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of the SARS-CoV-2 Omicron variant in Africa

Carlo Fischer'f, Tongai Gibson Maponga?{, Anges Yadouleton®{, Nuro Abilio*, Emmanuel Aboce®, Praise
Adewumi?, Pedro Afonso®, Jewelna Akorli’, Soa Fy Andriamandimby?®, Latifa Anga®, Yvonne Ashong’, Mohamed
Amine Beloufa'?, Aicha Bensalem!?, Richard Birtles'"'2, Anicet Luc Magloire Boumba'?>'*, Freddie Bwanga>'°,
Mike Chaponda'é, Paradzai Chibukira'’, R. Matthew Chico'®, Justin Chileshe'é, Gershom Chongwe'¢, Assana
Cissé'?, Umberto D’Alessandro?’, Xavier Nicolas de Lamballerie?!, Joana F. M. de Morais®, Fawzi Derrar'’,
Ndongo Dia??, Youssouf Diarra?3, Lassina Doumbia?3, Christian Drosten’24, Philippe Dussart®, Richard
Echodu'!, Yannik Eggers2>2¢, Abdelmajid Eloualid®, Ousmane Faye??, Torsten Feldt?>26, Anna Friihauf', Afiwa
Halatoko?’, Pauliana-Vanessa Ilouga?®, Nalia Ismael*, Ronan Jambou?°, Sheikh Jarju?’, Antje Kamprad', Ben
Katowa3??3!, John Kayiwa??, Leonard King’wara33, Ousmane Koita2?, Vincent Lacoste%, Adamou Lagare?’, Olfert
Landt®**, Sonia Etenna Lekana-Douki®’, Jean-Bernard Lekana-Douki?’, Etuhole Iipumbu?®¢, Hugues Loemba3"-'%,
Julius Lutwama??, Santou Mamadou?’, Issaka Maman?’, Brendon Manyisa'’, Pedro A. Martinez®, Japhet
Matoba?*?!, Lusia Mhuulu?é, Andres Moreira-Soto', Judy Mwangi'’'?, Nadine N~ dilimabaka?’, Charity Angella
Nassuna®2, Mamadou Ousmane Ndiath2°, Emmanuel Nepolo®¢, Richard Njouom?22, Jalal Nourlil®, Steven Ger
Nyanjom?3%, Eddy Okoth Odari?®, Alfred Okeng®, Jean Bienvenue Ouoba'?, Michael Owusu??, Irene Owusu
Donkor’, Karabo Kristen Phadu?, Richard Odame Phillips3°, Wolfgang Preiser>*°, Vurayai Ruhanya'’, Fortune
Salah?’, Sourakatou Salifou*!, Amadou Alpha Sall>2, Augustina Angelina Sylverken3?2, Paul Alain Tagnouokam-
Ngoupo?®, Zekiba Tarnagda'®, Francis Olivier Tchikaya'*, Tafese Beyene Tufa?>2¢, Jan Felix Drexler!2**

ICharité — Universitatsmedizin Berlin, corporate member of Freie Universitat Berlin and Humboldt Universitat zu Berlin, Institute of Virology, Berlin, Germany. 2Division of
Medical Virology, Stellenbosch University Faculty of Medicine and Health Sciences, Cape Town, South Africa. 3Laboratoire dés fievres hemorragiques virales de Cotonou,
Akpakpa, Benin. “Instituto Nacional de Satde, Maputo, Mozambique. SMBN Clinical Laboratories, Kampala, Uganda. éInstituto Nacional de Investigagao em Satide (INIS),
Luanda, Angola. ’Noguchi Memorial Institute for Medical Research, University of Ghana, Legon, Ghana. 8Institut Pasteur de Madagascar, Antananarivo, Madagascar.
9Institut Pasteur du Maroc, Casablanca, Morocco. PInstitut Pasteur of Algeria, National Influenza Centre, Sidi-Fred], Algeria. 'Gulu University Multifunctional Research
Laboratories, Gulu, Uganda. ?School of Science, Engineering and Environment, University of Salford, Salford, UK. 3Faculty of Health Sciences, Marien Ngouabi University,
Pointe-Noire, Congo. “Molecular Diagnostic Laboratory HDL, Pointe-Noire, Congo. ®Makerere University College of Health Sciences, Kampala, Uganda. *®Tropical Diseases
Research Centre, Ndola Teaching Hospital, Ndola, Zambia. "National Virology Laboratory, Faculty of Medicine and Health Sciences, University of Zimbabwe, Avondale,
Zimbabwe. London School of Hygiene and Tropical Medicine, London, UK. ®*Laboratoire National de Référence-Grippes, Ouagadougou, Burkina Faso. ©Medical Research
Council Unit at London School of Hygiene and Tropical Medicine, Banjul, Gambia. 2Unité des Virus Emergents, Aix Marseille Université, Marseille, France. ZInstitut Pasteur
de Dakar (IPD), Dakar, Senegal. 2Université des Sciences, des Techniques et des Technologies de Bamako (USTTB), Bamako, Mali. 2German Centre for Infection Research
(DZIF), associated Partner Charité-Universitatsmedizin Berlin, Berlin, Germany. 2Hirsch Institute of Tropical Medicine, Asella, Ethiopia. 2Department of Gastroenterology,
Hepatology and Infectious Diseases, University Hospital Dusseldorf, Heinrich Heine University Duisseldorf, Dusseldorf, Germany. ZInstitut National d’Hygiéne, Lomé, Togo.
BCentre Pasteur du Cameroun, Yaounde, Cameroon. 2Centre de Recherche Médicale et Sanitaire (CERMES), Niamey, Niger. 3®Macha Research Trust, Choma, Zambia.
31School of Veterinary Medicine, University of Zambia, Lusaka, Zambia. #2Uganda Virus Research Institute, Entebbe, Uganda. 33National Public Health Reference Laboratory,
Ministry of Health, Nairobi, Kenya. 3TiB-Molbiol GmbH, Berlin, Germany. 3*Centre Interdisciplinaire de Recherches Médicales de Franceville (CIRMF), Franceville, Gabon.
36School of Medicine, University of Namibia, Windhoek, Namibia. Faculty of Medicine, University of Ottawa, Ottawa, Ontario, Canada. #School of Biomedical Sciences,
Jomo Kenyatta University of Agriculture and Technology, Nairobi, Kenya. 3*Kumasi Centre for Collaborative Research in Tropical Medicine (KCCR), Kwame Nkrumah
University of Science and Technology (KNUST), Kumasi, Ghana. “°National Health Laboratory Service Tygerberg Business Unit, Cape Town, South Africa. “Ministére de la
Santé, Akpakpa, Benin. “?Department of Theoretical and Applied Biology, KNUST, Kumasi, Ghana.

*Corresponding author. Email: felix.drexler@charite.de

The geographic and evolutionary origins of the SARS-CoV-2 Omicron variant (BA.1), which was first
detected mid-November 2021 in Southern Africa, remain unknown. We tested 13,097 COVID-19 patients
sampled between mid-2021 to early 2022 from 22 African countries for BA.1 by real-time RT-PCR. By
November-December 2021, BA.1 had replaced the Delta variant in all African sub-regions following a South-
North gradient, with a peak Rt of 4.1. Polymerase chain reaction and near-full genome sequencing data
revealed genetically diverse Omicron ancestors already existed across Africa by August 2021. Mutations,
altering viral tropism, replication and immune escape, gradually accumulated in the spike gene. Omicron
ancestors were therefore present in several African countries months before Omicron dominated
transmission. These data also indicate that travel bans are ineffective in the face of undetected and
widespread infection.
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By September 2022, over 6.5 million persons had died from
coronavirus disease 2019 (COVID-19) (1). The true number of
infections is probably much higher, particularly in Africa
where the diagnostic capacities are low (2, 3). In Africa, the
World Health Organization (WHO) estimates that only 14%
of all SARS-CoV-2 infections are detected (4) and regional
post-mortem data suggest the true COVID-19 death toll may
be underestimated (5).

SARS-CoV-2 has evolved rapidly during intense transmis-
sion throughout the COVID-19 pandemic (6). The most pro-
nounced viral change was the emergence of the Omicron
variant (BA.1), which was first reported on 11 November 2021
in a patient from South Africa (Fig. 1A). Within a few weeks,
BA.1 was reported in 87 countries (7), prevailing over Delta to
become the predominant SARS-CoV-2 variant globally by the
end of December 2021 (8). Divergent Omicron sublineages
termed BA.2, BA.4 and BA.5 emerged globally months later
than BA.1 (Fig. 1A). BA.1 has more than 50 non-synonymous
mutations compared to ancestral SARS-CoV-2 strains, mostly
located in the gene encoding the viral spike protein (9).
Among the key BA.1 spike amino acid substitutions, the
unique combination of K417N, S477N, E484A, and N501Y in
the receptor-binding domain contributes to strong evasion of
immune responses elicited by vaccination or prior infection,
hinting at serotype properties of BA.1 relative to other vari-
ants (10-13). The BA.1 spike gene also harbors three muta-
tions in the region encoding the furin cleavage site, likely
facilitating proteolytic spike maturation (74). Finally, the BA.1
spike S2 subunit contains six unique amino acid substitutions
which reduce cleavage efficiency by the transmembrane ser-
ine protease TMPRSS2, favoring BA.1 entry via the receptor-
independent endosomal pathway and entailing increased
replication of BA.1 in epithelial cells from the upper respira-
tory tract (I5). Efficient immune evasion and infection of the
upper respiratory tract are likely key to the explosive global
spread of BA.1 (I6).

In response to the emergence of BA.1, the United States of
America, the European Union, and several other countries re-
stricted travel for four to six weeks from Southern and East-
ern African countries, including Botswana, Swaziland,
Lesotho, Mozambique, Namibia, South Africa, and Zimba-
bwe, by the end of November 2021 (17). The direct economic
loss in South Africa alone produced by these travel re-
strictions was roughly 600 million US dollars (18). However,
where and when BA.1 originated remains unknown. Evolu-
tionary reconstructions have projected an ancestor of BA.1
back to mid-2020 (19), which is consistent with preliminary
data on eight partial BA.1-like sequences in samples from pa-
tients in Nigeria collected in August and September 2021 (20)
and with 28 partial Omicron sequences available in the
Global Initiative on Sharing Avian Influenza Data (GISAID)
from samples collected between August and November 2021
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in five different Western, Central and Eastern African coun-
tries. Lack of in-depth evolutionary analysis and epidemio-
logical context for putative early Omicron sequences and
regionally heterogeneous testing and reporting of Omicron
infections have prevented definitive assessments of the
spread of BA.1 in Africa. Here, we present the results of a di-
agnostic and evolutionary study to elucidate the emergence
of BA.1 across Africa.

A real-time RT-PCR test was designed to be highly specific
by targeting an BA.1-specific marker (spike 214 EPE inser-
tion) which is near-absent in other Omicron lineages and a
Delta-specific marker (spike deletion 157/158), achieving a di-
agnostic specificity of 98.7% for BA.1 and 99.8% for Delta ac-
cording to GISAID data (table S1). The specificity of BA.1
detection was confirmed by the absence of the BA.1 marker
in 545 SARS-CoV-2-positive respiratory samples from Benin,
Western Africa, collected between January and April 2021
(21). In total, 13,097 samples from laboratory-confirmed
COVID-19 patients from 22 African countries and 200 munic-
ipalities sampled during mid-2021 to early 2022 were in-
cluded in this study (Fig. 1B and fig. S2).

South-North gradient of BA.1 spread in continental
Africa

Across African countries, BA.1 replaced Delta as the predom-
inant SARS-CoV-2 variant already by December 2021 (Fig. 2A,
Delta fraction, and Fig. 2B, BA.1 fraction). Comparing conti-
nent-wide PCR data, BA.1 became the dominant variant
(>50% detection) on 11 November (95% CI, -5/+3 days) in
Southern Africa, 29 November (95% CI, —2/+1 days) in West-
ern Africa, 1 December (95% CI, —2/+3 days) in continental
Eastern Africa, 6 December (95% CI, —-3/+3 days) in Central
Africa, and 25 December (95% CI, —1/+1 days) in Northern
Africa (Fig. 2C). The South-North gradient suggested by those
data is consistent with the earliest known BA.1 spread in
Southern Africa and recent genome-based analyses of SARS-
CoV-2 in Africa (22). Delayed BA.1 introduction into Northern
Africa is likely associated with reduced land connectivity im-
posed by the Sahara Desert (23). Similarly, border closure in
Madagascar until late 2021 delayed BA.1 introduction until
January 2022 (table S2). Across African countries, the median
time between the first BA.1 detection and BA.1 predominance
was 28 days (95% CI, 11-66.0) (Fig. 2D), which is comparable
to high-income countries (9, 24). Combining all country-level
data, the BA.1 effective reproduction number R; peaked at 4.1
only five days after its first detection, which is consistent with
an overall R, of 3.7 (95% CI, 3.3-4.1) reconstructed for SARS-
CoV-2 variants in Africa (25) and an average R: of 3.4 among
countries in Africa, the Americas, Asia and Europe (26). In
the combined country-level data, R; dropped below 1 within
32 days after the detection of the first BA.1 case (Fig. 2E),
likely due to widespread immunity following explosive BA.1
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spread (27). This interpretation is in line with the steep in-
crease of reported cases likely corresponding to and the short
duration of the BA.1 wave in Africa (Fig. 2F) (28, 29).

Occurrence of BA.1 ancestors across Africa during
August 2021

Although BA.1 cases were first detected in South Africa and
Botswana and knowing that our PCR data confirmed the ear-
liest predominance of BA.1 in Southern Africa, the variant’s
geographic and evolutionary origin remains unclear. A sys-
tematic search among >6 million GISAID entries based on
the BA.1-specific marker used in this study did not support
existence of potential BA.1 ancestors outside of Africa (table
S1 and fig. S2). In contrast, the earliest detection of BA.1-
specific PCR signals in this study was among 25 patients sam-
pled between August-September 2021 from six different
Western and Eastern African countries (Mali, Benin, Kenya,
Uganda, Ghana, and Niger) (table S2). For comparison, the
first detection of BA.l1-specific PCR signal in patients from
Southern Africa only occurred two months later during No-
vember.

To confirm the early and widespread occurrence of poten-
tial Omicron ancestors outside of Southern Africa, near-full
SARS-CoV-2 genome characterization was done in 247 BA.1-
positive and -negative patient samples from Benin, Western
Africa, and 424 patient samples from South Africa using a
combination of deep sequencing- and PCR-based workflows.
The genomic data generated de novo from both countries
confirmed high specificity of around 98% of the BA.1 PCR test
(table S3). Despite low virus concentrations, partial or near-
complete SARS-CoV-2 genomes at a total genome coverage of
71.9% to 98.5% were recovered from five BA.1 PCR-positive
samples from Benin sampled between 22 August and 27 Oc-
tober 2021 (termed Ben-1 to Ben-5) (table S4). Phylogenetic
analyses in Maximum Likelihood and Bayesian frameworks
(Fig. 3, A and B, and fig. S3) robustly identified them as prox-
imal and more distant Omicron ancestors. The proximal Omi-
cron ancestors (Ben-4 and Ben-5) contained 67.7% (42/62)
and 75.0% (39/52) of the Omicron-defining mutations (9) that
were covered by sequencing, sufficient to be classified as BA.1
using the widely used Nextclade and UShER algorithms (Fig.
3C). The distant Omicron ancestors (Ben-1-Ben-3) shared be-
tween 38.3% (23/60) and 66.7% (32/48) of BA.1-defining mu-
tations and were classified as the parental lineage B.1.1 by
Nextclade. Together with other Africa-derived BA.1-like se-
quence entries, the Omicron ancestors clustered in basal sis-
ter relationship between the Omicron clade sensu strictu, the
BA.1 sublineage and Omicron ancestors belonging to the
globally circulating B.1 lineage (Fig. 3, A and B). Phylogeo-
graphic analyses supported BA.1 origins in Western Africa
preceding spread in Southern Africa (fig. S4), which was con-
sistent with the PCR-based data (table S2).
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Gradual evolution of Omicron across Africa
BA.1-defining mutations varied among distant and proximal
Omicron ancestors that co-existed temporally, exemplified by
Ben-1, -3 and -4 sampled at nearly identical time points dur-
ing August 2021 in Cotonou, Benin (Fig. 3A), and Ben-5 and
three GISAID sequence entries from neighboring Nigeria (20)
(Fig. 3, A and B, and figs. S3 and S5). Together with evidence
for recombination events in the receptor-binding domain of
Benin-derived Omicron ancestors (fig. S6 and table S5), those
data suggest a non-linear micro-evolutionary pattern of Omi-
cron involving multiple ancestors existing across Western Af-
rican regions over several months (fig. S5). Sequence
comparisons of the distant and proximal Omicron ancestors
from Benin suggested that Omicron accumulated immune es-
cape mutations in the spike gene (11, 12, 30, 31), consistent
with antigenic drift driven by high levels of population im-
munity against prior SARS-CoV-2 variants in Africa (32).
While the spike amino acid exchanges E484A and N501Y
were present among all Omicron ancestors from Benin and
most from GISAID, the occurrence of K417N and S477N var-
ied among proximal Omicron ancestors from Benin and those
available in GISAID. None of those individual mutations are
specific for Omicron and they occur in diverse SARS-CoV-2
lineages (22) (Fig. 3C and fig. S5). Substitutions associated
with immune escape may thus not fully explain Omicron
emergence. Among the Omicron ancestors and the earliest
known African Omicron strains (yellow nodes in Fig. 3, A and
B), only the amino acid exchanges H655Y in the furin cleav-
age site and N969K in the S2 subunit (marked with asterisks
in Fig. 3C) are shared by Omicron sensu strictu sequences in
GISAID, the proximal Omicron ancestors Ben-4/Ben-5 and
available GISAID sequence entries from potential Omicron
ancestors (fig. S5). In contrast, these amino acid exchanges
are absent in other SARS-CoV-2 lineages including the dis-
tant Omicron ancestors Ben-1/-2/-3 from Benin. Both amino
acid substitutions are significantly associated with increased
SARS-CoV-2 fitness in mathematical modeling (33) and are
both present in >99% of all Omicron sequences and highly
specific for Omicron in public databases (table S6). Those
furin cleavage site and S2 mutations may thus represent key
events during the evolution of Omicron beyond immune es-
cape that deserve experimental investigation.

Finally, conjectures addressing the Omicron genealogy in-
clude its evolution in a non-human host (34) or in an immun-
ocompromised individual (35, 36), which would be consistent
with the initial detection of Omicron in South Africa, which
has a high HIV prevalence (37). In stark contrast, the muta-
tion pattern of Omicron ancestors and Omicron strains de-
posited in public databases differed substantially from the
SARS-CoV-2 mutation pattern in immunocompromised indi-
viduals (38) (fig. S7). Our data suggest prolonged and geo-
graphically widespread evolution of Omicron ancestors in
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patients across Africa. Although partial evolution of Omicron
ancestors in immunocompromised individuals or non-hu-
man animals cannot be excluded, Omicron did not evolve in
a single infection event according to our continent-wide data.
Eventually, highly transmissible BA.1 sensu strictu emerged,
combining both efficient immune escape and tropism for the
upper respiratory tract. Albeit the evolutionary origins of
other Omicron sublineages than BA.1 remain uncertain, phy-
logenetically ancestral strains existing in Africa during 2021
suggest that diverse Omicron sublineages may share similar
genealogy.

This study is limited by heterogeneous sampling in time
and space and by lack of SARS-CoV-2 genomic data from all
BA.1 PCR-positive patients. However, the PCR test was ex-
haustively validated in two African sub-regions and geo-
graphically widespread testing substantiates robustness of
our findings.

In conclusion, our study clearly shows the need to
strengthen and harmonize surveillance systems on a supra-
national level, establish strategic sampling frameworks, and
the importance of sharing surveillance data (39) to allow ef-
ficient interventions. Without international surveillance and
early detection travel bans have no epidemic containment
value and can cause social and economic harm.
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