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ARTICLE INFO ABSTRACT
Keywords: The emergence of the Omicron variant in November 2021, has caused panic worldwide due to the
Severe acute respiratory syndrome rapid evolution and the ability of the virus to escape the immune system. Since, several Omicron

Coronavirus-2

XBB.1.5 sublineage

Influenza sentinel surveillance system
Niger

sublineages (BA.1 to BA.5) and their descendent recombinant lineages have been circulating
worldwide. Furthermore, in December 2022, a new Omicron subvariant XBB.1.5 characterized by
an unusual mutation in the spike protein evolved in the United States and rapidly spread to the
other continents. Our study reports on the first cases of XBB.1.5 sublineage among indigenous
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-COV-2) positive cases detected through
the influenza sentinel surveillance system in Niger. All influenza suspected cases were tested for
both influenza and SARS-COV-2 using the Centre for Disease Control and prevention (CDC)
Influenza SARS-COV-2 Multiplex quantitative Reverse-Transcription Polymerase Chain Reaction
(qRT-PCR) Assay. SARS-COV-2 positive samples with cycle threshold <28 were selected for whole
genome sequencing subsequently using the Oxford Nanopore Midnight protocol with rapid bar-
coding on a Minlon MK1B device. A total of 51 SARS-COV-2 positive samples were confirmed
between December 2022 and March 2023. We successfully obtained 19 sequences with a pre-
dominance of the XBB.1/XBB.1.5 sublineages (73.7 %). In addition, a recombinant XBD sequence
was also first-ever identified in early March 2023. Our findings support the need to strengthen the
influenza sentinel surveillance for routine Coronavirus Disease 2019 (COVID-19) surveillance and
SARS-COV-2 variants monitoring in Niger.
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Abbreviations

SARS-COV-2 Severe Acute Respiratory Syndrome Coronavirus 2

CDC Centre for Disease Control and prevention

gRT-PCR quantitative Reverse-Transcription Polymerase Chain Reaction
COVID-19 Coronavirus Disease 2019

VvoC variant of concern

WHO World Health Organization

TAG-VE Technical Advisory Group on Virus Evolution

ILI Influenza Like Illness

Ct Threshold cycle

SARI Severe Acute Respiratory Infections
IRR International Reagents Resources
RNA Ribonucleic Acid

N nucleocapsid

ONT Oxford Nanopore Technologies
cDNA  complementary Deoxyribonucleic Acid

bp base pairs

kb kilobases

ng nanograms

ML Maximum-Likelihood

UKHSA UK Health Security Agency

1. Introduction

COVID-19 is an acute respiratory infection caused by the SARS-COV-2 which belongs to the Coronaviridae family [1]. Since the
advent of the COVID-19 pandemic, many variants of SARS-COV-2 have been reported globally. A spike gene (S-gene) deletion
(A69-70) identified in the N-terminal region of the SARS-COV-2 Alpha variant which emerged in late 2020, resulted in primer erosion
and Spike (S)-gene amplification failure in various reverse transcription—polymerase chain reaction (RT-PCR) assays [2,3]. Genomic
sequencing of SARS-COV-2 isolates, which alongside S-gene’s mutations target amplification assays, has facilitated early monitoring of
emerging variants and their epidemiologic characteristics to inform public health decisions regarding vaccine policy, the use of
therapeutics, and health care capacity [4]. The virus has evolved continuously to give rise to new variants [5]. As of 27 October 2022,
the Omicron (B.1.1.529 has become the most widespread and dominant variant globally and was considered as the only circulating
variant of concern (VOC) by the World Health Organization (WHO) [6,7]. First identified in 26 November 2021 in South Africa [8], the
Omicron variant was associated with a high transmissibility and a significant number of mutations [9]. The distinguishing charac-
teristics of the Omicron variant compared to the prior VOCs, was its ability to escape the immune system’s defense and therefore
rendering available COVID-19 vaccines less effective [10,11]. Due to its rapid evolution, several Omicron sublineages (BA.1 to BA.5)
and their descendent recombinant lineages (XA to XW) rapidly emerged worldwide [4,11].

Since December 2022, a new sublineage XBB.1.5 also known as “Kraken”, has emerged in the United States and rapidly spread to
the other continents [12]. The XBB.1.5 was highly transmissible and identified in 38 countries between 22 October 2022 and 11
January 2023 [13]. However, most of the generated sequences data were from the USA [14]. Therefore, on 11 January 2023, the WHO
and its Technical Advisory Group on Virus Evolution (TAG-VE) recommended that countries prioritize studies to address uncertainties
relating to the spread of the XBB.1.5, antibody escape, and disease severity due to infection with the XBB.1.5 subvariant [13]. The
XBB.1.5 spread much faster than previous XBB/BQ, and was dominant globally as of 21 January 2023 [15-17]. It caused hospital-
isations and exhibited elevated immune escape properties compared to the prior VOCs, due to a rarely seen amino-acid change in the
spike protein, called F486P [18-20].

In Niger Republic, although the genetic evolution of SARS-COV-2 has not been well studied, recent establishment of sequencing
capacity enabled to monitor the circulation dynamic of the Omicron variant which has been first detected on 22 December 2021. Since
then, SARS-COV-2 positive cases detected either through the COVID-19 national surveillance or influenza sentinel surveillance are
routinely sequenced for better understanding of the recent molecular epidemiology of the virus.

This study reports the first cases of XBB.1.5 sublineage among SARS-COV-2 positive cases detected mainly through the influenza
sentinel surveillance system in Niger.

2. Materials and methods
2.1. Study design

Since the detection of the index SARS-COV-2 case in Niger, the existing influenza sentinel surveillance program allowed also the
routine monitoring of SARS-COV-2. This surveillance program system includes eight sentinel sites distributed in three provinces, of
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which four are in Niamey, the capital city. For instance, nasopharyngeal swab samples were collected from both influenza like illness
(ILD) and severe acute respiratory infections (SARI) cases based on the WHO case definition. For continuous monitoring of the cir-
culation dynamics of the previously characterized SARS-COV-2 variants and rapid identification of the emerging variants, all positive
samples with threshold cycle (Ct) value < 30 were subjected to genomic sequencing.

2.2. Molecular testing

Ribonucleic Acid (RNA) from all influenza-suspected specimens was manually extracted using the QIAamp Viral RNA Mini kit
(Qiagen, Germany). The extracted RNA were tested for both influenza viruses and SARS-COV-2 by using the CDC Influenza-SARS-COV-
2 Multiplex qRT-PCR Assay (Catalog No. FluSC2PPB-RUO) provided through the International Reagents Resources (IRR). The
oligonucleotide primers and probe for detection of SARS-COV-2 targeted the carboxy-terminal portion of the nucleocapsid (N) gene.

2.3. Sequencing

SARS-COV-2-positive samples were subjected to whole genome sequencing using the Oxford Nanopore Midnight protocol with
rapid barcoding on a Minlon MK1B device (Oxford Nanopore Technologies (ONT)). Briefly, complementary Deoxyribonucleic Acid
(cDNA) synthesis was performed on the extracted RNA using the LunaScript RT mastermix (New England Biolabs) and overlapping
amplicons of 1200-base pairs (bp) covering the cover the 30-kilobases (kb) SARS-COV-2 genome, were generated by multiplex PCR
using the Midnight primer pools. Amplicons from each sample were pooled in a single tube and barcoded using the Oxford Nanopore
Rapid Barcoding Kit according to the manufacturer’s protocol. Barcoded samples were pooled in equal volume and purified using
beads. The purified libraries were normalized to 800 ng (ng), adapter-ligated and loaded on a primed R9.4.1 flow cell [21].

2.4. Bioinformatics analysis

The base-called sequencing data were analyzed using the EDGE COVID-19 web-based platform with default parameters [22].
Features such as base coverage and lineage determination for the characterized samples were noted and the consensus SARS-COV-2
sequences were downloaded for further analyses. For lineage confirmation, the consensus sequences were submitted to the Nextclade
Web-based platform (v 2.12.0) [23]. A Maximum-Likelihood (ML) tree was inferred using a dataset of 50 sequences including the
newly characterized sequences from Niger and previously available XBB.1.5 sequences from Africa with the IQ-TREE software [24] for
1000 Bootstrap replications. The ML tree was rooted on midpoints.

3. Results
3.1. Molecular testing

Overall, 51 SARS-COV-2-positive samples were confirmed through the influenza sentinel surveillance system between December
2022 and March 2023. A total of 23 (45.1 %) samples were eligible for sequencing with Ct value < 28 and 19 sequences have been
successfully obtained and submitted to GISAID. The 19 newly characterized sequences included two Omicron sublineages, notably
BA.5 and BA.3; 14 XBB.1/XBB.1.5 sublineages and a XBD recombinant variant. The XBB.1/XBB.1.5 sublineages were predominated
from early January to mid-March 2023 (73.7 %) and all isolates originated from the capital city Niamey and the Dosso region. In
addition, the XBD sequence was also identified in early March 2023 (Table 1).

Table 1
Characteristics of SARS-COV-2/XBB1.5 sequences generated in this study.

GISAID Date of collection Lineage % Coverage Origin

Accession Number

>hCoV-19/Niger/GRP12905/22 06/12/2022 XBB.1 84.97 Niamey
>hCoV-19/Niger/GRP13123/22 16/12/2022 XBB.1 86.31 Niamey
>hCoV-19/Niger/GRP13348/23 03/01/2023 XBB.1 89.05 Niamey
>hCoV-19/Niger/GRP13532/23 12/01/2023 XBB.1.5 88.38 Dosso

>hCoV-19/Niger/GRP12271/22 24/11/2022 XBB.1 80.11 Niamey
>hCoV-19/Niger/GRP12794/22 29/11/2022 XBB.1 81.09 Niamey
>hCoV-19/Niger/GRP13586/23 19/01/2023 XBB.1 83.41 Dosso

>hCoV-19/Niger/GRP13845/23 07/02/2023 XBB.1.5 91.81 Niamey
>hCoV-19/Niger/GRP13894/23 09/02/2023 XBB.1.5 99.39 Dosso

>hCoV-19/Niger/GRP13927/23 14/02/2023 XBB.1.5 97.7 Niamey
>hCoV-19/Niger/GRP14247/23 02/03/2023 XBB.1 87.67 Niamey
>hCoV-19/Niger/GRP14371/23 09/03/2023 XBD 71.57 Niamey
>hCoV-19/Niger/GRP14103/23 21/02/2023 XBB.1 93.87 Niamey
>hCoV-19/Niger/GRP14435/23 16/03/2023 XBB.1 80.90 Niamey
>hCoV-19/Niger/CE59/23 02/03/2023 XBB.1 93.00 Niamey
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3.2. Phylogenetic analysis

The Phylogenetic analysis showed that the different XBB.1/XBB.1.5 strains from Niger grouped together and clustered with two
previous sequences from the USA collected between January and February 2023 (Gisaid accession numbers “0Q42940/USA/WA-UW-
23020364079" and “0Q42613/USA/MI-CDC-QDX46137143) (Fig. 1). In addition, the branch’s order pointed to a recent introduction
of XBB.1.5 in Niger, probably from the USA, while it was different from the virus previously identified in the other African countries
from December 2022. In addition, the XBD isolate grouped with the XBB1/XBB.1.5 sequences from Niger, exhibiting a local virus
evolution (Fig. 1).

4. Discussion
The XBB.1.5 Omicron subvariant is a sublineage of the XBB variant, a recombinant of two BA.2 sublineages characterized by a large
expansion globally and was associated with an unusually accelerated rate of increase in cases of COVID-19 and an ability to partially

evade the antibody-mediated protection acquired by vaccination or prior infection [25,26]. To date, the XBB.1.5 is of considerable
concern as it rapidly spread in USA since October 2022 [27], became the predominant Omicron variant in North America and Europe
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Fig. 1. Phylogenetic Maximum-Likelihood (ML) tree based on near-complete genome sequences of XBB.1.5 circulating in Niger. The ML
tree was inferred using the IQ-TREE software [24] for 1000 Bootstrap replications and rooted on midpoints. Sequences from Niger are color-coded in
red while the previous XBB.1.5 sequences from Africa were highlighted in blue. The recombinant XBD sequence was highlighted with the
Asterix sign.
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from early 2023 [26]. Thus, it was classified by the WHO as a VOC [13,15-20].

In Niger, a decreasing prevalence of COVID-19 cases was noted from the second semester of 2022 and could be associated with a
low notification of suspected cases or asymptomatic circulation of more adapted variants. Therefore, a continuous genomic surveil-
lance of SARS-COV-2-positive cases confirmed through the influenza sentinel surveillance system led to the first identification of
sequences of the XBB.1/XBB.1.5 Omicron subvariants in the country from December 2022.

The high prevalence recorded in our study in Niger for the XBB.1/XBB.1.5 isolates among sequences characterized from early
January to mid-March 2023, coincided with its rapid spread and increased prevalence in North America and Europe [26,28,29]. As of
11 January 2023, the UK Health Security Agency (UKHSA) reported a weekly increase of 38.9 % for the XBB.1.5 Omicron subvariant
compared to the recently dominant BQ1.1 sublineage of Omicron in the UK [30]. These data suggested a rapid global spread of the
XBB.1.5. Unfortunately, preliminary data reported during that period on transmission advantage and immune escape from previous
infection and vaccination for XBB.1 subvariants showed that they escaped neutralizing antibodies more effectively than to the BA.5
variants after both monovalent and bivalent mRNA vaccine boosting [31]. However, continuous practice of COVID-19 appropriate
behaviour, and booster vaccines along with strong immunity could help minimize severity and fight the infection. In addition, con-
tingency plans that focus on vaccination campaigns needs to be prioritize [26]. With their ability to evade neutralizing antibodies in
recipients of vaccines [32,33] or produced monoclonal antibodies [34], the newer XBB.1/XBB.1.5 Omicron subvariants can re-infect
people who were previously infected with earlier Omicron subvariants. However, the risk of severe hospitalization and death asso-
ciated with the XBB.1.5 is lower in vaccinated people is lower than in unvaccinated people [35,36]. Therefore, getting vaccinated
should still be encouraged before the licensing of specific vaccines against XBB.1.5 or broad-spectrum vaccines. Nevertheless, more
clinical studies assessing the severity of XBB.1.5 in unvaccinated people could be supported, particularly in older age groups, people
with immunosuppression and underlying heart, kidney, and lung disease [37], in the African context where the vaccination coverage is
still low [38]. The rapid transmissibility and effective immune escape capacity of the XBB.1.5 remind to us the necessary to promote
global vaccination with existing vaccines and emphasize the importance of boosters, particularly among the elderly and children.

The phylogenetic data showed that the newly characterized XBB.1.5 recombinant sequences were the first detected from Niger and
grouped with an isolate recently identified from the USA in February 2023; suggesting a recent introduction of the XBB.1.5 in the
country. Although the virus was previously identified in the continent [39], the newly characterized sequences from Niger grouped
with no previously available sequences from Africa, suggesting the XBB.1.5 introduction in Niger from the USA where it was first
identified since October 2022 [13] and a local virus evolution from the XBB variant. In addition, no XBB.1.5 sequences were available
from the neighbour West African country prior to those generated in our study. The newly characterized sequences could be also useful
in future sub-regional, regional or global phylodynamic studies assessing the epidemiological patterns that have driven the XBB.1.5
rapid spread, more sub-regional. Numerous other recombinant sub-variants have evolved during the post-Omicron period, such as the
XBD identified also in our study. However, the fact that it grouped with the XBB1/XBB.1.5 sequences from Niger showed also that the
SARS-COV-2 Omicron XBB variant is slowly experiencing a local evolution. Thus, more experimental studies could be promoted to
better understand their pathophysiology [40]. In addition, the current genomic surveillance of SARS-COV-2 variants in Niger could be
strengthened by extending the existing influenza sentinel surveillance system to new sites throughout the country for rapid identi-
fication of probable hotspots in the community. To support the development of strategies to enhance preparedness of the health
systems and guard against detrimental effects on population health, periodical genomic surveillance in confirmed patients and arriving
or outbound travellers, is utmost important for assessing the emergence of new hybrid variants such as the XBB.1.16 [41] and the
transmission dynamics, virulence and severity factors of the newly identified Omicron subvariants.

5. Conclusions

Although the XBB.1.5 is a super variant in the context of morphology and pathogenesis as it spreads much faster than previous XBB/
BQ, causes hospitalisations [42], and has achieved immune evasiveness by acquiring a rare type of mutation called F486P in its re-
ceptor binding domain [43], appropriate and effective usage of available resources is crucial to minimize severity and mortality.
Although the clinical impact and health outcomes of XBB.1.5 infection have been found to be lower in vaccinated people in western
countries, more clinical studies are warranted in Africa where the vaccination coverage is still low, to evaluate the severity of the
XBB.1.5 infection in unvaccinated people. Our findings point also to the need to strengthen the influenza sentinel surveillance program
for continuous monitoring of the circulation dynamics of previously identified SARS-COV-2 lineages and rapid identification of
emerging variants in Niger. Furthermore, the available sequencing capacities should be reinforced at the country level for genomic
surveillance of pathogens of public health importance in order to implement rapid and appropriate control measures, if necessary.
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