15 min contact time, the virus was
not affected by the disinfectant (HA Titer Log, '). In the second trial, the virus survived till 30
min (HA Titer Log, ") and was inactivated completely at 60 and 120 min (Table 14).

TH4® at 1 % and 2% concentrations and Virken ®-s at 2% concentration were able to
inactivate this strain at all contact times without problems. In contrast, TH4® 0.5% failed to

inactivate the virus at 15 min contact time (Figure 11) resulting in HA titre of Log, .

In case of Virkon ®-s 0.5%, the respective strain resisted till 30 min in both trials at a HA
titre of Log, 3 at 15 min contact time and Log, 2 at 30 min contact time in the first trial. In the
second trial at 15 and 30 min contact times the resultant HA titre was Log, 2. Treatment with
Virkon ®-s 1% led to complete inactivation at 30, 60 and 120 min contact times in both trials,
while after 15 min a HA titre of Log, ' remained in both trials (Table 15).
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Results

Table 14: Effect of different different chemical disinfectants on the strain EGY10 of subtype

H5N1 by use gauze as a carrier (slide haemagglutination test)

Vi trol Detection of the remained virus
Disinfectant lrEch)(;]:) ro No. of confirmed by slide haemagglunation
1stntee a}n ( . ) 9' 0 test after different contact times in
concentrations in trials minutes
L.og 10/ml 15 30 60 120
Formalin 8.13 1 - - - -
0.5% 8.13 ) _ ) _ _
Formalin 8.13 1 - - - -
1%
0 8.13 N ] ) ] ]
Formalin 8.13 1 - - - -
2%
? 8.13 ) ] ] ] ]
Glutaraldehyde 8.13 1 - -
0.5% 8.13 2 + - -
Glutaraldehyde 8.13 1 - - - -
1% 8.13 ) _ ) _ i
Glutaraldehyde 8.13 1 - - - -
2% 8.13 o) - - - R
TH4 8 . 1 3 1 _ _ _
0.5 % 8.13 ) ) _ i
TH4 8.13 1 - . - -
1%
0 8.13 N ] ] ] ]
TH4 8.13 1 - . - -
2%
0 8.13 ) ] ] ] ]
Virkon ®-s 8.13 1 - - - -
0.5 % 8.13 2 + + - -
Virkon ®-s 8.13 1 + - -
1% 8.13 ) + ) _ i
Virkon ®-s 8.13 1 + - - -
2% 8.13 ) _ ] ) _

EID50 = Logio 813/0.1 ml virus
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Table 15: Estimation of HA titre of the rest EGY10 H5NI1 virus after treatment with

chemical disinfectants by the gauze carrier test (plate agglutination test) *

.. . HA titre in microtitre plate after using the Gauze
Disinfectant Trial . . . . . .

. carrier test with different contact times in minutes

concentrations number
15 30 60 120

Formalin 1 - - - -
0.5% 2 - . - -
Formalin 1 - - - -
1% 2 - - - -
Formalin 1 - - - -
2% ) - . , -
Glutaraldehyde 1 1 - - -
0.5% 2 1 1 - -
Glutaraldehyde 1 3 - - -
1% 2 - - , -
Glutaraldehyde 1 - . - -
2% ) - . , -
TH4 1 ! - - -
0.5 % 2 1 . - -
TH4 1 - - - -
1% 2 - - , -
TH4 1 - - - -
2% 2 - - - -
Virkon ®-s 1 3 2 - -
0.5 % 2 2 2 - -
Virkon ®-s 1 1 - - -
1% 2 1 - - -
Virkon ®-s 1 - - - -
2% 2 - - - -

7
* HA titre (Log,) before handling was =2
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Results

4.2.3.2.2 Wood in carrier test

Using Formalin 0.5% in both trials, the strain EGY 10 survived only at 15 min contact time
with a Log, 1 HA titre (Figure 12) and was completely inactivated at 30, 60 and 120 min
contact times. At Formalin 1% and 2%, the tested virus was inactivated completely at all

contact times.

Treatment of the strain with Glutaraldehyde at 0.5% concentration led to virus inactivation
after 30, 60 and 120 min contact times, while the virus survived 15 min in the presence of
Glutaraldehyde 0.5% at a HA titre of Log, ' in the first trial. Additionally, in the second trial,
the virus survived after 15, 30 min, the HA titre of the virus decreased from 27 to Log !
(Table 17). After 60 and 120 min contact times, the virus was completely inactivated.
Glutaraldehyde at 1% and 2% concentrations led to complete inactivation of the HSN1 virus

at all contact times and in both trials.

Concerning TH4® 1% and 2% and Virkon ®-s 2%, the tested virus did not resist these
disinfectants concentrations all contact times. When the strain was treated with TH4® 0.5%, it

maintained a low HA titre (Log, " at 15 min contact time in both trials.

For Virkon ®-S 0.5%, the HA titre decreased from 27 to Log 3 at 15 min contact time,
decreased further to a Log, 2 HA titre after 30 and 60 min, while after 120 min contact time
the virus was completely inactivated. Also for Virkon ®-s 1%, the HA titre of Log, > was only
maintained at 15 min (Table 17+ Figure 12).

In conclusion, the results revealed that there were no significant differences between the two
EGY06 and EGY10 isolates when treated with different types of chemical disinfectants. 1%
of Formalin, Glutaraldehyde and TH4® most likely are efficient to achieve complete

sanitation of poultry houses and farms, even in the presence of organic matter.
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Results

Table 16: Effect of different chemical disinfectants on the strain EGY10 of subtype H5N1 by

use woord as a carrier (slide haemagglutination test)

. Detection of the remained virus
Virus control . .
EID50 No. of confirmed by slide haemagglunation
Disinfectant ( ) ) 9' 0 test after different contact times in
. in trials .
concentrations Log 10 /ml minutes
g 15 30 60 120
Formalin 8.13 1 + - - -
0.5% 8.13 o) + ) ) i
Formalin 8.13 1 _ ) ] ]
[))
1% 8.13 ) ) ] ) i
Formalin &.13 1 _ _ _ i
2% &.13 ) ) ) i i
Glutaraldehyde 8.13 1 - -
0.5% 8.13 ) N ) ]
Glutaraldehyde 8.13 1 - ] ] ]
1% 8.13 2 - - - -
Glutaraldehyde 8.13 1 - - - -
2% 8.13 o) - - - R
TH4 8.13 1 + ] ] _
0.5 % &.13 ) + ) _ i
TH4 8.13 1 _ ] ) i
0

1% 8.13 ) ) ] i i
TH4 8.13 1 B - - -
2% &.13 ) ) ) i i
Virkon ®-s 8.13 1 + + -
0.5 % 8.13 2 + + -
Virkon ®-s 8.13 1 + - - .
1% &.13 ) " ) _ i
Virkon ®-s 8.13 1 - - - -
2% 8.13 ) _ ] ] _

EID50 = Log;o *'*/0.1 ml virus
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Results

Table 17: Estimation of HA titre of the rest EGY 10 H5N1 virus after treatment with chemical

disinfectants by using the wood carrier test (plate agglutination test) *

. ] HA titre in microtitre plate after using wood carrier
Disinfectant Trial . . . . .
. test with different contact times in minutes
concentrations number
15 30 60 120
Formalin 1 1 - - -
0.5% ) 1 - - -
Formalin 1 , - - -
1%
2 - - - -
Formalin 1 - - - -
2% 2 - - - -
Glutaraldehyde 1 1 - - -
0.5% 2 1 1 - -
Glutaraldehyde 1 - - - -
1% 2 - - - -
Glutaraldehyde 1 ) ) ) )
2% o) - - - _
TH4 1 1 - - -
0.5 % 2 1 - - -
TH4 1 - - - -
1% 2 - - , -
TH4 1 - - - -
2% 2 - - - -
Virkon ®-s 1 3 2 2 -
0.5 % 2 3 2 2 -
Virkon ®-s 1 2 - - -
1% ) 2 - - -
Virkon ®-s 1 3 3 B} -
2% 2 - - - -

7
* HA titre (Log,) before handling was =2

57




8¢
7= sem Surjpuey 210J2q (2307) an1 VH
L

[e puoddS =g (eI ISI{ =V onn uoneunn3sewdey = VH
@YHL =1 S-@UOYIIA =A OpAUop[eIeIN) =) UIBULIO] = J

SJUBJOBJUISIP JO UOIBIUADUOD
m n ® 2] - - < <
=) o =) =) ) o ) ) - m ® @ - - < < m m 0] [9) - - < <
v a o 3] o o v 3] - - - - - - - - N N N N N N N N
P S S S S X R R R R ® 2R SIS - - T S
B 2 23 2 B 3z T = T 2 B 2 Z z = 3T 2 2 2 Z : T
J | | | | | | | | | | | | | | | | | | | | | | | | |
“ulw 0Z| 1dye anl vH - & & & & & & & -y & G & & & & & - & & & & & & & 0
‘uiw 09 J3yje ai} YH LT L LT L L L LT LZ LT L LFZ LZ L L LT L L L LZ LZ LZ L, L
‘ulw og J8ye a3 VH o & & a7 &7 A AT AT AT AT & & AT A AT AT AT A A A& A
‘ulw G| Jaye ann vH o & & & & & _— & & & & & & &
Bupuey a1050q 213 VH e
€
4
annvH
~SG
-9
~L
‘ulw 0Z| Jeye sl VH B ‘ulw o9 J18ye N YH O ‘ulw og 19y dYH @ ‘ulw Gl Jaye anl vH B Bujipuey a10)3q 3} VH B

(3591 uoneunn33e
ojerd) 1591 JOLLIBD UI POOM Y} AQ SIUBIOIJUISIP [BIIWAYD YIIM JUSUNEBIT) e SNIIA [NGH 0TADH 1591 2y JO san1 YH JO uonewnsy g dan3ig
S)NsoY




Discussion

CHAPTER 5: DISCUSSION

5.1 Detection and identification of AIV subtype H5N1

In the present study, two strains of AIV subtype H5N1 were isolated from infected poultry
broiler farms suffering from respiratory distress with high mortality rates in two different
Egyptian Governorates, namely the Alexandria and Marsa Matrouh Governorates during the
highly frequent and most severe outbreaks of HPAIV H5N1 from 2006 to 2010. The isolation
was carried out in SPF. Additional tests as the HA test on fluids from eggs inoculated with the
tested samples was used to confirm the presence of haemagglutinating agents. Positive
samples for HA were then examined by the HI test to distinguish AIV from other
haemagglutinating viruses, for instance of Newecastle Disease (ND) and of Egg Drop
Syndrome (EDS) (Beard, 1980; Nooruddin et al., 2007). Subsequently, HI tests confirmed
the AIV subtype HS5 by excluding other haemagglutinating viruses. Finally, the RT-PCR
method used particular sets of primers to identify H5 and N1 genes of the AIV.

5.2 Molecular characterization

Although virus isolation in ECEs and/or cell culture is the common way for the detection of
ALV, these methods are still time consuming. As a result, other molecular diagnostic
techniques such as the one-step RT-PCR have shown to get more fast and responsive
diagnostic results (Van Aarle et al., 2006). In the current study, RT-PCR was carried out to
the whole length of both NA and HA genes, wherever they were sequenced directly after gel

purification.

In February 2006, Egypt had reported the first outbreaks of HPAI H5N1 in poultry due to
infection with an HSN1 virus of clade 2.2.1. Continuous infections of vaccinated poultry and
non-vaccinated backyard birds resulted in establishment of two distinct genetic lineages. The
variant 2.2.1.1 clade viruses that have been isolated exclusively from vaccinated commercial
poultry, mainly chicken and the 2.2.1/C group that have been isolated from humans and small
scale commercial farms. Sequence and phylogenetic analysis indicated that EGY06 is very
close to the predecessor parent virus. Although, the first reported cases in Egypt in early 2006
were in Cairo and closer provinces, however EGY06 has been isolated from broiler farm in
Alexandria with high identity to 2006 viruses. That may indicate the wide spread of H5N1
virus in poultry in Egypt due to rapid, random and uncontrolled movement of live birds and/or
by products (Abdelwhab and Hafez, 2010). On the contrary, EGY 10 belonged to the 2.2.1/C
group and was isolated from vaccinated commercial broiler chicken in Marsa Matrouh

province. Although, experimental studies showed that the available vaccines in Egypt may
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protect chicken against viruses of 2.2.1/C (Grund et al., 2011; Abdelwhab et al., 2011),
however isolation of these group in the field has been reported from vaccinated chicken
(Kilany et al., 2010; Arafa et al., 2012; El-Zoghby et al., 2012). It is well known that under
field conditions several factors can influence the vaccine efficacy such (1) defects in vaccine
storage, transportation or manipulation (2) failure of protection due to improper vaccination
(3) or due to prior/concurrent infections with immunosuppressive and/or immunedepressive
agents (Abdelwhab and Hafez, 2012).

In this study, the HA protein of EGY10 has 11 amino acid substitutions compared with the
parent virus. One mutation occurred in the signal peptide through substitution of the leucine
(in the parent virus) by isoleucine in EGY 10 virus. Ten mutations were found in the HA1
subunit: DS9N, S136D, S145A, 1167T, D170N, N171D, R178K, N209K, G288S and R341K.
Although both viruses have polybasic cleavage site motif PQGERRRKKR*GLF in EGY06
and PQGEKRRKKR*GLF in EGY10, however single amino acid substitution (R341K) has
been fixed and exclusively found in the 2.2.1/C group (Abdelwhab et al., 2012a). Mutations
in this position have been recently confirmed to modulate virulence of the Egyptian H5N1
virus in 2.2.1.1 clade (Yoon et al., 2013) and it remains to be elucidated in the 2.2.1/C group.
Importantly, group 2.2.1/C including EGY 10 has a unique deletion S145 deletion which is
characteristic for the Egyptian viruses of this genetic group. This deletion was firstly
described by Abdelwhab et al. (2010) in viruses of human and backyard origin as well as in
all human seasonal HIN1 and H3N2 isolated in Egypt (Abdelwhab et al., 2010b). This result
was similar to that obtained by Abdel-Moneim et al. (2010), who clarified that the deletion in
amino acid serine S145 is also present in all virus groups belonging to 2.2 sublineages Al.
Moreover, this position is close to a domain modulating receptor interaction of a typical HA
gene of H5NI clade 2.2.1 isolated from equine. The most important concern is: strains with
this deletion appear to evolve through a receptor usage that resembling human HIN1. Thus, a
concern has been raised about possible evolution of this Egyptian genotype to use HIN1-like
receptors to efficiently replicate in the upper respiratory tract of humans that may induce
subclinical "silent" infections and/or possible human-to-human transmission (Veljkovic et al.,
2009; Van Kerkhove et al., 2011). Significant conformational changes due to A145 occurred
around the binding pocket of the viral HA, consequently contact angel between sialic acid
receptor and the viral HA has been modified which might produced more stable adjustment
for binding human receptors. Using reverse genetics, Watanabe et al. (2011) found that
recombinant Egyptian HSN1 viruses carry a double mutations A145/1167T enhanced binding
affinity of the virus for human receptors and retained simultaneously their avian receptor
specificity and increased viral tropism to the human lower respiratory tract epithelium. In

addition, lower titer of those mutants was required to establish severe infection in mice model
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in comparison to the original Egyptian HSN1 genotype, which was not highly pathogenic to
mice. In addition to alteration in glycosylation pattern via D170N and N171D substitutions
are characteristics for the recent human viruses of 2.2.1/C sublineage. The impact of these de-
novo changes should be investigated by reverse genetics. Similar findings were obtained by
Rockman et al. (2012), who compared the antigenic structure of the haemagglutinin
sequences of two highly pathogenic strains of HSN1 (A/Vietnam/1194 and A/Indonesia/5/05),
belonging to clade 1 and clade 2.1 with the A/Bar-headed Goose/Qinghai/65/05 clade 2.2
virus. Numerous substitutions at positions 140, 145, 171 and 172 were present, all of which
are near to the receptor binding site on the distal globular head membrane of the HA. These
antigenic sites propose that these amino acid locations relate to the antigenic development of
the HS clade 1 and clade 2.2 viruses. Consequently, these substitutions may be helpful for the
universal design of vaccines against the various H5 HA sublineages newly found in

circulation.

Meanwhile the NA protein of EGY10 has 11 amino acid substitutions. Two mutations were
observed in the transmembrane domain: V20A, M291, two in the stalk: A46D, P48S while
seven mutations occurred in the globular head domain: R91K, L204M, S319F, M353I,
S366N, D378E, and S430G. Four distinguished substitutions at A46D, L204M, S319F and
S430G were described by Abdelwhab et al. (2012a) as less frequently noticed in chicken
isolates in comparison to recent backyard and human origin viruses. They mentioned that
residue 319S is a part of an immunogenic epitope (C) of the NA protein meanwhile other
residues had no unknown function. The impact of these mutations on the NA enzymatic
activity of the NA should be elucidated. Nevertheless, it is well known that, compensatory

changes in the NA are required to facilitate viral entry and release.

Taken together, the Egyptian viruses are evolving toward more stable infection in human,
which is of great concern for the scientific community (Neumann et al., 2012). Therefore, as
a parallel line to guard and prevent the spread of disease and avoid more economic losses to
the poultry industry and spill-over to human, the current study concentrates on prophylaxis
and sanitation by comparing some of antimicrobial agents and their effects on HPAT H5N1

Egyptian strains.

5.3 Chemical inactivation of HPAIV subtype HSN1

The global threat for outbreaks of AIV has extremely increased. Consequently, it is most
important to have effective procedures, such as disinfection, to prevent the further spread of
infection between flocks. Former studies on AIV disinfection were carried out with various

substances in suspension tests with and without organic load or on carriers (King, 1991).
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Nevertheless, the majority of chemical disinfectants tested in these studies are not common
today, and the techniques applied were not actually appropriate for testing the capability of a
disinfectant under veterinary field conditions. Particularly in animal husbandry, the necessities
put on a chemical disinfectant are very high, as many factors like high organic soiling even
after accurate cleaning, dissimilar materials with often-permeable surfaces, low temperatures

and short contact times can harmfully influence its effectiveness.

In the present study, the efficacy of four chemical disinfectants to inactivate the two HPAI
was firstly carried out using suspension tests with or without protein load as well as carrier
tests with protein.

The obtained results in the present study showed that the use of Glutaraldehyde, Formalin,
TH4® 0.5%, without protein load in suspension tests led to complete inactivation of the virus
at all 15, 30, 60 and 120 min contact times. Use of Virkon®S 0.5% with and without protein
load led to survival of the virus even after 60 min. In contrast, using Formalin and TH4® (1%
and 2%) with and without protein load led to complete inactivation of the virus even at the
shortest contact time, 15 min. Similar results were obtained after using Glutaraldehyde 1%,
while treatment of H5SN1 with Glutaraldehyde 2% led to gel formation. After treatment of
infected carriers (poplar wood and gauze) with Formalin, Glutaraldehyde and TH4® 0.5%,
the virus was inactivated after 30 min. Concentration of 1% of the three disinfectants was
sufficient to inactivate the two isolates at 15 min contact time, except in case of Virkon®S.
Use of 1% of Formalin, Glutaraldehyde and TH4® will be efficient to achieve a complete

sanitation of poultry houses and farms even in the presence of organic matter.

This study indicated that the four chemical disinfectants could efficiently inactivate the two
tested HSN1 viruses when used at higher concentration than the manufactures recommended.
Such fast response to chemical inactivation of AIV was also obtained by Klein and Deforest
(1983), Capua and Marangon (2006) and Shahid et al. (2009) who indicated that enveloped
viruses are most susceptible to chemical disinfectants (Formalin, Phenol Crystals, lodine
Crystals, Virkon®-S, Zeptin 10%, KEPCIDE 300, KEPCIDE 400, Lifebuoy, Surf Excel and
Caustic Soda), compared to non-enveloped viruses. This is mainly due to the relatively simple
disruption of the lipid envelope by the chemical disinfectants used in this study, and not by
the disruption of other viral targets, including the protein or nucleic acid (Thurmann and
Gerba, 1988; Maris, 1995; Davison et al., 1999; Sattar and Springthorpe, 1999; Shahid
et al., 2009). Similar results were also demonstrated by Songserm et al. (2005) where the
Thailand strain of HPAI H5NI1 at a titre of 106.3 ELD50/ml was completely inactivated
following exposure to Glutaraldehyde, Phenol, Peracitic Acid, Ammonium Chloride or Acid
Hyperchloride for 10 min. Shahid et al. (2009) found that different types of chemical
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disinfectants, including Formalin, Virkon®-S, Zeptin 10% and KEPCIDE 300 were effective
in completely destroying H5N1 virus at recommended dilutions of 0.6%, 1 %, 1% and 2%
after 15 min, respectively. In addition, Wanaratana et al. (2010) tested three strains of
HPAIV subtype H5N1 in Thailand during the 2004 outbreak against disinfectants including
Glutaraldehyde, QACs, Formaline, Chlorine and Phenol. They found that all these
disinfectants could efficiently inactivate all the three isolates of HPAIV subtype H5N1 after
10 min contact time. Elschner et al. (2012) found that use of 1% and 2% of the chemical
disinfectant Virkon®-S led to complete inactivation of HPAIVs subtype HS5N1 at 15 min

contact time.

The present results were in agreement with those obtained by Yilmaz et al. (2004) who tested
two commercial available disinfectants (Venno FF super, Venno Vet 1 super) which were
recorded in the list of the DVG as suitable disinfectants against AIV. Both disinfectants
demonstrated a noticeably superior effect against AIV, but showed losses of efficacy in the
presence of organic load. Similar results were also observed by Bieker (2006) in his
investigation on the efficacy of various disinfectants (DF-200d, 10% bleach, 1% Virkon® S,
and 70% ethanol) on HPAIV of subtype H5N1. The presence of organic material is well
known to disrupt the mechanism of chemical disinfectants and their overall efficacy by
different mechanisms (Maillard and Russell, 1997; Quinn and Markey, 1999; Sattar and
Springthorpe, 1999; Prince and Prince, 2001; Bieker, 2006). Direct neutralization of the
chemical activity of the biocide by compounds of the organic material could disrupt efficacy
(Bieker, 2006). Organic matter may also disrupt the efficiency of viral inactivation by
diluting the disinfectant and lowering the overall effect (Bieker, 2006). A further theory is
that the organic material supplies a physical protection of viral particles, which prevents the
interaction between chemical disinfectants and target virus. DeBenedictis et al. (2007)
noticed that the virucidal action of the majority of chemical disinfectants is partly or totally
inhibited by the interaction with organic material and that is why sanitation procedures must

include accurate cleaning prior to disinfection.
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CHAPTER 6: SUMMARY

Molecular aspects and chemical inactivation of Influenza HSN1 viruses isolated from
Egyptian chicken flocks during the 2006-2010 outbreaks

The primary objective of the current study was to identify two of the highly pathogenic avian
influenza virus (HPAIV) isolates of subtype H5N1 genotypically using one step Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR), followed by sequence and phylogenetic
analyses. A further objective was to determine in vitro the virucidal efficacy of four types of
chemical disinfectants, namely Formalin, Glutaraldehyde, TH4® and Virkon®S at different
concentrations and contact times on the two HPAI isolates. A/chicken/Egypt/0626/2006
(EGY06) and A/chicken/Egypt/1094/2010 (EGY10) were isolated from cloacal and tracheal
swabs from broiler during HPAI H5N1 outbreaks in Egypt in 2006 and 2010. The first strain,
EGY06, was isolated from a non-vaccinated flock in February 2006 in the Alexandria
governorate. The second strain, EGY 10, was isolated from a vaccinated flock in November

2010 in the Marsa Matrouh governorate.

Classical identification of the two isolates was carried out in the Department of Poultry and
Hygiene, Faculty of Veterinary Medicine, Alexandria University, Egypt. Molecular
identification and genetic analyses were conducted in the Gene Analysis Unit of the National

Laboratory for Veterinary Quality Control on Poultry Production (NLQP), Egypt.

Using RT-PCR with specific sets of primers for H5 and N1 genes of AIV it was confirmed
that the two isolates belonged to Al subtype HSN1. After molecular characterization and
phylogenetic analysis of the HA and NA genes, the strain EGY06 was closely related to the
2006 predecessor Egyptian viruses of 2.2.1 clade, whereas EGY 10 clustered within the classic
2.2.1/c group that commonly isolated from small-scale commercial farms and human since
2009.

The efficacy of four chemical disinfectants to inactivate both isolates was carried out in
accordance to the guidelines of the German Veterinary Medical Society (Deutsche
Veterindrmedizinische Gesellschaft, DVG) for testing of disinfection procedures and chemical
disinfectants. The experiments were performed using suspension tests without and with
protein load (40% Bovine Calf Serum "BCS") as well as wood and gauze as a carriers (also
loaded with BCS), at room temperature and incubation times of 15 to 120 min. The obtained
results showed that the use of Glutaraldehyde, Formalin or TH4® 0.5% without protein load

led to complete inactivation of the virus after 15, 30, 60 or 120 min contact time. Use of
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Virkon®S 0.5% with and without protein load led to survival of the virus even after 60 min.
In contrast, using Formalin and TH4® (1% and 2%) with and without protein load led to
complete inactivation of the virus even at the shortest contact time of 15 min. Similar results
were obtained after using Glutaraldehyde 1%, while treatment of HSN1 with Glutaraldehyde
2% led to gel formation.

After treatment of contaminated carriers (poplar wood and gauze) with Formalin,
Glutaraldehyde and TH4® 0.5%, the virus was inactivated after 30 min. Concentration of 1%
of the three disinfectants was sufficient to inactivate the two isolates within 15 min contact

time, except in case of Virkon®S which required higher concentrations to give similar results.

The study indicated that the four chemical disinfectants could efficiently inactivate the two
tested H5N1 viruses when used at higher concentration than the manufacturers recommended.
The results of the present thesis highlight the sensitivity of HPAIV HS5NI1 to different
disinfectants, which may improve biosecurity measures on the farms and reduce the economic
losses caused by HPAIV H5NI1.
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KAPITEL 7: ZUSAMMENFASSUNG

Molekulare Aspekte und chemische Inaktivierung von Influenza HSN1-Viren ausdgyptischen
Hiihnerbestinden von Ausbriichen der Jahre 2006 bis 2010

Das primire Ziel der aktuellen Studie war es, hoch pathogene avidre Influenza-Viren
(HPAIV) des Subtyps H5N1 genotypisch durch eine einschrittige Reverse Transkriptase-
Polymerase-Kettenreaktion (RT-PCR) zu identifizieren und anschlieBend molekularbiologisch
zu charakterisieren. Ein weiteres Ziel war, die Wirksamkeit von verschiedenen
Konzentrationen und Einwirkungszeiten von vier chemischen Desinfektionsmitteln (Formalin,
Glutaraldehyd, TH4® und Virkon®S) auf zwei Stidmme (A/chicken/Egypt/0626/2006
"EGYO06" und A/chicken/Egypt/1094/2010 "EGY10") des avidren Influenzavirus (AIV) des
Subtyps H5N1 in vitro zu priifen. Die beiden Isolate des AIV-Subtyps H5N1 wurden aus
Kloaken- und Trachealtupfern von infizierten Masthiihnerherden wihrend der Ausbriiche
avidrer Influenza (AI) 2006 und 2010 isoliert. Wiahrend der erste Stamm EGYO06 aus einer
nicht geimpften Herde im Februar 2006 im Gouvernement Alexandria isoliert wurde, wurde
der zweite Stamm, EGY 10, aus einer geimpften Herde im November 2010 im Gouvernement

Marsa Matrouh isoliert.

Die klassischen Methoden zur Identifizierung der beiden Isolate wurden in der Abteilung fiir
Gefliigel und Hygiene, Veterinirmedizinische Fakultit, Universitit Alexandria, Agypten
durchgefiihrt. Die molekulare Identifizierung und genetische Analyse erfolgten in der Gen-
Analyse-Einheit des Nationalen Labors zur Qualititskontrolle der Gefliigelproduktion
(NLQP), Agypten. Mittels RT-PCR unter Verwendung spezifischer Primersets fiir die H5 und
N1 Gene konnte bestdtigt werden, dass es sich bei beiden Isolaten um AIV des Subtyps H5N1
handelt. Der molekularen Charakterisierung und der phylogenetischen Analyse der HA und
NA zufolge war der Stamm EGY06 sehr eng verwandt mit dem frither im Jahr 2006 isolierten
klassischen Stamm und wurde dem Clade 2.2.1 zugeordnet. Im Gegensatz dazu wurde der
Stamm EGY10 im klassischen 2.2.1/c Gruppe zugeordnet, welcher hiufig von kleinen

kommerziellen Farmen und menschlichen seit 2009 isoliert.

Die Empfindlichkeit der Viren gegen verschiedene Desinfektionsmittel wurde auf Grundlage
der Richtlinien der Deutschen Veterindrmedizinischen Gesellschaft (DVG) fiir die Priifung
von Desinfektionsverfahren und chemischen Desinfektionsmitteln gepriift. Die Experimente
wurden mittels Suspensions-Test ohne und mit Proteinbelastung (40% Bovines Calf Serum

(BCS)) sowie auf Keimtrigern aus Holz und Gaze, die mit BCS belastet waren, bei
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Raumtemperatur und Einwirkzeiten von 15 bis 120 Min durchgefiihrt. Die Verwendung von
Glutaraldehyd, Formalin oder TH4® in einer Konzentration von 0,5% flihrte ohne
Proteinbelastung zu einer Inaktivierung der Viren nach allen Einwirkzeiten (15, 30, 60 und
120 Min). Die Verwendung von Virkon®S 0,5% mit und ohne Proteinbelastung fiihrte zum
Uberleben des Virus sogar nach 60 Min. Demgegeniiber fiihrte die Verwendung von Formalin
und TH4® in einer Konzentration von 1% und 2% mit und ohne Proteinbelastung zu einer
vollstdndigen Inaktivierung des Virus sogar bei der kiirzesten Einwirkungszeit von 15 Min.
Ahnliche Ergebnisse wurden nach Verwendung von Glutaraldehyd in einer Konzentration von
1% beobachtet. Die Behandlung von H5SN1 mit Glutaraldehyd in einer Konzentration von 2%
fihrte zu einer Gelbildung. Nach der Behandlung von kontaminierten Keimtrigern
(Pappelholz und Gaze) mit Formalin, Glutaraldehyd und TH4® in Konzentrationen von 0,5%
wurde das Virus nach 30 Min inaktiviert. Wihrend eine Konzentration von 1% der drei
Desinfektionsmittel ausreichend war, um die beiden Isolate in 15 Min Einwirkzeit zu
inaktivieren, konnte dieses Ergebnis im Fall von Virkon®S nicht erreicht werden, und eine
hohere Konzentration war erforderlich um &hnliche Ergebnisse zu erzielen. Die Studie zeigte,
dass die vier chemischen Desinfektionsmittel, wenn die verwendeten Konzentrationen hoher
als die vom Hersteller empfohlenen Konzentrationen sind, beide getesteten H5N1 Viren
effektiv inaktivieren. Die Ergebnisse dieser Studie bieten einen neuen Ansatz zur
Verbesserung der Biosicherheitsmafinahmen in Gefliigelbestinden und konnen zur

Reduzierung der wirtschaftlichen Verluste beitragen

67




References

CHAPTER 8: REFERENCES

Abdel-Moneim, A.S.; Abdel-Ghany, A.E. and Shany, S.A. (2010): Isolation and
characterization of highly pathogenic avian influenza virus subtype H5N1 from donkeys.

Journal of Biomedical Science 17: 25-30.

Abdel-Moneim, A.S.; Shany, S.A.; Fereidouni, S.R.; Eid, B.T.; el-Kady, M.F., Starick,
E.; Harder, T. and Keil, G.M. (2009): Sequence diversity of the haemagglutinin open
reading frame of recent highly pathogenic avian influenza H5N1 isolates from Egypt.
Archives of Virology 154: 1559-1562.

Abdelwhab, E.M.; Arafa, A.S.; Erfan, A.M.; Aly, M.M. and Hafez, HM. (2010a):
Modified HS real-time reverse transcriptase-PCR oligonucleotides for detection of divergent

avian influenza H5N1 viruses in Egypt. Avian Diseases 54: 1301-1305.

Abdelwhab, E.M.; Erfan, A.M.; Grund, C.; Ziller, M.; Arafa, A.; Beer, M.; Aly, M.M.;
Hafez, H.M.; Harder, T.C. (2010b): Simultaneous detection and differentiation by multiplex
real time RT-PCR of highly pathogenic avian influenza subtype H5NI classic (clade 2.2.1
proper) and escape mutant (clade 2.2.1 variant) lineages in Egypt. Virology Journal 7: 260—
267.

Abdelwhab, E.M.; Grund, C.; Aly, M.M.; Beer, M.; Harder, T.C. and Hafez, H.M.
(2011): Multiple dose vaccination with heterologous H5N2 vaccine: immune response and
protection against variant clade 2.2.1 highly pathogenic avian influenza H5N1 in broiler
breeder chicken. Vaccine 29: 6219-6225.

Abdelwhab, E.M.; Arafa, A.S.; Stech, J.; Grund, C.,; Stech, O.; Graeber-Gerberding,
M.; Beer, M.; Hassan, M.K.; Aly, M.M.; Harder, T.C.; and Hafez, H.M. (2012a):
Diversifying evolution of highly pathogenic H5SN1 avian influenza virus in Egypt from 2006
to 2011. Virus Genes 45: 14-23.

Abdelwhab, EM.; Grund, C.; Aly, M.M.; Beer, M.; Harder, T.C. and Hafez, H.M.
(2012b): Influence of maternal immunity on vaccine efficacy and susceptibility of one day old
chicks against Egyptian highly pathogenic avian influenza H5N1. Veterinary Microbiology
155: 13-20.

68




References

Abdelwhab, E.M. and Hafez, H.M. (2011): An overview of the epidemic of highly
pathogenic H5N1 avian influenza virus in Egypt: epidemiology and control challenges.
Epidemiology and Infection 139: 647—657.

Abdelwhab, E.M. and Hafez, H.M. (2012): Insight into alternative approaches for control of
avian influenza in poultry, with emphasis on highly pathogenic HSN1. Viruses 4: 3179-3208.

Abraham, A.; Sivananda, V. and Halvorson, J.A. (1986): Standardization of enzyme-
linked immunosorbent assay for avian influenza virus antibodies in turkeys. American Journal
of Veterinary Research 47: 561-566.

Alexander, D.J. (2000): A review of avian influenza in different bird species. Veterinary
Microbiology 74: 3—13.

Aly, M.M.; Arafa, A. and Hassan, M.K. (2008): Epidemiological findings of outbreaks of
disease caused by highly pathogenic H5N1 avian influenza virus in poultry in Egypt during
2006. Avian Diseases 52: 269-277.

Anonymous, (2007): Richtlinien fiir die Priifung chemischer Desinfektionsmittel. Published

by Deutsche Veterindrmedizinische Gesellschaft e.V., 31 Edition, Giessen.

Arafa, A.; Selim, A.A.; Hassan, M.K. and Aly, M.M. (2010a): Genetic characterization of
variant strains of highly pathogenic avian influenza H5N1 that escaped detection by real-time

reverse transcriptase-PCR diagnostic tests. Avian Diseases 54: 673—-676.

Arafa, A.; Suarez, D.L.; Hassan, MLK. and Aly, M.M. (2010b): Phylogenetic analysis of
HA and NA genes of HPAI-H5N1 Egyptian strains isolated from 2006 to 2008 indicates
heterogeneity with multiple distinct sublineages. Avian Diseases 54: 345-349.

Arafa, A.; Suarez, D.L; Kholosy, S.G.; Hassan, M.K.; Nasef, S.; Selim, A.; Dauphin, G.;
Kim, M.; Yilma, J.; Swayne, D. and Aly, M.M. (2012): Evolution of highly pathogenic
avian influenza H5N1 viruses in Egypt indicating progressive adaptation. Archives of
Virology 157: 1931-1947.

AusVetPlan, (2005): Australian veterinary emergency manual plan avian influenza— updated
interim  draft  (1,891), 31 Edition, Version 3.1. Available online at:
http://www.animalhealthaustralia.com.au/wp-content/uploads/2011/04/AI3 406FINAL16Feb

69




References

Banks, J.; Speidel, E. and Alexander, D.J (1998): Characterisation of an avian influenza A
virus isolated from a human—is an intermediate host necessary for the emergence of pandemic

influenza viruses? Archives of Virology 143: 781-787.

Beard, C.W. (1980): Haemagglutination inhibition. In: Isolation and identification of avian
pathogens, Hitcher, S.B.; Domermuth, C.H.; Purchase, H.G. and Williams, J.E. (Eds.).
American Association of Avian Pathologists, Kennett Square, PA., pp: 331-336.

Beard, C.W.; Brugh, M. and Johnston, D.C. (1984): Laboratory studies with the
Pennsylvania avian influenza viruses (H5N2). Proceedings Annual Meeting of the United
States Animal Health Association 88: 462—473.

Bieker, J.M. (2006): Chemical inactivation of viruses. Doctor of Philosophy Dissertation
thesis, Department of Diagnostic Medicine/Pathobiology, College of Veterinary Medicine.

Kansas State University, Manhattan, Kansas.

Birnbaum, N.G. and O'Brien, B. (2008): Methods for inactivation of avian influenza virus
in the environment. In: Avian influenza (D. E. Swayne, Ed). ISBN: 9780813818634. John
Wiley & Sons, Inc. Ames, lowa. pp. 391-405.

Brown, J.D.; Stallknecht, D.E.; Beck, J.R.; Suarez, D.L. and Swayne, D.E. (2006):
Susceptibility of North American ducks and gulls to HSN1 highly pathogenic avian influenza
viruses. Emerging Infectious Diseases 12: 1663—-1670.

Busquets, N.R.; Xavier Abad, F.; Alba, A.; Dolz, R.; Allepuz, A.; Rivas, R.; Ramis, A.;
Darji, A. and Majo, N.A. (2010): Persistence of highly pathogenic avian influenza virus
(H7NT1) in infected chicken: feather as a suitable sample for diagnosis. Journal of General
Virology 91: 2307-2313.

Capua, I. and Marangon, S. (2000): The avian influenza epidemic in Italy, 1999-2000: a
Review. Avian Pathology 29: 289-294.

Capua, 1. and Alexander, D.J. (2006): The challenge of avian influenza to the veterinary
community. Avian Pathology 35: 189-205.

Capua, I. and Marangon, S. (2006): Control and prevention of avian influenza in an

evolving scenario. Vaccine 24: 391-397.

70




References

Capua, I.; Terregino, C.; Cattoli, G.; Mutinelli, F. and Rodriguez, J.F. (2003):
Development of a DIVA (Differentiating Infected from Vaccinated Animals) strategy using a
vaccine containing a heterologous neuraminidase for the control of avian influenza. Avian
Pathology 32: 47-55.

Carter, M.J. and Mahy, B.W.J. (1982): Incomplete avian influenza virus contains A

defective non-interfering component. Archives of Virology 71: 13-25.

Cattoli G.; Monnel, F.; Usaro, A.; Joannis, T.M.; Lombin, L.H.; Aly, M.M.; Arafa, A.S.;
Sturm-Ramirez, K.M.; Couacy-Hymann, A.; Awuni, J.A.; Batawui, K.B.; Awoume,
K.A.; Aplogan, G.L.; Sow, A.; Ngangnou, A.C.; Hamza, I.M.; Gamatié, D.; Dauphin, G.;
Domenech, J.M. and Capua, 1. (2009): Highly pathogenic avian influenza virus subtype
H5N1 in Africa: a comprehensive phylogenetic analysis and molecular characterization of
isolates. PLoS One 4: ¢4842.

CDC, (2005): Avian influenza. Available online at: http://www.cdc.gov/flu/avian/gen-

info/facts.htm

CEN, (2005): Chemical disinfectants and antiseptics. Quantitative suspension test for the
evaluation of virucidal activity of chemical disinfectants and antiseptics used in the veterinary
field. Test method and requirements (phase 2, step 1). Final draft prEN 14675. European

Standards, Management Centre, Brussels.

Chen, H.; Deng, G.; Li, Z.; Tian, G.; Li, Y.; Jiao, P.; Zhang, L.; Liu, Z.; Webster, R.G.
and Yu, K. (2004): The evolution of H5N1 influenza viruses in ducks in southern China.
Proceedings of the National Academy of Sciences USA 101: 10452—-10457.

Chen, W.; Calvo, P.A.; Malide, D.; Gibbs, J.; Schubert, U.; Bacik, I.; Basta, S.; O'Neill,
R.; Schickli, J.; Palese, P.; Henklein, P.; Bennink; J.R. and Yewdell, JJW. (2001): A
novel influenza A virus mitochondrial protein that induces cell death. Nature Medicine 7:
1306-1312.

Chumpolbanchorn, K.; Suemanotham, N.; Siripara, N.; Puyati, B. and Chaichoune, K.
(2006): The effect of temperature and UV light on infectivity of avian influenza virus (H5N1,
Thai field strain) in chicken fecal manure. Southeast Asian Journal of Tropical Medicine and
Public Health 37: 102—-105.

71




References

Contreras-Moreira, B. and Bates, B.A. (2002): Domain Fishing: a first step in protein

comparative modelling. Bioinformatics 18: 1141-1142.

Cox, N.J. and Bender, C.A. (1995): The molecular epidemiology of influenza viruses.
Seminars in Virology 6: 359-370.

Davison, S.; Ziegler, A.F. and Eckroade, R.J. (1998): Comparison of an antigen-capture
enzyme immunoassay with virus isolation for avian influenza from field samples. Avian
Diseases 42: 791-795.

Davison, S.; Benson, C.E.; Ziegler, A.F. and Eckroade, R.J. (1999): Evaluation of
disinfectants with the addition of antifreezing compounds against nonpathogenic H7N2 avian

influenza virus. Avian Diseases 43: 533-537.

DeBenedictis, P.; Beato, M.S. and Capua, 1. (2007): Inactivation of avian influenza viruses

by chemical agents and physical conditions: A review. Zoonoses and Public Health 54: 51—
68.

Dhumpa, R. (2011): Rapid detection of avian influenza virus towards point of care diagnosis.

PhD thesis of National Veterinary Institute, Technical University of Denmark.

Djunaidi, H. and Djunaidi, A. (2007): Economic impacts of avian influenza on world
poultry trade and the U.S. poultry industry: A spatial equilibrium analysis. The Journal of
Agricultural and Applied Economics 39: 131-323.

ECDC, (2006): The public health risk from highly pathogenic avian influenza viruses
emerging in Europe with specific reference to type A/H5N1. Version: 1 June. Available at:
http://ecdc.europa.eu/en/publications/Publications/0606 TER The Public Health Risk from
_Highly Pathogenic_Avian_Influenza Viruses Emerging in Europe.pdf

ECDC, (2011): A (H5NI1) Highly pathogenic avian influenza in Egypt implications for
human health in Europe. Available online at:
http://ecdc.europa.eu/en/publications/Publications/110915 TER Rapaid risk assessment
AHS5N1 Egypt.pdg.

Edgar, R.C. (2004): Multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Research 32: 1792—-1797.

72




References

Ellis, J.S. and Zambon, M.C. (2002): Molecular diagnosis of influenza. Reviews in Medical
Virology 12: 375-89.

Elschner, M.; Cutler, S.; Weidmann, M. and Butaye, P. (2012): BSL3 and BSL4 agents:
Epidemiology, microbiology and practical guidelines. Mandy C. Elschner, ISBN: 978-3-527-
31715-8. Wiley-Blackwell; 1** Edition, Jena, Germany.

El-Zoghby, E.F.; Arafa, A.S.; Kilany, W.H.; Aly, M.M.; Abdelwhab, E.M.; and Hafez
H.M. (2012): Isolation of avian influenza H5N1 virus from vaccinated commercial layer

flock in Egypt. Virology Journal 9:294.

El Zowalaty, M.E.; Abin, M.; Raju, S.; Chander, Y.; Redig, P.T.; Abd El Latif, H.K.; El
Sayed, M.A. and Goyal, S.M. (2011): Isolation of Avian influenza virus from polymerase
chain reaction—negative cloacal samples of waterfowl. Journal of Veterinary Diagnostic
Investigations 23: 87-90.

Evans, D.H.; Stuart, P. and Roberts, D.H. (1977): Disinfection of animal viruses. British
Veterinary Journal 133: 356-359.

FAO, (2004): Recommendations on the prevention, control and eradication of highly
pathogenic avian influenza virus (HPAIV) in Asia. Available online at:
http://web.oie.int/eng/ AVIAN INFLUENZA/FAO%?20recommendations%200n%20HPAI.pdf.

FAO, (2011): Approaches to controlling, preventing and eliminating HSN1 highly pathogenic
avian influenza in endemic countries. Animal Production and Health Paper No. 171, Rome.
Available online at: http://www.fao.org/docrep/014/i2150e/i2150e.pdf

Fereidouni, S.R.; Starick, E.; Beer, M.; Wilking, H.; Kalthoff, D.; Grund, C.;
Hiuslaigner, R.; Breithaupt, A.; Lange, E. and Harder, T.C. (2009): Highly pathogenic
avian influenza virus infection of mallards with homo- and heterosubtypic immunity induced

by low pathogenic avian influenza viruses. Public Library of Science 4: 6706—6712.

Fiebig, L.; Soyka, J.; Buda, S.; Buchholz, U.; Dehnert, M. and Haas, W. (2011): Avian
influenza A (H5N1) in humans: new insights from a line list of World Health Organization
confirmed cases, September 2006 to August 2010. Eurosurveillance 16(32):pii=19941.
Available online at: http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=19941.

73




References

Fusaro, A.; Nelson, ML.L.; Joannis, T.; Bertolotti, L.; Monne, I.; Salviato, A.; Olaleye, O.;
Shittu, I.; Sulaiman, L.; Lombin, L.H.; Capua, i.; Holmes, E.C. and Cattoli, G. (2010):
Evolutionary dynamics of multiple sublineages of HSN1 influenza viruses in Nigeria from
2006 to 2008. Journal of Virology 84: 3239-3247.

Gall, A.; Hoffmann, B.; Harder, T.; Grund, C.; Ehricht, R. and Beer, M. (2009): Design
and validation of a microarray for detection, hemagglutinin subtyping, and pathotyping of

avian influenza viruses. Journal of Clinical Microbiology 47: 327-334.

Gehan, Z.M.; Anwer, W.; Amer, H.M.; EL-Sabagh, [.M.; Rezk, A. and Badawy,
E.M. (2009): In vitro efficacy comparisons of disinfectants used in the commercial poultry farms.
International Journal of Poultry Science 8: 237-241.

Grund, C.; Abdelwhab, E.A.; Arafa, A.S.; Ziller, M.; Hassan, M.K.; Aly, M.M.; Hafez,
H.M.; Harder, T.C. and Beer, M. (2011): Highly pathogenic avian influenza virus H5N1
from Egypt escapes vaccine-induced immunity but confers clinical protection against a
heterologous clade 2.2.1 Egyptian isolate. Vaccine 29: 5567-5573.

Gupta, P.A.; Putnam, E.A.; Carmical, S.G.; Kaitila, I.; Steinmann, B.; Child, A.;
Danesino, C.; Metcalfe, K.; Berry, S.A.; Chen, E.; Delorme, C.V.; Thong, M.K.; Ades,
L.C. and Milewicz, D.M. (2002): Ten novel FBN2 mutations in congenital contractural
arachnodactyly: delineation of the molecular pathogenesis and clinical phenotype. Human
Mutation 19: 39-48.

Hafez, M.H.; Arafa, A.; Galal, S.; Selim, A.; Hassan, M.K.; Abdelwhab, E.M. and Aly,
M.M. (2010): Avian influenza H5NI1 infections in vaccinated commercial poultry and
backyard birds in Egypt. Poultry Science 89:1609-1613.

Hall, T.A. (1999): BioEdit: a user-friendly biological sequence alignment editor and analysis
program for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95-99.

Haneke, M. (1991): Wirksamkeitspriifungen von Desinfektionsmitteln fiir den
Lebensmittelbereich mittels eines quantitativen Keimtragerversuchs sowie vergleichende
Untersuchungen zu Priifmethoden fiir chemische Desinfektionsmittel. Veterinary Medicine

Dissertation, Berlin.

74




References

Hassan, M.K.; Kilany, W.H.; Abdelwhab, E.M.; Arafa, A.S.; Selim, A. and Samy, A.
(2012): Distribution of avian influenza H5N1 viral RNA in tissues of Al-vaccinated and
unvaccinated contact chicken after experimental infection. Archives of Virology 157: 951—
959.

Hénaux, V.; Samuel, M.D.; Dusek, R.J.; Fleskes, J.P. and Ip, H.S. (2012): Presence of
avian influenza viruses in waterfowl and wetlands during summer in California: are non-

migratory birds a potential reservoir for avian influenza? PLoS ONE 7: e31471.

Herbst, W.; Wekerle, J. and Strauch, D. (1990): Zur inaktivierenden Wirkung organischer

Séuren auf Parvoviren bei verschiedenenn Temperaturen. Hygiene Medizin 15: 313-317.

Hinrichs, J.; Sims, L. and McLeod, A. (2006): Some direct costs of control for avian
influenza. In Proceedings of the 11" International Symposium on Veterinary Epidemiology

and Economics. Available online at: http://www.fao.org/docs/eims/upload/213699/agal Al
210906.pdf.

Hoffmann, E.; Stech, J.; Guan, Y.; Webster, R.G. and Perez, D.R. (2001): Universal
primer set for the full-length amplification of all influenza A viruses. Archives of Virology
146: 2275-2289.

Horm, V.S.; Gutiérrez, R.A.; Nicholls, J.M. and Buchy, P. (2012): Highly pathogenic
influenza A (H5N1) virus survival in complex artificial aquatic biotopes. PLoS One 7:
e34160.

Ito, H.; Ito, T.; Hikida, M.; Yashiro, J.; Otsuka, A.; Kida, H. and Otsuki, K. (2006):
Outbreak of highly pathogenic avian influenza in Japan and antiinfluenza virus activity of

povidone iodine products. Dermatology 212: 115-118.

Jeffrey, D.J. (1995): Chemicals used as disinfectants: active ingredients and enhancing
additives. Scientific and Technical Review 14: 57-74.

Julenius, K.; Molgaard, A.; Gupta, R. and Brunak, S. (2005): Prediction, conservation

analysis, and structural characterization of mammalian mucin-type O-glycosylation sites.
Glycobiology 15: 153—-164.

75




References

Kandeel, A.; Manoncourt, S.; Abd el Kareem, E.; Mohamed Ahmed, A.N.; El-Refaie, S.
and Essmat, H. (2010): Zoonotic transmission of avian influenza virus (H5N1), Egypt,
2006-2009. Emerging Infectious Diseases 16: 1101-1107.

Kilany, W.H., Arafa, A.; Erfan, A.M.; Ahmed, M.S.; Nawar, A.A.; Selim, A.A.;
Khoulosy, S.G.; Hassan, M.K.; Aly, M.M.; Hafez, H.M. and Abdelwhab, E.M. (2010):
Isolation of highly pathogenic avian influenza H5N1 from table eggs after vaccinal break in

commercial layer flock. Avian Diseases 54:1115-1119.

Kilany, W.H.; Abdelwhab, E.M.; Arafa, A.; Selim, A.; Safwat, M.; Nawar, A.A.; Erfan,
A.M.; Hassan, M.K.; Aly, M.M. and Hafez, H.M. (2011): Protective efficacy of H5
inactivated vaccines in meat turkey poults after challenge with Egyptian variant highly

pathogenic avian influenza HSN1 virus. Veterinary Microbiology 150: 28-34.

King, D.J. (1991): Evaluation of different methods of inactivation of Newcastle disease virus

and avian influenza virus in egg fluids and serum. Avian Diseases 35: 505-514.

Klein, M. and Deforest, A. (1965): The chemical inactivation of viruses. Federation
Proceedings 24: 319.

Klein, M. and Deforest, A. (1983): Principles of viral inactivation. In: Block, S.S. (ed.),
Disinfection, Sterilization and Preservation, 3" Edition, Lea and Febiger, Philadelphia pp.
422-434.

Kumar, M.; Chu, H.; Rodenberg, J.; Kraus, S.A. and Webster, R.G. (2007): Association
of serologic and protective responses of avian influenza vaccines in chicken. Avian Diseases
51: 481-483.

Lambert, P.A. (2004): Mechanisms of action of biocides. In A. P. Fraise, P.A. Lambert, and
J.-Y. Mallaird (eds.), Principles and Practice of Disinfection Preservation & Sterilization.

Blackwell Publishing Ltd, Oxford, UK pp. 139-153.

Lee, C.W.; Senne, D.A. and Suarez, D.L. (2004): Effect of vaccine use in the evolution of
Mexican lineage HSN2 avian influenza virus. Journal of Virology 78: 8372—838]1.

76




References

Lénés, D.; Deboosere, N.; Menard-Szczebara, F.; Jossent, J. and Alexander, V. (2010):
Assessment of the removal and inactivation of influenza viruses HSN1 and HIN1 by drinking
water treatment. Water Research Journal 44: 2473-2486.

Li, K.S.; Guan, Y.; Wang, J.; Smith, G.J.D.; Xul, K.M.; Duan, L.; Rahardjo, A.P.;
Puthavathana, P.; Buranathai, C.; Nguyen, T.D.; Estoepangestie, A.T.S.; Chaisingh, A.;
Auewarakul, P.; Long, H.T.; Hanh, N.T.H.; Webby, R.J.L.; Poon, L.M.; Chenl, H.;
Shortridge, K.F.; Yuen, K.Y.; Webster, R.G. and Peiris, J.S.M. (2004): Genesis of a
highly pathogenic and potentially pandemic H5N1 influenza virus in eastern Asia. Nature
430: 209-213.

Ligon, B.L. (2005): Avian influenza virus H5N1: A review of its history and information
regarding its potential to cause the next pandemic. Seminars in Pediatric Infectious Diseases
16: 326-335.

Liu, J.; Xiao, H.; Lei, F.; Qin, K.; Zhang, X.W.; Zhang, X.L.; Zhao, D.; Wang. G.; Feng,
Y.; Ma, J.; Liu, W.; Wang, J. and Gao, G.F. (2005): Highly pathogenic H5N1 influenza

virus infection in migratory birds. Science 309: 1206.

Lombardi, M.E.; Ladman, B.S.; Alphin, R.L. and Benson, E.R. (2008): Inactivation of

avian influenza virus using common detergents and chemicals. Avian Diseases 52: 118-123.

Lu, H,; Castro, A.E.; Pennick, K.; Liu, J.; Yang, Q.; Dunn, P.; Weinstock, D. and
Henzler, D. (2003): Survival of avian influenza virus H7N2 in SPF chicken and their

environment. Avian Diseases 47: 1022—-1036.

Lu, H.; Dunn, P.A.; Wallner-Pendleton, E.A.; Henzler, D.J.; Kradel, D.C.; Liu, J.;
Shaw, D.P. and Miller, P. (2004): Investigation of H7N2 avian influenza outbreaks in two
broiler breeder flocks in Pennsylvania, 2001-2002. Avian Diseases 48: 26-33.

Liischow, D.; Werner, O.; Mettenleiter, T.C. and Fuchs, W. (2001): Vaccination with
infectious laryngotracheitis virus recombinants expressing the hemagglutinin (HS5) gene.

Vaccine 19: 4249-4259.

Maillard, J.Y. (2001): Virus susceptibility to biocides: An understanding. Reviews in
Medical Microbiology 12: 63—74.

77




References

Maillard, J.Y. (2004): Viricidal activity of biocides. In A. P. Fraise, P.A. Lambert, and J.-Y.
Mallaird (eds.), Principles and Practice of Disinfection Preservation & Sterilization.
Blackwell Publishing Ltd., Oxford, UK pp. 272-323.

Maillard, J.Y., and Russell, A.D. (1997): Viricidal activity and mechanisms of action of
biocides. Progress in Polymer Science 80: 287-315.

Maris, P. (1990): Efficacite” virucide de huit de’sinfectants contre le pneumovirus,

coronavirus et parvovirus. Annals of Veterinary Research 21: 275-279.

Maris, P. (1995): Mode of action of disinfectants. Scientific and Technical Review 14: 47—
55.

Meleigy, M. (2007): Egypt battles with avian influenza. Lancet 370: 553-554.

Minh, P.Q. (2010): Epidemiological studies of highly pathogenic avian influenza in Vietnam.
Doctoral Dissertation, Institute of Veterinary, Animal and Biomedical Sciences, Massey

University, New Zealand.

Moresco, K.A.; Stallknecht, D.E. and Swayne, D.E. (2010): Evaluation and attempted
optimization of avian embryos and cell culture methods for efficient isolation and propagation

of low pathogenicity avian influenza viruses. Avian Diseases 54: 622—626.

Muhmmad, K.; Das, P.; Yaqoob, T.; Riaz, A. and Manzoor, R. (2001): Effect of
physicochemical factors on survival of avian influenza virus (H7N3 Type). International
Journal of Agriculture and Biology 3: 416—418.

Munier, S.; Larcher, T.; Cormier-Aline, F.; Soubieux, D.; Su, B.; Guigand, L.; Labrosse,
B.; Cherel, Y.; Quéré, P.; Marc, D. and Naffakh, N.A. (2010): Genetically engineered
waterfowl influenza virus with a deletion in the stalk of the neuraminidase has increased

virulence for chicken. Journal of Virology 84: 940-952.

Neumann, G.; Macken, C.A.; Karasin, A.l.; Fouchier, R.A.M.; and Kawaoka, Y. (2012):
Egyptian H5N1 influenza viruses-cause for concern? PLoS Pathogens 8: ¢1002932

Noll, H. and Youngner, J.S. (1959): Virus—lipid interactions. The mechanism of adsorption
of lipophilic viruses to water insoluble polar lipids. Virology 8: 319-343.

78




References

Nooruddin, G.M.; Rahman, M.T.; Mohammad, M. and Rahman, M.M. (2007):
Identification and Characterization of Hemagglutinating Viruses in Native Chicken in

Bangladesh. International Journal of Poultry Science 6: 912-915.

OECD, (2009): Draft OECD guidelines for the testing of chemicals, quantitative method for
evaluating virucidal activity of biocides used on hard surfaces. Available online at:
http://www.oecd.org/chemicalsafety/testing/44162951.pdf

OIE, (2004): Update on Highly Pathogenic Avian Influenza in Animals (Type HS and H7):
Available online at: http://www.oie.int/downld/avian%?20influenza/A2004 Al.php

OIE, (2008): Weekly disease information (various reports). Available online at:
http://www.oie.int/wahis_2/public/wahid.php/Diseaseinformation/WI

OIE, (2009): Avian influenza. In: Manual of diagnostic tests and vaccines for terrestrial
animals. Chapter 2.3.4. Available online at:
http://web.oie.int/eng/normes/MMANUAL/2008/pdf/2.03.04 Al pdf

Padtarakoson, P. (2006): Influenza A and avian influenza virus. In: P. P. a. P. Auewarakul.

Influenza A virus: Knowledge Press, Bangkok.

Pasick, J. (2008): Advances in the molecular based techniques for the diagnosis and
characterization of avian influenza virus infections. Transboundary and Emerging Diseases
55: 329-338.

Pearson, J.E. (2003): International standards for the control of avian influenza. Avian
Diseases 47: 972-975.

Postel, R.; Ketema, M.; Kuikman, I.; de Pereda, J.M. and Sonnenberg, A. (2011):
Nesprin-3 augments peripheral nuclear localization of intermediate filaments in zebrafish.
Journal of Cell Science 124: 755-764.

Potter, C.W. (2004): Influenza. In: Principles and Practice of Clinical Virology, In: A. J.

Zuckerman, J. E. Banatvala, J. R. Pattison, P. D. Griffiths and B. D. Schoub. (eds.) John
Wiley & Sons, Ltd. England. pp 271-297.

79




References

Prince, H.N. and Prince, D.L. (2001): Principles of viral control and transmission. In: Block,
S.S. (Ed.), Disinfection, Sterilization, and Preservation. Lippincott Williams & Wilkins,
Philadelphia, pp 542-574.

Qiao, C.L.,; Yu, K.Z.; Jiang, Y.P.; Jia, Y.Q.; Tian, G.B.; Liu, M.; Deng, G.H.; Wang,
X.R.; Meng, Q.W. and Tang, X.Y. (2003): Protection of chicken against highly lethal HSN1
and H7N1 avian influenza viruses with a recombinant fowlpox virus coexpressing H5

haemagglutinin and N1 neuraminidase genes. Avian Pathology 32: 25-32.

Quinn, P.J. and Markey, B.K. (2001): Disinfection and Disease Prevention in Veterinary
Medicine, 5™ Edition. Lippincott Williams & Wilkins, Philadelphia, pp. 1069—1103.

Rauw, F.; Palya, V.; Van Borm, S.; Welby, S.; Tatar-Kis, T.; Gardin, Y.; Dorsey, K.M.;
Aly, M.M.; Hassan, M.K.; Soliman, M.A.; Lambrecht, B. and van den Berg, T. (2011):
Further evidence of antigenic drift and protective efficacy afforded by a recombinant HVT-HS5
vaccine against challenge with two antigenically divergent Egyptian clade 2.2.1 HPAI H5N1
strains. Vaccine 29: 2590-2600.

Reed, L.J. and Muench, H. (1938): A simple method of estimating fifty percent endpoints.
American Journal of Hygiene 27: 493—497.

Reina, J.; Fernandez-Baca, V.; Blanco, I. and Munar, M. (1997): Comparison of Madin-
Darby canine kidney cells (MDCK) with a green monkey continuous cell line (Vero) and
human lung embryonated cells (MRC-5) in the isolation of influenza A virus from
nasopharyngeal aspirates by shell vial culture. Journal of Clinincal Microbiology 35: 1900—
1901.

Rice, E.W.; Adcock, N.J.; Sivaganesan, M.; Brown, J.D.; Stallknecht, D.E. and Swayne,
D.E. (2007): Chlorine inactivation of highly pathogenic avian influenza virus (H5NI).
Emerging Infectious Diseases 13: 1568—1571.

Rockman, S.; Camuglia, S.; Vandenberg, K.; Ong, C.; Baker, M.A.; Nation, R.L.; Li, J.
and Velkov, T. (2012): Reverse engineering the antigenic architecture of the haemagglutinin
from influenza H5N1 clade 1 and 2.2 viruses with fine epitope mapping using monoclonal
antibodies. Molecular Immunology 53: 435-442.

80




References

Salzberg, S.L.; Kingsford, C.; Cattoli, G.; Spiro, D.J.; Janies, D.A.; Aly, M.M.; Brown,
I.H.; Couacy- Hymann, E.; De Mia, G.M.; Dung do, H.; Guercio, A.; Joannis, T.; Maken
Ali, A.S.; Osmani, A.; Padalino, I.; Saad, M.D.; Savi¢, V.; Sengamalay, N.A.; Yingst, S.;
Zaborsky, J.; Zorman- Rojs, O.; Ghedin, E. and Capua, I. (2007): Genome analysis
linking recent European and African influenza (H5N1) viruses. Emerging Infectious Diseases
13: 713-718.

Sattar, A.S. and Springthorpe, S. (1999): Activity Against Human Viruses, In: A. D.
Russell, W. B. Hugo, and G. A. J. Ayliffe (eds.), Principles and Practice of Disinfection,
Preservation, and Sterilization, 3" Edition. Blackwell Science, Oxford. pp: 168—186.

Scholtissek, C.; Burger, H.; Bachmann, P.A. and Hannoun, C. (1983): Genetic relatedness
of hemagglutinins of the HI1 subtype of influenza A viruses isolated from swine and birds.
Virology 129: 521-523.

Scott, F.W. (1979): Virucidal disinfectants and feline viruses. American Journal of
Veterinary Research 41: 410—414.

Shahid, M.A.; Abubakar, M.; Hameed, S. and Hassan, S. (2009): Avian influenza virus
(HsN)); effects of physico-chemical factors on its survival. Virology Journal 6: 38—43.

Siengsanan-Lamont, J. (2010): Epidemiology study and risk assessments of highly
pathogenic avian influenza H5N1 in free flying birds in Thailand. Doctoral thesis, School of

Veterinary and Biomedical Sciences, Murdoch University, Western Australia.

Sims, L.D. and Brown, I.H. (2008): Multicontinental Epidemic of HSN1 HPAI Virus (1996—
2007). In: Avian influenza (D. E. Swayne, Ed). ISBN: 9780813818634. John Wiley & Sons,
Inc. Ames, lowa. pp. 251-286.

Sims, L.D.; Ellis, T.M.; Liu, K.K.; Dyrting, K.; Wong, H.; Peiris, M.; Guan, Y. and
Shortridge, K.F. (2003): Avian influenza in Hong Kong 1997-2002. Avian Diseases 47:
832-838.

Slomka, M.J.; Coward, V.J.; Banks, J.; Londt, B.Z.; Brown, I.H.; Voermans, J.; Koch,

G.; Handberg, K.J.; Jorgensen, P.H.; Cherbonnel-Pansart, M.; Jestin, V.; Cattoli, G.;
Capua, L.; Ejdersund, A.; Thorén, P. and Czifra, G. (2007): Identification of sensitive and

81




References

specific avian influenza polymerase chain reaction methods through blind ring trials organized

in the european union. Avian Diseases 51: 227-234.

Songserm, T.; Jam-on, R.; Sae-Heng, N. and Meemak, N. (2005): Survival and stability of
HPAI H5N1 in different environments and susceptibility to disinfectants. In: Schudel, A.,
Lombard, M. (Eds.), Developments in Biologicals, Proceedings of the OIE/FAO International
Conference on Avian Influenza (Abstract 73). Paris, France, April 7-8, 5 pp: 254.

Songserm, T.; Amonsin, A.; Jam-on, R.; Sae-Heng, N.; Pariyothorn, N.; Payungporn, S.;
Theamboonlers, A.; Chutinimitkul, S.; Thanawongnuwech, R. and Poovorawan, Y.
(2006a): Fatal avian influenza A H5N1 in a dog. Emerging Infectious Diseases 12: 1744—
1747.

Songserm, T.; Jam-on, R.; Sae-Heng, N.; Meemak, N.; Hulse-Post, D.J.; Sturm-Ramirez,
K.M. and Webster, R.G. (2006b): Domestic ducks and H5N1 influenza epidemic, Thailand.
Emerging Infectious Diseases 12: 575-581.

Spackman, E.D.; Suarez, L. and Swayne, D.A. (2008): Avian influenza diagnostic and
survellance methods. In: Avian influenza (D. E. Swayne, Ed). ISBN: 9780813818634. John
Wiley & Sons, Inc. Ames, lowa. pp. 299-308.

Spielholz, B. (1998): Properties of hatchery disinfectants. Journal of World Poultry 14: 50—
51.

Stallknecht, G.F.; Duffus, J.E. and Schaeffer, J. (1990): Curly top virus in grain amaranth.
Post Paper. Fourth U.S. Amaranth Conf., Minneapolis, MN Aug 23-25.

Starick, E.; Beer, M.; Hoffmann, B.; Staubach, C.; Werner, O.; Globig, A.; Strebelow,
G.; Grund, C.; Durban, M.; Conraths, F.J.; Mettenleiter, T. and Harder, T. (2008):
Phylogenetic analyses of highly pathogenic avian influenza virus isolates from Germany in
2006 and 2007 suggest at least three separate introductions of H5N1 virus. Veterinary
Microbiology 128: 243-252.

Suarez, D.L. (2008): Influenza A virus. In: Avian influenza (D. E. Swayne, Ed). ISBN:
9780813818634. John Wiley & Sons, Inc. Ames, lowa. pp. 3-22.

82




References

Suarez, D.L.; Spackmann, E.; Senne, D.A.; Bulaga, L.; Welsch, A.C. and Froberg, K.
(2003): The effect of various disinfectants on detection of avian influenza virus by real time
PCR. Avian Diseases 47: 1091-1095.

Sun, X.; Shi, Y.; Lu, X.; He, J.; Gao, F.; Yan, J.; Qi, J. and Gao, G.F. (2013): Bat-derived
influenza hemagglutinin H17 does not bind canonical avian or human receptors and most
likely uses a unique entry mechanism. Cell Reports 1247: 00032—00036.

Swayne, D.E.; Beck, J.R.; Garcia, M.; Perdue, M.L. and Brugh, M. (1997): Pathogenicity
shifts in experimental avian influenza virus infections in chicken. In: Proceedings of the 4™
International Symposium on Avian Influenza, U.S. Animal Health Association, Athens, GA,
171-181.

Swayne, D.E.; Senne, D.E. and Beard, C.W. (1998): Influenza. In: Swayne, D.E., Glisson,
J.R., Jackwood, M.W., Pearson, J.E., Reed, W.M., (Eds.), Isolation and identification of avian
pathogens, 4™ Edition. American Association of Avian Pathologists, Kennett Square, PA, pp:
150-155.

Swayne, D.E.; Beck, J.R.; Gracia, M. and Stone, D.H. (1999): Influence of virus strain and
vaccine mass on efficacy of HS5 avian influenza inactivated vaccines. Avian Pathology 28:
245-255.

Swayne, D.E. (2000): Understanding the ecology and epidemiology of avian influenza
viruses: Implications for zoonotic potential. In: Brown CC, Bolin CA, eds. Emerging Diseases
of Animals. Washington, DC: ASM Press. pp. 101-130.

Swayne, D.E.; Gracia, M.; Beck, J.R.; Kinney, N. and Suarez, D.L. (2000): Protection
against diverse highly pathogenic H5 avian influenza viruses in chicken immunized with a
recombinant fowlpox vaccine containing an H5 avian influenza hemagglutinin gene insert.
Vaccine 18: 1088—1095.

Swayne, D.E. and Suarez, D.L. (2000): Highly pathogenic avian influenza. Revue
scientifique et technique (International Office of Epizootics) 19: 463—482.

Swayne, D.E. and Halvorson, D.A. (2003): Influenza. In: Saif, Y.M.; Barnes, H.J.; Glisson,
J.R.; Fadly, A.M.; McDougald, L.R. and Swayne, D.E. (Eds.), Diseases of Poultry. 11"
Edition. Iowa State University Press, Ames, IA, pp: 135-179.

83




References

Swayne, D.E. (2009): Avian influenza vaccines and therapies for poultry. Comparative

Immunology, Microbiology and Infectious Diseases 32: 351-363.

Swayne, D.E. (2012): Avian influenza worldwide: current status and successful control tools.
Meeting Proceedings. In: Proceedings of the XXIV World's Poultry Congress, 5-9 August,
Salvador, Brazil. CDROM Paper No. PL42.

Swayne, D.E.; Eggert, D. and Beck, J.R. (2012): Reduction of high pathogenicity avian
influenza virus in eggs from chicken once or twice vaccinated with an oil-emulsified

inactivated H5 avian influenza vaccine. Vaccine 30: 4964—4970.

Tamura, K.; Peterson, D.; Peterson, N.; Steker, G.; Nei, M. and Kumar, S. (2011):
MEGAS: Molecular evolutionary genetics analysis using maximum likelihood, evolutionary
distance, and maximum parsimony methods. Molecular Biology and Evolution 28: 2731—
2739.

Tarantola, A.; Barboza, P.; Gauthier, V.; Ioos, S.; El Omeiri, N. and Gastellu-
Etchegorry, M. (2010): The influenza A (H5N1) epidemic at six and a half years: 500

notified human cases and more to come. Eurosurveillance 15: 19619.

Thurmann, R.B. and Gerba, C.P. (1988): Molecules mechanisms of viral inactivation by

water disinfectants. Advances in Applied Microbiology 33:75-105.

Tian, G.; Zhang, S.; Li, Y.; Bu, Z.; Liu, P.; Zhou, J.; Li, C.; Shi, J.; Yu, K. and Chen, H.
(2005): Protective efficacy in chicken, geese and ducks of an H5NI1 inactivated vaccine

developed by reverse genetics. Virology 341: 153-162.

Tiensin, T.; Chaitaweesub, P.; Songserm, T.; Chaisingh, A.; Hoonsuwan, W.;
Buranathai, C.; Parakamawongsa, T.; Premashthira, S.; Amonsin, A.; Gilbert, M.;
Nielen, M. and Stegeman, A. (2005): Highly pathogenic avian influenza H5N1, Thailand,
2004. Emerging Infectious Diseases 11: 1664—1672.

Van Aarle, R.; Brengei-Pesce, K.; Lefeeuvre, A.; Touchard, M.; Jacbs, E. and Van

Dewiel, R. (2006): Real-time NASBA assay for the detection of influenza A. Journal of
Clinical Virology 36: 46—47.

84




References

Van den Berg, T.; Lambrecht, B.; Marché, S.; Steensels, M.; Van Borm, S. and Bublo,
M. (2008): Influenza vaccines and vaccination strategies in birds. Comparative Immunology,

Microbiology and Infectious Diseases 31: 121-165.

Van Kerkhove, M. D.; Mumford, E.; Mounts, A. W.; Bresee, J.; Ly, S.; Bridges, C. B.;
and Otte, J. (2011): Highly pathogenic avian influenza (H5N1): pathways of exposure at the

animal-human interface, a systematic review. PloS ONE 6:e14582.

Veits, J.; Romer-Oberdorfer, A.; Helferich, D.; Durban, M.; Suezer, Y., Sutter, G. and
Mettenleiter, T.C. (2008): Protective efficacy of several vaccines against highly pathogenic

HS5N1 avian influenza virus under experimental conditions. Vaccine 26: 1688—1696.

Veljkovic, V.; Veljkovic, N.; Muller, C.P.; Miiller, S.; Glisic, S.; Perovic, V. and Koéhler,
H. (2009): Characterization of conserved properties of hemagglutinin of HSN1 and human
influenza viruses: possible consequences for therapy and infection control. Structural Biology
9: 21.

Wanaratana, S.; Tantilertcharoen, R.; Sasipreeyajan, J. and Pakpinyo, S. (2010): The
inactivation of avian influenza virus subtype H5NI isolated from chicken in Thailand by

chemical and physical treatments. Veterinary Microbiology 140: 43—48.

Wang, J.; Vijaykrishna, D.; Duan, L.; Bahl, J.; Zhang, J.X.; Webster, R.G.; Peiris,
J.S.M.; Chen, H.; Smith, G.J.D. and Guan, Y. (2008): Identification of the progenitors of
Indonesian and Vietnamese avian influenza A (H5N1) viruses from southern China. Journal
of Virology 82: 3405-3414.

Watanabe, Y.; Ibrahim, M. S.; Ellakany, H. F.; Kawashita, N.; Mizuike, R.; Hiramatsu,
H.; Sriwilaijaroen, N.; Takagi, T.; Suzuki, Y.; and Ikuta, K. (2011): Acquisition of
human-type receptor binding specificity by new H5N1 influenza virus sublineages during

their emergence in birds in Egypt. PLoS Pathogens 7:¢1002068

Webster, R.G.; Yakhno, M.; Hinshaw, V.S.; Bean, W.J. and Murti, K.G. (1978):
Intestinal influenza: replication and characterization of influenza viruses in ducks. Virology
84: 268-278.

Webster, R.G.; Bean, W.J.; Gorman, O.T.; Chambers, T.M. and Kawaoka, Y. (1992):

Evolution and ecology of influenza A viruses. Microbiological Review 56: 152—179.

85




References

WHO, (2005): Avian influenza (“bird flu”) and the significance of transmission to humans.

Available online at: http://www.who.int/mediacentre/factsheets/avian_influenza/en/print.html

WHO, (2008): Cumulative number of confirmed human cases of avian influenza A/(H5N1)
reported to WHO. Available online at:

http://www.who.int/influenza’human_animal interface/HSN1 cumulative table archives/en/

WHO, (2010): World Health Organization: Situation updates—avian influenza. Available

online at: http://www.who.int/influenza/human_animal interface/avian_influenza/archive/en/

WHO, (2011): Cumulative number of confirmed human cases of avian influenza A (H5N1)
Reported to WHO. 19 August. Available online at:
http://www.who.int/influenza/human_animal interface/EN_GIP_20110819CumulativeNumb
erH5N1casesN.pdf

WHO/OIE/FAO, (2008): Toward a unified nomenclature system for highly pathogenic avian

influenza virus (HSN1). Emerging Infectious Diseases 14: el.

WHO/OIE/FAO, (2009): H5N1 Evolution Working Group: Continuing progress towards a
unified nomenclature for the highly pathogenic HSN1 avian influenza viruses: divergence of

clade 2.2 viruses. Influenza and Other Respiratory Viruses 3: 59-62.

WHO/OIE/FAO, (2012): H5N1 Evolution Working Group. 2011. Letter to the editor:
continued evolution of highly pathogenic avian influenza A (H5N1): updated nomenclature.

Influenza and Other Respiratory Viruses 6: 1-5.

Wood, J. P.; Choi, Y.W.; Chappie, D.J.; Rogers, J.V. and Kaye, J.Z. (2010):
Environmental persistence of a highly pathogenic avian influenza (HS5N1) virus.

Environmental Science and Technology 44: 7515-7520.

Yilmaz, A.; Heffels-Redmann, U. and Redmann, T. (2004): Evaluation of the virucidal
efficacy of two chemical disinfectants against avian influenza virus A at different
temperatures. Archiv fiir Gefliigelkunde 68: 50-55.

Yilmaz, A. and Kaleta, E.F. (2003): Evaluation of virucidal activity of three commercial
disinfectants and formic acid using bovine enterovirus type 1 (ECBO virus), mammalian

orthoreovirus type 1, and bovine adenovirus type 1. The Veterinary Journal 166: 67-78.

86




References

Yoon, S.W.; Kayali, G.; Ali, M.A.; Webster, R.G.; Webby, R.J. and Ducatez, M.F.
(2013): A Single Amino Acid at the Hemagglutinin Cleavage Site Contributes to the
Pathogenicity but Not the Transmission of Egyptian Highly Pathogenic HSN1 Influenza Virus
in Chicken. Journal of Virology 87: 47864788

Zander, D.V.; Bermudez, A.J. and Mallinson, E.T. (1997): Principles of disease
prevention: diagnosis and control. In: B.W. Canek and H.J.Barnes, C.W. Beard, L.Mac
Dougold and Y.M. Saif (eds.). Diseases of Poultry, 10" Edition. Iowa State University Press,
Ames, [A., pp 369-413.

Zhao, S.; Jin, M.; Li, H.; Tan, Y.; Wang, G.; Zhang, R. and Chen, H. (2005): Detection
of antibodies to the nonstructural protein (NS1) of avian influenza viruses allows distinction

between vaccinated and infected chicken. Avian Diseases 49: 488—493.

Zhu, X.; Yu, W.; McBride, R.; Li, Y.; Chen, L.M.; Donis, R.O.; Tong, S.; Paulson, J.C.
and Wilson, I.A. (2013): Hemagglutinin homologue from H17N10 bat influenza virus

exhibits divergent receptor-binding and pH-dependent fusion activities. Proceedings of the
National Academy of Sciences USA 110: 1458-63.

87




ACKNOWLEDGMENTS

I would like to express my deepest gratitude and thanks to Professor Dr. Dr. Hafez
Mohamed Hafez, Head of the Institute of Poultry Diseases at the Free University of Berlin,
Vice (Past) President of the World Veterinary Poultry Association and the European College
of Poultry Veterinary Science and for the suggestion and planning of the study, kind
supervision, illuminating guidance, interesting follow up and positive encouragement.

I express my deep sense of gratitude to Professor Dr. Karl-Hans Zessin, Head of the
Department of International Animal Health, Free University of Berlin for his fruitful
discussions, constructive comments and his revision of the manuscript.

Special and grateful thanks are extended to Professor Dr. Hatem Salah El-Din, President of
Damanhur University, Egypt for his interest in the supervision of this work, valuable
guidance. | have learned greatly from his knowledge and experience.

Furthermore, I would like to express my deepest thanks to Prof. Dr. Habil. Gerd Schlenker
for evaluating my thesis.

Many thanks to Dr. ElI-Sayed M. Abdelwhab, Federal Research Institute for Animal Health
Friedrich-Loeffler-Institut, Greifswald, Germany for his efforts, revision and follow up of the
molecular part of my thesis.

I would like to thank Prof. Dr. Mounir El Safty, Department Manager in The Central
Laboratory for Evaluation of Veterinary Biologics (CLEVB) for his real help and support in
the practical part of my thesis, sharing experience and offering laboratory tools.

I wish to thank Dr. Ashraf Mahmoud Awad, assistant professor of Poultry and Hygiene
Diseases, Faculty of Veterinary Medicine, Alexandria University, Egypt for his guidance in
the practical part of this work, continuous help and interest.

I would like to thank Prof. Dr. Bahig Riad Nematallah, Department of Physiology, Faculty
of Veterinary Medicine, Alexandria University, Egypt for his practical advises, encouraging
skills to develop my self.

Special thanks to Prof. Dr Abdel Sattar Arafa, Head of Gene Analysis Unit (NLQP), Dr.
Muhammad El Husseiny, Dr. Mahmoud Naguib, Dr. Naglaa Hagag (NLQP, Gene
Analysis Unit) and Dr. Sahar Ouda, Animal Health Research Institute (AHRI), department
of Mycoplasma for their efforts, sharing expereince, helpful manner and encouragment.

Finally, appreciation is expressed to Mr. Maher Ahmed Amer, technical assistant of Poultry
and Hygiene Diseases, Faculty of Veterinary Medicine, Alexandria University, Egypt, for his
kind laboratory assistance, great experience and valuable practical advises.

88




Selbstindigkeitserklirung

Hiermit bestitige ich, dass ich die vorliegende Arbeit selbstindig angefertigt habe. Ich
versichere, dass ich ausschlieBlich die angegebenen Quellen und Hilfen in Anspruch

genommen habe.
Berlin, den 07. Oktober 2013

Eman Marzouk

89





 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Bereich: aktuelle Seite
     Folienkoordinaten: quer, hochkant offset 489.06, 379.64 Breite 9.42 Höhe 266.67 Punkte 
     Ursprung: unten links
      

        
     1
     0
     BL
            
                
         Both
         27
         CurrentPage
         120
              

       CurrentAVDoc
          

     489.0559 379.6427 9.423 266.6721 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     101
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Bereich: aktuelle Seite
     Folienkoordinaten: quer, hochkant offset 479.00, 233.27 Breite 2.20 Höhe 143.54 Punkte 
     Ursprung: unten links
      

        
     1
     0
     BL
    
            
                
         Both
         27
         CurrentPage
         120
              

       CurrentAVDoc
          

     479.0046 233.2715 2.1987 143.5443 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     101
     4
     1
      

   1
  

 HistoryList_V1
 qi2base




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.16667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.16667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [419.528 595.276]
>> setpagedevice



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Bereich: aktuelle Seite
     Folienkoordinaten: quer, hochkant offset 489.06, 379.64 Breite 9.42 Höhe 266.67 Punkte 
     Ursprung: unten links
      

        
     1
     0
     BL
            
                
         Both
         27
         CurrentPage
         120
              

       CurrentAVDoc
          

     489.0559 379.6427 9.423 266.6721 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     101
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Bereich: aktuelle Seite
     Folienkoordinaten: quer, hochkant offset 479.00, 233.27 Breite 2.20 Höhe 143.54 Punkte 
     Ursprung: unten links
      

        
     1
     0
     BL
            
                
         Both
         27
         CurrentPage
         120
              

       CurrentAVDoc
          

     479.0046 233.2715 2.1987 143.5443 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     101
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Bereich: aktuelle Seite
     Folienkoordinaten: quer, hochkant offset 96.92, 407.99 Breite 10.32 Höhe 42.29 Punkte 
     Ursprung: unten links
      

        
     1
     0
     BL
            
                
         Both
         27
         CurrentPage
         120
              

       CurrentAVDoc
          

     96.9229 407.9867 10.3217 42.2936 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     101
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Bereich: aktuelle Seite
     Folienkoordinaten: quer, hochkant offset 117.82, 328.84 Breite 11.13 Höhe 50.40 Punkte 
     Ursprung: unten links
      

        
     1
     0
     BL
    
            
                
         Both
         27
         CurrentPage
         120
              

       CurrentAVDoc
          

     117.8181 328.8367 11.1273 50.4 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     4
     101
     4
     1
      

   1
  

 HistoryList_V1
 qi2base



