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Characteristics of the
SARS-CoV-2 omicron
HK.3 variant harbouring
the FLip substitution

As of November, 2023, SARS-CoV-2 XBB
variants, including EG.5.1 (XBB.1.9.2.5.1),
the currently predominant lineage, have
been circulating worldwide, according
to Nextstrain datasets. The EG.5.1 strain
has a characteristic amino acid substitu-
tion in the spike protein (S; S:F456L),
which allows the strain to escape
humoral immunity (appendix p 16).1

EG.5.1 has further evolved, and its
descendant lineage harbouring the
S:L455F (ie, EG.5.1+S:L455F) variant has
emerged and has been named HK.3
(XBB.1.9.2.5.1.1.3). HK.3 was initially
discovered in east Asia and is rapidly
spreading worldwide. Notably, the
XBB subvariants bearing both S:L455F
and S:F456L substitutions, including
HK.3, are defined as FLip variants.
These FLip variants, including JG.3
(XBB.1.9.2.5.1.3.3), JF.1 (XBB.1.16.6.1),
and GK.3 (XBB.1.5.70.3) have emerged
concurrently, suggesting that the acqui-
sition of these two substitutions confers
a growth advantage to XBB in the
human population.2,3 We investigated
the virological properties of HK.3 as a
representative of the FLip variants.
We estimated the relative effective

reproduction number (Re) of HK.3 on
the basis of genome surveillance data
obtained from 13 countries reporting
the substantial presence of HK.3 with
a Bayesian hierarchical multinomial
logistic regression model (appendix pp
9–14, 16).4 The global mean Re for
HK.3was 1⋅29 times higher than that of
XBB.1.5 and 1⋅12 higher than that of
EG.5.1, suggesting that HK.3 might
soon become the predominant lineage
worldwide. As of Oct 15, 2023, the HK.3
variant has outcompeted EG.5.1 in
countries such asAustralia, China, South
Korea, and Singapore (appendix p 16).
Next, to identify whether the

enhanced infectivity ofHK.3 contributes
to its higher Re, we constructed
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lentivirus-based pseudoviruses carrying
the S proteins XBB.1.5, EG.5.1, HK.3, and
an XBB.1.5 derivative, XBB.1.5+L455F.
Although the S:L455F substitution sig-
nificantly increased the infectivity of
XBB.1.5, the infectivity of HK.3 (identi-
cal to EG.5.1+S:L455F) was similar to
that of EG.5.1 (appendix p 16). The
difference in the effect of S:L455F
between XBB.1.5 and EG.5.1 might be
attributed to the epistatic effects due to
the S protein structures of XBB.1.5 and
EG.5.1. These results suggest that the
increased Re of HK.3 is not owing to the
increased infectivity caused by S:L455F.
We then performed a neutralisation

assay using breakthrough infection
serum samples (XBB.1.5 [n=20],
XBB.1.9 [n=15], XBB.1.16 [n=20], or
EG.5.1 [n=18]) to address whether HK.3
evades the antiviral responseof humoral
immunity induced by breakthrough
infection of these variants. The 50%
neutralisation titre (NT50) for all break-
through infection serum samples tested
against XBB.1.5+S:L455F was signifi-
cantly lower than that observed against
the parental XBB.1.5 strain (appendix
p 16). Notably, the NT50 for EG.5.1
breakthrough infection serum samples
against HK.3 was significantly lower
(1⋅6 times, p=0⋅0003) than that
observed against EG.5.1 (appendix
p 16). Thus, the increased Re of HK.3
might be partly attributed to the
enhanced immune evasion from
humoral immunity elicited by break-
through infection subvariants of XBB,
including EG.5.1, its ancestor. S:L455F is
a key mutation leading to this immune
evasion.
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