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Abstract

On 19" July 2007 re-occurrence of the H5N1 highly patmigeavian influenza (HPAI) virus was
noticed in Europe. The index strain of this noveN4 lineage was identified in the Czech Republiemgh
it caused historically the first HPAI outbreak innsmercial poultry. In the present study we perfatme
molecular and phylogenetic analysis of the indeaistof the re-emerging H5N1 virus lineage alonghwi
the Czech and the Slovak H5N1 strains collecte20id6 and established the evolutionary relationstaps
additional viruses circulated in Europe in 2005200ur analysis revealed that the Czech and thea&lo
H5N1 viruses collected during 2006 were separatetd itwo sub-clades 2.2.1 and 2.2.2 which
predominated in Europe during 2005-2006. On theraon the newly emerged H5N1 viruses belonged
into a clearly distinguishable sub-clade 2.2.3.Hijithe sub-clade 2.2.3 the Czech H5N1 strains sbow
the closest relationships to the simultaneouslgutated viruses from Germany, Romania and Russia
(Krasnodar) in 2007 and were further clustered withviruses from Afghanistan and Mongolia circeitht

in 2006. The origin of the Czech 2007 H5N1 HPA&#is was also discussed.
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1. Introduction

The highly pathogenic avian influenza (HPAI) vimisthe H5N1 subtype, commonly called “bird
flu”, is a serious pathogen causing severe diseatimeaks in poultry. Since 1997, the first lethaman
infection (Subbarao et al., 1998), there has beemereasing number of human deaths which puts the
H5N1 virus high as a causative agent of the nexbam influenza pandemic. Recently, however, the
infection in humans has been exhibiting sporad@aratter and no human to human transmission of the
virus was consistently observed.

The H5N1 HPAI virus was firstly detected in Chimali996 (Xu et al., 1999). From 1996 to 2006
the virus underwent multiple genotype alteratiohoigh reassortment with other co-circulating avian
influenza viruses (AIV) or pre-existing H5N1 genp#g (Guan et al. 1999; Hoffmann et al. 2000; Guan e
al., 2002; Chen et al., 2004; Li et al., 2004; Clatnal., 2006a) and evolved along nine major H5
hemagglutinin lineages (H5N1 Evolution Working Goo&HO/FAQO/OIE, 2007). An unresolved selection
mechanism led to the generation of a Z genotypelwhas been predominating since 2002 (Li et aD420
Chen et al., 2006a).

In May 2005 an H5N1 virus caused massive HPAI aakrin waterfowl at Qinghai Lake in
western China (Chen et al. 2005, Liu et al. 20@)ring 2005-2006 the Qinghai-like viruses spread
through Eurasia and Africa and caused the pan Em#drican HSN1 HPAI outbreak which represents
the largest outbreak wave during the recorded fyistb the H5N1 virus. Based on the H5N1 Evolution
Working Group classification system the Qinghaeliktrains belong to the H5N1 virus lineage 2 where
they represent a separate clade designated agVtin the Qinghai-lineage the European, Middle tEas
and African viruses can be separated into threeckades 2.2.1, 2.2.2 and 2.2.3 (H5N1 Evolution Vifagk
Group WHO/FAQ/OIE, 2007) previously designated &4AE1, EMA 2 and EMA 3 (European, Middle
East and African; Salzberg et al., 2007).

The first detection of the HSN1 HPAI in Europe dandated from October 2005 when outbreaks
were reported within a short time period from Tyri6" October 2005), Romania®tctober 2005) and
Croatia (28' October 2005) (WHO, OIE). During following few mitis the infection overran almost the
whole continent and caused numerous outbreaks loh biids and poultry (WHO, OIE, Bragstad et al.

2007; Nagy et al., 2007; Weber et al, 2007; Staetcél., 2007). From summer of 2006 there was dugtla
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84  decline in the frequency of the H5N1 outbreak réepaéhroughout Europe and the virus has apparently
85 disappeared in the fall of 2006 with no recordstenOIE official web pages.

86 On 19" January 2007, an H5N1 virus caused outbreaks &segdlocks in Hungary and
87  subsequently, on #7January 2007 in the United Kingdom (UK) (WHO, QlEjowever, during the
88  following five months no further H5SN1 outbreaks weeported in Europe till f9June 2007 when the
89  virus re-emerged in the Czech Republic. The inbectvas detected in two Czech regions, Pardubice and
90  South Moravia. The outbreak in Pardubice region indilly noticed in a turkey farm and represetite

91  first HPAI outbreak ever detected in commercial lrguin the Czech Republic. In South Moravia one
92  mute swanQygnusolor) was found infected.

93 In the present study we performed molecular andogienetic analyses of the representative
94  H5N1 strains, which caused HPAI outbreaks in thedzRepublic in 2007. We focused on: i) molecular-
95 genetic end phylogenetic characterization of th&lH&irus strains which circulated in the Czech Rsjgu

96 and the Slovak Republic in 2006, ii) character@atof the HSN1 strains detected in the Czech Républ
97  during the HPAI outbreak in 2007, iii) determinatiof the evolutional relationships among the Czech,
98  Slovak and additional European H5N1 strains whiotutated during 2006 and 2007, iv) discuss thgiori

99  of the H5N1 strains collected in the Czech Republi2007.

100

101 2. Materialsand methods

102  2.1. Virus detection and identification

103 Pooled organ suspensions (brain, trachea, lungs, dind intestines) prepared in PBS buffer were
104  used for the diagnosis of the H5N1 AIV (avian ieftiza virus) during the outbreak in a turkey farm in
105 Tisova and from a mute swan in South Moravia regierom secondary three outbreaks in Pardubice
106 region (see the results) cloacal and tracheal swalbs analysed. The RNA was extracted via MagNAPure
107  Compact and/or MagNAPure LC robotic workstatione¢Re) and a TagMan probe based real-time RT-
108 PCR assay (OneTube RT-PCR kit, Qiagen) designethéodetection of the gene segment encoding the
109  matrix protein (Diagnostic manual for avian inflaan 2006;) were employed as the first screenireyftm
110 positive/negative sample discrimination. Reactiarese performed on LightCycler 1.2 (Roche) and MJ

111 MiniOpticon (Bio-Rad) platforms. The H5 hemagglinirfHA) subtype was determined via real-time RT-
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112 PCR assay (Diagnostic manual for avian influen2862 and the N1 neuraminidase (NA) was subtyped
113 with a TagMan real-time RT-PCR assay using the @ripairs selected from the conserved region of the
114  avian N1 NA gene segment (63’): forward primer SVUP-N1-F AGY GGN TTT GAR ATGHW TGG

115 GA, reverse primer SVUP-N1-R GAC TTG TCA ATG GTG AAGGC A and the probe SVUP-N1-X
116 FAM-TGG TCT TGG CCA GAC GGT G-MGB (Nagy et al., urgished). The reaction (OneTube RT-
117  PCR kit, Qiagen) was performed in a final volume2§il and the concentration of Mggkas adjusted to
118 4mM. The thermocycling profile (LightCycler 1.2) si¢he following: 30 min at 50°C and 15 min at 95°C
119 and then 45 cycles of 10sec at 95°C, 20sec at 868C10sec at 72°C, with the 60°C to 72°C ramp ohte
120 0.5°C/sec. The signal acquisition was measurelaea¢nd of the 60°C period. For molecular pathotygmih
121 the H5N1 AIV viruses the amplicon enclosing theawlge site region of the H5 HA generated by the
122  Khal-Kha3 primer pair (Diagnostic manual for aviafluenza, 2006) was sequenced on the Applied
123  Biosystems 3130 genetic analyser.

124

125 2.2 Phylogenetic analysis

126 In an effort to characterise the H5N1 AlV viruseteatted in the Czech Republic in 2006-2007
127 and determine their evolutionary relationshipstte European H5N1 strains circulated during 2005200
128 all of the genome segments of the index strain rRé&wCzech Republic/10309-3/07 and further
129  Al/chicken/Czech Republic/11242-38/07 and A/Cygnles/€zech Republic/10732/07 (all abbreviated as
130 CZE/07 strains) were sequenced except the terrsil &s a primer binding regions (Table 1). Thigsvir
131 set was further supplemented with the strains Eited in the Czech Republic (Table 1, strains fé @

132  16; further abbreviated as CZE/06 strains) and $ftevak Republic (Table 1, strains 7-8; further
133  abbreviated as SVK/06 strains) in 2006. The geneamments encoding the polymerase complex were
134  amplified and sequenced with the primers descriedli et al. (2007) and the segments for MP and NS
135 proteins according to Hoffmann et al. (2001). Tlkegmsents encoding the HA, NP and NA genes were
136 amplified and sequenced via primer set designedumlaboratory (available on request). All genome
137  segments of the CZE/06, SVK/06 and the CZE/07 redraiere further compared with the representative
138 HS5N1 sequence data deposited in the Influenza VirlResource public database

139  (http://www.ncbi.nim.nih.gov/genomes/FLU/FLU.htm{Bao et al., 2007). Sequences were aligned with
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ClustalX (Jeanmougin et al., 1998) and the aligntserre edited by BIOEDIT 7 (Hall, 1999). Neighbour
joining (NJ), maximum parsimony (MP) and maximuikelihood (ML) trees were calculated for each
genome segment using PHYLIP 3.63 (J. Felsenstjm//kvolution.genetics.washington.edu/phylip.Html
For the NJ Kimura's two-parameter nucleotide stiig8ih model was implemented. The robustness of
nodes was evaluated by performing 1000 (for NJ iR} and 100 (for ML) bootstrap replicates. Trees
were edited by the Tree Explorer tool in Mega 4niliea et al., 2007).

The sequences were deposited in GenBank undeoltbwiing accession numbers: EU443533-EU443604.

3. Results
3.1 Course of the AlV outbreaks in the Czech Republ2006 and 2007.

The first HSN1 HPAI virus occurrence in the CzeatpBblic is dated from 28March to &' April
2006 when a total of twelve mute swans were fourabidand positive for the H5N1 virus in differersas
of the South Bohemia region (Nagy et al., 2007 uFgl). Subsequently on "1&May 2006 two additional
dead mute swan positive for the H5N1 AV were adbel in around 200km distant Kostice, South
Moravia region. In spite of ongoing AlV surveillanao further H5N1 outbreaks have been identifiadesi
the end of May 2006.

On 19" June 2007 an H5N1 HPAI outbreak was noticed airkey farm in the Czech Republic.
The farm was located in Tisova, Pardubice regiahfald around 6000 birds for meat production. Syort
after, on 28 June 2007 the virus was detected in one dead swee found in approximately 140 km
distant Lednice, south Moravia region.

The H5N1 virus infection in Pardubice region spré#d three chicken farms, on'23une 2007
in Norin and on 14 July 2007 in Chocen and Netreby, situated in akBaSdistance from the place of the

index outbreak in Tisova.

3.2 Molecular-genetic characterization of the C&BVK/06 and the CZE/Q7 viruses
All of the H5N1 viruses characterised in this stidyl the PQGERRRKKR/G cleavage site motif
which classified the CZE/06, SVA/06 and the CZEMIvains among HPAI virusesThe remaining

molecular features like the receptor binding prfee, 20 amino acid-long deletion in the N1
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168 neuraminidase, five amino acid deletion and Alatiposition 149 in the NS1 protein (Matrosoviclakt
169  1999; Stevens et al., 2006; Li et al,. 2006) ad a®lto the critical positions of the NA and M2 t@ios
170  predicting oseltamivir and amantadin sensitivityuf@reva et al., 2001; Suzuki et al. 2003) weretideh
171  to the previously characterised H5N1 viruses (regubelsewhere). These molecular markers were also
172  identical in all European viruses analysed in dudg (data not shown).

173 The H5 amino acid sequence predicts seven podsibigked glycosylation sequons, six of which
174  (HA1 21, 33, 169, 197, 289 and HA2 154, H3 numk®riwere found as highly conserved among the
175  European 2005-2006 H5N1 strains (data not showmg. glycosylation site at position 158 located at th
176  distal globule of the H5 HA molecule, capable toskn#he antigenic sites (Stevens et al., 2006) #ed a
177  the receptor binding profile (Iwatsuki-Horimoto &t, 2004) was not present in the CZE/06, SVA/08 an
178  the CZE/OQ7 strains.

179 Hatta and colleagues (2001) found that substituéib position 627 (E/K) of the PB2 protein is
180 responsible for alteration of the H5N1 virus vimde in mice. The CZE/06, SVA/06 and the CZE/07
181  strains also showed E, K diversity at position 6&/hile the CZE/06 viruses collected in South Bohemi
182  (strains 5170, 6111, Table 1) and the SVK/06 visusghibited Glutamic acid the CZE/06 strain from
183  South Moravia (strain 10814) and the CZE/07 virysessessed Lysine.

184 In effort to reveal possible sequence variationsvben the H5N1 virus strains collected from
185 different farms within the same outbreak area thiiree genome of A/turkey/Czech Republic/10309-3/07
186 (Tisova) and A/chicken/Czech Republic/11242-38/@hdcen) was compared. Nucleotide sequence
187 alignment indicated that the turkey and chickemaist shared 100% sequence similarity for the first
188 genome segments. The NS gene segment possessegleansicleotide difference at position 588/T)

189  which did not result in amino acid change.

190

191 3.3 Phylogenetic analysis of the CZE/06, SVK/06 trelCZE/07 viruses

192 Phylogenetic tree calculated separately for eacome segment showed that the entire genome of
193 the CZE/06, SVK/06 and the CZE/07 strains was “Qaigdike” i.e. the viruses re-emerged without génet

194  reassortment (data not shown).
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195 The H5 gene tree constructed on the basis of thda#le European sequences from 2005-2007
196 indicated separation into three sub-clades 2.22.22and 2.2.3 (Figure 2). Sub-clades 2.2.1 and22.2
197  contain predominantly the viruses circulated in 2@006 while the viruses circulated since June 2007
198 were included in the sub-clade 2.2.3. Phylogerataysis further revealed that the Czech straifeniged

199 into all three H5 sub-clades.

200 The CZE/06 viruses from South Bohemia and the S¥KSBains were clustered into sub-clade
201  2.2.1 which showed the greatest divergence amanguh-clades. Within the sub-clade 2.2.1 the Eunope
202  H5NL1 strains can be further divided into three bles (well supported with bootstrap values) which,
203  following the established H5 gene tree nomenclatwere designated as 2.2.1.1-3. The first bran2i 2

204  (bootstrap value 93.3) included the SVK/06 straths, CZE/06 viruses from South Bohemia and further
205 comprised with European H5 strains collected in&206m Germany, Italy, France, Austria and Slovenia
206 Interestingly, one of the first European H5N1 stral/turkey/Turkey/1/05, belonged also to this lotan
207  The second branch of the sub-clade 2.2.1 (bootstahgee 99.5) contained mainly German, French and
208  Swiss 2006 viruses and the third branch 2.2.1.3t@b@p value 95.4) clustered the Hungarian and the
209  United Kingdom viruses from January 2007.

210 In comparison to th&outh Bohemian CZE/06 and the SVK/06 strains th&/C& viruses from
211  South Moravia were separated into the sub-clade2.2his obviously less heterogeneous sub-clade is
212  further comprised by viruses mainly from Germany &enmark. In addition the Scottish H5N1 strain
213  from 2006 and the Croatian strain from 2005 wese aicluded in this sub-clade.

214 Finally, the CZE/O7 strains showed different clusig pattern both from the CZE/06 and the
215  SVK/06 strains and generally also from the Europd&N1 viruses collected in 2005-2006 and formed a
216  separate sub-clade 2.2.3 with the closest reldtipago the strains from Romania, Germany and Russi
217  (Krasnodar) which circulated from summer 2007. degéngly one of the European H5N1 viruses from
218 2006 namely A/Cygnus olor/Italy/742/06 belongedoaisto the sub-clade 2.2.3. However, this Italian
219 strain formed a separate branch from the CZE/0¥4i&quences with the closest relationships with the
220  viruses from Russia, Iran and Dagestan collect&006.

221
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4. Discussion

The pan Eurasian-African H5N1 HPAI outbreak dur#@)5-2006 showed for the first time that
this potentially pandemic virus can be transmiited Europe. Although since late 2006 the infecti@s
apparently disappeared from Europe (OIE) the viewsained in circulation in the Middle East, Rusaal
South Asia providing potential sources for the sire-introduction into Europe.

Considering the Czech H5N1 HPAI outbreaks fromghegraphical point of view, three regions
of the Czech Republic were affected: South Boheém006, Pardubice in 2007 and South Moravia either
in 2006 and 2007. The H5N1 virus in South Moravid2006 was detected in Kostice (strains A/Cygnus
olor/ Czech Republic/10662/06 and A/Cygnus oloré@r Republic/10814/06) while in 2007 in Lednice
(strain A/Cygnus olor/Czech Republic/10732/07). T¥ery close distance between these two areas
(approximately 15 km) along with the consequergfgdearance of the HSN1 virus in this region higitsg
the importance of South Moravia as one of theaaitregions for the future AIV surveillance approes
in the Czech Republic.

Phylogenetic analysis of the CZE/06 viruses fromtB@ohemia (March 2006, Nagy et al., 2007)
and South Moravia (May 2006) revealed separatida two distinct sub-clades 2.2.1 and 2.2.2. The
relatively close geographic distance between theseoutbreaks localities (the average distance éetw
Ceske Budejovice and Kostice is around 200km) midid co-circulation of two H5 sub-clades within a
relatively small geographic area. Similar resultseirms of co-circulation of two H5 sub-clades winend
by Starick (and colleagues, 2007) after the phybletje analysis of the German strains from 2006 tt@n
other hand the representative Swiss, French andsBastrains collected in 2006 showed relative
uniformity and belonged into single sub-clade 2&.2.2.2.

Evolution of the European 2005-2006 H5 HA straifeng two sub-clades suggests two main
introductions of the H5NL1 virus into Europe. Howeviie marked genetic diversity especially witHe t
sub-clade 2.2.1, with in at least three recognidithnches, suggests multiple imports of closdbted
strains. Similar conclusion was drawn after thelpggnetic analysis of the German H5N1 strains (Rind
at al., 2007, Starick et al., 2007).

The CZE/07 strains detected since June 2007 weeglglseparated from the CZE/06, SVK/06 as

well as other European 2005-2006 strains into diaeted sub-clade 2.2.3. The presence of the German
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10

250  (Starick et al., 2007), Romanian and Russian 208RHviruses within this sub-clade indicates common
251  origin with the CZE/07 straingHowever, the H5N1 strain collected in Italy duri@06 (A/Cygnus
252  olor/ltaly/742/06) and situated within the sub-@a@.2.3 indicates that this H5 lineage is evideniby
253  entirely novel in Europe. The outbreak wave stawétl the appearance of the CZE/07 viruses, however
254  represents a stable emergence of the sub-cladei@.Burope.

255 Interestingly, the close relationships of the CZEArains to the viruses detected in Russia in
256  2006-2007 and in Mongolia and Afghanistan in 20@&ntto the 2005-2006 European strains traced the
257  origin of the CZE/Q7 viruses in Asia. Based on thessuppose that the European H5N1 viruses eméanged
258  June 2007 resulted from a novel re-introductionmfidliddle East or Asia. Moreover, closer relatiopshi
259  of the CZE/Q7 strains to the Asian 2006 isolatess@i: Tuva, Tyva; Mongolia and Afghanistan) than t
260 the A/Cygnus olor/Italy/742/06 strain (bootstrapsart 90%) also supports the re-introduction sdenafr
261  the CZE/O7-like H5N1 viruses into Europe.

262 The CZE/06, CZE/07 and the SVK/06 H5N1 strains kirtyi like the European viruses analysed
263 in this study share the common molecular featureserchining the receptor binding properties,
264  pathogenicity, glycosylation pattern and amantadid oseltamivir sensitivityvariation was seen only at
265 the position PB2 627, which can be traced to thibreak at Qinghai Lake (Chen et al., 2006k)e H5
266 amino acid sequence predicts seven conserved Mdigjycosylation sequindhe position 197 of H5
267  molecule carries an unusual glycosylation sequom WRere the Prolin residue is situated in the vigiof

268 the Asparagin. Gavel & Heijne (1990) previouslyridithat Proline within the glycosylation consensiis
269  strongly reduces the likelihood of N-glycosylatidn.addition, no carbohydrate attachment was oleserv
270  at the position 197 of the solved H5 HA crystalisture of A/Vietnam//1203/2004 (Stevens et al. 2006
271  Therefore, it is highly probable that the positi®@¥ of the HS5N1 viruses is not glycosylated. Howetixés
272  presumption needs experimental proof.

273 The question of how was the virus transmitted Btwope, which carriers and transmission routes
274  were involved, remains to be answered. The sudgpeaance of the HSN1 HPAI virus in central Europe,
275  from the geographical point of view, is without amyparent epizootologic conjunctions. From Febrtary
276  June 2007, no H5N1 HPAI virus activity was reportiedughout Europe (OIE, 2007) and the appearance

277  of the virus in the Czech Republic in June 2007 rditl correspond to any significant wild bird midoat

Page 10 of 20



11

278  activity in the region (P. Bergmann, Czech SocfetyOrnithology, personal communication). Excepeon
279  mute swan found dead in South Moravia region natiaeeél HSN1 virus was detected in wild birds ireth
280 Czech Republic in spite of ongoing AlV surveillandde outbreak in Germany was, however, followed
281  with virus detection in numerous mute swans orlblaecked grebes (Podiceps nigricoll{Starick et al.,
282  2007). Similarly, the H5N1 virus during the outbteim France was detected mainly in swans (OIE).
283  Therefore we consider the wild birds as the mosbable way of virus re-introduction into the Czech
284  Republic. Rather it seems that the AIV surveillamecethe Czech Republic did not possess sufficient
285  sensitivity to detect the H5N1 virus in the wildrdireservoir before its transmission into commércia
286  poultry farms.

287
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444  Fig. 1. Map of the H5N1 HPAI outbreaks in the Czech Repukdnd the Slovak Republic
445  “Czechoslovakia” in 2006 and 2007. The SVK/06 vasigre designated in green, the CZE/06 viruses from
446  South Bohemia are in blue and the CZE/06 H5N1rstraampled in South Moravia (Kostice) are in purple
447  The CZE/07 viruses from Pardubice and South Mor@védnice) were designated as a red square and a
448  red dot respectively. The colour scheme is cormegdipg with Fig.2. Blue square: strains 4, 5, 9-hd 44

449  (the numbering is corresponding with Table 1.) fréeske Budejovice and Hluboka nad Vitavou; blue dot
450  strain 13 sampled in Mirochov and blue triangleaist 15 collected in Orlik. Purple square, stranand

451 16 from Kostice; green square, strain 8 sampledsabcikovo; green dot, strain 7 from Podunajske
452  Biskupice. Red dot, strain 2 isolated from a swahednice; red square, strains 1 and 3 represetiiimg
453  poultry outbreaks in Tisova and Chocen during 2007.

454

455  Fig. 2. Phylogenetic tree of the H3A gene of the CZE/06, SVK/06 and the CZE/07 H5M4Aiss. The
456  H5 represents an abridged version of a largeritreglved all of the European H5 sequences available
457  during the manuscript preparation (not shown) agtdimed all of the significant branches seen in the
458  original H5 tree. Trees were generated with maxinparsimony method in the PHYLIP program (NJ and
459 ML approaches revealed the same relationshipsherbasis of nucleotides 82-1680 (1599). Trees were
460  rooted to A/goose/Guangdong/1/96 and the bootstahpes (1000 resamplings) in per cent were inditate
461  at key nodes. Blue, the CZE/06 strains collecte8anth Bohemia; purple the CZE/06 viruses from Bout
462  Moravia; green, the SVK/06 H5N1 strains; red, theE@7 viruses collected in Pardubice and South

463  Moravia provinces. The colouring is correspondirithWig. 1.
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Table 1

Table 1. The H5N1 viruses analysed in this study

No. Virus Sequence analysis Date and locality of sampling Region Specimen

1 A/turkey/Czech Republic/10309-3/07 whole genome 19" June 2007 Tisova Pardubice organ suspension
2 Alcygnus olor/Czech Republic/10732/07 whole genome 25™ June 2007 Lednice South Moravia organ suspension
3 Al/chicken/Czech Republic/11242-38/07 whole genome 11" July 2007 Chocen Pardubice cloacal swab

4 A/cygnus olor/Czech Republic/5170/06 whole genome 20™ March 2006 Hluboka nad Vltavou  South Bohemia organ suspension
5 A/cygnus olor/Czech Republic/6111/06 whole genome 29™ March 2006 Ceske Budejovice South Bohemia alantoic fluid

6 A/cygnus olor/Czech Republic/10814/06 whole genome 12" May 2006 Kostice South Bohemia alantoic fluid

7 A/mergus albellus/Slovakia/Vh212/06 whole genome 17" Feb 2006 Podunajske Biskupice Western Slovakia alantoic fluid

8 A/peregrine falcon/Slovakia/Vh246/06 whole genome 18™ Feb 2006 Gabcikovo Western Slovakia alantoic fluid

9 A/cygnus olor/Czech Republic/5583/06 H5 HA 25™ March 2006 Ceske Budejovice South Bohemia organ suspension
10 Al/cygnus olor/Czech Republic/5761/06 HS5 HA 27™ March 2006 Hluboka nad Vltavou  South Bohemia organ suspension
11 Alcygnus olor/Czech Republic/5963/06 H5 HA 29™ March 2006 Ceske Budejovice South Bohemia organ suspension
12 Al/cygnus olor/Czech Republic/6206/06 HS5 HA 1™ April 2006 Ceske Budejovice South Bohemia organ suspension
13 Alcygnus olor/Czech Republic/6461/06 H5 HA 2" April 2006 Mirochov South Bohemia organ suspension
14 Alcygnus olor/Czech Republic/7185/06 H5 HA 8™ April 2006 Ceske Budejovice South Bohemia alantoic fluid

15 Alcygnus olor/Czech Republic/7208/06 H5 HA 7™ April 2006 Kovarov South Bohemia alantoic fluid

16  A/cygnus olor/Czech Republic/10662/06 HS5 HA, N1 NA 12" May 2006 Kostice South Moravia organ suspension

Page 20 of 20



