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Summary

Molecular and Antigenic Characterization of HGN2 Avian Influenza

Viruses Isolated in South Africa

By: Dionne Lynda Rauff (BSc Hons)
Supervisor: Professor Celia Abolnik
Department: Veterinary Tropical Diseases
Degree: MSc

"Does the current HBN2 vaccine still offer sufficient protection?" is a fundamental
guestion asked by the poultry industry in South Africa today. In this study we advanced
our understanding of the genetic drift of the HGN2 virus in poultry in South Africa, by
phylogenetic analyses of gene segments and antigenic characterization of the virus,
and determined the efficacy of the current vaccine.

Using isolates collected between 2002 and 2013, full genome sequencing was
performed to determine whether genetic re-assortment had occurred over the past
decade. Vaccine batches were made from these isolates and with the use of antigenic
cartography the haemagglutination inhibition (HI) data was visualized to determine
antigenic similarities or differences between the viruses. From this research, information
about the evolution of the H6N2 virus was revealed.

The findings show that although extensive genetic drift has occurred over the last ten
years and two distinct sub-lineages have developed, the current vaccine will still offer
sufficient protection for both sub-lineages of HGN2 viruses.

Keywords: avian influenza virus, poultry, HGN2, genetic drift
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Chapter 1

Introduction

Avian influenza (Al) is a viral infection of birds, which infects most species of birds and
can in some cases cross the species barrier and infect humans. The influenza virus is
part of the Orthomyxovirus group and there are three types of influenza viruses
namely A, B and C. Orthomyxoviruses are enveloped, single-stranded, negative-
sense, ribonucleic acid (RNA) viruses with a segmented genome (Cheung, Poon
2007). Influenza C viruses have been isolated from humans and swine while influenza
B viruses have been found in humans and seals. Influenza A viruses can infect

humans, other mammals and a variety of avian species (Baigent, McCauley 2003).

Type A influenza viruses are divided into serotypes based on two surface
glycoproteins: haemagglutinin — HA (H1-H17) and neuraminidase — NA (N1 — N10); all
combinations of NA and HA proteins are possible and all of these can infect birds
except H17N10 which has only been found in bats (CDC, 2013, Tong et al 2012).
Type A viruses have been responsible for the human influenza pandemics in the past,
where it has been shown that they resulted from the introduction of either HA or NA

genes from mammalian or avian viruses (Baigent, McCauley 2003).

Influenza A type viruses that infect birds can be divided into low pathogenic (LPAI)
and high pathogenic (HPAI) viruses. Whereas the highly pathogenic viruses can
cause up to 100% mortality in poultry (Alexander 2000), the low pathogenic viruses do

not often cause mortality.

Prior to 1990, most outbreaks of avian influenza in chickens were attributable to H5
and H7 viral serotypes and very few cases of viruses that had produced stable
lineages in chickens were observed. By 2000 this had changed and H6N2 had
developed stable lineages in chickens in California (Liu, Guan et al. 2003), while HON2
had become endemic in China (Bi, Lu et al 2011). More than 94% of the HIN2 viruses

2
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in the National Center for Biotechnology Information (NCBI) database were isolated in
Asia with approximately 60% being isolated from chickens. The phylogenetic analysis
of HON2 viruses isolated from poultry in China showed that these HINZ2 influenza
viruses evolved quickly and new genotypes were frequently generated in the chicken
flocks. It was shown that at least two stable lineages have developed and this
combined with the evolution of the HON2 viruses may represent a threat to human
health (Bi, Lu et al 2011). The first recorded incidence of HEN2 in South Africa was in
2002 in the KwaZulu-Natal (KZN) province where it was identified by
haemagglutination inhibition (HI) and NA typing as H6N2, and it was typed as a LPAI
strain at the Veterinary Laboratories Agency (VLA) Weybridge laboratory. There have
been sporadic incidences of HGN2 infection until the present, affecting a large number
of poultry operations all over South Africa. Two distinct genetic HGN2 sub-lineages
circulated in the Camperdown area of the KZN Province and these later spread to
other regions of South Africa. It was shown that these viruses probably shared a
common ancestor and that this virus arose from a reassortment between closely
related viruses that were circulating in ostriches just prior to the emergence of the
chicken strains (Abolnik 2007; Abolnik, Bisschop et al. 2007a, Abolnik et al. in press).
Previous research has shown that ostriches and waterfowl can act as mixing vessels
for new Avian Influenza virus (AlV) strains (Abolnik, Bisschop et al. 2007b, Pfitzer,
Verwoerd et al. 2000, Zhang, Kong et al. 2011). With LPAI outbreaks recorded over
the same period in ostriches have being attributed to HGN8, HIN8, H4N2, H1ON1,
HON2 and the influenza viruses H10N7, H11N2 and H3N8 being isolated from wild
ducks between 2009 and 2013, it is evident that extensive reassortment has and can
still take place (Abolnik, Gerdes et al. 2010, Abolnik 2010, Abolnik et al, in press).

In April 2013 an outbreak of LPAI H7N9 influenza virus in humans in China occurred
that originated from poultry (FAO, 2013; Gao, Cao et al. 2013). Despite the
aforementioned exception, the low pathogenic viruses are not generally considered to
cause severe disease and H6N2 is not thought to infect humans (Baigent, McCauley
2003). This does not mean that LPAI is not a problem as it can still spread rapidly
through poultry flocks and cause either asymptomatic disease with a drop in egg
production, or a mild respiratory disease with a low mortality (CDC, 2013). The poultry

industry in South Africa is reliant on healthy breeding birds that can produce the

3
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optimum amount of eggs and even a low pathogenic viral infection can have huge
economic implications. The presence of a stable lineage of HGN2 within the poultry
industry is of concern as this virus could provide the backbone for the reassortment of
H5 or H7 should HEN2 Al infected poultry come into contact with birds infected with
other Al viruses. In order to monitor the situation in South Africa there is currently
compulsory surveillance for avian influenza that all poultry farmers are required to
conduct every 6 months. The birds are screened for avian influenza antibodies using
an Enzyme Linked Immunosorbent Assay (ELISA) screening test and any positive
samples are then tested using haemagglutination inhibition (HI) tests for H5, H7 & H6

to determine the serotype (Horner and Pienaar, 2009).

The aim of this project was to achieve a better understanding of the genetic drift of the
H6N2 virus in poultry in South Africa and to determine if the current LPAI vaccine used
still offers sufficient protection against field strains. Full genome sequencing and
phylogenetic analyses of gene segments was used to assess antigenic drift and to
determine whether genetic re-assortment has occurred over the past decade. Since
some of the strains are characterised by a loss of HA activity, the differences in HA
activity between the viruses and their ability to produce an immune response was
compared by using haemagglutination inhibition tests. The efficacy of the current
H6N2 vaccine used in South Africa was examined by using immune responses to the
isolates and vaccine, where these were plotted using antigenic cartography to

determine the similarities or differences between the viruses.
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Chapter 2

Literature Review

The genome of the Influenza A virus has eight single stranded RNA segments (VRNA)
which produce at least 10 viral proteins, and are bound to the nucleoproteins (NP) and
the influenza virus RNA polymerases inside the virion to form ribonucleoprotein
complexes. The viral proteins can be divided into three main groups — the non-
packaged protein, surface proteins and internal proteins. The surface proteins on the
virus particle are the two glycoproteins mentioned before - the HA and the NA which
are encoded by the fourth and sixth viral segments respectively whilst the third surface
protein, the matrix protein 2 (M2) is encoded by segment seven of the genome. The
three polymerase proteins — polymerase A protein (PA), polymerase B1 protein (PB1)
and polymerase B2 protein (PB2), the matrix 1 protein (M1) as well as the non-
structural internal protein 2 (NS2) are classified as the internal proteins. M1 is
encoded by RNA segment seven, NS2 is located on segment eight, whereas PA, PB1,
PB2 are encoded by the three largest segments of the genome segments three, two
and one respectively (Neumann, Hatta et al. 2003). The only protein that is not
packaged into the virus particle is the non-structural protein 1 (NS1) and this protein is
coded by segment eight of the viral genome (Suarez, Schultz-Cherry 2000, Cheung,
Poon 2007). The RNA segment, corresponding encoded protein and its size in

nucleotides (nt) are shown in Table 1.

Table 1. RNA segments of the Al virus and the corresponding encoded proteins

RNA Segment Encoded protein Size (nt)
1 PB2 2341

2 PB1 2341

3 PA 2233

4 HAL, HA2 1778

5 NP 1565

6 NA 1413

7 M1, M2 1027

8 NS1, NS2 890

5
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The HA protein is of particular importance to this study. This glycoprotein is
responsible for the attachment of the virus to cellular receptors in the host which
contain sialic-acid, it is then involved in the virus penetration by the fusion of the viral
envelope with the cellular membranes. In order for the HA to acquire fusion activity the
uncleaved form — HAo — has to be proteolytically cleaved by a cellular enzyme which
breaks the disulphide bonds and separates the HA into the HA1 and HA2 proteins,
thus cleavage is a precondition for the virus to be infectious (Figure 1). This protein is
also the major viral antigen against which neutralising antibodies are formed. For
Influenza A viruses, the most important determinant of pathogenicity is the cleavage
site structure of the HA precursor. It has been shown that pathogenicity for chickens
directly correlates with the ability of the viruses to produce cleaved HA in infected cells
in culture and to form plaques on various cell types in the absence of exogenously
added trypsin, while analysis of the HA1 and HA2 junctional regions confirmed that
pathogenic strains invariably contain multiple basic residues at the cleavage site
(Steinhauer 1999). Highly pathogenic viruses have an HA which is cleavable by furin-
like proteases that are present in a variety of host tissues whereas LPAI viruses have
an HA with cleavability restricted to trypsin-like enzymes, that are excreted by
epithelial cells of the respiratory and gastrointestinal tracts. Consequently, LPAI
replication is restricted to these tissues, whereas HPAI viruses cause systemic
infections (Rott 1992). It has been shown using phylogenetic analysis that the HA
genes of H5 and H7 viruses that cause severe disease in domestic birds do not form
unique lineages but share common ancestors with non-pathogenic H5 and H7 viruses,
this means that LPAI viruses have the potential to become HPAI and spread into

mammalian hosts (R6hm, Horimoto et al. 1995).

Cleavage of HA produces a new amino (N)-terminal end of HA2 which contains a
sequence of hydrophobic amino acids called a fusion peptide. During entry of
influenza A virus into cells, the fusion peptide inserts into the endosomal membrane of
the cell and causes fusion of the viral and cell membranes, this then allows the
influenza viral RNA to enter the cytoplasm. Most influenza A viruses replicate
efficiently in embryonated chicken eggs because of the presence of a protease in

allantoic fluid that can cleave the HA protein (Rott 1992).
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Figure 1: Ribbon diagram of uncleaved and cleaved HA (Chen, Lee et al 1998).
The cleavage sites are shown, where HAL is shown in blue, HA2 is shown in red, and
the residues that are displaced after cleavage are shown in yellow. The arrow
indicates the site of cleavage in the loop of uncleaved HA. The location of the
disulphide bond that links HA1 and HAZ2 is also indicated.

Host restriction is an important factor in the transmission of avian influenza viruses to
mammals, especially humans and involves multiple genetic determinants. Among the
determinants of host range restriction, the genes coding for the nucleoprotein and
polymerase proteins have been identified as key determinants, which together with the
viral RNA segments, form the ribonucleoproteins (Naffakh, Tomoiu et al 2008). Of the
internal proteins that can determine the host restriction, the most documented protein
is the amino acid at 627 (Lysine (K) in human viruses, Glutamic acid (E) in avian
viruses) on PB2. A substitution of E to K changed the host range of an avian PB2
single-gene reassortant so that it replicated in mammalian cells. However, it was also
observed that multiple combinations of genetic features, involving several genomic
segments can determine pathogenicity in mammals (Labadie, Dos Santos et al. 2007).

Avian influenza viruses bind to a2,3-linked sialic acid, whereas human influenza
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viruses recognise a2,6-linked sialic acid as receptors for their binding and entry into
cells, and it can be argued that if a virus was to switch its binding site it could cross
species and infect humans. Ha et al reported in 2001 that HA receptor-binding sites
favouring 02,6 linkages (H9 swine, H3 human) are “wider” than the site in the avian
HA (H5 avian) that favours a2,3 linkages, and where avian H5 HA hydrogen bonds
through E-226, the swine H9 HA uses K-226.

Influenza A viruses bind to polysaccharides on the cell surfaces of erythrocytes of
chickens causing haemagglutination. The haemagglutinating activity of Al resides in
the HAL protein (Khurana, Verma et al. 2011) and which is the property on which
haemagglutination (HA) and haemagglutination inhibition (HI) diagnostic tests are
based. The HA test indicates the presence of agglutinating viruses or bacteria in the
allantoic fluid. Orthomyxoviruses, paramyxoviruses, a few strains of reovirus, egg drop
syndrome 76 adenovirus, infectious bronchitis virus (if treated with neuraminidase)
and some bacteria have this haemagglutinating ability. The HI test is used to detect
the presence of specific circulating antibodies. For Al each H type is determined by
testing the sera with a monospecific antisera to that H type. However, nonspecific
inhibition of agglutination can be caused by steric inhibition when the H antigen and
serum in the HI test have the same N subtype. This steric inhibition reaction results in
red blood cells agglutinating in the bottom of the plate or streaming at the same rate
as the control. The N type is only identified by means of a neuraminidase inhibition
test (OIE 2015).

It was shown that a mutation on the HA gene at position 190 from glutamic acid (E) to
aspartic acid (D) decreased the ability of the virus designated as influenza
A/Aichi/51/92 (H3N2) to agglutinate chicken red blood cells and increased recognition
of a2,6 (Nobusawa, Ishihara et al. 2000). The HA1 protein of influenza viruses has
been expressed in bacterial systems and HA activity was retained (Khurana, Verma et
al. 2010, Khurana, Verma et al. 2011).
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A humoral immune response to vaccination or infection by Al in chickens is measured
using ELISA and HI tests. The results of HI tests have been used to identify variants
among circulating influenza strains in order to select appropriate vaccines for use in
human influenza control. Human vaccine selection is aided by the use of antigenic
cartography, which provides a graphical overview of the antigenic properties of
isolates or vaccine candidates as revealed by haemagglutination inhibition assay data.
For example, a change in a single amino acid may cause a disproportionately large
change in the binding properties of a virus strain. Antigenic maps can reveal large
movements in the antigenic space that may be due to minimal amino acid changes. In
this process the distances between the points on an antigenic map represent the
similarities or differences between viruses. Using this data, information about the
antigenic evolution of a pathogen is revealed. It is thus possible, when using this
technology to predict when a vaccine update is necessary, since viruses drifting away
from vaccine strains will indicate the start of antigenic diversity. (Cai et al 2010,
Foucher and Smith, 2010). This technology has to date, not been widely applied for
poultry vaccines and only a few studies exist where the antigenic difference of
challenge Al viruses was compared in order to select viruses for vaccine efficacy
(Beato, Xu et al 2014).

Antigenic diversity of AlV can be divided into two phenomenon, that is, antigenic shift
and antigenic drift. Antigenic shift occurs when a host is co-infected with two or more
different AlVs and acts as a mixing vessel, where gene segments are interchanged
during virion packing. This is termed reassortment and is defined by the exchange of
intact segments between two differing influenza A viruses. Antigenic drift is normally
due to the high mutational rate of the polymerase, where the lack of proofreading of
the RNA polymerases contribute to a mutation rate and the selective pressure of the
immune system of the host favours this substitution which leads to the development of

an antigenically different virus strain (Brown, 2000, Treanor, 2004).

Vaccination for the control of Al was first used during the 1970’s in the USA where
inactivated influenza A vaccines were used primarily in turkeys against HIN1, HIN2

and H3N2. Other examples of the use of inactivated Al vaccine to control LPAI are
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South Africa (H6N2), Italy (H7N1, H7N3) and the Middle East (HIN2). Al vaccines
have also been used to vaccinate against HPAI following outbreaks in Mexico (H5N2)
and Pakistan (H7N3). In Pakistan HPAI viruses genetically close to the original HPAI
virus were still being isolated in 2004, while in Mexico the HPAI virus was eradicated,
but LPAI virus H5N2 continued to circulate. Vaccination was maintained as one of the
control tools for these H5N2 LPAI strains, however, within a few years, multiple
lineages of antigenically variant HSN2 LPAI field viruses were isolated that escaped.
From the immunity induced by the original 1994 vaccine seed strain used in the
inactivated vaccine, it is not clear whether the emergence of these antigenic variants
was related to the use of vaccines or the improper use of vaccines. It was concluded
that the use of Al vaccines to eradicate Al should not be considered as the only
solution, but should be used as part of a control program. If a good quality-controlled
vaccine is used as part of an integrated strategy where adequate safeguards are in
place to detect low-level circulation of virus in infected flocks or the emergence of
antigenic variants, vaccination may be successful in controlling the spread of Al.
Without the application of monitoring systems, such as unvaccinated sentinel birds
within vaccinated flocks, strict biosecurity and depopulation in the face of infection,
there is the possibility that long-term circulation and the development of stable
lineages of LPAI viruses in vaccinated poultry populations could result in both
antigenic and genetic changes in the viruses (OIE, 2015; Swayne, Perdue et al 2000,
Swayne, 2012).

In South Africa a HGN2 (™ Avivac) vaccine is used to control the LPAI that first
occurred in 2002. This whole virus Al vaccine is inactivated which reduces the risk of
reassortment with other circulating Al viruses. The vaccine is prepared from infective
allantoic fluid which has been inactivated by adding binary ethylenimine (BEI) and
emulsified with white oil. The use of this vaccine is only allowed under strictly
controlled conditions. These include the following restrictions - only serologically
negative birds may be vaccinated, while unvaccinated sentinels are placed with these
birds and are monitored serologically on a monthly basis for HGN2.

10
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apter 3
and Methods

Viral propagation in embryonated eggs

0.1m! of each virus (Table 2) was inoculated into the allantoic cavity of five 8 — 10 day

old embryonated specific-pathogen-free (SPF) eggs obtained from Avifarms (Pty) Ltd.

After incubation for 7 days at 37°C or immediately after the embryos died, the allantoic

fluid was harvested by hand in a Biohazard class 2 cabinet (Airvolution Class II) and

tested for haemagglutination activity.

Table 2: H6N2 viral isolates and source of viruses used in the study

Collection date Strain Region Laboratory

2002, July Al/chicken/South KZN* Deltamune (Pty) Ltd
Africa/W-04/2002

2002, July A/chicken/South Botha's Hill, Allerton Provincial
Africa/AL19/2002 KZN* Veterinary Laboratory

2002, October Alchicken/South Verulam, KZN* | Allerton Provincial
Africa/AL25/2002 Veterinary Laboratory

2012, March Al/chicken/South Eastern Pretoria, | Deltamune (Pty) Ltd
Africa/BKP/2012 GAU*

2012, March Al/chicken/South Eastern Pretoria, | Deltamune (Pty) Ltd
Africa/BKR2/2012 GAU*

2012, March Al/chicken/South Eastern Pretoria, | Deltamune (Pty) Ltd
Africa/BKR4/2012 GAU*

2012, October A/chicken/South Eastern Pretoria, | Deltamune (Pty) Ltd
Africa/NWY/2012 GAU*

2013, May Al/chicken/South Alberton, GAU* | Deltamune (Pty) Ltd
Africa/MAS/2013

*  KZN = Zwazulu-Natal, GAU = Gauteng

11
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3.2. Haemagglutination assay

The HA activity of the isolates was determined using the haemagglutination test which
uses chicken red blood cells (CRBC) obtained from SPF blood donor birds purchased
from Avifarms (Pty) Ltd and housed at the Deltamune Animal Facility. The CRBC were
washed with Phosphate Buffered Saline (PBS) followed by the addition of 25l of a
1% CRBC to serial dilutions of the viral isolates in a V-bottom 96 well plate (total
volume 50ul). Agglutination was read after 40 minutes of incubation at room
temperature. HA negative results were where a sharp button of red blood cells was
seen at the bottom of the V-bottom well, while HA positive samples showed a diffuse
film of red blood cells, no button or a very a small button of red blood cells at the
bottom of the V-bottom well. One HA unit in the haemagglutinin titration is the
minimum amount of virus that will cause complete agglutination of the CRBC. The last
well that shows complete agglutination is the well that contains one HA unit (HAU).
The HA titre was calculated as the reciprocal of the dilution that produces one HAU.
For example if the dilution at 1/128 contained 1 HAU, the HA titre is the reciprocal of
1/128 = 128 = 27(Figure 2)

Agglutination
/ o @ e
-t S - -
V™ N -~ ~ -\ S AN
i~ - g - - e O L 2
~ ~ ~
- - - — RSl R L B L J L J

@ ISR e e e e e e e e e — No reaction — CRBC only

11 1:2 14 1:8 1116 1:32 164 1:128 1:256 1:512 1:1024 1:2048

Figure 2: Haemagglutination assay showing agglutination of CRBC (Kanagarajan
et al 2012)

3.3. Extraction of RNA

The Deltamune laboratory procedure for extracting RNA from allantoic fluid was

followed whereby the avian influenza (Al) RNA was extracted from the harvested
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allantoic fluid using TRIzol® reagent (Invitrogen). Briefly, 900ul of TRIzoI® reagent
was added to 200pl of allantoic fluid and allowed to stand for 10 minutes. 200ul of
chloroform was added and the sample was vortexed for 15 seconds and allowed to
stand for 3 minutes. The sample was centrifuged at 5000 rpm (Beckman Microfuge)
for 30 seconds and the upper aqueous phase was transferred into a new marked
microtube. 500ul Isopropyl alcohol was added to the tube and it was mixed by
vortexing. The sample was allowed to stand at room temperature for 10 minutes. The
tube was centrifuged at 12 000 rpm for 10 minutes and the supernatant was
discarded. The RNA pellet was washed with 1m{ 75% Ethanol and centrifuged at 12
000 rpm for 5 minutes after which the supernatant was discarded and the RNA was

air-dried.

3.4. rRT-PCR

Identification of the presence of avian influenza virus in the allantoic fluid was done by
performing real time reverse transcriptase polymerase chain reaction (rRT-PCR)
where the primers are based on the conserved region of the Matrix gene. A master-
mix was prepared where the following was pipetted in a tube: 4.3 yl H20 PCR grade,
2.0 yl 5X concentrated mix, 0.5 pl 20x Primer/Probe Mix, 0.2 yl Enzyme Mix (Real
Time Ready Roche). The reagents were mixed by carefully pipetting up and down.
The tube containing the master mix was centrifuged for several seconds in a
Spectrafuge mini centrifuge. 7ul of the master mix was placed into the plastic reservoir
at the top the glass capillary and 3ul of the sample RNA was added. The glass
capillary was centrifuged inside the centrifuge adapters at 1500 rpm for 1 minute in the
Beckman Microfuge centrifuge. The glass capillary was placed into the sample
carousel, and while keeping the capillaries in the upright position, the carousel was
placed in the Roche 1.5 LightCycler. The run was programmed into the lightcycler and
analysis of the results was performed by the software. All samples with no Crossing
point (Cp) value on the graph were interpreted as not detected, while Cp values less

than 40 together with a steep amplification curve were interpreted as detected.
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3.5. Preparation of transcriptome libraries

The transcriptome libraries were prepared as described by Abolnik, de Castro et al.
2012, using a TransPlex transcriptome amplification kit (Sigma-Aldrich).
Complementary deoxyribose nucleic acids (cDNAs) were generated from the influenza
virus RNA and the DNA was quantified on a Thermo Scientific Nanodrop

spectrophotometer. 200ng of DNA was used as an input.

3.6. Sequencing

Nextera library preparations were performed at Inqaba Biotech and analysed on an
lllumina MiSeq apparatus.

3.7. Genome assembly

lllumina data was imported into CLC Genomics Workbench v6. Paired-end reads were

trimmed and gene segments were assembled de novo.

3.8. Bioinformatic analyses

Multiple sequence alignments were prepared in BioEdit (Hall, 1999). Phylogenetic
trees of full gene sequences were constructed using the Maximum likelihood
interference and MEGA v5.2.2 software, with 1000 bootstrap replices to assign
confidence levels to branches (Tamura, Peterson et al. 2011).

3.9. Antigen preparation

The harvested allantoic fluid was centrifuged at 2000 rpm for 20 minutes to remove
debris and the supernatant was decanted into sterile containers. A 0.2M concentration
of binary ethylenimine (BEI) was added to each of the antigen bottles to obtain a final
concentration of 2% BEI in each bottle (20m¢£ BEI / 1¢ antigen). The bottles were mixed

well and incubated for 26 hours (2 h) at 37 (1) °C, to inactivate the virus. The
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inactivation was stopped by aseptically adding the required volume of 20% sodium

thiosulphate so that each bottle had a final concentration of 0.4% sodium thiosulphate.

3.10. Vaccine preparation

The inactivated antigens were used to make small batches of oil-based Al vaccines,
where 20% antigen, 72% white oil, 6% Arlacel and 2% Tween 80 was used. The white
oil was added to the emulsifiers and dissolved by swirling. An ultra-turrex was inserted
into the oil phase and mixing was initiated at low speed, the antigen was added
gradually by means of a syringe and the speed of the ultra-turrax was gradually

increased to maximum and the vaccine was mixed for 2 min and bottled.

3.11. Approval to use animals for experimental purposes

As the use of experimental animals for this study was necessary, the number of
animals in the study was kept at a minimum. An application for the approval to use a
total of 16 chickens aged >17w was submitted to the Deltamune Ethics committee
prior to the start of the study (Appendix B). It was decided at the time of the application
that four chickens per group would be an option instead of two per group as there was
sufficient space to house all birds comfortably, while two birds were dedicated as
control animals. In total 34 birds were approved to be used in this study (Appendix C).
The chickens were housed under normal conditions for poultry at the Deltamune
Animal Studies Unit.

3.12. Preparation of positive Al sera

Eight vaccines prepared from each of the isolates were administered to eight
individual groups of chickens with four chickens per group, where 0.5 m{ of vaccine
was injected into the pectoral muscle of each bird. A total of 34 chickens were used,
where two birds were not vaccinated and were used as sentinel controls. The birds
were marked with coloured tags and numbers ensuring that the study was from this

point blind. Thus the identity of the vaccine group was withheld when the testing was
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performed. The birds were all bled from a brachial vein prior to the first vaccination to
determine a baseline antibody level. Four weeks after the initial vaccination the birds
were bled from a brachial vein and 2m{ of sera per bird was collected. Thereafter a
booster injection was given to each bird. Four weeks after the booster vaccination, a
terminal bled was conducted under anaesthesia where 20m¢{ of sera was collected
from each bird. The birds were monitored daily for clinical signs of disease or mortality

over the eight week period.

3.13. Haemagglutination inhibition assay

The isolates that demonstrated a positive HA result were subjected to a
haemagglutination inhibition test (HI) where 4HAU of the virus was tested against
serial dilutions of the sera from all birds from the 2" and the terminal bleeds. 25pl of
phosphate buffered saline (PBS) was placed in all the wells except the first row where
50ul of the sera was placed. Two-fold serial dilutions of the sera were made in a V-
bottom 96 well plate (total volume 50ul). Next 25ul of CRBC was added to all wells of
the V-bottom plate (total volume 75pl). Inhibition was read after incubation at room
temperature for 45 minutes. The end-point of the titration was the highest dilution of
the serum in which haemagglutination was completely inhibited (where streaming of
CRBCs was visible).

3.14. Enzyme Linked Immunosorbent Assay (ELISA)

3.14.1. Idexx Influenza A multispecies ELISA

Sera from all birds from the 2"® and the terminal bleeds was subjected to the ldexx
Influenza A multispecies ELISA to determine the presence of antibodies to Influenza
A. The ELISA was performed in a microtiter well coated with Influenza A Virus. Sera
was diluted 1:10 with sample diluent and 100ul of diluted sample was dispensed into
the microtiter plates. During the first incubation at room temperature for 60 minutes,
Influenza A antibodies present in the sample reacted with immobilised antigens
(matrix and nucleoprotein). After a wash step, an anti-influenza A monoclonal antibody

enzyme conjugate was added to the microwell and the samples were further
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incubated at room temperature for 30 minutes. If no anti-Influenza A antibodies were
present in the sample, the enzyme-conjugated monoclonal antibodies were blocked
from reacting with the antigen. Following this incubation period, the excess conjugate
was removed by washing and a substrate/ chromogen solution was added. In the
presence of enzyme, the substrate was converted to a product which reacted with the
chromophore to generate a blue colour. The absorbance was read at 620nm using a
Thermo Scientific Multiskan 355 microtitre plate spectrophotometer. Results were
calculated by dividing the optical density (OD) value of the sample by the mean OD of
the negative control, resulting in a sample to negative (S/N) value. The quantity of
antibodies to Influenza A is inversely proportional to the OD value, and thus, to the

S/N value, where for chickens a S/N value of 20.5 was negative.

3.14.2. H6N2 chicken specific ELISA

Sera from all birds from the 2" and the terminal bleeds was subjected to the
Deltamune HE6N2 ELISA to determine the presence of antibodies to Al. The ELISA
was performed in a microtiter well coated with whole inactivated Al HGN2 virus. The
H6N2 ELISA has a diagnostic sensitivity of 99.47% and a diagnostic specificity of
99.05% (unpublished data). Sera was diluted 1:500 with sample diluent and 100pl of
diluted sample was dispensed into the microtiter plates. During the first incubation at
room temperature for 30 minutes, Al HGN2 antibodies present in the sample reacted
with immobilised antigen. After a wash step, 50ul of a whole molecule anti-chicken
immunoglobulin G (IgG) peroxidase conjugate developed in rabbits (Sigma Aldrich)
was added to the microwells and the samples were further incubated at room
temperature for 30 minutes. If no Al HBN2 antibodies were present in the sample, the
conjugate was blocked from reacting with the antigen. Following this incubation
period, the excess conjugate was removed by washing and 100pl of o-
Phenylenediamine dihydrochloride (OPD) (Sigma Aldrich) was added. In the presence
of peroxidase, the substrate was converted to an end product that was orange-brown
in color. The OPD reaction was stopped by adding 100ul of 1.88M H2S0Oa4 to each well
and the absorbance was read at 492nm using a Thermo Scientific Multiskan 355
microtitre plate spectrophotometer. Results were calculated by dividing the OD value

of the sample by the mean OD of the positive control, resulting in a sample to positive
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(S/P) value. The titre of each sera was calculated using the formula LogioTiter =
X(Log10S/P) +y, where x = 1.27 and y = 3.81. Positive results have been determined

to have titre value of 2900.

3.15. Antigenic cartography

Using AntigenMap, an online resource developed specifically for antigenic cartography
construction, a low rank matrix completion algorithm was applied to fill in the entries of
the HI matrix. Then a temporal multiple dimensional scaling (MDS) algorithm was
utilized to map the antigens (and similarly, antibodies) into a two and three dimensional
space for visualization (Barnett et al 2012). The scale bar on the maps represents one

unit of antigenic distance, corresponding to a two-fold difference in the HI assay.
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Chapter 4

Results

4.1. HA and rRT-PCR Results

After the isolates were re-passaged in the SPF eggs, Al rRT-PCRs were performed on
the harvested allantoic fluid and a positive result was obtained for all isolates
confirming that all the isolates did replicate in the eggs. HA activity of the isolates was
tested and an HA titre was determined (Table 3). Isolates A/chicken/South
Africa/BKR2/2012 and A/chicken/South Africa/NWY/2012 did not cause embryo
mortality nor was there a discernible HA titre (Table 3). Isolates A/chicken/South
Africa/BKR4/2012 and A/chicken/South Africa/BKP/2012 did not have any HA activity
although they did cause embryo mortality. Original isolation records show that all the
isolates except A/chicken/South Africa/NWY/2012 showed HA activity. The rapid
replication of the Al virus in the egg could have contributed to the lack of HA activity
where the spikes on the HA protein have not had sufficient time to form. It has also
been suggested that interference by sialic acids on HA could also be the reason that
HA activity was not observed (Nobusawa et al 2000).
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Table 3: HA, rRT-PCR and embryo mortality results of isolate propagation

Isolate Embryo HA (log 2) | rRT-PCR result
mortality Titre

Al/chicken/South 0/6 Negative Positive

Africa/NWY/2012

Alchicken/South 0/6 Negative Positive

Africa/BKR2/2012

Alchicken/South 6/6 Negative Positive

Africa/BKR4/2012

Al/chicken/South 4/6 Negative Positive

Africa/BKP/2012

A/chicken/South 4/6 2 Positive

Africa/MAS/2013

A/chicken/South Africa/W- 6/6 5 Positive

04/2002

Al/chicken/South 6/6 4 Positive

Africa/AL19/2002

Al/chicken/South 4/6 6 Positive

Africa/AL25/2002

4.2. Hlresults

Mini vaccine batches were made with each of the eight isolates and the eight groups
of birds and controls were bled prior to vaccination as well as 4w and 8w post
inoculation. The birds were primed with the vaccines at the start of the trial and a
booster was given at 4w. Isolate - A/chicken/South Africa/W-04/2002 is the current
antigen used in the HGN2 vaccines prepared for poultry in South Africa and has been
in use since the start of the outbreak. The sera was tested against 4HAU of antigen of
the four isolates that showed HA activity. All birds were determined to be Al negative
prior to vaccination. The control group (unvaccinated birds) remained negative
throughout the 8w trial. HI titres were considered positive if they had a logz titre of four

or greater (Table 4a, Table 4b). The identity of the vaccine groups was withheld while
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the testing occurred. One bird (Blue 39) was euthanized midway through the trial — the

necropsy report is included as Appendix D.

Table 4 a: Hl logz titres at 4 weeks post vaccination.

. i Antigen
Vaccine group Bird ID
MAS W04 AL19 AL25
A/chicken/South Purple 4 0 0 0 0
. Purple 43 0 0 0 0
Africa/BKR2/2012 Purpie 45 5 5 - .
Purple 50 0 5 2 0
Alchicken/South Yellow 20 0 0 0 0
. Yellow 31 0 2 1 0
Africa/BKR4/2012 Vellon 34 5 : - .
Yellow 46 0 0 0 0
A/chicken/South Orange 24 5 1 1 0
. Orange 41 o) 2 2 0
Africa/MAS/2013 Orange 45 5 - . -
Orange 46 1 0 0 0
A/chicken/South Red 2 3 6 6 1
o Africa/W-04/2002 Red 19 7 7 - I
g Red 38 5 8 8 1
g Red 41 4 7 7 1
< Al/chicken/South Green 13 0 4 3 0
Africa/AL19/2002 Green 17 3 5 5 0
Green 37 0 1 1 0
Green 38 3 6 6 3
A/chicken/South Gray 10 6 8 8 6
Africa/AL25/2002 Gray 34 1 3 3 1
Gray 36 2 3 3 1
Gray 41 4 5 5 5
A/chicken/South Blue 12 6 5 5 0
. Blue 19 5 4 3 0
Africa/NWY/2012 Blie 33 5 5 . -
Blue 39 1 1 0 0
A/chicken/South White 10 0 0 0 0
. White 22 0 1 2 0
Africa/BKP/2012 Whte BT 1 - - .
SPF Black 129 0 0 0 0
Black 147 0 0 0 0

Homologous antisera-antigen reactions are shaded and positive reactions are indicated
in bold.

21

© University of Pretoria




Table 4 b: HI log2 titres at 8 weeks post vaccination with a booster vaccination at

4 weeks.
i . Antigen
Vaccine group Bird ID
MAS Wo04 AL19 AL25

A/chicken/South Purple 4 1 4 5 4
Africa/BKR2/2012 Purple 43 2 3 3 !
Purple 45 3 5 5 4
Purple 50 0 1 1 1
A/chicken/South Yellow 20 4 5 5 3
Africa/BKR4/2012 vellow 31 2 > > N
Yellow 34 0 3 4 1
Yellow 46 4 6 9 0
A/chicken/South Orange 24 8 5 9 2
Africa/MAS/2013 Orange 41 8 ! 10 4
Orange 45 7 7 9 4
Orange 46 6 6 8 3
A/chicken/South Red 2 8 10 9 7
© Africa/W-04/2002 Red 19 8 10 5 7
_8 Red 38 7 9 6 6
E Red 41 6 8 6 0
A/chicken/South Green 13 8 9 5 7
Africa/AL19/2002 Green 17 8 10 7 7
Green 37 8 9 6 7
Green 38 7 9 6 5
A/chicken/South Gray 10 6 8 9 7
Africa/AL25/2002 Gray 34 3 5 9 4
Gray 36 5 6 8 5
Gray 41 6 7 8 6
A/chicken/South Blue 12 7 7 7 4
Africa/NWY/2012 Blue 19 4 3 3 3
Blue 33 7 7 7 4
A/chicken/South White 10 4 5 5 4
Africa/BKP/2012 White 22 > ! ° °
White 51 5 6 5 5
SPF Black 129 0 0 0 0
Black 147 0 0 0 0

Homologous antisera-antigen reactions are shaded and positive reactions are indicated
in bold.
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4.3. Antigenic cartography

The 2D and 3D antigenic maps were constructed using AntigenMap, with an Hl titre of
1:16 as the threshold for a low reactor (Figure 3, Figure 4 and Figure 5). The antigen
maps utilized low-rank matrix completion to minimise the noises in the HI data and
multiple dimension scaling to generate the maps reflecting the antigenic distances
embedded in the HI data. Each block on the 2D antigenic maps corresponded to a

logz unit in the HI test.

P \‘_::j‘:
@ AN A/chicken/South Africa/AL19/2002

o —y A/chicken/South Africa/MAS/2013
<D ; A/chicken/South Africa/W-04/2002
& o [

b A/chicken/South Africa/AL25/2002

Figure 3: 2D antigenic cartography of the Hl titres.

Each vaccine group’s HI reactions are denoted by a colour and an amorphous shape,
whereas the corresponding antigen is represented by the same colour smaller circle
as indicated. A/chicken/South Africa/BKR2/2012 = purple, A/chicken/South
Africa/BKR4/2012 = yellow, A/chicken/South Africa/MAS/2013 = orange,
A/chicken/South Africa/W-04/2002 = red, A/chicken/South Africa/AL19/2002 = green,
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Alchicken/South Africa/AL25/2002 = grey, A/chicken/South Africa/NWY/2012 = blue,
Alchicken/South Africa/BKP/2012 = white.

Figure 4: 2D antigenic cartography of the antigens

HA titre representation of the antigens where one block on the graph represents a logz
titre. A/chicken/South Africa/AL19/2002 = green, A/chicken/South Africa/AL25/2002 =
grey, Al/chicken/South Africa/W-04/2002 = red, A/chicken/South Africa/MAS/2013 =

orange.
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Figure 5: 3D antigenic cartography of the Hl titres. HA titre representation of the
antigens in 3D where one unit on the graph represents a logz titre. A/chicken/South
Africa/AL19/2002 = green, A/chicken/South Africa/AL25/2002 = grey, A/chicken/South
Africa/W-04/2002 = red, A/chicken/South Africa/MAS/2013 = orange.

4.4. Influenza A multispecies ELISA

Prior to vaccination, all the birds tested negative for Al when the sera was screened
using the ldexx Influenza A multispecies ELISA kit. Results were calculated by
dividing the optical density (OD) value of the sample by the mean OD of the negative
control, resulting in a sample to negative (S/N) value and a sample was considered as
positive where a S/N ratio of <0.500 was obtained. At the first bleed 4 weeks after
vaccination, 41% of the birds (13/31) already had antibodies to the vaccines while the
control birds remained negative. All of the birds in the groups vaccinated with
Alchicken/South Africa/AL25/2002 and A/chicken/South Africa/W-04/2002 had already
seroconverted at 4 weeks post vaccination, a second booster vaccination was given at
this stage. At the terminal bleed 4 weeks later, all birds except the control birds and
those vaccinated with A/chicken/South Africa/BKP/2012 had developed antibodies
(90%) when screened with the Idexx ELISA (Figure 6). One bird (Blue 39) was

euthanized midway through the trial — the necropsy report is included as Appendix D.
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Figure 7a shows the average optical densities (OD) per vaccinated group at 4w. In this
figure the lower the OD the more positive the sample is, thus showing that all the birds
in vaccine group A/chicken/South Africa/AL25/2002 were positive, while all the other
groups still had birds that had not seroconverted. A booster vaccination was given a
4w post initial vaccination and 4w later all vaccine groups, excluding A/chicken/South
Africa/BKP/2012 had seroconverted (Figure 7b).

1.400

1.200
1.000 X
[ ]
0.800
2o o
= x  Ow
g 0.600 ) ) ® )
= ® dw
(7]
0.400 Bw
o
0900 e L0
' @
0.000
-0.200
BKR2 BKR4 MAS Wo4 AL19 AL25 NWY BKP
Group

Figure 6: Idexx Influenza A ELISA S/N ratios. The average S/N values of each
vaccinated group depicted at the bleeding intervals of pre-vaccination (Ow), 4w and 8w

post vaccination, where all values below the cut-off line on the graph are considered

positive.
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Figure 7a: Idexx influenza A ELISA - Average optical densities (OD) per
vaccinated group at 4w. The bars on the graph indicate the range of values per
group with the average OD within the group being indicated by ®, while the all the

values below the predetermined cut-off line are considered positive.
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Figure 7b: Idexx influenza A ELISA - Average optical densities (OD) per
vaccinated group at 8w. The bars on the graph indicate the range of values per
group with the average OD within the group being indicated by @, while the all the

values below the predetermined cut-off line are considered positive.
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4.5. H6N2 ELISA

As with the Idexx kit, prior to inoculation all the birds tested negative for Al when the
sera was screened using the H6N2 Avian Influenza ELISA kit (Deltamune). At the first
bleed 4 weeks after vaccination, 54% of the birds (17/31) had already developed
antibodies to the vaccines while the control birds remained negative (Figure 8), where
a titre value of >900 was considered positive. All the birds in the group vaccinated with
Alchicken/South Africa/W-04/2002 had already seroconverted at 4 weeks post
vaccination, while 75% of those vaccinated with A/chicken/South Africa/AL25/2002,
Alchicken/South Africa/BKR2/2012 and A/chicken/South Africa/AL19/2002 had also
seroconverted (Figure 9a). A booster vaccination was given at this stage and at the
terminal bleed, 8 weeks after initial vaccination and 4 weeks post booster vaccination,
all birds except the control birds had developed antibodies when screened with the
H6N2 ELISA. One bird (Blue 39) was euthanized midway through the trial — the
necropsy report is included as Appendix D. The average titres for all groups except
MAS and BKP were above or at the cut-off value for positive results (Figure 8 and
Table 8). When tested at 8 weeks post initial vaccination (and 4 weeks after the
booster vaccination) with the H6N2 ELISA all birds had seroconverted, with the
biggest standard deviation (SD) being for group A/chicken/South Africa/AL25/2002
with an SD value of 0.407 (Figure 9b).
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Figure 8: HGN2 ELISA Titres The average titre values of each vaccinated group

depicted at the bleeding intervals of pre-vaccination (Ow), 4w and 8w post vaccination,

where all values above the cut-off line on the graph are considered positive.
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Figure 9a: Average optical densities at 4w — H6N2 ELISA. The bars on the graph
indicate the range of values per group with the average OD within the group being
indicated by ®, while the all the values above the predetermined cut-off line are

considered positive.

29

© University of Pretoria



1.600

1.400 I T

1.200

1.000 l l

0.800 l ® Average
0.600 l e Ctoff

0.400

oD 492nm

0.200

0.000
BKR2 BKR4 MAS Wo4 AL19 AL25 NWY BKP

Group

Figure 9b: Average optical densities at 8w — HGN2 ELISA. The bars on the graph
indicate the range of values per group with the average OD within the group being
indicated by @, while the all the values above the predetermined cut-off line are

considered positive.

4.6. Molecular characterization

Full gene sequences of the HEN2 virus strains were compared to each other and to
two ostrich virus strains A/ostrich/South Africa/KK98/1998 (H6N8) and A/ostrich/South
Africa/9508103/1995 (HION2). Analysis of amino-acid sequences at HAo was
performed to determine the cleavage site motif. Although 2 isolates have atypical
sequences there is no insertion of basic amino acids thus confirming that all isolates
are LPAI (Table 5).
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Table 5: Amino acid sequences at HAo

Collection date Strain HAo

1998 Alostrich/South Africa/KK98/1998 (H6NS) PQIETR*GLF
2002, July A/chicken/South Africa/W-04/2002 PQIETR*GLF
2002, July A/chicken/South Africa/AL19/2002 PQIETR*GLF
2002, October A/chicken/South Africa/AL25/2002 PQIETR*GLF
2012, March A/chicken/South Africa/BKP/2012 PQIETR*GLF
2012, March Alchicken/South Africa/BKR2/2012 PQIETR*GLF
2012, March A/chicken/South Africa/BKR4/2012 PQIETR*GLF
2012, October A/chicken/South Africa/NWY/2012 PQVETR*GLF
2013, May A/chicken/South Africa/MAS/2013 PQVETR*GLF

The aligned nucleotide (nt) sequences for the H6 haemagglutinin genes and N2

neuraminidase genes were compared by calculating pairwise percentage identities

(Table 6). The multiple sequence alignment for the HA genes is represented in Figure

18, and were examined for similarities and differences observed across the entire

sequence. Once the phylogenic trees were constructed the differences were discussed

(Section 4.7).
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Table 6: Comparison of pairwise identities in the haemagglutinin (H6) proteins

where 1720 bp sequences were aligned.

Strains that show a >90% homology with the vaccine strain are indicated in blue in the

table, while the lowest homology between strains is indicated in red.

The pairwise identities of the base pairs (bp) showed the highest homology between
Alchicken/South Africa/BKR2/2012 and A/chicken/South Africa/BKR4/2012 and the
second highest homology between A/chicken/South Africa/W-04/2002 and
Al/chicken/South Africa/AL19/2002 with a pairwise identity of 99.02%. The first two
isolates were not tested against each other in the HI testing, however the latter two
were tested and these last two isolates showed the highest HI titres when tested
against each other. A/chicken/South Africa/MAS/2013 had pairwise identities of
88.89% to A/chicken/South Africa/AL25/2002, 92.74% to A/chicken/South Africa/W-
04/2002 and 93.30% to A/chicken/South Africa/AL19/2002. When comparing the
pairwise identities to the average HI score for each isolate, there was a logz HlI titre of
5 or less when the pairwise identity was less than 90%.
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Table 7: Comparison of pairwise identities in the neuraminidase (N2) proteins.

9508103 | W-04 AL19 AL25 BKP BKR2 BKR4 NWY MAS
H6N2 H6N2 H6N2 H6N2 H6N2 H6N2 H6N2 H6N2

9508103
HION2

80.22 | 93.84

The lowest homology is indicated in red, while genes with homology >90% are indicated
in bold.

4.7. Phylogenetic analyses

De novo assembly of trimmed, paired-end reads was applied to assemble full genomic
segments for the PB2, PB1, PA, NS, NP, NA, M and HA genes. Sequences were
compared in multiple sequence alignments and phylogenetically, using as references
the two South Africa viruses isolated from ostriches A/ostrich/South Africa/KK98/1998
(H6N8) and A/ostrich/South Africa/9508103/1995 (H9N2). The general phylogenetic
relationships of the South African H6N2 viruses to other viruses isolated from 1992 to
2014 are published elsewhere (Abolnik et al, in press). The full gene sequences of the
South African HEN2 viruses in this study were compared to each other and

phylogenetic trees were constructed for each of the internal genes (Figures 10 — 17).
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Bootstrapping is a method for assessing confidence in a phylogenetic analysis, where
bootstrap proportions in majority-rule consensus trees provide biased but highly
conservative estimates of the probability of correctly inferring the corresponding
clades. Bootstrap proportions of 270% usually correspond to a probability of 295% that
the corresponding clade is real. When constructing the maximum likelihood tree of HA
gene sequences it was rooted with A/ostrich/South Africa/KK98/1998 and two distinct
sub-lineages indicated as | and Il became apparent (Figure 16a). Sub-lineage |
contained - A/chicken/South Africa/NWY/2012, A/chicken/South Africa/MAS/2013,
Alchicken/South Africa/W-04/2002 and A/chicken/South Africa/AL19/2002; while sub-
lineage 11 contained A/chicken/South Africa/AL25/2002, A/chicken/South
Africa/BKP/2012, Alchicken/South Africa/BKR2/2012 and A/chicken/South
Africa/BKR4/2012.

98 AiChickeniSouth Africa/BKR4/2012 PB2

100 AlChicken/South Africa/lBKR2/2012 PB2

100 AIChicken!/South Africa/BKPi2012 PB2
o A/Chickeni/South AfricalllWY/2012 PB2
FL AIChicken/South Africa/MAS/2013 PB2

AiChickeniSouth AfricaV04/2002 PB2

. AiChicken/South AfricalAL25/2002 PB2

100 |: AiChicken/South Africa’AL19/2002 PB2

AdostrichiSouth Africa/KK98/1995 (HENS) PB2

Alostrich/South Africa/9508103/1995 (HINZ) PB2

0.02

Figure 10: Maximum likelihood tree of Polymerase B2 (PB2) gene sequences
(2341bp). Horizontal distances are proportional to genetic distance and the tree is
rooted with A/ostrich/South Africa/9508103/1995 (H9N2).
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AIChicken/South Africa/BKR2/2012 PB1

100
AIChicken/South AfricalBKP/2012 PBA
100 AlChicken/South Africa/BKR4/2012 PBA
AlChicken/South Africa/MAS/2012 PBA
99 [ A/Chicken/South Africa/NVVY/2012 PB1

A/Chicken/South AfricaV04/2002 PBA

= ————— AlChicken/South AfricalAL 1912002 PB1

100 |—AICI|ickenfSoutI| AfricalAL25/2002 PB1

Alostrich/South Africa/KK98/1998 (HENE) PB1

100 AdostrichiSouth Africa/9508103/1995 (H9N2) PB1

0.005

Figure 11: Maximum likelihood tree of Polymerase B1 (PB1) gene sequences

(2341 bp). Horizontal distances are proportional to genetic distance and the tree is
rooted with A/ostrich/South Africa/9508103/1995 (H9N2).

[L] P AIChicken/South Africa/lBKPI2012 PA

100 | aichickeniSouth AfricalBKR4/2012 PA
100 AIChicken!/South AfricalBKR2/2012 PA
100 { AIChicken/South AfricalMAS/2013 PA
100 AIChicken/South AfricalNVWYI2012 PA
AIChicken/South AfricalAL19/2002 PA
_{ AIChicken/South AfricalAL25/2002 PA
56 AIChickeniSouth Africal\V04/2002 PA
Alostrich/South Africa/KK98/11998 (HEN8) PA
100 Alostrich/South Africa/9508103/1985 {HIN2) PA
—
0.005

Figure 12: Maximum likelihood tree of Polymerase A (PA) gene sequences (2233

bp). Horizontal distances are proportional to genetic distance and the tree is rooted
with A/ostrich/South Africa/9508103/1995 (H9N2).
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34'— AiChicken/South Africa/BKP/2012 NS

99 ! AIChickeniSouth Africa/BKR4/2012 NS
100

AlChicken/South AfricalBKR2/2012 N5

AiChicken/South Africa/MAS/2013 NS

100 L aichicken/South Africalwyi2012 NS

AlChickeniSouth Africa’AL25/2002 NS
a6 I Al/Chicken/South Africa/AL19/2002 N5

100 L pchicken/South AfricaW04/2002 NS

4,7 Alostrich/South Africa/KK93/1998 (HGNG) NS
a8

Alostrich/South Africa/9508103/1995 (HIN2) NS

—
0.005

Figure 13: Maximum likelihood tree of Non-structural (NS) gene sequences (890
bp). Horizontal distances are proportional to genetic distance and the tree is rooted
with A/ostrich/South Africa/9508103/1995 (H9N2).

41 AiChicken/South Africa/BKR4/2012 NP
100 L AIChicken/South AfricalBKR2/2012 NP
100 | AIChicken/South AfricalBKPI2012 NP

N [ A/Chicken/South AfricalNVWYI2012 NP
100 L— AiChicken/South Africa/MAS/2013 NP

AIChicken/South AfricalAL25/2002 NP
AlChicken/South Africa/AL18/2002 NP
W':Chickenmouth Africa\'V04/2002 NP
AlostrichiSouth Africa/KK98/1998 (HGNE) NP
ﬂchmouth Africal8508103/1995 (H9N2) NP

—
0.002

Figure 14: Maximum likelihood tree of Nucleoprotein (NP) gene sequences (1565
bp). Horizontal distances are proportional to genetic distance and the tree is rooted
with A/ostrich/South Africa/9508103/1995 (H9N2).
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100[— AIChicken/South Africa/lNWY/2012 M
67 |
‘l AIChicken/South Africa/MAS/2013 M
100

AiChicken/South Africa/AL19/2002 M

57 —— A/Chicken/South AfricaW04/2002 M
Al/Chicken/South Africa/BKR2/2012 M

100 | | A/Chicken/South Africa/BKP/2012 M
91 | AiChicken/South Africa/BKR4/2012 M

/Chicken/South Africa/AL25/2002 M

Alostrich/South Africa/KK98/1999 (H6NS) M
—— ( )

99 L Alostrich/South Africa/9508103/1995 (HSN2) M

0.005

Figure 15: Maximum likelihood tree of Matrix (M) gene sequences (1027 bp).
Horizontal distances are proportional to genetic distance and the tree is rooted with
Alostrich/South Africa/9508103/1995 (HON2).

AlChicken/South Africa/BKR4/2012 HA

100 ﬁ A/Chicken/South Africa/BKR2/2012 HA
100 AlChickeniSouth AfricalBKP/2012 HA -

AIChicken/South Africa/AL25/2002 HA

AiChicken/South AfricaV04/2002 HA
AlChicken/South Africa/AL19/2002 HA

54
100 l—NChickenﬁSouth Africa/NWY/2012 HA

100
AlChicken/South Africa/MAS/2013 HA >—

Alostrich/South Africa/KK98/1998 (HENE) HA —

Figure 16a: Maximum likelihood tree of Haemagglutinin (HA) gene sequences
(1778 bp). Horizontal distances are proportional to genetic distance and the tree was
rooted with A/ostrich/South Africa/KK98/1998 and two distinct sub-lineages indicated

as | and Il.

When constructing the radial trees the evolutionary history was inferred using the

Maximum likelihood method, which is a clustering method to group pairwise distances.
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The reason that this was the favoured method when working with influenza virus was
because Al viruses have different evolutionary rates in different hosts and sequences
from both ostriches and poultry were compared. The trees were drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic trees. Branches corresponding to partitions reproduced in less than
50% bootstrap replicates were collapsed, while the evolutionary distances were
computed using the Poisson correction method and are in the units of the number of
amino acid substitutions per site. This analysis involved nine virus sequences and all
positions containing gaps and missing data were eliminated. There were a total of
1717 positions in the final HA dataset and a total of 1258 positions in the final NA
dataset. When the radial phylogram of the H6 HA genes (Figure 16b) was constructed
it was rooted with A/ostrich/South Africa/KK98/1998 and the same two distinct sub-
lineages circled | and Il became apparent that were shown with the maximum
likelihood tree (Figure 16a). When the maximum likelihood tree (Figure 17a) and the
radial phylogram of the N2 NA genes was constructed (Figure 17b), the tree was
rooted with A/ostrich/South Africa/9508103/1995 and two distinct sub-lineages
indicated as | and Il became apparent. Sub-lineage | contained - A/chicken/South
Africa/NWY/2012, A/chicken/South Africa/MAS/2013, A/chicken/South Africa/W-
04/2002 and A/chicken/South Africa/AL19/2002; while sub-lineage Il contained
A/chicken/South Africa/AL25/2002, A/chicken/South Africa/BKP/2012,
A/chicken/South Africa/BKR2/2012 and A/chicken/South Africa/BKR4/2012.
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Figure 16b: Radial phylogram of H6 HA genes evolutionary relationships of H6
genes (1778 bp). The tree was rooted with A/ostrich/South Africa/KK98/1998 and two

distinct sub-lineages indicated as | and I11.
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Examination of the alignment of the HA genes (Figure 18) revealed that sub-lineage |
showed the same single point mutations at position 13 where the Alanine (A) present
in the ostrich isolate and the other 4 isolates (sub-lineage 1l) changed to Threonine
(T). This same pattern was apparent at positions 147 where Valine (V) was substituted
with Isoleucine (1), 152 where Proline (P) was substituted with Serine (S), 268 where
Tryptophan (W) was substituted with R, 272 where Lysine (K) was substituted with R,
274 V was substituted with Phenylalanine (F) and at 523 where Glutamic acid (E) was
substituted with Aspartic acid (D).

Sub-lineage Il as a group when compared to A/ostrich/South Africa/KK98/1998
(H6N8) showed single point mutations at positions 69 where R was substituted with
Glycine (G), 135 where K was substituted with R, 139 where T was substituted with R,
293 where D was substituted with Histidine (H), 299 where T was substituted with A,
308 where T was substituted with R, 400 where | was substituted with V and 422
where D was substituted with G.

Both sub-lineages differs from the ostrich isolate at positions 110 and 144, where at
100 A has been substituted for P for sub-lineage I, while sub-lineage Il isolates have V
at this position. Position 144 is a potential glycosylation site and S in the ostrich isolate

has been substituted with D in sub-lineage | and Asparagine (N) in sub-lineage II.

Position 190 showed a change for isolates A/chicken/South Africa/NWY/2012,
Alchicken/South Africa/MAS/2013 in sub-lineage |, where Leucine (L) was been
substituted with I.
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ﬁ|_— A/Chicken/South Africa/AL19/2002 NA /)
100 A/Chicken/South Africa/W04/2002 NA

— AlChicken/South AfricalN\WYi2012 NA |

100 l—NChickenfE‘muth Africa/MAS/2013 NA
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AIChicken/South Africa/AL25/2002 NA —
}"? AiChicken/South Africa/BKP/2012 NA
100 AIChicken/South Africa/BKR4/2012 NA = 11
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B
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Figure 17a: Maximum likelihood tree of Neuraminidase (NA) gene sequences
(1413 bp). Horizontal distances are proportional to genetic distance and the tree was
rooted with A/ostrich/South Africa/9508103/1995 and two distinct sub-lineages

indicated as | and II.
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Figure 17b: Evolutionary relationship of N2 neuraminidase genes (1413 bp). The
tree was rooted with A/ostrich/South Africa/9508103/1995 and two distinct sub-

lineages indicated as | and II.
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Chapter 5

Discussion

Initial isolation records showed that isolate A/chicken/South Africa/NWY/2012
displayed no HA activity nor did it cause embryo mortality. The presence of this isolate
in the allantoic fluid was confirmed by means of electron microscopy (data not shown)
and Al rRT PCR. The re-inoculation of this isolate confirmed these results. Re-
inoculation of a further three isolates, namely A/chicken/South Africa/BKR2/2012,
Alchicken/South Africa/BKR4/2012 and A/chicken/South Africa/BKP/2012 also
showed a lack of HA activity. Although changes on the HA gene at one of the following
positions - 138, 190, 103, 194 and 226 are thought to correlate with the ability of AV
to agglutinate erythrocytes, Kumari et al, showed that agglutination of CRBC does not
correlate with altered binding to any oligosaccharide on the glycan array, and the
density of HA due to replication processes may be the critical factor in the ability of
viruses to agglutinate CRBC. This is confirmed by the data generated where no
changes are apparent at these positions (Figure 18) except for position 190 which
shows a change from leucine (L) to isoleucine (l) for isolates A/chicken/South
Africa/NWY/2012 and A/chicken/South Africa/MAS/2013, however the latter isolate
agglutinated CRBC.

The HI results at four weeks post vaccination (Table 4a) show that the group
vaccinated with strain A/chicken/South Africa/W-04/2002 had developed the highest
HI titres. As this was the current vaccine strain, and is well adapted for growth in
chickens it produced a high initial HA titre (Table 3), thus most likely stimulating the
immune response strongly. The negative HA values for the isolates A/chicken/South
Africa/BKR2/2012, A/chicken/South Africa/BKR4/2012 and A/chicken/South
Africa/BKP/2012 are most likely responsible for the low immune response at 4 weeks
post inoculation. The quality of the humoral immune response could also be
influenced by the way vaccine antigen uptake by dendritic cells takes place and by the
more or less efficient presentation to immune effector cells. The nuclear transport of
NP and PB2 genes allows Al to replicate efficiently by entering the nucleus of an

infected cell (Gabriel et al 2008), thus if these 3 viruses were blocked from entering
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the cell in some way, there would be a lower HA titre, due to lower numbers of virus

particles present.

At 8 weeks post inoculation (Table 4b), it was shown that all vaccine groups had
induced an immune response and Hl titres had increased from 4 weeks prior.
Although the lack of an initial HA positive result in four of the vaccine group viruses
had resulted in lower titres on the HI test, there was still seroconversion, although
immunity was not tested. The homologous antigens did not produce the highest titres
except in the case of A/chicken/South Africa/W-04/2002, this could be as a result in
the similarity of the HA gene with the lack of introduction of new genetic material. In
other studies where there were antigenically distinct groups these were also
determined to be separate genotypes where a re-assortment of viruses occurred (Kim
et al 2010). HI titres can be linked to levels of replication of the virus and is crucial
when determining the efficacy of a vaccine, as the best protection is produced by the
humoral response against the HA protein (Swayne 2009). The efficacy of inactivated
vaccines against H5N1 avian influenza infection in ducks and poultry were tested in
challenge experiments and it was shown that lower Hl titres were as a result of the
lack of homology between the HA antigen and the vaccine the birds were vaccinated
with; while a higher Hl titre showed a close genetic relationship between vaccine and
challenge viruses and in turn the antigenic match equated into to adequate protection
by the vaccine (Middleton et al 2007, Swayne et al 2015).

There was a distinct grouping of the HlI titres into the respective genetic sub-lineages
where sub-lineage | which contained viruses - A/chicken/South Africa/NWY/2012,
Al/chicken/South Africa/MAS/2013, A/chicken/South Africa/W-04/2002 and
A/chicken/South Africa/AL19/2002, and had a higher average Hl titre; while sub-
lineage Il which contained A/chicken/South Africa/AL25/2002, A/chicken/South
Africa/BKP/2012, A/chicken/South Africa/BKR2/2012 and A/chicken/South
Africa/BKR4/2012 had lower HI titres. The Hl titres of the current vaccine strain when
tested against the isolates from sub-lineage | gave an average HI response of 7, while
those in sub-lineage Il had an Hl titre of 5. The homology of the isolates as shown by

their pair wise identity comparison of the HA gene (Table 6), was comparable to their
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HI titres where isolates that had a homology of <90% had a lower average logz Hl titre
of less than 5. Only isolates A/chicken/South Africa/W-04/2002 and A/chicken/South
Africa/AL19/2002 had pairwise identities of >90% with all other isolates, thus
eliminating other isolates as potential vaccine seed candidates.

When looking at the antigenic characteristics an Hl titre gives information about the
affinity of an antiserum for a virus strain as well as the level of antibodies produced by
the virus. The HlI titre value can be interpreted as a rough measure of distance
between the antiserum and the virus, thus when looking at the 2D and 3D antigenic
maps which are a graphic representation of the HI data (Figure 3, Figure 4, Figure 5)
the antigen A/chicken/South Africa/W-04/2002 which is the basis of the current HGN2
vaccine is most centrally located and should give the most consistent immune

response.

Less variation between antigen groups could be seen with the ELISAs than with the Hl
data. The HI test relied on a homologous binding of the surface haemagglutination
antigens to the antisera, and this result was read in serially diluted wells, whereas the
ELISAs produced a signal read by a spectrophotometer in a single well per sample.
ELISAs produce a signal that is read in nanometres and should therefore be more
sensitive, however, there could also be higher background signal thus reducing net

specific signal levels.

At 4 weeks post inoculation only A/chicken/South Africa/AL25/2002 and
A/chicken/South Africa/W-04/2002 had seroconverted when the Idexx influenza A
ELISA was used, however at the same time when testing the sera using the H6N2
specific ELISA only two groups remained negative - A/chicken/South Africa/MAS/2013
and A/chicken/South Africa/BKP/2012. As the Idexx ELISA was prepared with
conserved anti-influenza A virus nucleoproteins, the increase in detection capability of
the HG6N2 ELISA which was prepared using the whole virus from the homologous
serotype; could have been as a result of there being more binding sites available for
the H6N2 antibodies to bind.
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The molecular characterization findings show that extensive genetic drift has occurred
over the last ten years and the five new isolates sequenced can be divided into two
distinct sub-lineages which appear to have developed independently of each other.
This can be observed when examining the phylogenetic trees of each gene (Figures
10 — 17) and is especially clear in both the haemagglutinin (Figure 16b) and
neuraminidase radial trees (Figure 17b). Two distinct sub-lineages (I and II) of H6
AlVs circulated during the South African outbreak in chickens in 2002, where
Alchicken/South Africa/AL19/2002 was part of sub-lineage | and A/chicken/South
Africa/AL25/2002 was part of sub-lineage Il (Abolnik, 2007). No reassortment was
observed in the isolates analysed which suggests that there was no introduction of
new genetic material and these two clades seem to have developed in isolation, with
sustained transmission within chicken flocks over the time period. This is supported by
the pairwise identity comparison of the HA gene (Table 6), where all strains show a
>90% homology with the vaccine strain, with a 92.99% homology and the lowest
comparative identity being 87.88% between 2 viruses in the two sub-lineages -
Alchicken/South Africa/MAS/2013 and A/chicken/South Africa/BKR2/2012. Further
supporting evidence is that the recent isolates from sub-lineage Il were all from one

geographic area and were directly descended from A/chicken/South Africa/AL25/2002.

When comparing the amino acid differences between the two sub-lineages on the HA
protein (Figure 18), there are distinct differences at positions 13, 69, 110, 135, 139,
144, 147, 152, 268, 272, 274, 293, 299, 308, 400, 422 and 523. Seven potential
glycosylation sites at positions 26, 27, 39, 182, 306, 498, and 557 within the HA were
conserved. Sub-lineage | has an aspartic amino acid residue (D) at position 144 and
although D144 on the HA is thought to be reliable terrestrial marker sub-lineage Il has
asparagine (N) (Abolnik, 2007). This site is also a known glycosylation site where the
HA can undergo co-translational or post-translational glycosylation modification by
attaching oligosaccharides to the N side chain. The glycosylation of the HA is
essential for protein folding and transport to the cell surface as well as biological
functions like receptor binding activity, evasion of host immunity and HA cleavability.
For the HIN1 subtype, a study showed that A/Brazil/11/78 virus containing potential
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HA glycosylation sites at N144 became less sensitive to murine lung surfactant protein
(SP-D) neutralization and more virulent in mice when the glycosylation site at 144 was
removed. It was suggested that the glycan at 144 of the H1 HA was responsible
mainly for SP-D binding and decreased susceptibility to SP-D inhibition resulting in
enhanced virulence (Sun et al 2013). With this in mind the potential exists for the sub-

lineage Il viruses to be more virulent than the sub-lineage | viruses.

There is a 25-amino acid deletion in the stalk region of the NA gene (positions 56 —
80), for virus A/chicken/South Africa/AL19/2002, which is considered a typical marker
of chicken adaptation. Some of the Californian H6N2 chicken viruses from 2000 to
2001 also contained a deletion in the stalk region (Webby et al 2002). Chickens that
were infected with H2N2 viruses with and without the stalk deletion, and the viruses
with the stalk deletion had better viral transmission and extended shedding periods.
Thus it was concluded that the deletion in the stalk region of NA supports the viral
replication in the respiratory tract of chickens. (Sorrell et al 2010). Other studies have
shown that the NA stalk deletion is a major but non-essential virulence determinant
which, together with an HA carrying a polybasic cleavage site, can confer high
virulence (Stech, Veits et al 2015). This suggests that the transmission of the isolates
in South Africa which do not contain the deletions could have been slower and less

effective, thus explaining the low incidences of Al detected over the last 10 years.

Control programs for Al are designed to achieve at least one of the following three
outcomes: prevention, management or eradication of the virus. Various essential
components need to be incorporated in order to achieve these outcomes including
biosecurity practices, diagnostics and surveillance, elimination of infected animals and
increasing host resistance. Vaccination can be used as a single component in a
control program whereby increasing host resistance to Al virus infection and
decreasing environmental contamination. In Mexico after the HSN2 HPAI outbreak in
1995 an inactivated vaccine was used and has continued to be used to control HSN2
LPAI in Mexico, Guatemala and El-Salvador (Swayne, 2009). Further studies
performed on this vaccine have shown that it provided protection against a variety of

H5 Al viruses from other continents and conclusions were drawn that frequent
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changing of the Al virus strain in the vaccine was not needed. Unfortunately in Mexico
while the HPAI virus was eradicated the LPAI virus H5N2 continued to circulate and
within a few years, multiple lineages of antigenically variant HSN2 LPAI field viruses
were isolated that escaped from the immunity induced by the original 1994 vaccine
seed strain used in the inactivated vaccine. This underlies the need for more than one
control strategy, as vaccination alone is not sufficient, and that other safeguards to
detect low-level circulation of virus in vaccinated flocks are needed, such as
unvaccinated sentinel birds. Vaccination does not eradicate virus replication, it only
decreases the shedding of the virus in the respiratory and digestive tracts of Al
exposed chickens, while viruses with <90% homology at the haemagglutinin protein
between vaccine and challenge virus might not result in consistent reductions in Al
challenge or field virus shedding from the respiratory tract (Swayne, et al 2000).
When considering the effectiveness of a vaccine for use in poultry, the World
Organization for Animal Health (OIE) terrestrial manual suggests that a logz Hl titre
response of 5 to a vaccine offers protection from mortality and that a response of 7
offers protection from virus shedding in vaccinated birds (OIE 2015).

The poultry industry in South Africa has vaccinated affected flocks with an inactivated
H6N2 vaccine since 2002 when the first outbreak occurred. Monthly serological
monitoring of sentinel flocks has shown that the virus is still circulating within the
vaccinated flocks. In Gauteng between September 2012 and August 2013, 11 farms
were quarantined for H6 infections, however, only three out of the 11 outbreaks were
associated with drops in production or decreased feed consumption or respiratory
symptoms and in all cases the clinical picture was relatively mild. In the majority of
cases H6 was detected as an incidental finding when routine Al serology screening
occurred and in most cases the virus itself was not isolated. This is most likely due to
the serological monitoring occurring after shedding of the virus had stopped (Petty et
al 2013). In challenge experiments with LPAI it was shown that the virus was
detectable in infected birds 2 days post inoculation, and the virus continued to shed for
1 week, it was however only detectable in cloacal swabs until 3 days post inoculation
at the same time a measurable immune response was detectable as early as 1 week
after exposure. It was also found that the spread of the virus from bird to bird in

adjoining cages of layers was variable and depended on the strain of virus (Lu, Castro,
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2004). These findings could explain the reasons behind the few isolations made over

the last 10 years even though the virus has continued to circulate.

The use of the vaccine in isolation as a control for H6 is obviously not sufficient and
biosecurity practices, diagnostics and surveillance remain important. As LPAI viruses
are usually shed by clinically normal chickens or birds showing minimal clinical signs,
monitoring serologically for Al only every six months is not sufficient to detect the
circulating virus and increased monitoring is to be recommended. The use of
unvaccinated sentinel birds to detect circulating virus, remains strongly recommended;
as serological tests do not distinguish between the vaccine currently used and

infection with Al.

With the data gained from both the antigenic and molecular characterization of the
Avian Influenza viruses isolated over the past 10 years, it can be concluded that the
current vaccine should still offer sufficient protection for both groups of HEN2 viruses.
This was backed up by the results of the pairwise percentage identities in the HA
proteins, where the homology of HA protein and the latest isolates is greater than
90%. It is however, recommended that serological monitoring and genotypic analysis
of any isolated viruses continue, and in order provide ultimate proof of vaccine efficacy
the vaccine should be tested in a vaccination-challenge experiment with the latest

isolated viruses.
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red. Standard deviation (SD) and Coefficient of variation (CV) of each group is also
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Appendix A
Table 8: Idexx multiscreen and H6N2 ELISA data.

The raw OD values are averaged per vaccine group with positive values indicated in

indicated. S/N values for the ldexx multiscreen ELISA and the titre values for the
H6N2 ELISA are displayed.

Idexx multiscreen H6N2 ELISA
Avg S/N Avg | Titre Value

Antigen Group Bleed oD ratio SD CV% oD SD CV%
A/chicken/South Africa/BKR2/2012 | Ow 1.317 1.125 | 0.097 7| 0.155 142.130 | 0.016 10
A/chicken/South Africa/BKR4/2012 | Ow 1.349 1.157 | 0.024 2| 0.153 111.471 | 0.006 4
A/chicken/South Africa/MAS/2013 Oow 1.359 1.167 | 0.104 8] 0.172 279.267 | 0.026 15
A/chicken/South Africa/W-04/2002 | Ow 1.341 1.149 | 0.060 4 0.185 403.243 0.022 12
A/chicken/South Africa/AL19/2002 Oow 1.318 1.126 | 0.058 41 0.159 159.090 | 0.014 9
A/chicken/South Africa/AL25/2002 | Ow 1.295 1.103 | 0.030 2] 0.170 258.762 | 0.024 14
A/chicken/South Africa/NWY/2012 | Ow 1.277 1.085 | 0.070 5] 0.155 124.191 | 0.011 7
A/chicken/South Africa/BKP/2012 Oow 1.197 1.005 | 0.057 51 0.153 105.391 | 0.005 3
SPF Ow 1.235 1.043 | 0.008 1| 0.155 123.520 | 0.012 8
A/chicken/South Africa/BKR2/2012 | 4w 1.126 | 0.934 | 0.062 5 0.072 27
A/chicken/South Africa/BKR4/2012 | 4w 0.801 | 0.608 | 0.376 47 0.098 42
A/chicken/South Africa/MAS/2013 | 4w 0810 | 0.618] 0559 | 69 0022 11
A/chicken/South Africa/W-04/2002 | 4w ‘ 0.422 80 0.272 33
A/chicken/South Africa/AL19/2002 | 4w 0434 | 47 01838 | 46
A/chicken/South Africa/AL25/2002 | 4w ‘ 0.053 16 0.215 51
A/chicken/South Africa/NWY/2012 | 4w 0.815| 0.622 | 0.312 38 0.079 33
A/chicken/South Africa/BKP/2012 4w 0.796 | 0.604 | 0.388 49 | 0.207 636.726 | 0.088 43
SPF 4w 1.172 1.172 | 0.001 0| 0.178 273.934 | 0.006 3
A/chicken/South Africa/BKR2/2012 | 8w 0.237 70 0.217 47
A/chicken/South Africa/BKR4/2012 | 8w 0.019 11 0.243 30
A/chicken/South Africa/MAS/2013 | 8w 0.157 61 0.216 25
A/chicken/South Africa/W-04/ 8w 0.296 94 0.017 1
A/chicken/South Africa/AL19/2002 | 8w 0.087 42 0.051 4
A/chicken/South Africa/AL25/2002 | 8w 0.045 25 0.407 37
A/chicken/South Africa/NWY/2012 | 8w 0.229 71 0.360 42
A/chicken/South Africa/BKP/2012 8w 1.300 | 0.941| 0.164 13 0.253 34
SPF 8w 1.485 1.106 | 0.033 2] 0.236 577.021 | 0.010 4

Positive results are indicated in red.
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Figure 18: Multlple sequence allgnment of the H6 haemagglutinin genes
The first sequence is used as a consensus and the similarities are plotted as a dot, the respective amino acid residue is indicated where differences occur. The HAo fusion site is
indicated in yellow. Amino acid residues at positions 138, 190, 103, 194 and 226 are indicated in green. Sub-lineage differences in the amino acids are indicated in blue.
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Alchicken/South Africa/BKR4/2012
Alchicken/South Africa/BKR2/2012

Alostrich/South Africa/9508103/1995 (HON2)

Alchicken/South Africa/AL19/2002
Alchicken/South Africa/W-04/2002
Alchicken/South Africa/NWY/2012
Alchicken/South Africa/MAS/2013
Alchicken/South Africa/AL25/2002
Alchicken/South Africa/BKP/2012
Alchicken/South Africa/BKR4/2012
Alchicken/South Africa/BKR2/2012

Alostrich/South Africa/9508103/1995 (HON2)

Alchicken/South Africa/AL19/2002
Alchicken/South Africa/W-04/2002
Alchicken/South Africa/NWY/2012
Alchicken/South Africa/MAS/2013
Alchicken/South Africa/AL25/2002
Alchicken/South Africa/BKP/2012

Alchicken/South Africa/BKR4/2012
Alchicken/South Africa/BKR2/2012

Alostrich/South Africa/9508103/1995 (HIN2)

Alchicken/South Africa/AL19/2002
Alchicken/South Africa/W-04/2002
Alchicken/South Africa/NWY/2012
Alchicken/South Africa/MAS/2013

Alchicken/South Africa/AL25/2002
Alchicken/South Africa/BKP/2012

Alchicken/South Africa/BKR4/2012
Alchicken/South Africa/BKR2/2012

Figure 19: Multiple s'eque

The first sequence is used as a consensus and the similarities are plotted as a dot,
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neuraminidase genes

the respective amino acid residue is indicated where differences occur. The red shaded area
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Appendix B

DELTAMUME

1 e e o amimal Seailh

APPLICATION FOR APPROVAL TO USE ANIMALS FOR
EXPERIMENTAL PURPOSES

EY THE DELTASMUNE ETHICS COMMITTEE

& This form BMUST be completed and submitted te the Deliamune Exhics Committes {DEC) for ALL
animal studies.

o The word "animal™ 15 defined as a "Thwe, sentient non-heman wertebrate, Incdeding: fish,
amphibians, reptiles, birds and mammals, and encompassing domestss Brimals, purpase-beed
arimals, farm animals, wildiife and kigher vertebrates such as the advanced members from
the Cephalopoda and Decapoda™,

= It mumt be signed by the Principal Investigator (the applicant] ard other persors wha are
vouching for speclallsed aipects of the experdmerntal design [e.g. stathstidan, safety officer, and
persons respansible for supervising the use of scheduled medisingl substances) as Indicated.
Applicatioms that kave not been sligned will not be considered.

& Theoapplication needs to be written simiply, briefly and i not 1o aegaed the limitatlons ndicated.

s The application shewld bBe e-mailed to the co-ordinator pthiccf@deltamuneco.ra. The
application will then be distibuted to the members of the DEC for review at the mosthly
maalrgs,

& Telephaone enquirkes on any DEC related matiers may b directed 10 afthar the Chalrman ar one
of eihar the members of the DEC.

& PROMECT TITLE
Mclecular Characterization of HEN2 Avlan influenza viruses isolated in South African Poultry

PROPECT MO:

SUBMISSION DATE [ 27/08/2013 EFHICS COMMITTES Na: | Congaf W IR

E, INWESTIGATOR

PRINCIPAL '

i Fauff
SRR NI | Sl S
DEPARTMENT 1ask Laogratory
 DEPARTMENTAL '
MANAGER Stefan Swaneporl

| DOC NO: ATF PAL-GE-OD0Z-01 T s Y
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APPLICATION FOR AFPROVAL TO USE ANIMALS FOR EXPEREMENTAL

| eeirhmue PURPOSES
C. ANIFMAL DATA —
ARIMEAL SPECIES B BREED Chicken {Legroen 5FF)
SOURCE OF THE AMIMALS Fodfarms
NUMBER OF ANIMALS 16 Chicksns ]
AGE - . Aiduks arvd forat least 1T wesks of ape
] l: . --.-: mllﬁ o

- - . . I S
H.EPM['I_'EETHTLE. 3 | M
ME_M | ekickens are vaccinated against pon belore entarieg into study, chicdkens ane
hd kbl [ © | allowed o scchmatise for at (eees 1 week baliore rﬂeﬂﬂﬁlnmthﬁ Frudy

DECLARATION

3

hdaral Philoseohy

The cthiczl reviear of prooos=d animal experimerds @ peadicated upon tse scoeptanoe by
Deftamunae (Poyl Lid that non:human animals are arganizms fully warthy of morsl aqeemn and as
snigh their intenests must B2 protected a6 far a5 possible in thelr usa far advancement of bialogicsl
knowledge and for the promotion of the heslth and wetare of animalks and humans and protectian
of thi eriranmians.

A il | itenesk

In the use of laboratary animals, animal mtecedts ohligae steetists ani eqlucatars to:

ol allow animals be b2 used for reseasch andfor tz be killnd far trivial, irraticnal, unjustfied or
inappropriate ressons;

pErmit ariemals i Bee, reproduce end grow under condtions that ane comfortable and ressanably
natral to their species;

keep animals free from disease, parasitism, injusy and pain by prevention, apid dizgrosis and
Ereabment;

allew animals 1o be able to express pormal behavicur through providing as far == possibde
sufficient space, proper Facilities in which ba live and in the company of tha arimal's can kind
racognising tha inherent seclal nature and hence the necessity of & sadal relationship for mary
peagies;

protect animals from fear, deprivation, stress, distress and pain by ensuring that their Fdng
conditions, Randlicg and reatment will Be such that i will either minimise ar elimirete the
causation of these states wpon those snimats, thet ane used for resaarch, teaching and fosting:

Humaneness

Thi primciphes of humane experimanial teschmiqee proposed by Russall & Aurch muest be followed
in the planning and conduct of animal expeiments. Thess eoimnprise:;

Replacement of ardmals with man-sentiant resabnch systames, La, rasearchars must strive to avaid
using of laboratony animals if alternative methods can yield the data they need

Rededtion af the numbers of animals thal ane b e ased to 3 minimum by design in order 16
achimer only suffident statistical power to alfiow the abpects of Che experiment o be achleved.
Refinement af the soperimentsl methadology to be adopted by the implementation  aad I
necessary by the improvisation of grocedures which will have the least dstressing ar harmful
affect to the amimals and whan this s not avoidshle to counter those eMects by the use of
atarsctics (ranguillisersy, newoleptics (isscclathe agents), anaesthetics, analgesics and other

| DOC HO: ATF. PWL-GEO002.04 : lssue 02 | ik Page 2ot 10 |
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DELTAMUNE

e

APPLICATION FOR APPROVAL TO USE ANIMALS FOR EXFERIMENTAL
PURMDSES

eflect e 5lrpleges,

Animal Protection

Animak should be protected from research designs that invalve pain, lneds, isolation, mkilation
{whether by surgery or otfherwise] andfor premature death until such research can be
demonstrated to be absalifely imperative and related 1o health, wefars and environmensal
probloms, which are potentially catastrophic in natwre and far which alternative Gesigns wsing
non-sentient gystems ana not faasibla,

Relevance

Arimal-based tesching and research must address an imooetant quéstion relévant 1o Deftamunss
abjectiess in advancing knowladge, educstion, sdence and human and animal welfare through
research, be based on pleusible Fypotheses and have 8 repsonsble praspec of vielding pacd
results.

Responsibility

It Is tha responsibility of everpone using animals, for esperimentation, testing diagnosis, teachng,
soyrcing af tissses or bogy flulds to assure that the animals that they use ane afforded the Righest
lewels af weltare amnd proteciion from abuse.

Parsonal Declaration

T | (full mame)Dionme Rauff. . i sy B PrimCipad et igator in this
application, bereby declare that § am famillar with the precepts, policies and redpansibiiities
outlinesd ursder Section O and will parsamally urderiake ta ensure that these are upbeld in the
conduct of this stwdy, shauld it be aparavesd.

7.3 We urdertake not to daviate from the approved application withaut obtaining prar appreesal
by thie DEC P gy desirable of necessary significant changas that may need to be made in
the methads uied, which mdsy aflect the wallfane of the arimal sabjects,

73 Imeny opinion, Bll persons named and working under mey suprreision have the approprate
Lraining and =kills peeded to carry aut their respensibilities for exparimantal procedures, cne
ard handling of the species being used.

......................................... e X3 O 2 LS e BIIRLE045,..
Signature of Applicant Db Cellphans nusnber
E, PURPMOISE OF THE STUDY
PRODUCT DEVELOPMENT || |
i LiEs —— E Pz il Frociudt
CLUALITY CONTROL ol s
[ DOC N AT PWL-GE-0000 4 S5 S iame 02 g " Page3ofi0]
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(ﬁ'\ APPLICATION FOR APPROVAL TO UISE ANIMALS FOR EXPERIMENTAL
DELTARUHE PURROSES
ettt | - |

CONTRACT RESEARCH ]

OTHER |__T| I.'Inhu.-l.t.r Charactarization of HENZ Afan Influenza viruses solated In
| South African Poulbry

F. STUDY CATEGORY

Anrak are howssd under noreal §Le. what the anirals ane used o) comet ore.
A — Peliriima | handling stress ftame animals cem be Racdled requantly witheul staass).
1= o = Mo more tham bem unirsasive proosdures (e g. blood oollsction by venipufcbens)
E.9. Vacoing efffcacy feid gl
Aximals are housed under nomal (Le. what the animals are used o) conditions.,
3 |£| Feinimal handlicg #ress Came aninali can be kandlied fraquanty wkhout stress|.

Mo than tweo wrinvasive procedures (=g bood dollectian by venigamsivre|
| Ef. AHS owtiserum production A gLineo s
TR fnimat are houzed under sbnarmal [or =% ressfuf) comditione (=g in lnlmlel!-:lr:l
T | Minimal handing.

45 izre than fws urinvasive procadures [0 g Blood colaction By wan purciurs|
£.g. Antihocky production i on folotor
Bnlmes e housed urder rormal (e, whet the mlmnis nna ukied po| conditions.

] wiinimal heeding strass [Cpeme arvmals can be handied frequesthy without stress),
[u} L] — Ona o e s sivepainful procedures that rray lesd to dscomdort during the procedure
| ard for afer the procedune (8,5 challenpe sbugdies sngd tain titretion sudies].
b A cnolenge study o ooge fopers used fo the coges
Animals #re housed under abnonassl for strasshalp oenditend,
; D binimral hendling stress {tame animaks an be hand'ad frequently witheat stress]
ki haviurs O o e D shedy' painfal procedores char ey laad 1o decceihort during the procedure
: mreddor oiter the pocegure (e g challesge studies and foxin tiralien §hadias),
| Eg Awifiroe chalenge bo o hiomfery cobinet

Animals are fowsed under abnommal for stressful| conditions,
| = J Stressful Fandling [e.g. bying an animal down, put It In 2 neck damp atc)

L R | Dine oF mand i Eepainful proceduires thas may Mad to dscomdadunng the proozdure

1 aridfor after the procedure (2.g. drallenge studies prd tosdn titration Studie],
E.. Tosthng O SWica| pvodndore (n @ wid-caug e primcie

G. PROIECT DETAILS

1. Proposed commentement date of shudy

Ocicher 2013

2. Brsef pistification
|Brletly introcuce your project, justify the use of animals, the cholce of speces, the numbers to be used. |
thare = limited awaitablbty, or |ge somibers ame to be wveed, provide sodcibioral rakkorale Far thair geleclion
arcl numbers. State alsp what soeesontlent modeli's were conskdered and on whet grounds they wemn
rejecied].

Frgject bntroduction & why use animals?
The expecied results are to have 3 better understanding of the genetic dif of the HEXD Fs in p:_'.ur-rp [CET
Adrica by phylogenetic anabyses of gene segments.

Brcause some of the strains bave o loss of Ha activity the diferences in Ma, activiy betwess the vinses and |I-|Ir
respciivie antisera nidd to be compared and plotied u=ing antigenic cartography.

R T " RO

[DOC WO ATF-FWIGE000201 [T Taalim 02 P & of 41 |
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(7‘%\ | APELICATION EOR APPROVAL TO LISE AMIMALS FOR EXPERIMENTAL
PURPOSES

| BELTAMEHE
- ! S

Thwe posithee srums are prepared by Injecting wacings condaising inactivated antipens of each of the senalypes 1910
chickens, followed by & booster vacdnralien, and finaly the dhickens are bled terminzl by under ans=sthesia 1o provide
& sulficlern quanthy of positiue serum. S

WRRar mor-Sa Dl monely were canikhined 7

| thiat bind t7: coperimant wedd hire to be repeated. We aipectto get & 20ml of serumythicken.
The following isolames are part of the tial = 197005,/%4; 107006, M2 220550; HEN2MES; 11214015, 233214,25;
L

How ol e enpivimint be refined bo reduce uffering? S

®  Handing will anly accur ak incoulation 2rd then onoe s manth untl the tibres 2re cetermined to be

sulficignt
*  Euthaninia or tervical disiocetion can be wsed If someshing such 2 broken wing noours, providad i & dong

by & Wetarinaran ar gy other trained persan.

REFERENCES |if mpahicoble):

3. Alme of the study
|State traese briefly and siccinaty. )

T parlarm antigenic cariograghy ol the vardous WENZ Eolates made in South Adrica using posithie antisera
prepared In SPF chickens against the B sclates,

i, Experimental design and time line
(Summarite the sxperimental design and indicate the chronological sequance of procedures, aulstanco
admirstration and seeple collection; and indicabe the time interval betweon these seents mdicate He
Jreguenoy off praviTeiag aff the ankee’sl. i can b= done in tes?, table forma® or o= a flow disgram

Pasitive Al serums ame preparsd through the Imeoures reaction of indiidual chickens in espenss b Al wactines. For
the preparetion of the posthe serum, saccing prepared Torm sach of the serotypes will be administersd bo deickess
oLording 0 i sondard vacsne schedule snd route of administration, Le. 0.5 ml mjected in the pectoral muscle
is described in the Standard Op=rating Procedure |S0F]. Four weeks alter the initlal waccination the Blnds wil be
bl fromn a orachlal wein to collkect 2ml of sera per bicd aed then a Booster injectian wil be ghaen, Three wesks after
tha hroster vascdnatien, each bisd bird wil be bed from a brecsial vein to collect 2mil of sera which Wil be tested to
dierrninee [ tibe 5 sufficent for the posthve serum to be coliected by & torssnal Bleed, parformed undes
anaesthasia. About 20 mi blood will ba collecied, iF the e s not sulfident a seooed bocstir injaction will be gven
and thon the giires will b menitceed 5 weeks |gtor to deteming = terming can blesd can ocour. The birgs are
maniiored delly for chnical signs of diszase or monaity over the T-waak pariod. Tha saram il bo seirestad from
the bhood samples and sutwitted for lbaratary evalustion m shabed

[DOCHO: ATF-FNLGED002-01 | T e 2 | . PageSofim]
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| APPLICATION FOR AFPROVAL TO USE ANIMALS FOR EXPERIMENTAL

DELFARALIHE PURPOSES
[ESp———— i i - S __I

5. Previcus studies to which animals wers exposed

(# anyl
[ e
6, Hedtraing of the animals

Deicsibe the

muttods of physical Granual procedures and wea of spacizl rastraint equiment) of chamical

restront io be wsed an the animals)

ool @t

The chickers will be genthy restrained by hand on thie tebde by competent animal hendler during blood collection,
Sodium pentabarbitone (200 l| 02 = 05 mi'bid W owill be used for anaesthesa for the terminal biood

7. Animal howsing and care

AR s animal Studles Unit Roodeplaat, enclosed chicker housas, the arsigans ar isactiaiad and
AL FagTy | P B o It sis b
A e : .ln'l arm :l'l:::lz |l:r1.|n1l:|5 Fn:lm Mgadow Feads {Piy| Lid —
& CHe ar Prorf s .ﬁ.mﬁet'n.mnfdn.:dl.lr Hﬁni o |;||-|-|.I'|; k= feeder mey be housed, B
UgHT | Newaligeend inenshy S
i % Fritaee presore yentilation (n the enciosed :nh'.:l housss

Rboles i S

; e Ad lib srericipal watar sUpply
WATIR _ o -
e L th_l__ﬂv_ri-qyge_q_ggpz fioor with sh:.wq:.s badding aed h:-faang matdrial, T
CABETYPE o

| Lasm i3 - &35 #tﬁﬂ:.':r.?::ae.!ih':ﬁhﬂqtf.m )

SBACE |ﬂ1l:llll:|1_lﬂﬂ_rwgi_§lil'£5h:-ﬂ!rl_i density wil be 027 7 dchickan

fait E Recommended stocking donsiny Tar thess chickers 18« 10 CRickensfmd

A chickene per Alseralypevaccine

e ——— e
ENVIRONMENTAL | Ferches o R
ENRICHMENT

DOC HO; ATF-FWLGE 000201
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DELTAMUNE
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&\ APPLICATION FOR APPROVAL TGO USE AMIMALS FOR EXPERMENTAL
| PURPOSES

E. Esxperimerntal procedures and substance administragion

Sl Inooulation with anbigen

| Bocotor imgcton withaemgen prwocks
| Blood cobection from brechialvein itweekd
Blood colection from brachialven AtweekT
Serum colection by Bermingl blead Hiltres
_sufficient . 1.
e ial Rt =77 Bogser rtl::llmwhhwl:u:nlftmrsm

R e Y o Etwek T

LIS o colecontrom brachinlveln  Atweek2l
~| Szrum collection by terminal bieed &t wezek 10

S ' initially, and then + |
S b T wi ks ater 3 0
?BE:';‘E:;'.'E _____ HEM2 aetigen a8 Qs mi Y] booeter
AGMINISTERED TO - 3 wadks whar i
et el ia o bouster depending

PMMSCL Y weMzantgenals  oSmi m antre

Habstance L. Dose  Route Fragquancy
"""E‘W_“E'MEE‘ finpasthesa {reder to
TORE P
paint 6
mr-lrﬂlrrmnw poltEl

SAMPLES TO BE flood sml Brochisl vain okt 7
Tl'l'l'l"ll'll] hbul:l [T Once at end ol
arapsthokia i

9. Severity of effecss of the experimental protedures on the animals
(LSt the prosedaras (hat sy cha diprivation, Sear, didbieds and piir. Descsibe what ganiationg tha wremal
may Te=l, Cabegores these o minimal, ntemediate or high.* Give their likely durstion in Hme. Deseribe
what specific steps wil be fakan to alevam thesa cond@ions through the use of ataractics, dissoclathe
agents, araliesiis, seassthebcs or other mathods, EsSimese bow sffactie thse ao lkely 1o b ]

H.ﬁ.}I:EIJIJ.RE ] SENSATION SENERITY INDEK DURATION FEASUEES TiD
N ALLEVIATE
Blood colection wanua restraint and Mg <=5 minwtes Cormpetent handler

| DO MO: ATF-PMML-GE-00-00 77 T ewedd T ool oo page et |
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AFFLICATION FOR APPROVAL TO USE AMIMALS FOR EXFERIMENTAL

DELTA M UNE PURPOSES
nesdle mab | anid colkctor, nesdle
......... B | _nohnger then 21G
Intramusculie vacdre | Heedie siab, expanzion of | T il L smeonds ger Perfermes by
Inicou Btion muscle mess meoed injection cOmpetEnt pEsanneE
Up 1o darys ITeEserisseT, il i miksa
| | da it ing an velume
absorption of
e N product
Blood oollection via headle siik i “isecond | Performed ender
dardicestesh | i _ | @naasthasia
|

10. Andmal wallare ibacitaring
Explain Feirar Ehis wlfiers of the experimental anbrals will be montored curing the soudy by completisg the
“tinkesl critera column® i the Animal Waltara Soora 1abks,

Fut gniipda:

MNscomfort con e scored from O co #+, whare J represevits @ normal healthy sohes 3+ reprementy he
maderate siscomfoeT (e ife pain assdcinted wikh sof tisswe murgery or the Jevel of discomoet ssocia ted’
wilh o sewvete flu] ead 4+ représenty scireme discomfort feg. the pant eeraciated Witk sesee, widsspead
divm wounds o te cioongiont eRonioted Atk aRpbpada) Thi critevia dRiaf wowd be given to Hie permon
perfarmaing Hie doily manitodkeg of the avmols (s 0 good evomple of the information fo be inciuded n This

tafifie. AN caldganes ore i b completed,
F ba sk 'AH'IMLWIL!.HRE!'EUH-'_" LA

wekare | Sewertty ol discomfort ﬂlfu-lllmpinlwwhﬁﬁ:ml:humd
e |0 i R s Ll s e ERN g :

i Mormal I'.nrn'ﬂlbehal.llnur
1+ | mMiddscomtot | Mormal I:r:hal.llul.r sight pain reaction when Inpoufagion site is

| palpated, drog n appetite, ar mild dropin condition of the bird

2+ Mcderate dscomion Leahargy and swelling at the injectlan she

B | Seversdiscomfort | Anoresio and shscess farmation n-‘tl:.su: araund Injn-.:l;l-:lr";;-l;'q' -----
4k Uriearable disomfort. | Anaresds and massive abscessation and necrosks. aftissue arcund

injection sita

11 Fate of the animals
{Mease nofe: o wnone evapoiot can be deflond 08 the eritenn peed 1o detevming wien the gnimal i =xosriancing
paln, sujfeving o Siatreis oo indicates the point ot which correciive acn'an sbod b roken ro afledeste this, IT dos
ngf specificnily beve ta rmean the onimal wnoergoes @ urmasia olrhough oty dadd, |

F&TE OF THE -‘I-llbll'd-ln '#il tn.-E'l.-l.l'-anlll:d aﬁ:u"l:he ¥ week period. &nd carcasses wil be Incinerated
kL ] o1 Tha natune of thi prosedune i such thet it i unbkely that imersenton bassd on humani
HUMANE ;711 erdpoint will be necessary o
wl 2 { Ay IH"Il:l':-Mﬁlhlbllln:ﬂru-ufdlsum_.dﬂrrduct:-mhnudmlfﬁratmﬂrdm t ebher
caised such 23 cannibalism, will be evabsated by an appeopriated brained peraore|

ankraa! e flane sl
- rr-errber {weterinariam).

[ COENG: ATFPNLGE 00z 01 | it 01 O v T Fagz ol 10 |
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| DELTAMUNE

o e

AFPLICATION FOR APFROVAL TO LESE ANIMALS FOR EXFERIMENTAL
PURPOSES

‘l walfarg score of 3 will nacassitane withdrewal Troen the program sl may resul |I'|
euthenasis of & bird.

Pelethnad 'IJBIIJH'IE Rt
mm hm:ul ...EI.!&HE.HI "...h-&. — — —— e — 1 ——— B 8 S S— S e
METHOD. VOLUME | orprnadan  or  trained
AND ROUITE ETC, gt
Sofum pl:-.uh:u.:tlh:r- 1
Etirgescy eulbonasal
; : y| Bl IV oy ok ba gsed
H. PERSONMEL AND RESPONSIBILITIES
_Mama Qualification
M'E-FEHFHHH A= Gregling |
DALY CAREDFE | Tachnakygist
FHHHI.E' o
o Animal Handler
FIHW'H’] =i ‘Vatarinary
RESPONSIBLE FOR ' | Roet! Greyling Technolagt
CLINICAL - i i
I'-lmrn!uﬁnr inar
ThE s Mﬂ-ﬁm&nﬂwﬂ Heker waterinarian ﬁ i
PERSOMSE) | Watarinary ' L.;""
RESPOMSIBLE FOR- | Raalf Greying Technanl ogist -
AOMINIETRATION .
L jaETANCES | Tamsyn Pulloer Vatennaran M
eemsongsy - - " animal Hardler | M fe s |
RESPONSIALE FORE | Salty Balow "-:!JP
COLLECTION OF - i
EAE!FLE i —.| Miersie Grobler f Tamsyn Pulker Veterinasan 1m .
PERSONIS) ' )
E'EF-I:IHILEH:IH: .
GEWFRAL i Mume&abl:r.l”rm:'m fulker Veterinarian ] g -
H'ETEHIHWHM
1. SIGNATURES

|4 valkd slgmatuna by Principal Isvesigator and the Deparermental Manager 1§ @ preregquiiie for cond ucting
ar aniral pudy]

PRINCIPAL il _
INVESTIGATOR
f i Monna Ml = @20 2 R
DEPARTMENTAL o
M Stafan Swarspoal S
| DDE W0 ATF-Fi- GE-0002-01 lssue0d A T e g ot 1
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APPLICATI FOR APPROVAL TO LEE AMIMALS FOR EXPFERIMENTAL
FURPOSES

| PELTAMURME
= e e

I, DELTAMUMNE ETHICS COMMITTEE
(#iwald signature by 2 represemative of the DEC In section | s a prerequisite for eordhscting an animal sudy)

ADDITIOMAL CONDITHOMNS FOR APPROVAL

DEC REFRESENTATIVE
I R

Ty pe= A §Chairman] SR
DEC REPAESEMTATIVE |0 i .
Type B [Deltamune Sclentlst) H_GHAWRE |
DEC BEPAESENTATIVE

; By kst SIENATURE
Type C |NEPCA Foproseningive]
DEC REPRESENTATIVE. i

ol : NATLURE
Type B {member of tha public] PN
DOC NO: ATF-FWLGED002-01 o 03 [ i Fape 10,04 10 |
69

© University of Pretoria



Appendix C
S [ —

CERTIFICATE OF APPROVAL
| bhLpmunt FOR THE USE OF SENTIENT ANIMALS IN AN ANIMAL STUDY

DELTAMUMNE

O wre g ko ommol hecobh

APPROVAL 15 HEREBY GRANTED BY THE ETHICS COMMITTEE OF DELTAMUNE
{FTY) LTD FOR THE USE OF SENTIENT ANIMALS FOR:

A Malecular characterisation of HGNZ Al viruses ischated in South Afrca
Poultry . —

Cionne Raudf

T Be 2013

Dignne Rauff
M&
R either
Thig approval is valid for creeerea B months from the date of commencement
and is give, based on the fulfilment of the following additional requiremsnts;
Comments:
AFPROVAL BY CHAIRFERSOM OF DELTAMUKE ETHICS COMMITTEE
L St ~aEar— lioleos
{7” MAME SIGNATURE OATE
APPROVAL BY REPRESEMTATIVE FROM NSPCA
>
T Pellber % - 18] 19f 2cis
[ MNAME SIGNATURE . DATE —

ATFFLG3-0003- | ST 0]
el 1t
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Appendix C

UNINVERSITEIT YAN PRETORIA
UNIVERBITY OF FPREETOR | A
H YUMIBESITHI YA PRETORIA

Animal Ethics Committee

FECHECT TITLE

Molcoulor choswdorieotion of HEME Al wvirusce izoloicd
Sz uth Afnico Foulry

FEOQIECT MUMBEER

WO59-13

EESEARCHER /FRIMCIFAL BYESTIGATOR

D Rauff

STUCEHT HUMEER [whors opplicablo)

B35 453 7O

CECSERTATHOM ' THESIS SUBMITTED FOR

M5

AMIMAL TFECIES

MUPABER OF AMIMALS

&0

Approvol porisd bo we aremale for ﬂm—:lnd!.-"hn*ﬁg I = Ravarcbar 30173 Ravarnb-ar 2074

FERVIZOR

Praf. T Abeinik

ERDLY MOTE:

thould thors bo o chonge in tha spocos or numbeer of |:I1'l'n-\:|_."J roguirad, or tho oxposimcnhc pm—:nﬂum_."l -

plogss submit on amendmont form 8o tho UP Animal Bhic Committos for approval befors commancing with fhe

APPROVED

Dodo 25 Hovombar 201 3

CHAIRMAM: UP dnimal Ethic Committoo

Signaturn
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Appendix D

DELTAMUNE

NECROPSY REFORT
Drate of PM: 1370252014 Project; O-123-122 (D Rauff)
Species: &.g.domesticus Breed: Leghom Sen: Male

Animal I BElue 39
Date of death: 12022014

Histary

Bird euthatased on 130202014 as part of the scheduled temmination of the siudy. Primary
vaccination was on 021 282013, 2™ vaccination on 3122013, Post mosem was performed due
bo & purulent and uloerated slermal blister with concomitant swelling of the feat,

Pozt mortem changes:
The post moram was performed shortly after dealh, thersfore post marem changas weane vany
minimal.

Specific macropathoalogy:.

Insgassaked, uleerated, severs, encapsulated stamal blister. The soft tiesue of the feet but not toes
was swolen, however on il suface no exudate was extruded, Evaluation of the joirds was
urrewanding, althaagh k=R hock joint bad some Blood tinged flud that was sampled. Wing joinis
ware normal. The lung, Iver, apleen, Imestinal tract, heart and kidney wene nomal in appearance

Samples collectad ! Laboratory tests:
Joint fluid sample was collecied and cullured for growth in micro-aerophilic, anerchbic and aembic
condifions with negative results.

Final Diagnosis:

Death was due to euthanasia, The severs stemal blisker was likely caused by inability to parch dus
1o bullying from conspecifics. It is déffcult to establish cawvse and effect betweean the sternal blistar
and soft isaue awalling, howewer It iz highly likehy thal the one is the resull of the other

Hecropsy performed by:

Dir. Tarmsyr Pulker

Ciewcirys: Pl W Eales Mew Tealardy (Chalvran) = Or CE de Dy ¢ B B Frackdie
=Bls ART Aarwmpl + O 5 Sewespoal ©Or JC Sewrd D20 fﬁanas

[ ————
-ty
-
Erpmarys mama L4 | abid e p—
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