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Highly pathogenic avian influenza H5N1/H9N2 reassortant virus in 
West Africa: a potential threat for humans?

Background

Since 2006, the West African poultry population has been seriously hit by different waves of
highly pathogenic avian influenza (HPAI) H5Nx viruses, brought by migratory birds, with the last
introduction of the H5N1 subtype reported in late 2020. In January 2017, the H9N2 subtype of
the G1 lineage was identified for the first time in Burkina Faso and since then it has been
reported in several other West African countries. The co-circulation of these two zoonotic
subtypes in this region is a cause for concern not only for animal health and economic damage,
but also for the possible emergence of reassortant viruses with unknown biological properties
and public health implications.

In December 2021, three HPAI H5N1 outbreaks were reported in poultry farms from three
distinct regions of Burkina Faso (Fig. 1, Table 1). Here we describe the complete genome
characterization of the first H5N1/H9N2 reassortant virus in West Africa.

Methods

By using an Illumina MiSeq platform, we generated the whole genome sequences of three
H5N1 viruses from Burkina Faso. Maximum likelihood phylogenetic trees were obtained for all
the eight gene segments using IQTree v1.6.6 and the time to the most recent common ancestor
(tMRCA) was estimated for the hemagglutinin (HA) gene using the BEAST v.1.10.4 package.

Conclusions

Although it is difficult to ascertain where and when the reassortment event occurred, the emergence of an H5N1/H9N2 reassortant virus in West Africa raises concerns about its possible impact on
animal and human health. Further studies are urgently required to evaluate the biological significance of this emerging genotype and to investigate whether this reassortment may increase the
zoonotic potential of H5N1 viruses.

Results

 The three distinct outbreaks in Burkina Faso cluster together within clade 2.3.4.4B, and are
closely related to HPAI H5N1 viruses identified in Nigeria and Niger in 2021-2022 (Fig. 3).

 For the PA gene, the three H5N1 viruses from Burkina Faso cluster with H9N2 viruses
collected in West Africa between 2017 and 2020 (Fig. 2, Fig. 3).

 The tMRCA of the three H5N1 under study was June 2021 (95% HPD March-August 2021).

 Mutation HA-S137A (H3 numb.) may be associated to increased zoonotic potential (Table 2).

 The 22-amino acid deletion in the NA stalk region may decrease the ability of NA to release
the virus from the cells and increase the virulence of the virus for chickens; in addition, it is a
marker of virus adaptation from wild aquatic birds to poultry (Table 2).

Figure 1. Map of the farms in Burkina Faso. The three farms are located in three different areas: central region 
(Kobri, in light blue), central–western region (Tenado, in light orange), and southern–central region 
(Gomboussougou, in light pink).

Figure 2. Genes 
composition of the 
A(H5N1) HPAI avian 
influenza virus identified 
in Burkina Faso. 

Figure 3. Maximum likelihood phylogenetic trees of the hemagglutinin (HA) and polymerase acidic (PA) genes.
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Table 1. Epidemiological information.

Table 2. Mutations identified in the HPAI H5N1 viruses from Burkina Faso.

Protein Mutation HPAI H5N1 viruses 
Burkina Faso

Effect Reference

HA S137A, H3 
numbering (S149A 

from 1st Met)

All 3 viruses Increased pseudovirus binding to α2–6. (Yang et al. 2007)

HA HA-A160T, H3 
numbering 

(A172T from 1st Met)

All 3 viruses Creates a new potential N-glycosylation site. The motif at 
positions 158-160 (170-172 from the first Met) changed 

from NDA to NDT.

n.a.

PB2 T105V and A661T All 3 viruses Host specificity markers identified through statistical 
methods (T in avian, V in human for T105V and A in avian, 
T in human for A661T). The mutations lie in the regions of 

PB2 both known for binding to PB1 and NP.

(Miotto et al. 2008)

PA L268I and S409N All 3 viruses Host specificity markers identified through statistical 
methods (L in avian, I in human for L268I and S in avian, N 

in human for S409N).

(Finkelstein et al. 2007)

NA NA stalk deletion All 3 viruses A deletion in the stalk region of the NA decreases the 
ability of NA to release the virus from cells and increases 

the virulence of the virus in mice and chickens. In addition, 
it is a marker of virus adaptation from wild aquatic birds to 

poultry.

(Baigent and McCauley 
2001; Banks et al. 2001; 
Croville et al. 2012; J. Li 
et al. 2011; Matsuoka et 

al. 2009; Munier et al. 
2010; Yamada et al. 

2012)
NS1 Deletion at positions 

78-80
A/avian/Burkina_Faso
/21VIR11911-5/2021

This 3 amino acids deletion overlaps a deletion of five 
amino acids previously described (Y. Li et al. 2014). Viruses 
with both a deletion of 20 amino acids in the stalk of the 

NA glycoprotein and a deletion of 5 amino acids at 
positions 80 to 84 in the NS1 protein contribute to the high 

pathogenicity of H5N1 AIVs in ducks.

(Y. Li et al. 2014)

NS1 P42S All 3 viruses Increased virulence in mice. (Jiao et al. 2008)
NS1 P87S All 3 viruses P87S is a host-specificity marker identified through 

statistical means (S in human, P in avian).
(Allen et al. 2009)

NS1 103F All 3 viruses Increased virulence in mice. (Kuo and Krug 2009; 
Spesock et al. 2011)

NS2 T47A (with NS1-
205S)

A/avian/Burkina_Faso
/21VIR11911-5/2021

Decreased antiviral response in ferrets. (Imai et al. 2010)

Sites N. animals Farms Species Mortality rate Sampling date Sequenced virus

Central-Western 
Region (Bonyollo)

320
chickens, guinea 
fowls, pigeons

100% 08/12/2021
A/avian/Burkina_Faso/21V

IR11911-1/2021
South-Central Region 

(Gomboussougou)
1143

chickens, guinea 
fowls, turkeys, geese

97,63% 07/12/2021
A/avian/Burkina_Faso/21V

IR11911-3/2021
Central Region 

(Koubri)
210000 chickens 6,13% 16/12/2021

A/chicken/Burkina_Faso/2
1VIR11911-5/2021

Discussion

 Our results suggest that a single reassortment event had occurred in an unspecified location
in West Africa.

 After being introduced in West Africa, the virus evolved independently and emerged in
Burkina Faso in early June 2021, according to Bayesian analysis.

 Despite the absence of evident epidemiological links between the three farms, the influenza
outbreaks were reported in a time of the year characterized by social events (weddings and
engagements) involving the movement of poultry (purchases and donations), thus allowing
the spread of the virus.

 The close genetic relationship with the H5N1 viruses circulating in poultry in West Africa and
the reassortment event with the H9N2 subtype (G1 lineage) rarely observed in wild animals,
suggest that poultry represent the most likely source of emergence of this strain.
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