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CHAPTER TWO!

PHYLOGENETIC ANALYSIS OF LPAI H6N2 VIRUSES ISOLATED FROM
CHICKEN OUTBREAKS (2001-2005)

ABSTRACT

The first recorded outbreak of avian influenza (Al) in South African chickens (low
pathogenicity H6N2) occurred at Camperdown, KwaZulu/Natal Province (KZN) in
June 2002. To determine the source of the outbreak, | defined the phylogenetic
relationships between various H6N2 isolates, and the previously unpublished gene
sequences of an H6N8 virus isolated in 1998 from ostriches in the Leeu Gamka region
(A/Ostrich/South Africa/KK98/98). | demonstrated that two distinct genetic HGN2
lineages (sub-lineages I and Il) circulated in the Camperdown area, which later spread
to other regions. Sub-lineages | and Il shared a recent common H6N2 ancestor, which
arose from a reassortment event between two South African ostrich isolates
A/Ostrich/South Africa/9508103/95 and (H9N2) A/Ostrich/South Africa/KK98/98
(H6NB). Furthermore, the H6N2 sub-lineage I viruses had several molecular genetic
markers including a 22-amino acid stalk deletion in the neuraminidase (N) protein
gene, a predicted increased N-glycosylation, and a D*** mutation of the HA protein
gene, all of which are associated with the adaptation of Al viruses to chickens. The
H6N2 NS1 and PB1 genes shared recent common ancestors with those of
contemporary Asian HPAI H5N1 viruses. These results suggest that ostriches are
potential mixing vessels for AIV outbreak strains and support other reports that H6

viruses are capable of forming stable lineages in chickens.

'Part of the results presented in this chapter are published in Virus Genes 34 (1), 37-45 (2007) and

Avian Diseases (in press).
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2.1 INTRODUCTION

Most outbreaks of influenza in domestic poultry are thought to have originated by the
transfer of viruses from feral birds (Alexander 2000, Halvorson et al., 1983). The H6
subtype was first isolated from a turkey in 1965, and other H6 viruses were
subsequently isolated from shorebirds and wild ducks (Downie & Laver, 1973;
Downie et al., 1973). Chickens are generally not considered to be natural hosts for Al
viruses and H6 strains have never been associated with mass mortalities in poultry.
However, it has been suggested that H6 viruses may be capable of developing stable
lineages in chickens (Liu et al., 2003), as several H6N1 and H6N2 outbreaks have
been recorded in recent years in south-eastern Asia and California (Suarez 2000; Chin
et al., 2002).

In July of 1998, anti-H6 antibodies were detected in serum collected from a wild
Egyptian goose (Alopochen aegypticus) in the Oudtshoorn district, but no H6 viruses
were isolated from pooled organs (Pfitzer et al., 2000). Later that winter, an H6N8
virus was isolated from four-month-old slaughter ostrich chicks at Leeu Gamka in the
Oudtshoorn region that displayed green urine symptoms with increased mortalities.
Then, during 2001, an infection with typical AIV symptoms circulated in the flocks of
a commercial operation situated in Worchester in the Western Cape Province of South
Africa, but before the aetiological agent could be investigated, sick chickens were
sold to cull-buyers in the KwaZulu/Natal (KZN) province (Carine Pienaar, personal
communication). There were no isolations of velogenic Newcastle disease in the
country in that year (unpublished laboratory data). In June 2002, layers at
commercial farms in the Camperdown region of the KZN province developed
symptoms of respiratory distress and up to 40% declines in egg production. An
orthomyxovirus was isolated and determined to be a low pathogenic avian influenza
(LPAI) HBN2 strain at the VLA Weybridge laboratory, United Kingdom. Testing of
archival material from the Camperdown region traced the infection back to June 2001,
but the exact source of the H6N2 outbreak strain was never determined. The South
African H6NZ2 outbreak, that affected only commercial chickens, continued
throughout 2003 and sporadically in 2004 and 2005, and an inactivated homologous
H6N2 vaccine was applied to limit the spread of the disease. The purposes of this
study were to determine the epidemiological origins of the H6N2 chicken outbreak
viruses isolated up to 2005, and to investigate whether these viruses were related to

the previously un-sequenced H6N8 virus isolated in 1998 from ostriches.
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2.2 MATERIALS AND METHODS

2.2.1 Viruses

H6N2 viruses (Table 2.1) were grown in 9- to 11-day-old specific pathogen free
(SPF) embryonated chicken eggs by standard procedures (OIE manual), at Allerton
Provincial Veterinary Laboratory, the Poultry Reference Laboratory at the University
of Pretoria (UP), the Virology Division at Onderstepoort Veterinary Institute (OVI),
or the Klein Karoo (KK) Corporation laboratory in Oudtshoorn. The VLA Weybridge
laboratory kindly provided a stock of infective alantoic fluid containing the HEN8
virus isolated in 1998 at OVI, and this virus was named A/Ostrich/South
Africa/fKK98/98 (H6N8). A/Ostrich/South Africa/9508103/95 (H9N2) was isolated
from the Oudtshoorn ostriches in 1995. The virus was submitted to the international
reference laboratory at VLA Weybridge, and subsequently, the hemagglutinin gene
was sequenced by that group for use in a phylogenetic analysis of other H9 genes
from the HON2 pandemic (Banks et al., 2000b). Later, the N2 glycoprotein and
internal genes of A/Ostrich/South Africa/9508103/95 were sequenced and published
by a different group (JW Li, KZ Yu, | Brown, KF Shortridge, JSM Peiris and Y Guan,
2002- Genbank record).
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Table 2.1. South African LPAI H6N2 and H6NS viruses isolated from 1998 to 2005

Name!

Abbreviation?

Collection date

Region

AJOstrich/South Africa/KK98/98 (H6NS8)
AJ/Chicken/South Africa/AL1/01 (H6N2)
AJ/Chicken/South Africa/AL3/01 (H6N2)
AJChicken/South Africa/AL4/01 (H6N2)
AJChicken/South Africa/AL7/01 (H6N2)
AJChicken/South Africa/AL8/01 (H6N2)
AJChicken/South Africa/AL9/01 (H6N2)
AJ/Chicken/South Africa/AL10/02 (H6N2)
A/Chicken/South Africa/AL11/02 (H6N2)
A/Chicken/South Africa/AL12/02 (H6N2)
A/Chicken/South Africa/AL13/02 (H6N2)
AJ/Chicken/South Africa/AL14/02 (H6N2)
AJ/Chicken/South Africa/AL15/02 (H6N2)
AJ/Chicken/South Africa/AL16/02 (H6N2)
A/Chicken/South Africa/AL17/02 (H6N2)
AJ/Chicken/South Africa/AL19/02 (H6N2)
AJ/Chicken/South Africa/AL20/02 (H6N2)
A/Chicken/South Africa/AL21/02 (H6N2)
AJ/Chicken/South Africa/AL24/02 (H6N2)
AJ/Chicken/South Africa/AL25/02 (H6N2)
AJ/Chicken/South Africa/AL28/03 (H6N2)
AJ/Chicken/South Africa/AL29/03 (H6N2)
A/Chicken/South Africa/AL30/03 (H6N2)
A/Chicken/South Africa/AL31/03 (H6N2)
AJChicken/South Africa/AL32/03 (H6N2)
AJ/Chicken/South Africa/AL33/03 (H6N2)
AJ/Chicken/South Africa/AL36/04 (H6N2)
AJ/Chicken/South Africa/AL39/04 (H6N2)
AJOstrich/South Africa/N158/03 (H6N2)
AJChicken/South Africa/UP855/02 (H6N2)

AJChicken/South Africa/UP1102/02 (H6N2) CKZA02UP1102
OSZA03KKO0727

AJOstrich/South Africa/KK0727/03 (HE6N2)
AJ/Chicken/South Africa/AL41/05 (H6N2)

OSZA98KK98
CKZA02AL1
CKZAO02AL3
CKZAQ02AL4
CKZAQO2AL7
CKZAOQ2ALS8
CKZAOQ02AL9

CKZA02AL10

CKZA02AL11

CKZA02AL12

CKZA02AL13

CKZAO2AL14

CKZAO02AL15

CKZAO2AL16

CKZAO02AL17

CKZA02AL19

CKZA02AL20

CKZA02AL21

CKZAOQ2AL24

CKZAO02AL25

CKZAO3AL28

CKZAO3AL29

CKZAO3AL30

CKZAO3AL31

CKZAO3AL32

CKZAO3AL33

CKZAO4AL36

CKZAO4AL39
OSZAO03N158

CKZAO02UP855

CKZAO5AL41

Jul/Aug? 1998
11/06/2001
19/07/2001
27/08/2001
26/09/2001
09/11/2001
19/11/2001
10/06/2002
12/06/2002
19/06/2002
24/06/2002
28/06/2002
04/07/2002
12/07/2002
16/07/2002
18/07/2002
23/07/2002
24/07/2002
13/08/2002
29/10/2002
18/03/2003
24/03/2003
30/06/2003
01/07/2003
11/08/2003
29/09/2003
01/06/2004
06/08/2004
31/03/2003
09/07/2002
09/09/2002
07/09/2003
24/03/2005

Leeu Gamka (WC)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)

Empangeni (KZN)
Camperdown (KZN)
Camperdown (KZN)
Camperdown (KZN)

Botha's Hill (KZN)
Camperdown (KZN)

Botha's Hill (KZN)

Hillcrest (KZN)
Verulam (KZN)

Chatsworth (KZN)

Chatsworth (KZN)
Camperdown (KZN)
Camperdown (KZN)
Hammarsdale (KZN)

Margate (KZN)
Margate (KZN)
Camperdown (KZN)
Johannesburg (GP)
Erasmia (GP)
Swavelpoort (GP)
Oudtshoorn (WC)
Margate (KZN)

'Name: A/Ostrich/South Africa/N158/04 (H6N2)
Influenza A/ Host/ Country/ Sample number/ Year of isolation (Subtype)

2Abbreviation: OSZA03N158

Host (OS= ostrich; CK= chicken/ Country (ZA=South Africa)/ Sample number
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2.2.2 RNA extraction

Viral RNA was extracted from allantoic fluid using TRIzol reagent (Gibco,
Invitrogen), or with the QlAamp Viral RNA mini kit (Qiagen), according to the

manufacturer’s instructions.

2.2.3 First strand cDNA synthesis

Reverse transcription was performed with M-MLV reverse transcriptase (Promega) at
42°C for 90 minutes on 5ml of extracted viral RNA. 3pMol of either the VGEN
oligonucleotide, that anneals to the 5' terminal sequence of each of the eight influenza
A segments, or the gene-specific oligonucleotides listed in Table 2.3 were used. In
some cases, one-step RT-PCR was performed by adding a 20-minute 42°C incubation

step to the thermocycling profile prior to PCR (Table 2.2).

2.24 PCR

Full-length genes were amplified for the HA, NA, M, NS, and NP proteins for
A/Ostrich/South Africa/KK98/98 (H6N8), A/Chicken/South Africa/AL19/02 (HG6NS)
and A/Chicken/South Africa/UP1102/02 (H6N8). For the PB2, PB1 and PA genes,
approximately 1000nt of the 3' ends were amplified with primers PB11123FOR,
PB21411FOR and PA1150REV (Table 2.3). Primer H550 was designed to primer-
walk the gap spanning the HA forward and reverse sequences. A partial HA gene
region (301 nt) was amplified for the remainder of the HGN2 isolates, and full-length
NA genes were amplified for selected H6N2 viruses. An Eppendorf Mastercycler
5333 or GeneAmp 2400 PCR System (Perkin Elmer) were used. Oligonucleotide
primers are listed in Table 2.3.
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Table 2.2 Thermal cycling conditions used to amplify AlV genes

Target Initial Denaturation Annealing Elongation Cycles | Final elongation
denaturation
HA 95 C (5 min) 95 C (30s) 51 C(30s) | 72 C (2 min) 3 72 C (2 min);
(touchdown) 4C¥
95 C(30s) | 48 C(30s) | 72 C (2 min) 3
95 C (305) 45 C (30s) 72 C (2 min) 3
95 C(305) 42 C (30s) 72 C (2 min) 3
95 C (30s) 41 C(30s) | 72 C (2 min) 30
NA 95 C (5 min) 95 C(305) 60 C (30s) 72 C (2 min) 3 72 C (2 min);
(touchdown) 4C¥
95 C(305) 58 C (30s) 72 C (2 min) 3
95 C(305) 56 C (30s) 72 C (2 min) 30
NP/M/NS 95 C (5 min) 95 C(305) 60 C (30s) 72 C(1:30 3 72 C (2 min);
PCR min) 4 C(¥
(touchdown) 95 C (30s) 58 C (30s) 72 C (1:30 3
min)
95 C(305) 56 C (30s) 72 C(1:30 3
min)
95 C (30s) 54 C (30s) 72 C(1:30 30
min)
PB2/PB1/PA | 95 C (5 min) 95 C (30s) 65 C (30s) | 72 C (3 min) 3 72 C (2 min);
genes 95 C(305) 63 C (30s) 72 C (3 min) 3 4 C(¥)
(touchdown) 95 C(30s) | 51 C(30s) | 72 C (3 min) 3
95 C (30s) 59 C(30s) | 72 C (3 min) 30
Partial PA, 95 C (5 min) 95 C (30s) 53 C(30s) | 72 C (3 min) 30 72 C (2 min);
PB2 and PB1 4 C(¥)
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Table 2.3 Oligonucleotide primers used to amplify and sequence AlV isolates

Target | Primer name Application Sequence (5'Fi3") Reference

gene

H6 H550 sequencing CTGGGGTGTGCACCATC | C Abolnik
(forward) crec

H6 H6-661f RT-PCR, sequencing AGCATGAATTTTGCCAA | |ee et al. (2001)
(forward) GAG
H6-962r RT-PCR, sequencing | GGRCATTCTCCTATCCAC | Lee et al. (2001)
(reverse) AG

All VGEN First strand synthesis AGCAAAAGCAGG I Brown

HA AIHAF RT-PCR, sequencing AGCAAAAGCAGGGGW | D Suarez
(forward)

AIHAR RT-PCR, sequencing AGTAGAAACAAGGGTG | D Suarez
(reverse)

NA Ba-NA-1 RT-PCR TATTGGTCTCAGGGAGC | Hoffmann et al.
(forward) AAAAGCAGGAGT (2001)
Ba-NA-1413R RT-PCR, sequencing | ATATGGTCTCGTATTAGT | Hoffmann et al.
(reverse) AGAAACAATGGAGTTTTT (2001)

PB2 Ba-PB2-1 RT-PCR, sequencing TATTGGTCTCAGGGAGC | Hoffmann et al.
(forward) GAAAGCAGGTC (2001)
Ba-PB2- RT-PCR, sequencing | ATATGGTCTCGTATTAGT | Hoffmann et al.
(reverse)

PB1 Bm-PB1-1 RT-PCR, sequencing TATTCGTCTCAGGGAGC | Hoffmann et al.
(forward) GAAAGCAGGCA (2001)
Bm-PB1- RT-PCR, sequencing | ATATCGTCTCGTATTAGT | Hoffmann et al.
2341R AGAAACAAGGCATTT | (5001)
(reverse)

PA Bm-PA-1 RT-PCR, sequencing TATTCGTCTCAGGGAGC | Hoffmann et al.
(forward) CAAAGCAGGTAC (2001)
Bm-PA-2233R | RT-PCR, sequencing | ATATCGTCTCGTATTAGT | Hoffmann et al.
(reverse) AGAAACAAGGTACTT | (2001)

NP Bm-NP-1 RT-PCR, sequencing TATTCGTCTCAGGGAGC | Hoffmann et al.
(forward) AAAAGCAGGGTA (2001)
Bm-NP-1565R | RT-PCR, sequencing | ATATCGTCTCGTATTAGT | Hoffmann et al.
(reverse) AGAAACAATGGGTATTTT (2001)

M1 Bm-M-1 29| RT-PCR, sequencing TATTCGTCTCAGGGAGC | Hoffmann et al.

M2 (forward) AAAAGCAGGTAG (2001)
Bm-M-1027R RT-PCR, sequencing | ATATCGTCTCGTATTAGT | Hoffmann et al.
(reverse) AGAAACAATGGTAGTTTT (2001)

NS1 Bm-NS-1 RT-PCR, sequencing TATTCGTCTCAGGGAGC | Hoffmann et al.

NS2 (forward) AAAAGCAGGGTG (2001)
Bm-NS-890R RT-PCR, sequencing | ATATCGTCTCGTATTAGT | Hoffmann et al.
(reverse) AGAAACAAGGGTGTTTT (2001)

NA AINAFSEQ sequencing GGGAGCAAAAGCAGGA | C Abolnik
(forward) GT

PA PA1150REV RT-PCR, sequencing | GGCACCAGAGAAAGTAG | C Abolnik
(forward)

PB2 PB21411FOR RT-PCR, sequencing CCTTATAAYGGRCTGTA | C Abolnik
(forward) CTG

PB1 PB11123FOR RT-PCR, sequencing | GTTTATGGTCGTCTYTAG | C Abolnik
(forward) GAACG
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2.2.5 DNA sequencing and phylogenetic analysis

RT-PCR amplicons of the correct sizes were excised from 1% agarose gels and the
DNA extracted with the QIAquick  Gel Extraction Kit (Qiagen). Template DNA for
sequencing was quantified with a NanoDrop  ND-1000 Spectrophotometer
(NanoDrop Technologies, Inc, USA). BigDye Terminator V3.1 chemistry (Perkin
Elmer/Applied Biosystems) and gene-specific primers from Table 2.3 were used for
cycle sequencing, according to the manufacturer’s instructions. Reactions were
electrophoresed on either a 3100 Genetic Analyzer or a 3130 Genetic Analyzer
(Applied Biosystems). Sequences were visualised with Chromas Lite 1.0 software
(http://www.technelysium.com.au) and edited with BioEdit V.7.5.0.2 (Hall, 1999).
Blast homology searches (http://www.ncbi.nIm.nih.gov/blast) were used to identify 50
closely-related sequences to include in multiple sequence alignments, which were
prepared with ClustalW (http://www.ebi.ac.uk/clustalw/index.html). Blast was also
used to calculate pairwise nucleotide sequence identities. For the South African HGN2
HA genes, the region analysed corresponds to nucleotides 838 to 954 (116nt) of the
complete 1744 nucleotide protein-encoding region for H6 genes (Figs. 2.1(b) and (c))
Some of the H6 viruses did not grow to high titres in chicken eggs, thus amplification
of full gene sequences were not possible. The phylogenetic topology for the 116 nt
region is similar to that found in the full-length sequences for some of the South
African H6N2 H6 genes (Fig 2.1(a) vs. Fig 2.1(b)) and was thus deemed to be a
suitable size for phylogenetic comparison. Phylogenies were reconstructed with
MEGA 3.1 software (Kumar et al., 2004) using the Neighbour-Joining tree inference
method. Sequence statistics directed that the Kimura 2-parameter model of sequence
evolution should be used. 1000 bootstrap replicates were performed to assign
confidence levels to branches. Neighbour-joining is a clustering method to group
pairwise distances. It is the favoured distance calculation method because equal rates
of evolution are not assumed. This is important when working with influenza virus
sequences, as the viruses have different evolutionary rates in different hosts, and in
most sequence alignments, viruses isolated from different hosts were compared.
Potential N-glycosylated sites were predicted using the NetNGlyc 1.0 Server
(http://www.cbs.dtu.dk/services/NetNGlyc/).

Gene sequences for A/Ostrich/South Africa/KK98/98 (H6N8), A/Chicken/South
Africa/AL19/02 (H6N2) and A/Chicken/South Africa/lUP1102/02 (H6N2) were
deposited in Genbank under the accession numbers DQ408506-DQ408529.
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2.3 RESULTS

2.3.1 H6 Hemagglutinin genes

CKZA02AL20 (d) 7

CKZA02AL16 (b)

5411 CKZA02AL14 (H6N2) (b)
CKZA02AL15 (H6N2) (b) I

CKZA02AL19 (H6N2) (b)
100

L CKZA04AL36 (H6N2) (d)

700 CKZA02AL4 (H6N2) (b)

CKZA02UPS$55 (H6N2) (f)

CKZA02AL3 (H6N2) (f)

169 CKZA02ALI11 (H6N2) () 11

CKZAO02AL25 (H6N2) (g)

70

94 CKZA02UP1102 (H6N2) (g)

A/Ostrich/South Africa/KK98/98 (H6NS)

A/duck/Hong Kong/202/77 (H6N1)

0.01

Figure 2.1(a) Dendogram of H6 type hemagglutining gene sequences (1315 nt). The tree is
rooted with A/duck/Hong Kong/202/77. South African isolates are indicated in boldface, and
sub-lineages corresponding to Fig 2.1(c) are indicated (I and I1; (2) to (9)).

$ CKZAO4AL36 (d)
14 CKZA02AL20 (d)

-
g
14

79

CKZA02ALI5 (b)
CKZA02AL4 (b) |
CKZA02AL14 (b)
CKZA02ALI19 (b)
52 CKZA02ALI6 (b)

CLZAO1AL3 (f)
- CKZAO02UPS55 (f)

II

o1 CKZAO2ALI1 (f)
LI:CKZAOZA”S =
69

CKZA02UP1102 (g)

A/Ostrich/South Africa/KK98/98 (H6N8)

‘A/Duck/Hong Kong/202/77 (H6N1)

Figure 2.1(b) Dendogram of partial H6 type hemagglutining gene sequences, corresponding
to the region between nucleotides 836 and 951 (116 nt) of the viruses presented in Fig 2.1(a).
The tree is rooted with A/duck/Hong Kong/202/77. South African isolates are indicated in
boldface, and sub-lineages corresponding to Fig 2.1(c) are indicated (I and I1; (2) to (g)).
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Camperdown

. CKZA03AL31 (H6N2)
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(c)

] (b)

I3
|

8
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48| CKZAO3AL33 (H6N2)
CKZAO05AL41 (H6N2)

42 CKZAO04AL36 (HEN2) (d Camperdown, Durban & Margate
i CKZA02AL24 (HEN2) July 2002-March 2005
— | 52! ckzaozaL20 (HBN2)
CKZA02AL12 (H6N2)
CKZA02AL16 (H6N2) (b)
69 CKZA02AL21 (H6N2)
L 0SZA03KKO0727 (H6N2) (e)
CKZAO01AL3 (H6N2)
CKZAD1ALS (H6N2)
AU ENG (f) Camperdown and Pretoria
CKZAO01AL1 (H6N2) July 2001-June 2002
CKZA02UP855

70 16

CKZAO02AL11

OSZA04N158 (HEN2)
CKZA02UP1102 (HEN2)
CKZAO03AL28 (H6N2)
CKZA02AL25 (HEN2)

73" CKZA02AL13 (H6N2)

A/duck/Korea/S17/03 (H6N1)

A/Ostrich/South Africa/lKK98/98 (H6NS)

AJduck/Hong Kong/202/77 (HBN1)

0.01

Camperdown, Durban,
(9) Grahamstown & Pretoria
June 2002-September 2004

Figure 2.1(c) Dendogram of partial H6 type hemagglutining gene sequences, corresponding to

the region between nucleotides 836 and 951 (116 nt). The tree

is rooted with A/duck/Hong

Kong/202/77. South African isolates are indicated in boldface, and sub-lineages are indicated

(land I1; () to (9)).
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Figure 2.2 Multiple amino acid alignment of partial H6-type hemagglutinin genes (residues
273 to 310).

Two distinct sub-lineages (I and 11) of H6 AlIVs (Figs 2.1) circulated during the South
African outbreak in chickens. Sub-lineage | viruses presented here were isolated only
at commercial operations in the KZN Province. The isolates of I(a), CKZA03AL30
and —31 were isolated within a week of each other from the same Camperdown farm,
and CKZAO03AL32 almost five weeks later from a farm near the neighbouring town
of Hammarsdale. This phylogenetic grouping is supported by a shared N°” residue in
the partial amino acid alignment (Fig. 2.2). The isolates of 1(b) were obtained from
2001 to 2002, mostly from the original sites in Camperdown, but also from Botha’s
Hill near Durban (CKZAO02AL14 and CKZA02AL19). CKZA02AL14 was isolated
from a farm in Empangeni situated about 170 km up the North Coast, but the farmer
had visited a poultry farm in the Camperdown area a week previously. CKZA03AL29
(c) is separated from the rest of the sub-lineage I, evident at the amino acid level as a
VZ2fil substitution event. This V?*Fil is shared by two sub-lineage Il viruses,
CKZA02UP1102 and CKZAO02AL11, although there is no obvious epidemiological
connection between these three isolates. The isolates of I(d) originated in
Camperdown (CKZAO02AL16; July 2002), then appeared in Durban a month later
(CKZAOQ2AL24), before being detected in Margate about 150 km away on the South

Coast at the end of September 2003 (CKZAO3AL33). There it persisted throughout
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2004 (CKZAO4AL36) and into March 2005 (CKZAO5AL41). The ostrich HGN2 virus
OSZA03KKO0727 (I(e)) was isolated in the Oudtshoorn region in September 2004 and
is basal to the chicken viruses within sub-lineage I, but clearly falls within sub-lineage
| strain at the amino acid level (Fig.2.2). The long branch lengths could indicate an
adaptation to the ostrich host.

Sub-lineage 1l viruses circulated over the same time period as sub-lineage | but
contains isolates from both the KZN Province and the Gauteng Province. Sub-lineage
I1(f) contains most of the earlier isolates from the initial Camperdown outbreak
(including the index case, CKZAO1AL1). Sub-lineage 11(g) is distinguished from 1i(f)
and sub-lineage | viruses at the amino acid level by two substitutions in the partial H6
sequence, E**FiD and R**fiK. OSZA03N158 and CKZA02UP1102 were sampled
from Booysens, Johannesburg and Swavelpoort, near Pretoria, respectively.

To conduct a full comparison of full-length and internal genes with the
A/Ostrich/South Africa/KK98/98 (H6NS) virus, a representative from sub-lineage |,
A/Chicken/South  Africa/AL19/02 (H6N2) and one from sub-lineage I
AJ/Chicken/South Africa/UP1102/02 (H6N2) were selected. The hemagglutinin genes

were compared first:
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Figure 2.3 Phylogenetic tree inferred from a 1367-nt multiple sequence alignment of the
hemagglutinin (H6) genes of South African (in boldface) and other viruses. Sub-lineages A to

H are indicated.
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