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We describe 10 cases of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) variant BA.2.86 
detected in Denmark, including molecular character-
istics and results from wastewater surveillance that 
indicate that the variant is circulating in the country 
at a low level. This new variant with many spike gene 
mutations was classified as a variant under monitor-
ing by the World Health Organization on 17 August 
2023. Further global monitoring of COVID-19, BA.2.86 
and other SARS-CoV-2 variants is highly warranted.

Between 26 July and 21 August 2023, 10 human infec-
tions with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) variant BA.2.86 were detected in 
Denmark. On 17 August, the World Health Organization 
(WHO) classified BA.2.86 as a variant under monitor-
ing. The new variant, with a range of new spike (S) gene 
mutations, was quickly detected in several countries, 
including Israel, South Africa, the United Kingdom and 
the United States (US), suggesting international trans-
mission. Here, we report on the first cases detected 
and surveillance data from Denmark, including epide-
miological data and molecular characteristics of the 
variant.
 

Description of the first cases
From 26 July to 21 August, surveillance detected 876 
SARS-CoV-2 infections among 8,756 tested people from 
the 5,944,145 inhabitants of Denmark [1]. Of these, 418 
were sequenced and 10 (2.4%) cases of the new variant 
BA.2.86 were detected. Variants EG.5.1 and XBB.1.16 
were found among the majority of sequenced samples 
during this period (see the Supplement for a graphical 
distribution of the most prevalent variants).

Nine of the 10 cases were tested on clinical indica-
tion according to national guidelines [2]. The remain-
ing case was detected by a surveillance project where 
individuals in several workplaces in Denmark can sign 
up to perform self-administered swabs at home when 
they have mild symptoms [3]. In total, 67 samples were 
tested as part of this surveillance project at workplaces 
from 26 July to 21 August.

Based on registry data, seven cases were female and 
three were male. Mean age was 57 years, median 
was 49 years, and five of the cases had at least one 
chronic condition. Seven of the cases lived in Greater 
Copenhagen region. All aged 18 years or above had 
been vaccinated against COVID-19 at least three times, 
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with the latest vaccination 299–616 days before the 
BA.2.86 infection. Some of the cases had received the 
BA.1 updated vaccine as their fourth vaccination. Five 
of the cases had had a PCR-confirmed SARS-CoV-2 
infection 506–556 days before the BA.2.86 infection.

Eight of the cases were available for interview by 31 
August. Interviews with these revealed that some 
belonged to the same household, while epidemiologi-
cal links and geographical clustering were not apparent 
for most, including the first cases detected. For most 
there was no recent relevant travel history. Symptoms 
reported were similar to those seen for other variants, 
including cough, shortness of breath and fever. Some 
had an underlying disease or received immune-modu-
lating treatment. None were severely ill.

BA.2.86 can be detected with variant-PCR
Samples from four cases were available for variant-
specific qPCR analysis. The samples contained the 
ΔH69/V70 mutation, as detected with a BA.2.-specific 
allelic discrimination assay based on deletion-specific 
TaqMan probes [4]. The variant could be detected with 
a novel purpose-designed dsDNA dye-based PCR. The 
presence of the BA.2.86-specific S gene insertion 
ins16_MPLF was identified in three samples using a 
dsDNA dye-based PCR with insertion-specific primers, 
which are listed in the  Supplement. The ins16_MPLF 
could not be detected in one sample, probably due 
to low viral load (E gene qPCR quantification cycle 
Cq  =  37). Furthermore, to discriminate between the 
BA.2.86 variant and the two most dominant variants 
circulating in Denmark, EG.5 and XBB.1, we used a 

drop-out PCR that targets the ΔV483 mutation not pre-
sent in the BA.2.86 variant to confirm the ins16_MPLF 
assay. We provide the PCR protocol in the Supplement.

Isolation of virus attempted in different cell 
lines
By 31 August 2023, virus isolation has been attempted 
without success from one case on Vero E6 cells and 
from three cases on Vero E6 cells and Vero E6 cells 
overexpressing angiotensin-converting enzyme 2 
(ACE2) and TMPRSS2 [5].

Whole genome sequencing and molecular 
clock
We carried out amplicon-based whole genome sequenc-
ing using a modified ARTIC v3 primer scheme (github.
com/artic-network/primer-schemes/tree/master/nCoV-
2019/V3) or Arctic-midnight ONT V3, and consensus 
genomes were derived using a custom pipeline [6] or the 
pipeline wf-artic (v0.3.25) (https://github.com/epi2me-
labs/wf-artic). We obtained lineage designations for 
each consensus genome using Nextclade (clades.next-
strain.org). Comparison of all Danish BA.2.86 genomes 
with others identified in global surveillance efforts 
from Israel, Portugal, South Africa and the US, showed 
122 mutations with more than 50% conservation rela-
tive to the Wuhan-Hu1 reference genome, with a large 
proportion of these mutations (n  =  79) in the S gene. 
These included a 12 nt insertion at S:16MPLF and four 
deletions in the S gene; the most interesting of these 
was S: ΔV483 in the receptor binding motif (RBM). We 
also observed the S:E484K mutation (also located in 
the RBM), which had not previously been observed in 

Figure 1
snipit plot showing nucleotide substitutions, insertions and deletions in SARS-CoV-2 BA.2.86 spike genes, Denmark until 28 
August 2023 (n = 10) compared with sequences from global surveillance in the same period
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Figure 2
Maximum-likelihood phylogeny showing BA.2.86 genomes from Denmark (n = 10) and global GISAID submissions until 
28 August 2023 as well as representative genomes from other SARS-CoV-2 lineages circulating in Denmark
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the Omicron lineage (Figure 1). We also observed sev-
eral mutations in the N-terminal domain (NTD) anti-
genic supersite of the S gene, which suggests altered 
antigenicity of the S protein. 

We performed maximum-likelihood phylogenetic 
analysis with all 10 Danish genomes as well as eight 
genomes from global surveillance and representative 
genomes (at a redundancy threshold of 98%) of all lin-
eages sequenced in Denmark over the sampling period 
of the first 10 cases. The BA.2.86 variant did not clus-
ter with any circulating lineages and was distant from 
other known lineages circulating in Denmark (Figure 
2). The BA.2.86 genomes fell into two distinct groups, 
and all genomes from Denmark grouped together with 
genomes from Israel and the US, suggesting parallel 
circulation in more than one location globally before 
the first samples were collected and sequenced. 

Determination of the time to most recent common 
ancestor (TMRCA) for this lineage used a maximum-
likelihood phylogeny of BA.2.86 genomes globally as 
input in BEAST (v.1.10.4) with an uncorrelated relaxed 
clock model, a coalescent exponential growth tree 
prior and Markov chain Monte Carlo chains run for 
10,000,000 generations [7]. The TMRCA was estimated 
to be 15 June 2023 with a 95% HPD between 9 April to 
24 July 2023.

Wastewater surveillance
Surveillance of the new variant in wastewater was 
initiated after the first cases were detected. Samples 
from the Danish COVID-19 wastewater surveillance pro-
gramme from 7 to 17 August 2023 were subjected to 
SARS-CoV-2 sequencing as described above (29 waste-
water plants sampled twice per week, n = 116). Freyja 
v.1.4.5 (barcode version 08_22_2023–00–20) [8] was 
used to estimate lineage abundance in the samples, 
using 10 × as depth cutoff.

More than 50% coverage was obtained for 86 (74%) 
of the wastewater samples. The BA.2.86 variant was 
not detected by Freyja in any of the samples, but some 
contained multiple mutations characteristic of BA.2.86 
(e.g. A7842G, C8293T and G8393A or C897A and 
C8293T). None of the 10 cases live in the catchment 
areas where the characteristic mutations were found.

The first results from wastewater surveillance of the 
following week (sampled on 22 and 24 August 2023) 
showed that characteristic mutations are continuously 
identified in a number of samples, and BA.2.86 was 
detected by Freyja at 3.6% abundance at one location.
 

Discussion
The SARS-CoV-2 BA.2.86 variant causes concern 
because a large number of mutations distinguish it 
from previous variants. While the limited epidemiologi-
cal data available indicate that the variant is already 
dispersed across Denmark, the proportion of BA.2.86 

among sequenced samples has been small and can-
not explain the recently observed increasing transmis-
sion (see the figure about increase in the Supplement). 
Further, none of the 10 BA.2.86 cases have been 
severely ill. It is, however, crucial to underline that this 
is a preliminary assessment based on the first cases.

When a new variant of a pandemic pathogen emerges, 
quick initial assessment and sharing of information 
internationally is crucial. Related strengths in Denmark 
include having both diagnostic and epidemiological 
preparedness for infectious diseases located at the 
same institute, Statens Serum Institut, and a close col-
laboration with the regional departments of clinical 
microbiology that perform diagnostic tests, sequenc-
ing and initial bioinformatic analyses.

Denmark retains active genomic surveillance for 
emerging variants, but testing activity now is much 
lower and the coverage of the national testing policy 
more limited than it was at other time points during the 
pandemic, which affects the sensitivity to detect new 
variants and introduces referral bias. Our results show-
case the usefulness of complementary surveillance 
systems. Wastewater surveillance allowed us to assess 
the general level of circulation and spread across the 
country [9], and the surveillance project at workplaces 
contributed with samples from individuals with mild 
symptoms.

Importantly, continuous monitoring of SARS-CoV-2 
infections and other indicators as well as the distribu-
tion of variants signalled the emergence of BA.2.86 
and that it thus far had not substantially contributed 
to the overall increase in infections. Close monitoring 
of the variant continues, with a focus on its growth 
advantage, clinical severity and possible immune-eva-
sive properties.

Conclusions
Given the widespread distribution of BA.2.86 globally 
and within Denmark in clinical samples and in waste-
water, and the high number of mutations conferring 
immune-evasive potential, the possibility that BA.2.86 
will outcompete currently dominating variants cannot 
be ruled out. Our very early clinical data suggest a 
clinical picture in line with the typical COVID-19 illness 
caused by previous variants. Data are presently very 
preliminary and further global monitoring of BA.2.86 
and other SARS-CoV-2 variants is highly warranted.
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