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In January 2021, Senegal reported the emergence of
highly pathogenic avian influenza virus A(H5N1), which
was detected on a poultry farm in Thies, Senegal, and in
great white pelicans in the Djoudj National Bird Sanctu-
ary. We report evidence of new transcontinental spread
of H5N1 from Europe toward Africa.

On December 23, 2020, a single poultry farm com-
posed of 4 barns of laying hens having a total of
102,000 birds in Pout, Thies Region, Senegal, reported
increased deaths (mortality rate 58%) to animal health
authorities. The clinical signs observed in the affected
poultry were edema of the cervical region, cyanosis,
congestion of the crests and barbs, and a state of gener-
al prostration. Organs and cloacal and oropharyngeal
swab specimens collected from dead and sick birds
were analyzed at the National Veterinary Laboratory
for Livestock and Research (LNERV; Dakar, Senegal),
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where highly pathogenic avian influenza (HPAIL) A
(H5N1) virus was confirmed on January 7, 2021.

Later that month, 750 great white pelicans (Pele-
canus onocrotalus) (740 juveniles and 10 adults) were
found dead by rangers in the Djoudj National Bird
Sanctuary, a UNESCO World Heritage site, which is
a wetland near the Senegal-Mauritania border. The
sanctuary welcomes thousands of Palearctic and
Afrotropical migratory birds every year as a refuge,
feeding site, and breeding site. On January 15, 2021,
the monthly count of birds at Djoudj enacted by the
Ministry of Environment documented 8,887 peli-
cans, for an estimated mortality rate of 8.4% in Janu-
ary 2021. After identifying H5N1 in the dead birds,
LNERYV analyzed amino acid sequences deduced at
the hemagglutinin cleavage site (PLREKRRKRxGLF)
on samples from poultry and pelicans, which classi-
fied the strain as an HPAL

Since the emergence of the HPAI H5Nx viruses
of the goose/Guangdong (gs/Gd) lineage in 1996,
the transcontinental spread of the virus to Africa
has been described at least 3 times (1). According to
available data, no incursions have involved Senegal
before. This unprecedented geographic spread raises
questions about the mechanisms of emergence and
dissemination of HPAI H5N1 in this country. To de-
termine the origin and transmission pathways of the
virus, we analyzed the complete genome of 4 HPAI
H5NT1 viruses collected in Senegal from domestic and
wild birds, studying their spatial diffusion dynamics.

The Study
A total of 8 clinical samples were submitted to the
World Organisation for Animal Health Reference
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Laboratory and to the Food and Agriculture Orga-
nization of the United Nations Reference Center for
Avian Influenza and Newcastle Disease at the Istituto
Zooprofilattico Sperimentale delle Venezie (Legnaro,
Padova, Italy) for confirmatory diagnosis and genetic
characterization of the identified viruses. HPAI H5N1
was identified in all submitted samples by molecu-
lar analysis, confirming the results from LNERV. Be-
cause of the low viral load, whole-genome sequences
were successfully generated from only 4 of 8 samples
(Table) collected from poultry and wild birds, as pre-
viously described (1).

The phylogenetic analysis of the hemaggluti-
nin gene revealed that the 4 HPAI H5N1 viruses
from Senegal belong to clade 2.3.4.4b and cluster
not only together but also with the HPAI H5N1 vi-
ruses that have been circulating in Europe since Oc-
tober 2020 (99.8%-99.9% nucleotide similarity) (Ap-
pendix Figure 1, https://wwwnc.cdc.gov/EID/
article/28/1/21-1401-Appl.pdf) (2,3). In particular,
the HPAI H5N1 viruses from Senegal cluster together
in the phylogenetic trees of all 8 gene segments and
are closely related to HPAI H5N1 viruses identified
in the Netherlands, United Kingdom, and Italy dur-
ing October-December 2020 (98.8%-100% nucleotide
similarity) (Appendix Figures 1-8). These findings
suggest virus introduction in the country was likely
caused by wild birds” migration routes from Europe.

To reconstruct the spatial spread and estimate
time of virus introduction into Senegal, we per-
formed a phylogeographic analysis of the hemagglu-
tinin gene in BEAST version 1.10.4 (4). We defined 5
discrete geographic regions: Central Asia, Northern
Europe, Eastern Europe, Southern Europe, and Sen-
egal. The mean time to the most recent common an-
cestor of the HPAI H5N1 viruses from Senegal was
estimated to be November 2020 (95% HPD interval
October-December 2020). The genetic spatial analy-
sis indicated that the virus had spread from Southern
Europe to Senegal, which suggests that West Africa
likely acted as the ecologic sink of the HPAI H5N1 vi-
ruses circulating in Europe (Figure; Appendix Figure
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9). Because availability of viral sequences from differ-
ent countries could affect phylogeographic analyses,
having a large number of sequences available is vital
to obtain accurate and reliable results.

Conclusions

These evolutionary and spatial investigations indicate
that the H5N1 outbreaks in Senegal did not emerge
from local evolution of H5N1 viruses in Africa. These
new viruses seem to have been introduced in fall 2020
from Eurasia through migratory birds flying south-
west for winter. The estimated time to the most recent
common ancestor (October-December 2020) and the
long branches that separate the Senegal viruses from
progenitors in Europe suggest an undetected virus
circulating in the area, likely in wild birds.

The Djoudj National Bird Sanctuary, located in
the Senegal River delta along the East Atlantic Fly-
way, is a sanctuary for large breeding waterbirds,
including great white pelicans. H5N1 caused the
death of hundreds of pelicans there. Before the emer-
gence of the HPAI H5Nx viruses of the Gs/GD lin-
eage, infection with avian influenza virus of pelicans
was rarely reported (5). The incursion of the Gs/GD
lineage has resulted in numerous fatal infections in
this species. On the basis of data from the avian in-
fluenza passive surveillance system implemented in
Europe during 2005-2017, an HPAI detection rate of
9.5% has been estimated in great white pelicans (6).
This species is highly gregarious, behavior that could
have promoted the spread of HPAI in these birds in
Senegal. Unfortunately, surveillance of wild and do-
mestic birds near where the H5N1-infected pelicans
were identified did not shed light on the species re-
sponsible for introducing the virus. The wetlands of
Senegal are inhabited by millions of aquatic bird spe-
cies, including Garganey (Anas querquedula), North-
ern pintail (Anas acuta), Northern shoveler (Spatula
clypeata), Eurasian teal (Anas crecca), Eurasian wigeon
(Mareca penelope), Common pochard (Aythya farina),
and Tufted duck (Aythya fuligula), many of which
have had a role in the spread of Gs/GD-lineage H5

Table. HPAI H5N1 viruses identified from chicken and pelican samples, Senegal, 2020-2021*

Latitude and Collection GISAID
Sample type Virus name Species Location longitude date accession no.
Cloacal swab Alchicken/Senegal/21VIR1084— Chicken Thies region 14.781388, 2020 Dec 23 EPI1866442-9
3/2021 17.042222
Cloacal swab Alchicken/Senegal/21VIR1084— Chicken Thies region 14.781388, 2020 Dec 23  EPI11866450-7
4/2021 17.042222
Cloacal swab Alchicken/Senegal/21VIR1084— Chicken Thies region 14.781388, 2020 Dec 23 EPI1866458-65
5/2021 17.042222
Oropharyngeal A/great-white_pelican/Senegal/21— Great white Djoudj National 16.352169, 2021 Jan 23 EPI1866466—73
swab 67_21VIR1084-8/2021 pelican Bird Sanctuary  16.277897

*Sequences were submitted to GISAID's EpiFlu database (https://www.gisaid.org). HPAI, highly pathogenic avian influenza.
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Figure. Origin and spread of the highly pathogenic avian influena H5N1 virus. Five discrete geographic regions, namely Central Asia,
Northern Europe, Eastern Europe, Southern Europe, and Senegal, are defined and marked with different colors. The routes of migration
supported by a Bayes factor >10 are displayed in the map as thin dashed lines; thicker dashed lines indicate Bayes factor >20.

viruses (7,8). This bird population has been hardly af-
fected by the 2020-2021 epidemic in Europe, during
which HPAI H5 virus infections were reported in ap-
parently healthy birds (2). Therefore, even consider-
ing that most of the great white pelicans residing in
the Djoudj National Bird Sanctuary are deemed to be
sedentary (9), species other than pelicans might have
been involved in introducing and spreading H5N1
within Senegal or to neighboring countries reporting
HPAI H5N1, including Niger, Nigeria, Mauritania,
and Mali.

Recent reports of H5N1 in Senegal, Maurita-
nia, and Mali indicate an unprecedented westward
spread of the virus in Africa (10). However, the lack
of genetic information on the viruses detected in these
countries makes it difficult to reconstruct the exact
number of virus introductions and dynamics of virus
dissemination, and both poultry trade and wild bird
movements remain valid candidate pathways. More-
over, after the outbreaks of HPAI in poultry, 2 states
in Nigeria reported 7 suspected human cases of avian
influenza H5N1, 4 in Kano and 3 in Plateau. These
cases confirm the importance of One Health joint ac-
tivities by public human and animal health sectors to
contain and monitor virus spread and the emergence
of novel viruses of major concern (11).
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There is still much to learn about the ecology of
these viruses in the wild bird population; detection of
the 2.3.4.4b clade in Senegal demonstrates that pre-
dicting the dissemination trajectories of these viruses
is difficult. No system yet exists that can prevent the
virus from following wild bird movements. Efforts
are needed to regulate poultry movements and de-
velop risk-based surveillance in wild birds in Africa
to detect newly introduced and circulating viruses,
reduce the likely spread to poultry, and limit the risk
for exposure of humans to infected birds.
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