
Introduc)on	

In	the	last	two	decades,	four	 intercon3nental	epidemic	waves	of	the	highly	pathogenic	avian	influenza	virus	(HPAIV)	of	the	A/goose/Guangdong/1/1996	lineage	have	been	reported	(1).	Not	only	the	
worldwide	spread	of	this	strain	has	caused	important	damages	to	the	poultry	industry,	but	it	has	also	raised	serious	concerns	in	terms	of	public	health	since	the	virus	can	be	occasionally	transmiIed	to	
humans.(2).		

		
	 The	 African	 con3nent	 was	 reached	 by	 three	 of	 these	 four	 waves,	 which	 resulted	 in	 the	 introduc3on	 of	 three	
dis3nct	gene3c	clades,	namely	clade	2.2	in	2006	(3),	clade	2.3.2.1c	in	2014	(4)	and	clade	2.3.4.4	in	2016	(5,	6).	The	
virus	has	become	endemic	in	poultry	in	some	African	regions,	such	as	Egypt	and	West	Africa,	where	mul3ple	clades	
are	 currently	 co-circula3ng,	 crea3ng	 the	opportunity	 of	 gene3c	 reassortment	 and	of	 emergence	of	 viruses	with	
unknown	biological	proper3es.		
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The	study	

For	each	of	the	three	clades,	we	generated	a	dataset	which	included	representa3ve	sequences	from	several	affected	regions	throughout	the	world	and	from	different	host	species.	Based	on	the	spa3al	
distribu3on	and	host	origin	of	the	available	sequences,	we	iden3fied	9	discrete	regions	-	West	Europe,	East	Europe,	Middle	East,	East	Asia,	North-Central	Asia,	South	Asia,	West	Africa,	Central-east	Africa	
and	South	Africa	-	and	4	host	traits	-	domes3c	Galliformes,	domes3c	Anseriformes,	wild	Anseriformes	and	other	wild	bird	species.	We	reconstructed	the	history	of	epidemic	spreads	in	space	and	3me	
simultaneously,	with	the	host	switching	paIerns	through	Bayesian	phylogeographic	analyses	in	both	discrete	and	con3nuous	space	for	each	dataset	using	the	BEAST	v1.8.4	program.	

The	aim	

To	shed	light	on	the	poten3al	risk	of	virus	spread	from	Africa	to	the	other	con3nents,	we	compared	the	global	HPAIV	H5	transmission	paIerns	of	these	clades	and	explored	the	contribu3ons	of	different	
avian	host	popula3ons	to	virus	dissemina3on.		
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The	global	sources	of	the	African	HPAI	H5Nx	viruses		

ü  All	clades	emerged	in	East	or	North-Central	Asia	

ü  From	 these	 geographic	 areas,	 the	 three	 clades	 subsequently	 spread	
southward	 to	 South	 Asia	 and	 westwards	 to	 the	 Middle	 East,	 Europe	 and	
Africa	(figure	1)	

ü  The	routes	and	number	of	virus	introduc)ons	into	the	African	con)nent	
vary	across	epidemic	waves	(figure	1):	
• Clade	 2.2:	 four	 virus	 introduc3ons	 in	 West	 Africa	 from	 East	 Europe	
between	 March	 2005-April	 2006	 and	 July	 2007-March	 2008;	 one	
introduc3on	 in	 Egypt	 from	 East	 Europe	 between	 July-November	 2005	
(figure	2)	

• Clade	 2.3.2.1c:	 two	 introduc3ons	 in	West	 Africa	 from	 the	Middle	 East	
and	South	Asia	between	May	and	November	2014		(figure	2)	

• Clade	2.3.4.4-B:	 two	 virus	 incursions	 in	West	Africa	 from	North-central	
Asia	 between	 April-November	 2016;	 three	 introduc3ons	 in	 Egypt	 from	
North-central	 Asia	 and	 East	 Europe	 between	 June	 and	December	 2016	
(figure	2)	

ü  Except	 for	 few	 virus	 migra3ons	 from	 Africa	 to	 the	 Middle	 East,	 no	 virus	
movement	from	Africa	to	other	con)nents	was	observed.		

The	role	of	poultry	trade	and	wild	bird	migra)on	in	virus	spread	into	Africa		

ü  Our	es3mates	reveal	a	significantly	higher	rate	of	viral	spread	in	wild	rather	
than	domes3c	birds	(figure	3	–top)	

ü  The	 incursion	 of	 the	 HPAI	 H5Nx	 clades	 into	 Africa	 was	 driven	 by	 wild	
Anseriformes	(clade	2.2	and	2.3.4.4-B)	and	domes)c	Galliformes	(clade	2.2	
and	 2.3.2.1c)	 hosts,	 sugges3ng	 that	 both	 migratory	 birds	 and	 live	 poultry	
trade	 may	 have	 played	 an	 important	 role	 in	 the	 spread	 of	 the	 virus	 into	
Africa	(figure	3	–	bo;om)	

Conclusion	

Overall,	this	study	suggests	that	Africa	mainly	serves	as	a	sink	of	the	virus.	However,	the	routes	of	virus	introduc3on	into	Africa	by	means	
of	both	wild	and	domes3c	birds	may	change	at	each	epidemic	wave,	making	it	difficult	to	predict	the	source	for	the	next	incursion.	
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Figure	 3.	 Contribu/on	 of	 different	 hosts	
to	 the	 HPAI	 H5Nx	 migra/on.	 Top	 –	
Posterior	 dispersal	 rate	 distribu]ons	 for	
each	 host	 obtained	 by	 incorpora]ng	 a	
con]nuous	 spa]al	 diffusion	 process	 and	 a	
discrete	 host	 transmission	 process	 in	 a	
single	Bayesian	analysis.	Bo`om	-	Dispersal	
pa`erns	 of	 HPAI	 H5Nx	 viruses	 are	 shown	
for	 each	 of	 the	 three	 clades.	 The	 lines	 and	
dots	 represent	 the	 branches	 and	 of	 the	
nodes	 of	 the	 MCC	 trees	 and	 are	 marked	
according	 to	 the	 most	 probable	 ancestral	
host	 trait.	 Contours	 represent	 sta]s]cal	
uncertainty	 of	 the	 es]mated	 loca]ons	 at	
the	 internal	 nodes	 (95%	 credible	 contours	
based	on	kernel	density	es]mates).		

Figure	2.	tMRCA	es/mated	for	each	virus	introduc/on	in	
Africa.	Coloured	bars	 represent	 the	mean	tMRCAs	of	each	
virus	 introduc]on	 in	 West	 Africa	 (blue),	 Egypt	 (orange),	
East-Central	Africa	(violet)	and	South	Africa	(yellow).	Circles	
represent	 the	 area	 of	 origin	 of	 each	 virus	 introduc]on,	
based	on	the	es]mates	summarised	in	the	maximum	clade	
credibility	trees	of	each	HPAI	H5	clade.	

Figure	 1.	 Reconstruc/on	 of	 the	 global	 migra/on	 rates	 between	
geographic	 regions	 of	 the	 three	 HPAI	 H5Nx	 clades.	Maps	 showing	
sta]s]cally	 supported	non-zero	 rates	 (BF	>	5)	 for	 clades	2.2,	2.3.2.1c	
and	 2.3.4.4-B.	 The	 thickness	 of	 the	 lines	 represen]ng	 the	 rates	 is	
propor]onal	to	the	rela]ve	strength	by	which	rates	are	supported.		
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