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Abstract

The emergence of various SARS-CoV-2 lineages with adaptive mutations is of significant concern worldwide, especially when these
mutations enhance the virus’s ability to either evade immune responses or transmit more efficiently. Between September and December
2023, a highly diverged BA.2-related lineage, designated BA.2.87.1, was detected through diagnostic testing, syndromic surveillance,
and wastewater surveillance in the Limpopo, Mpumalanga, Western Cape, Eastern Cape, and Gauteng provinces of South Africa. This
lineage harbours 20 amino acid substitutions in Spike protein relative to baseline BA.2, including at antigenic sites of the receptor-
binding domain (including N417T, K444N, V445G, L452M, N460K, K478T, N481K, and R493Q) and, most strikingly, large deletions of the
N-terminal domain (NTD) residues 15-26 and 136-146. Such large NTD deletions have never been observed in circulating lineages but do
sometimes occur in highly mutated sequences originating in chronic infections. Phylodynamic analysis supports the possibility that the
BA.2.87.1 lineage originated in a chronic infection in that the nearest known ancestor of this lineage last circulated at least 18 months
prior to its first detection. Although BA.2.87.1 had immune evasion and/or transmission potential, its detection was not associated with
a surge of infections and it was displaced by the globally dominant BA.2.86 lineage, JN.1, in the last few weeks of 2023. Our findings
further strengthen the case for genomic surveillance through clinical and wastewater surveillance systems. SARS-CoV-2 continues to
circulate and evolve within the global population. Multiple divergent Omicron lineages such as BA.1, BA.2, BA.3,BA.4, and BA.5 that have
emerged from the southern African region have had a major impact on the epidemiology of the virus worldwide. This is likely driven
by the large population of immunocompromised individuals due to the high burden of HIV/AIDS and TB in the region that facilitates
long-term chronic infections. This article provides insights into the emergence of the BA.2.87.1 lineage, which briefly circulated in South
Africa. The lineage displayed a unique mutational profile, including major substitutions in the receptor-binding domain and N-terminal
domain deletions. The study also highlights the critical role of syndromic and wastewater surveillance in monitoring the circulation
and evolution of SARS-CoV-2.
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Introduction

Following the COVID-19 pandemic, SARS-CoV-2 (severe acute
respiratory syndrome coronavirus 2) continues to circulate
globally with persistently high rates of viral evolution (Pollard
et al. 2020, Sohrabi et al. 2020, Faghy et al. 2022). Within months
of the November/December 2019 emergence of SARS-CoV-2 in
Wuhan, China (Zhu et al. 2020), various potentially concerning
viral lineages had emerged: referred to by the World Health
Organization as variants of concern (VOCs), variants of interest
(VOIs), or variants under monitoring (VUMSs). These lineages
contained constellations of mutations that provided them
with combinations of increased transmissibility and immune
evasiveness. In some cases, viruses of the most rapidly spreading
lineages, VOCs such as the Delta variant (Vulturar et al. 2024) also
displayed increased potential to cause severe disease (Markov
et al. 2023, World Health Organization 2024).

The emergence of the Omicron VOC in South Africa in October
2021 (Viana et al. 2022) resulted in the largest global wave of
SARS-CoV-2 infections of the pandemic (Karim and Karim 2021,
Si et al. 2023). As with some other VOCs such as Alpha, Beta,
and Gamma, Omicron was highly mutated relative to previously
known lineages (Karim and Karim 2021). Within 4 weeks of the
detection of three genetically distinct Omicron lineages in Novem-
ber 2021 (BA.1, BA.2, and BA.3), the BA.1 lineage effectively dis-
placed the Delta VOC that was dominating global circulation at
the time (Viana et al. 2022, WHO 2022). However, it was ultimately
BA.2 lineages that dominated the global SARS-CoV-2 landscape:
effectively displacing BA.1 by approximately April 2022 (Tiecco
et al. 2022, WHO 2022). The rapid rise of BA.2 to dominance
was attributed to its greater transmissibility compared to BA.1,
which was due to its Spike protein having a higher ACE2 receptor
binding affinity than BA.1 (Li et al. 2022) and its ability to evade
population-wide immunity acquired through vaccination and/or
prior infection (Wang et al. 2023). The BA.4 and BA.5 lineages
were first detected in January 2022 (Tegally et al. 2022); both were
most closely related to BA.2 but were genetically distinct and did
not directly descend from BA.2. Although both lineages spread
globally and dominated SARS-CoV-2 infections throughout the
world, they were largely displaced in early 2023 by a resurgent
BA.2 lineage XBB: a recombinant of two divergent BA.2 lineages
first described in September 2022 (Tamura et al. 2023). The global
dominance of XBB ended in December 2023 after the rise of
another highly divergent BA.2 lineage: BA.2.86. Although first
detected in Israel and Denmark, BA.2.86 likely also originated in
the same part of southern Africa as BA.1, BA.2, BA.3, BA.4, and
BA.5 lineages (Khan et al. 2023).

Here, we report the detection and genome analysis of BA.2.87.1,
another BA.2-related lineage that is highly divergent relative
to all previously detected Omicron lineages. Only 10 infections
with this lineage have been confirmed by whole genome
sequencing. All specimens from these infections were sampled
between 20 September and 12 December 2023 from three
South African provinces (Limpopo, Gauteng, and Mpumalanga)
through the national SARS-CoV-2 laboratory-based genomic
surveillance program and the sentinel syndromic respiratory
illness surveillance programmes of the South African National
Institute for Communicable Diseases (NICD). During this period,
evidence of the presence of this lineage was also detected in
31 wastewater samples from Gauteng Province. One partial,
contaminated sequence from a traveller to the USA in October
2023 contained signs of BA.2.87.1 (EPI_ISL_18421941), and three
spike-only wastewater BA.2.87.1 sequences from Thailand were

detected in Dec 2023/Jan 2024 (EPI_ISL_18968820-18968822).
Here, we genetically characterize this new lineage, we use
wastewater sequencing data to track its rise in prevalence, and
lastly, we explore some of its unusual genomic features.

Materials and methods
Ethics approval

The SARI and SRI protocols were approved by the University of
the Witwatersrand Human Research Ethics Committee (HREC)
(M081042) and the University of KwaZulu-Natal Human Biomedi-
cal Research Ethics Committee (BREC) (BF157/08). The ILI protocol
was approved by HREC and BREC protocol numbers M120133 and
BF080/12, respectively. Ethical approval for ILI-VW was obtained
from the University of the Witwatersrand Research Ethics Com-
mittee. All participants in the surveillance program gave writ-
ten informed consent to participate. Patient information was
anonymized and de-identified prior to analysis.

The SARS-CoV-2 genomic surveillance efforts in South Africa
have been approved by Research Ethics Committees at the
University of KwaZulu-Natal (BREC/00001510/2020), the Uni-
versity of the Witwatersrand (M180832), Stellenbosch University
(N20/04/008_COVID-19), the University of Cape Town (383/2020),
the University of Pretoria (H101/17) and the University of the Free
State (UFS-HSD2020/1860/2710). Individual participant consent
was not required for genomic surveillance. This requirement was
waived by the respective research ethics committees. Wastewater
testing did not involve human participants. An ethics waiver was
obtained from the Human Research Ethics Committee of the
University of the Witwatersrand (number R14/49).

Clinical specimens

SARS-CoV-2 specimens were obtained through syndromic surveil-
lance programmes in South Africa for ILI among outpatients
and severe respiratory illness (SRI) among hospitalized patients
(NICD Weekly respiratory pathogens surveillance report, 2024), as
well as from diagnostic specimens collected through SARS-CoV-
2 genomic surveillance performed by the Network for Genomics
Surveillance in South Africa (NGS-SA) (Msomi et al. 2020). Samples
were nasal or nasopharyngeal swabs in a viral transport medium.

Wastewater samples

As part of routine national wastewater sampling 1 L ‘grab’ sam-
ples are collected weekly from 28 national sentinel sampling
sites around South Africa (Iwu-Jaja et al. 2023) commencing in
2021, and twice weekly from 21 sub-catchment areas within the
districts of Gauteng Province, commencing in 2023.

Whole genome sequencing

Clinical and wastewater samples underwent Illumina-based
whole-genome sequencing with clinical sequences being con-
firmed using the Ion Torrent platform.

[llumina-based whole genome sequencing

RNA extraction for clinical specimens was performed on a
Chemagic 360 using a CMG-1049 kit (PerkinElmer, Massachusetts,
USA). Sequencing was performed using the Illumina COVIDSeq
protocol (Illumina Inc., San Diego, CA, USA), an amplicon-based
next-generation sequencing approach, using ARTIC version 4
SARS-CoV-2 primer pools. Pooled polymerase chain reaction
(PCR) -amplification products were processed for tagmentation
and adapter ligation using Integrated DNA Technologies (IDT)
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for Mlumina indexes (Illumina Inc.). Libraries were quantified
using a Qubit 4.01 fluorometer (Invitrogen, Waltham, MA, USA)
and the Qubit dsDNA High Sensitivity assay according to the
manufacturer's instructions. Fragment sizes were analysed
using a TapeStation 4200 (Invitrogen). Libraries were pooled and
normalised to 1nM concentration with a 10% PhiX spike-in.
Libraries were loaded onto a 300-cycle NextSeq P1/P2 reagent
cartridge and run on an Illumina NextSeq 1000/2000 instrument
(llumina Inc.).

Ion torrent whole genome sequencing

Automated extraction of viral RNA from clinical specimens was
performed on a MagNA Pure 96 system (Roche Diagnostics,
Rotkreuz, Switzerland), using the MagNA Pure DNA and Viral
Nucleic Acid kit according to the manufacturer’s instructions.
Extracts were screened by quantitative PCR and mean cycle
threshold (Ct) values for the SARS-CoV-2 N and ORFlab genes
using the TagMan 2019-nCoV assay kit vl (Thermo Fisher
Scientific, Waltham, MA, USA) on the ViiA7 Real-time PCR system
(Thermo Fisher Scientific, Waltham, MA, USA) according to the
manufacturer’s instructions. Extracts were sequenced using the
low viral titre protocol. Sequencing was performed using the Ion
AmpliSeq SARS-CoV-2 Research Panel on the Ion Torrent Genexus
Integrated Sequencer (Thermo Fisher Scientific, Waltham, MA,
USA), which combines automated complementary DNA (cDNA)
synthesis, library preparation, and template preparation. The
panel consists of two primer pools targeting 237 amplicons tiled
across the ~30 Kb SARS-CoV-2 genome providing >99% genome
coverage, together with an additional five primer pairs targeting
human expression controls. The SARS-CoV-2 amplicons ranged
from 125 to 275bp in length.

Illumina sequencing of wastewater samples

Sample concentration, nucleic acid extraction, and sequencing
were performed according to the protocols described previously
(Iwu-Jaja et al. 2023). Briefly, viruses were concentrated from
samples by centrifuging 250 ml aliquots at 4650xg at 4°C for
30 min. The pellet was resuspended in 70 ml of water and fil-
tered through a centricon (Merck, Germany) filter for ultrafil-
tration. RNA was extracted from the concentrated and filtered
sample using the MagMAX Wastewater Ultra Nucleic Acid Isola-
tion Kit (LTC, Austin, TX, USA) on a KingFisher Flex instrument.
SARS-CoV-2 was detected by digital PCR using QIAcuity OneStep
Advance Probe kit (Qiagen, Germany). Positive samples were then
sequenced using ARTIC version 4 primers and the COVIDSeq
protocol (Illlumina Inc.).

Genome assembly, quality control, lineage, and
clade calling

Raw Illumina sequencing reads from clinical specimens were
assembled using the Exatype NGS SARS-CoV-2 pipeline v4.2.5
(https://sars-cov-2.exatype.com/), with default parameter set-
tings (10% minimum prevalence to report nucleotide sequence
variants, 80% minimum prevalence to include a nucleotide
sequence variantin a consensus sequence). The pipeline performs
quality control on reads and then maps the reads to a SARS-CoV-2
reference genome (NC_045512.2, accession number MN908947.3)
using Examap.

Samples sequenced with the Ion Torrent method were assem-
bled using the SARS-CoV-2 RECoVERY (Reconstruction of Coron-
avirus Genomes & Rapid Analysis) pipeline implemented in the
Galaxy instance ARIES (https://aries.iss.it). Quality control was
performed using Qualimap, and all consensus sequences were
manually inspected and edited using Aliview v.1.28 (Larsson 2014)
(http://ormbunkar.se/aliview/).
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Nextclade (https://clades.nextstrain.org) (v3.1.0) (Aksamentov
et al. 2021) and Pangolin (v4.3.1) (O'Toole et al. 2021) were used
for clade and lineage assignments, respectively. Nextclade was
also used for visualization of the sequences and the identifi-
cation of mutations. Unexpected frameshifts that were plausi-
bly attributable to sequencing errors were manually corrected
using Aliview (v1.28). Additionally, the Gensplore genome browser
(https://github.com/theosanderson/gensplore), was also used to
visualize the sequences.

Phylogenetic analyses

Ten BA.2.87.1 sequences were aligned with 182 Omicron sequences
from the Nextstrain SARS-CoV-2 workflow (https://github.
com/nextstrain/ncov) reference dataset and 59 additional
BA.2.87 sequences using MAFFT (total n =251) (Katoh 2002)
(Supplementary Table 1). The alignment was analysed for
recombination using Recombination Detection Program (RDP5)
(Martin et al. 2021) with default settings, except that sequences
were treated as linear. Window sizes for the Maxchi, Chimaera,
and RDPS5 methods were set to five variable nucleotide sites and
the window sizes for the SiScan and Recscan methods were set
to 2000 alignment sites. A maximum likelihood phylogenetic
tree was constructed using IQ-TREE (https://iqtree.github.io/),
under the TIM + F + R2 model as selected by the automatic model
selection. To assess branch support, an approximate likelihood-
ratio test based on the Shimodaira-Hasegawa procedure (SH-
aLRT) with 1000 replicates was used. For the interactive nextstrain
tree using the same dataset, genomes were aligned with Nextalign
(v 2.14.0) against Wuhan-Hu-1 (MN908947.3) and we applied
the Nextstrain SARS-CoV-2 masking scheme (mask 5'/3' ends
and known problematic/homoplasic sites) prior to tree inference
(default SARS-CoV-2 masking). The build produced was visualized
using Auspice (v 2.66.0).

A regression plot of root-to-tip genetic distances along this tree
versus sampling dates (day, month, and year) was constructed
using TempEst version 1.5.3 (Rambaut et al. 2016). This regression
was used to assess the strength of the temporal signal within
the data. Bayesian phylogenies were inferred using BEAST version
1.8.4 (Drummond and Rambaut 2007), applying a HKY+1+G
nucleotide substitution model under a strict molecular clock with
BEAST’s default CTMC scale prior (1/x) on the mean clock rate;
no informative constraints were imposed on the rate (parameter
clock.rate, initialized at 1.0). Furthermore, a coalescent exponen-
tial population prior distribution was applied and specimen col-
lection dates (day, month, year) were used as tip dates. The length
of the Markov Chain was set at 100 000 000 steps, and parameters
were logged every 10000 steps. Tracer version 1.7.1 (Rambaut
et al. 2018) was used to visualize the log files. Once the run had
completed, the effective sample size for the joint statistic was
>700, indicating that the Markov chain Monte Carlo (MCMC) runs
had converged. A maximum clade credibility tree was generated
from the posterior distribution of sampled trees using TreeAnno-
tator version 1.8.4 (https://beast.community/treeannotator) after
discarding the first 10% tree samples as burn-in. The maximum
clade credibility (MCC) tree was visualized using ggtree in RStudio
(G. Yu et al. 2017). Mutation frequency data and lineage preva-
lence statistics were obtained using covSPECTRUM (https://cov-
spectrum.org/). For associations between the occurrence of C66T
and C28256T mutations, covSPECTRUM searches were designed to
detect the number of sequences with coverage at both nucleotide
sites 66 and 28256 and neither C66T nor C28256T, with both
C66T and C28256T, with C66T but not C28256T and with C28256T
but not C66T (Table 3). These four numbers were then used to
perform 2 x 2 chi-square tests. It must be emphasized that these
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Figure 1. Prevalence of SARS-CoV-2 lineages between January 2022 and March 2024 in South Africa. The BA.2.87.1 lineage is indicated by the block. (a)

Number of genomes and (b) proportions of lineages per epiweek.

covSPECTRUM searches yielded the total numbers of sequences
with or without these mutations and not the numbers of inde-
pendent occurrences of C66T and C28256T mutation events.

Wastewater sequence analysis

FASTQ files were trimmed, filtered based on sequence quality,
assembled, and mapped to the reference genome (NC_045512.2)
according to published criteria using the web-based Exatype tool
(https://sars-cov-2.exatype.com/). Only samples with a minimum
of 1000000 reads, a Phred score of 30 or more, and a length of
>100 bp were processed for mutational analyses. To capture
the dynamics of virus evolution and spread, we used Freyja
(https://github.com/andersen-lab/Freyja) to estimate the relative
abundance of virus lineages present in wastewater. Freyja uses
a ‘barcode’ library of lineage-defining mutations to uniquely
define all known SARS-CoV-2 lineages and solves for lineage
abundance using a depth-weighted least absolute deviation
regression approach. Wastewater samples with at least 50%
genome coverage were included in Freyja analyses. Additionally,
an amino acid variation file was generated using Exatype, which
was then used to analyse Spike protein mutations evident within
each sequenced sample. A custom R script (https://github.com/
setshabaTaukobong/Mutational-Dotplot) was used to generate a
mutation profile report.

Results and discussion
Description of cases

During routine genomic surveillance between September and
December 2023, the NICD identified 10 divergent SARS-CoV-2
genomic sequences (1.62% (10/615) of all NICD sequences on
GISAID during the same period) (Fig. 1) from the Limpopo (n =3),
Gauteng (n =5), and Mpumalanga (n =2) provinces of South
Africa (Fig. 2a). The first detected case was in an individual aged
90-99 years from Gauteng (Table 1). The sequences exhibited a
genetic profile distinct from the dominant lineages of Omicron
(BA.2.86 and JN.1) that were circulating in South Africa in the

latter half of 2023 (Fig. 3). They were initially determined by the
PANGO lineage designation team to be most closely related to
the BA.2.87 lineage last detected in South Africa in June 2022,
prompting assignment of the sequences to the newly designated
lineage, BA.2.87.1 (Pangolin issue #2484; https://github.com/cov-
lineages/pango-designation/issues/2484). To date (21 June 2025),
no other genome sequence belonging to this lineage has been
detected in South Africa. Demographic and clinical characteristics
of the individuals from whom the 10 BA.2.87.1 specimens were
collected are shown in Table 1.

Epidemiological backdrop of the emergence and
disappearance of BA.2.87.1

Since the fifth pandemic wave, attributed to BA.4/BA.5 lineages,
SARS-CoV-2 cases remained relatively stable in the public sector
surveillance programmes up until January 2025. In 2023, there
was an increase in SARS-CoV-2 test positivity rates (6%—20%)
in public sector influenza-like illness (ILI) surveillance between
Weeks 1 and 6, coinciding with the detection of BQ.1 and XBB.1.5
variants. Thereafter, the positivity rate remained low and stable
until an uptick in cases around Week 33 of 2023 in both private
and public sector ILI surveillance, peaking in Week 43 of 2023 in
private sector ILI surveillance with a positivity rate of 31%. This
increase in positivity rate was likely due to the rising dominance
of BA.2.86 and its descendant lineages (National Institute for
Communicable Diseases 2023). In 2024, low overall numbers of
positive specimens were reported with an average positivity rate
of <10% observed in the first 11 weeks, following the detection
of BA.2.87.1 (National Institute for Communicable Diseases 2024)
(Supplementary Figure 1).

Mutational profile of BA.2.87.1

Relative to the Wuhan-Hu-1 reference genome, the BA.2.87.1
sequences have up to 123 mutations (Fig. 4a), with 43 located in
the Spike gene (Fig. 4b). These include two large deletions in the
antigenic supersite of the NTD (A15-26 and A136-146), mutations
at various important antigenic sites in the receptor-binding
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Figure 2. Map of South Africa highlighting the detection of BA.2.87.1 lineage in (a) clinical cases and (b) wastewater samples between August and
December 2023. Administrative boundaries: Natural Earth (public domain) accessed via raturalearth (R); projected to Africa Albers Equal Area.

Table 1. Demographic and clinical characteristics of individuals with BA.2.87.1 infection, South Africa, September-December 2023

Age Sex Collection date Province Lab Underlying SARS-Cov-2 Inpatient/outpatient

group (epidemiological sector conditions vaccination

(years) week)
Sample 1 90-99 F 20-Sep-23 (38) Gauteng Private Unknown Unknown Unknown
Sample 2 50-59 F 07-Oct-23 (40) Gauteng Private Unknown Unknown Unknown
Sample 3 60-69 F 21-Oct-23 (42) Gauteng Private Unknown Unknown Unknown
Sample 4 0-9 M 02-Nov-23 (44) Limpopo Private Unknown Not vaccinated Unknown
Sample 5 0-9 M 12-Nov-23 (46) Limpopo Private Unknown Not vaccinated Unknown
Sample 6 20-29 M 13-Nov-23 (46) Gauteng Private Unknown Unknown Unknown
Sample 7 0-9 M 14-Nov-23 (46) Mpumalanga  Public None Not vaccinated Inpatient
Sample 8 50-59 F 21-Nov-23 (47) Limpopo Private Unknown Unknown Unknown
Sample 9 30-39 F 29-Nov-23 (48) Gauteng Private None 2 doses, both Outpatient

Pfizer
Sample 10 20-29 F 12-Dec-23 (50) Mpumalanga  Public HIV-infected Not vaccinated Inpatient
on ART

Abbreviations: F, female; M, male; ART, antiretroviral therapy.

Figure 3. Spike amino acid mutations in the SARS-CoV-2 variants circulating between August 2023 and December 2023 in South Africa. XBB.1.5,
XBB.1.16, E.G.5.1,JN.1, BA.2.86, BA.2, and BA.2.87.1 compared to the Wuhan-Hu-1 reference genome (MN908947).

domain (including lineage defining mutations K417T, K444N,
V445G, L452M, N460K, and N481K), mutations close to the furin
cleavage site (including lineage defining mutations N679R and
S691P), and two lineage defining mutations close to the S2’ cleav-
age site (T791I and Y796H). Relative to the BA.2 reference genome,
BA.2.87.1 also carries reversions at Spike T478K and R493Q. For
a more detailed discussion of the potential adaptive value of
some of these Spike mutations, please consult the supplementary
material. Outside of Spike, BA.2.87.1 has additional mutations in
the ORF1a, ORF1b, ORF9b, E, M, and N genes (Fig. 4a).

Wastewater sequencing tracks the emergence
and disappearance of BA.2.87.1

To better understand the rise and fall of BA.2.87.1 detection,
we searched wastewater sequencing datasets from 2022 to 2024
generated from a routine national and sub-catchment wastewater
surveillance network (Iwu-Jaja et al. 2023) for evidence of its

presence. We identified samples with sequence reads carrying
the two Spike NTD deletion events characteristic of BA.2.87.1
(A15-26 and A136-146), as well as samples in which the
Freyja tool (https://github.com/andersen-lab/Freyja) determined
that BA.2.87.1 was present. Between August and the end of
November 2023, 31/720 (4.3%) wastewater samples collected
across South Africa were identified that had evidence of the
presence of BA.2.87.1 (Table 2; Fig.5) (NTD deletions, A15-26
and A136-146, were identified in five samples); therefore, the
lineage was detected in wastewater a month before clinical
detection in September. All but two samples were collected in
Gauteng Province, of which 65.5% (19/29) were collected from
inspection holes and the balance from wastewater treatment
plant influent. No samples with evidence of BA.2.87.1 were found
in Limpopo Province, where only two wastewater treatment
plants submit surveillance samples. However, single wastewater
samples from the Western and Eastern Cape provinces had
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Figure 4. Genome-wide and Spike amino-acid substitutions and deletions in SARS-CoV-2 BA.2.87.1 relative to the Wuhan-Hu-1 reference genome. (a)
Amino-acid substitutions and deletions in regions outside Spike. (b) Amino-acid substitutions and deletions in the Spike protein with domain
boundaries indicated. Abbreviations: NTD, N-terminal domain; RBD, receptor-binding domain; SD1, subdomain 1; SD2, subdomain 2; S1, subunit 1; S2,

subunit 2.

evidence of BA.2.87.1, despite no sequenced clinical samples
from these provinces revealing this unique variant (Fig. 2b).
In Gauteng Province, samples were predominantly found in
a single metropolitan area, namely, not only in Tshwane (19
samples) but also in Ekurhuleni (8 samples) and Johannesburg
(8 samples). BA.2.87.1 was not detected in any wastewater
samples from national wastewater surveillance after November
2023. Amongst all positive wastewater samples, SARS-CoV-2 N
gene concentration ranged from 2.16-579.64 genome copies per
reaction, whilst the read frequency of BA.2.87.1 compatible strains
ranged from <1% (three samples) to 100% (four samples).

It was firmly established globally and locally in South Africa
(Iwu-Jaja et al. 2023) during the COVID-19 pandemic, that
wastewater surveillance reflects the burden of clinical SARS-
CoV-2 infections, and displays the same contemporaneous (or
broader) genomic diversity of variants prevalent in sequenced
isolates obtained from clinical strains. This is perennially true,
regardless of the peak/wave/stage of the pandemic, by virtue of
the fact that infected persons will always shed SARS-CoV-2 into
wastewater.

The identification of the BA 2.87.1 variant in wastewater, as
highlighted in this paper, provides supportive evidence that this
variant was circulating in communities in a more widespread

distribution than clinical surveillance findings suggested. It is
plausible that the variant may have transiently spread to other
regions, especially given the nature of population movement
between provinces. The lack of corresponding clinical samples
may be due to limited clinical sequencing coverage or sample
availability during that period. Furthermore, the detection of
these sequences in wastewater but not among sequenced strains
from these geographical locations points to the sensitivity of
wastewater as a surveillance tool. Our wastewater and clinical
findings are indeed linked—in that the same variant BA.2.87.1
was detected by both surveillance modalities, pointing to the fact
that transmission of this variant was occurring in a broader time
and geographical range than suggested by the 10 clinical samples
bearing BA.2.87.1 virus.

BA.2.87.1 mutations likely alter its gene
expression

A noteworthy feature of the BA.2.87.1 genome is a rare C66T
substitution in the 5 untranslated region (UTR; only found in
0.13% of globally sequenced genomes as of 23 March 2024), which
may alter the relative and/or absolute production of the different
SARS-CoV-2 subgenomic RNAs (Fig. 6).
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Table 2. Collection date, location, and SARS-CoV-2 sequence coverage of wastewater samples identified by Freyja tool or
single-nucleotide polymorphism analysis with mutational profiles suggestive of BA.2.87.1

Sample Collection date Geographic Description of Province Population SARS-CoV-2  SARS-CoV-2 BA.2.87.1 % of reads
ID (epidemiological location sampling point size upstream concentration genome deletion with
week) of sampling (gc/ul) coverage BA.2.87.1
site traits
23-0706 2023/08/22 (34) Tshwane MM  IH, higher Gauteng 17041 4,25 81 @ 11
socio-economic area
23-0707 2023/08/22 (34) Tshwane MM  IH, higher Gauteng 21918 12,24 94 @ 20
socio-economic area
23-0828 2023/09/15 (37) Tshwane MM ~ WWTP influent Gauteng 245915 42,73 98 @ 10
23-0831 2023/09/15 (37) Tshwane MM  IH, lower Gauteng 1210 30,61 50 a 100
socio-economic area
23-0835 2023/09/18 (38)  Ekurhuleni IH, lower Gauteng 6639 117,11 96 a 62
MM socio-economic area
23-0840 2023/09/19 (38) Tshwane MM ~ WWTP influent Gauteng 245915 33,77 97 a 2
23-0846 2023/09/12 (38)  Buffalo City WWTP influent Eastern 154576 65,57 57 @ 1
MM Cape
23-0865 2023/09/22 (38) Tshwane MM ~ WWTP influent Gauteng 245915 4,26 98 @ 14
23-0872 2023/09/26 (39) Tshwane MM ~ WWTP influent Gauteng 245915 89,84 99 @ 7
23-0881 2023/09/27 (39) Johannesburg IH, lower Gauteng unk 84,38 96 a 2
MM socio-economic area
23-0913 2023/10/03 (40) Tshwane MM  IH, higher Gauteng 21918 10,95 98 @ 0
socio-economic area
23-0939 2023/10/06 (40) Tshwane MM  Tertiary hospital Gauteng 3000 32,65 78 a 100
effluent
23-0951 2023/10/10 (41) Tshwane MM  WWTP influent Gauteng 245915 14,74 96 a 8
23-0953 2023/10/10 (41) Tshwane MM  Tertiary hospital Gauteng 3000 87 92 a 10
effluent
23-0954 2023/10/10 (41) Tshwane MM IH, lower Gauteng 7048 6,08 95 a 22
socio-economic area
23-0960 2023/09/10 (37)  Cape Town WWTP influent Western 460000 11,83 99 a 4
MM Cape
23-1051 2023/10/25 (43) Johannesburg IH, lower Gauteng unk 4,22 95 A15-26 <1
MM socio-economic area
23-1061 2023/10/26 (43) Ekurhuleni IH, higher Gauteng 14285 27,25 95 A136-146 3
MM socio-economic area
23-1062 2023/10/26 (43)  Ekurhuleni IH, lower Gauteng 23934 151,66 94 a 1
MM socio-economic area
23-1063 2023/10/26 (43) Ekurhuleni IH, lower Gauteng 79144 90,59 66 @ 2
MM socio-economic area
23-1079 2023/10/30 (44) Ekurhuleni IH, lower Gauteng 6639 2,16 97 @ 0
MM socio-economic area
23-1085 2023/10/31 (44) Tshwane MM  Tertiary hospital Gauteng 3000 10,54 98 A15-26 and <1
effluent A136-146
23-1087 2023/10/31 (44) Tshwane MM  IH, higher Gauteng 21918 579,64 79 @ <1
socio-economic area
23-1114 2023/11/06 (45)  Ekurhuleni IH, higher Gauteng 14285 14,11 98 @ 2
MM socio-economic area
23-1115 2023/11/06 (45)  Ekurhuleni WWTP influent Gauteng 905996 69,48 98 @ 6
MM
23-1124 2023/11/07 (45) Tshwane MM ~ WWTP influent Gauteng 245915 22,36 81 @ 2
23-1127  2023/11/07 (45)  Ekurhuleni WWTP influent Gauteng unk 44,37 98 a 4
MM
23-1146  2023/11/10 (45) Tshwane MM Institution effluent = Gauteng 7337 173,57 98 A15-26 and 100
A136-146
23-1147 2023/11/10 (45) Tshwane MM  IH, lower Gauteng 7048 not recorded 98 a 100
socio-economic area
23-1148 2023/11/10 (45) Tshwane MM  IH, lower Gauteng 1210 2,17 82 Al5-26 and 1
socio-economic area A136-146
23-1156  2023/11/14 (46) Tshwane MM  WWTP influent Gauteng 245915 40,69 97 a 10

Freyja has used these nucleotide changes for BA.2.87.1 classification: ['A10037G’, ‘A11782G’, ‘A12791C’, ‘A22206G’, ‘A22812C’, ‘A23598G’, ‘A24369G’, ‘A28715G’,
‘C10702T, ‘C12008T’, ‘C12896T", ‘C15925T", ‘C17644A’, ‘C19698A’, ‘C21855T", ‘C22916A’, ‘C23423T’, ‘C23934T", ‘C2536T’, ‘C25487A’, ‘C28045T", ‘C28256T", ‘C4012T",
‘C5184T’, ‘C541T’, ‘C7296T’, ‘C7764T’, ‘G21604A’, ‘G21786A’, ‘G22017T’, 'G22132T’, ‘G22894T’, ‘G23761A’, ‘G23948C’, ‘G26529A’, ‘G4354T’, ‘G542A’, ‘T19364C’,

‘T21939C’, ‘T22552C’, ‘T22896G’, ‘“T22942G’, “T23005G’, ‘T23487G’, ‘“T26311G’, "T28474C’, “T4379G’, ‘T7480C’]. @Deletion not detected.
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Figure 5. Nationwide wastewater genomic surveillance in South Africa. The proportion of lineages by month from wastewater samples, from
December 2022 to March 2024 estimated using the Freyja tool. Only samples with sequence coverage of >50% were included. The BA.2.87.1 lineage is

indicated by the block.

Table 3. covSPECTRUM search conditions for co-occurrence and exclusivity of C66T and C28256T mutations

Category

covSPECTRUM search conditions

Coverage at both sites, neither C66T

[2-of: T65T, T67T] & [1-0f: C66C, C66A, C66G] & [2-0f: T28255T, T28257T] & [1-of:

nor C28256T C28256C, C28256A, C28256G]
Both C66T and C28256T [3-of: T65T, C66T, T67T] & [3-of: T28255T, C28256T, T28257T]
C66T but not C28256T [3-of: T65T, C66T, T67T] & [2-of: T28255T, T28257T] & [1-of: C28256C, C28256A, C28256G]
€28256T but not C66T [2-of: T65T, T67T] & [1-of: C66C, C66A, C66G] & [3-of: T28255T, C28256T, T28257T
a
C66T Core TRS-L
TCTTGTAGATCTGTTCTTTAAACGAACTTTAAAATCTGTGTGGCTGTC
[ [ [ [ [ [ [ [ [ [
50 55 60 65 70 75 80 85 90 95
56 57 58 59 60 61 62
b Q P M E I D *
C27384T (in ORF6:D61L context) OR';*ZE‘ g =
Core ORF7a TRS-B '
CAACCAATGGAGATTCTTTAAACGAACATGAAAATTATTC
[ [ [
27370 27380 27390 2740% : ! :
c 117 118 119 120 121 1,Core N/ORF9b 2
V L D F | * TRSB Mol b OgHQB
C28256T ]

TTTTAGATTTCATETAAACGAACAAACTAAAATGTCTGATAATG

I
28250

|
28260

I I
28270 28280

Figure 6. Nucleotide substitutions that may impact the gene expression of BA.2.87.1 by creating a mismatch in the TRS-L and TRS-B sequences of
Spike, M, ORF7a (in lineages with ORF6:D61L), ORF8, and N/ORF9b. (a) 5’ leader (TRS-L) context. The C66T substitution falls within the core TRS-L motif
and reduces complementarity to downstream TRS-B cores. Arrows mark the mutated base(s); . (b) ORF7a TRS-B region (shown in lineages carrying
ORF6:D61L context). The C27384T change introduces a mismatch within the ORF7a TRS-B core. (c) N/ORF9b TRS-B region. The C28256T change creates

a mismatch in the shared N/ORF9b TRS-B site.

All coronaviruses produce subgenomic RNAs (sgRNAs) that
code for the four structural proteins (S, E, M, and N) and all
accessory proteins (of which SARS-CoV-2 has at least six), located
in the 3/-most third of the genome (Sola et al. 2015). These sgRNAs
are produced through a discontinuous transcription mechanism.
The genomic leader, starting at nt 68 in the SARS-CoV-2 genome
contains the core ACGAAC transcription regulatory sequence
leader (TRS-L). Upstream of each subgenomic ORF is a TRS-B
(body) sequence that matches the TRS-L sequence (V'kovski et al.

2021). The more extensive the match between the TRS-B and the
TRS-L regions, the more frequently the RdRp switches templates
to produce corresponding sgRNA molecules during negative
strand synthesis (Sola et al. 2005). In all BA.2 lineages, five of the
eight TRS-Bs, in addition to matching the core TRS-L sequence
(AAACGAAC), also match at least two nucleotides immediately
upstream of the core TRS-L (CTAAACGAAC). The TRS-Bs that
match this stretch of 10 TRS-L nucleotides belong to Spike, M,
ORF7ab, ORF8, and N/ORF9b.
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In BA.2.87.1, the C66T mutation alters the nucleotide sequence
of the extended TRS-L from CTAAACGAAC to TTAAACGAAC,
which should result in a less extensive match between the TRS-L
and the TRS-Bs for S, M, ORF7ab, ORF8, and N/ORF9b. However, in
addition to C66T, BA.2.87.1 also has C27384T and C28256T, which
change the corresponding TRS-Bs for ORF7ab and N/ORF9 so
that they match the new TRS-L sequence. Since Spike, M, and
ORF8 no longer match the extended TRS-L at that position, their
expression would be expected to decrease somewhat relative to
that of ORF7ab and N/ORF9, although it remains uncertain how
significant this effect might be. If Spike expression is decreased,
this could conceivably be an immune evasion tactic.

C66T and C28256T substitutions appear together in circulating
lineages far more frequently than would be expected by chance
(chi-square with Yates correction=1671912; P < .00001), consis-
tent with the importance of maintaining optimal ORF9b and N
expression, as has been implied by the evolutionary trend for
increased expression of N and ORF9b in SARS-CoV-2 since the
start of the pandemic (Parker et al. 2022, Bouhaddou et al. 2023).
Though less common than C28256T, C66T sequences with the
M TRS-B-associated C26469T (P <.00001) and the ORF7a TRS-B-
associated C27384T (P <.00001) also occur more frequently than
expected by chance. The corresponding nucleotide in the ORF8
TRS-B, C27884T, has only occurred together with C66T in sam-
pled sequences once in the entire pandemic and never since the
beginning of 2022, as one would expect given the long-term trend
towards decreased expression and/or deletion of ORF8 (Hisner
et al. 2023). It is also noteworthy that the C66T-C28256T combi-
nation has shown up in numerous chronic infection sequences,
including a closely documented B.1.517 infection lasting more
than 471 days (Chaguza et al. 2023).

Considering the phylogenetic placement of the C66T, C27384T,
and C28256T mutations in the global SARS-CoV-2 USHER tree
(from 23 March 2024) (Hinrichs et al. 2023), it is suggested that
the order in which these mutations tend to arise is C66T first,
then C28256T (although sometimes mapping to the same branch
of the tree as C66T), and then C27384T. This implies that whenever
the TRS-L associated C66T mutation occurs, it likely prompts the
N gene-associated extended TRS-R change, followed by that of
ORF7a-associated extended TRS-R change (Supplementary Fig-
ure 2). Besides indicating that this is the likely order in which
the mutations arose during the genesis of the BA.2.87.1 lineage,
the convergence of these mutations in multiple lineages strongly
suggests that any changes in the gene expression program that
they cause are likely to be adaptive in at least some situations.

The assumption that all three mutations may need to occur
together to achieve any substantial adaptive advantage is further
supported by the fact that, whenever C66T mutations do rarely
occur, they tend to occur together with C27384T far more fre-
quently than would be expected by chance (P <.00001). For more
detailed discussion on the potential adaptive value of these and
similar TRS-associated mutations occurring in other SARS-CoV-2
lineages, consult the supplementary material.

Phylogenetic evidence for prolonged evolution of
BA.2.87.1 during chronic human infection
Given our prior detections of the complex XAY and XBA Omicron-
Delta recombinants in the same regions where BA.2.87.1 was
sampled (Roemer et al. 2023), we attempted but were unable to
detect evidence of recombination within the BA.2.87.1 genomes
using the RDP5 tool (Martin et al. 2021).

We inferred a maximume-likelihood (ML) phylogeny with Q-
TREE using ModelFinder and assessing node support with 1000
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ultrafast bootstrap replicates. The dataset comprised 10 BA.2.87.1
study genomes, 182 representative Omicron genomes from the
Nextstrain ncov reference set, and 59 BA.2.87 genomes to test
BA.2.87.1’s placement relative to BA.2.87 (total n =251).

The ML phylogenetic tree (Supplementary Figure 3) yielded
evidence of a strong temporal signal consistent with clock-like
evolution of the Omicron lineages (correlation coefficient=0.95,
R? =0.90; Fig. 7), thereby justifying the use of a strict molecular
clock model for Bayesian phylogenetic inference. The MCC tree
places BA.2.87.1 near the BA.2 root with high posterior sup-
port (posterior probabilities =[1.0]; Fig. 8) and concordant ML sup-
port (bootstrap=100%). In neither tree does it cluster with its
presumed parental lineage, BA.2.87, suggesting misassignment,
although homoplasy at recurrent sites and phylogenetic mod-
el/sampling uncertainty remain alternative explanations (https://
github.com/cov-lineages/pango-designation/issues/2484).

The time-scaled MCC tree suggests that BA.2.87.1 diverged
from the other BA.2 lineages between 20 December 2021 and 25
March 2022 (95% highest posterior probability density (HPD) with
02 February 2022 having the highest posterior probability). It is
conceivable, therefore, that the progenitor of the BA.2.87.1 branch
diverged from the trunk of the BA.2 tree during the initial wave
of BA.2 infections in southern Africa, at approximately the same
time as the BA.4 and BA.5 lineages arose (Tegally et al. 2022). The
estimated date when the most recent common ancestor of the
10 sampled BA.2.87.1 sequences existed is June 2023 (95% HPD:
06 May 2023-22 July 2023 (Fig. 8): approximately the time when
BA.2.86 was discovered (Khan et al. 2023). It is apparent, there-
fore, in the ~16 months between February 2022 and June 2023,
the BA.2.87.1 progenitor evolved without spawning any detected
intermediate lineages: a pattern of evolution that is consistent
with it having originated from a single long-term chronic infection
(Kemp et al. 2021, Landis et al. 2023).

Alternative explanations for the origin of BA.2.87.1 include
prolonged evolution in a nonhuman host, cryptic circulation
in an isolated population, and treatment-induced mutagenesis.
Sequences from nonhuman hosts, such as mink and deer, have
distinct mutational signatures. In the case of mink, S:Y453F,
S:F486L, S:NS01T, ORF1a:G4177E, ORF3a:H182Y, and ORF3a:T2291
each independently emerged in separate outbreaks (Naderi et al.
2023), whilst deer sequences are marked by an overwhelming
predominance of C — T mutations, mostly synonymous (Marques
et al. 2025). The mutations in BA.2.87.1 do not resemble those
seen in sequences from mink, deer, or any other animal. It must
be conceded, however, that there have been no concerted efforts
to either detect evidence of SARS-CoV-2 circulating in southern
African wildlife or determine mutation signatures that might
be associated with such infections. The possibility of a wildlife
reservoir cannot, therefore, be excluded.

There are no known examples of prolonged (>3 months) circu-
lation of a variant within an isolated human population with no
detection outside of that population. It is therefore implausible
that BA.2.87.1 continually circulated for over 16 months without
being detected.

Treatment with mutagenic drugs, such as molnupiravir
(MOV), is known to induce a large number of mutations, and
there are numerous examples of onward transmission of such
hypermutated viruses (Sanderson et al. 2023). However, the
markings of such sequences, in particular a high proportion
of G — A mutations and a preference for specific nucleotide
contexts, are entirely lacking in the branch leading to BA.2.87.1,
on which just 6 of 53 mutations are G — A, and the estimated
un-normalised probability of MOV-like contexts, determined
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Figure 7. Root-to-tip regression plot using genetic distances against sampling dates for sequences belonging to lineage BA.2.87.1 (n = 10) sampled in
South Africa and other Omicron lineages from a custom Nextstrain build (n =241), indicating that the BA.2.87.1 sequences evolved in a clock-like
manner (correlation coefficient=0.9487, R2=0.9). Maximum likelihood tree constructed using IQ-TREE was used to infer genetic distances. Coloured
nodes represent BA.2.* lineages, whilst grey nodes represent the rest of omicron lineages.
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Figure 8. Maximum clade credibility tree of lineage n =10 BA.2.87.1 sampled in South Africa and other Omicron lineages (n = 241) estimated using a
BEAST strict clock and exponential coalescent model (sampled between 12 May 2021 and 21 December 2023). Numbers at internal nodes are posterior
probabilities (rounded to two decimals; values < 0.70 not shown). Grey horizontal bars represent the 95% highest posterior density (HPD) interval.
Coloured nodes represent BA.2.* lineages, whilst grey nodes represent the rest of Omicron lineages.

using the MOVBranchCApp tool (https://movbranchapp.streamlit.
app/) is approximately zero (summed log likelihood —11.969).

The mutation profile of BA.2.87.1 is also

suggestive of an origin during a chronic infection
Perhaps the most distinctive aspect of BA.2.87.1 that is consistent
with an origin during a chronic infection is its large Spike NTD
deletions—A15-26 and A136-146. Our examination of the avail-
able sequences indicated that such large NTD deletions seem to
only occur in rarely sampled, highly mutated, highly divergent

sequences originating in likely chronic infections (Kemp et al.
2021). Until BA.2.87.1 was detected, there had been no circulating
lineages with such deletions.

The NTD contains five loops projecting outward from the Spike
surface. Loops N1, N3, and N5 compose the NTD antigenic super-
site, the primary NTD target for neutralizing antibodies. Deletions
in these loops have been shown to evade neutralizing antibodies,
both in other lineages (Cerutti et al. 2021; McCallum et al. 2021b;
McCarthy etal. 2021),and in BA.2.87.1 (Wanget al. 2024; Yang et al.
2024).
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Compared to other sarbecoviruses, SARS-CoV-2 has unusually
long NTD loops (Cantoni et al. 2022). Experiments with virus-
like particles suggest that shorter NTD loops not only increase
infectivity and the ability to fuse with cell membranes but
also lead to Spike instability and premature S1 shedding
(Qing et al. 2021). This comports well with the phylogenetic
evidence, which suggests that extensive NTD deletions can be
advantageous within a chronically infected host but are likely
to reduce transmissibility, which requires sustained viability
in the inhospitable extracellular environment, particularly in
aerosols, in which a variety of dissolved substances are capable
of inactivating virions (Lin et al. 2020).

Remarkably, the NTD deletions in BA.2.87.1 eliminate both cys-
teines that form the S:C15-C136 disulfide bond. Alterations to this
disulfide bond have been rare (only 25 previous sequences have
had both S:C15 and S:C136 deleted, and only 0.08% of sequenced
genomes since 1 January 2022 have had any C15-C136-disulfide
bond-altering mutations), but they often occur in highly mutated
sequences deriving from chronic infections.

Several mutations at the N-terminal end of Spike, including
PIL, S12P, and S131, have been shown to alter the location of signal
peptide cleavage, resulting in the loss of S:C15 (McCallum et al.
2021a; Yu et al. 2023). Most notably, the Epsilon VOI (B.1.427/429),
which spread widely in North America in early 2021, possessed
S:S13laswell as S:W152C, resulting in the replacement of the C15-
C136 disulfide by a new C136-C152 disulfide bond. This caused a
structural rearrangement of the Epsilon NTD, enabling evasion of
NTD-targeting antibodies (McCallum et al. 2021a).

A few previous minor designated lineages have, like BA.2.87.1,
featured the total loss of the C15-C136 disulfide, including C.1.2
(P9L, C136F), B.1.640.1/2 (PIL, A136-144), AT.1 (PIL, A136-144), and
B.1.630 (PSL, C136F). However, none of these lineages had deletions
at both cysteine locations. Remarkably, of the 34 sequences that
have ever had both C15 and C136 deleted, 21 have been collected
in South Africa.

Though no major lineages have had NTD deletions nearly as
large as those in BA.2.87.1, a large number of highly mutated
sequences (also presumably originating in chronic infections)
have featured such deletions. Yu et al. (2023) isolated and exam-
ined a virus with deletions similar to BA.2.87.1 (A14-22, A136-144)
and found that it resulted in extensive restructuring of the NTD as
well as near-complete evasion of NTD-targeting antibodies from
convalescent sera. They also found that the virus harbouring
these mutations displayed an increase in the 1-RBD-up confor-
mation. This comports well with previous work with SARS-CoV-2
VLPs by Qing et al. (2021), which found that shorter NTD loops
increased the frequency of the 1-RBD-up conformation.

In addition to its large NTD deletions and C15-C136 disulfide
elimination, BA.2.87.1 possesses many other mutations charac-
teristic of sequences from chronically infected individuals. Some
of these mutations, such as S:N460K, S:R493Q, and ORF1b:G662S,
first appeared in chronic infection sequences and subsequently—
months or years later—became widespread or even universal
in circulating lineages. Other BA.2.87.1 mutations, however, are
almost exclusively found in highly mutated known/presumed
chronic infection sequences possessing dozens of mutations rel-
ative to their nearest circulating relatives and that derive from
variants that vanished from circulation months or years prior.

S:N417T is one such mutation. S:K417T was in Gamma (P.1)
and briefly appeared in a few small circulating BA.2 lineages from
March to July 2022. Since then, T417 has been almost exclusively
confined to known or presumed chronic infection sequences (Cele
et al. 2022, Yépez et al. 2022). Notably, 90% of published cryptic
wastewater lineages in the USA, which are strongly suspected to
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originate in chronic infections, possess T417, though the reasons
for this remain obscure (Gregory et al. 2022, Smyth et al. 2022).
Since the beginning of 2023, there have been fewer than 150
sequences, out of a total of ~1.5 million sequences, that have
had S:T417.

BA.2.87.1 possesses several other uncommon mutations that
are disproportionately common in highly mutated sequences
resulting from known/presumed chronic infections. S:V126A, for
example, has only been found in 117 sequences between 2022 and
2023, and 10 of those sequences are from lineages that had ceased
circulating months or years before they were collected, indicating
that they likely originate in chronic infections. One is a B.1.1 from
Russia collected in October 2022 that has ~90 unique mutations
(Nabieva et al. 2023). Another 2 of these 10 sequences come
from a BA.5.2.1 with ~45 private mutations. Remarkably, these
two BA.5.2.1 sequences possess the exact same NTD deletions
as BA.2.87.1, as well as S:Y796H, M:A104V, ORFla:L3915F—all in
BA.2.87.1—and substitutions (with different amino acid residues)
at S:P621 and S:D936.

Conclusions

BA.2.87.1is a highly divergent Omicron-derived SARS-CoV-2 lin-
eage that is likely to have arisen and circulated for 3-4 months in
close proximity to the northeastern provinces of South Africa as
demonstrated by clinical and wastewater genomic surveillance.
The number of sequences from South Africa that have had both
ends of the Spike C15-C136 disulfide bond deleted exemplifies
the disproportionate share of highly mutated, likely chronic infec-
tion—derived sequences in this region. Even though BA.2.87.1 did
not ultimately represent a substantial antigenic shift relative to
these other lineages, its genomic peculiarities are an important
snapshot preview of the types of genomic modifications that can
emerge in SARS-CoV-2 during its ongoing evolutionary adaptation
to infecting humans and other hosts.

The convergence of two different SARS-CoV-2 surveillance
modalities, namely, clinical and wastewater, each utilising
genomic and phylogenetic data, facilitated both the detection
and corroboration of the presence and prevalence of this variant
at a population or community level through triangulation of
data. Ongoing genomic surveillance of variants will enable
timely updates to vaccine composition. Further, real-time data
sharing and discussions between teams working on clinical and
wastewater surveillance programmes facilitated interpretation of
the results and appreciation of the significance of these findings
for understanding SARS-CoV-2 evolution.

Supplementary data
Supplementary data are available at VEVOLU Journal online.
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