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Nowy subwariant omikronu. Czy XBB.1.5 jest powiazany ze wzrostem zachorowalnosci na COVID-197
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Abstract

Streszczenie

As a result of genetic changes and mutations of SARS-CoV-2, new variants emerge that have different properties compared
to the original strains of the virus, which is a challenge for public health. XBB.1.5, also known as Kraken, is a subvariant of
Omicron, and it is the most infectious and transmissible strain of SARS-CoV-2 to date. XBB.1.5 is the dominant strain in the
United States of America, spreading worldwide, including in Europe and Asia. XBB.1.5 has properties to evade the immune
system and reinfect individuals who have had COVID-19 before due to its strong binding to angiotensin-converting enzyme
2, and antibody evasion. Treatment and postexposure prophylaxis using monoclonal antibodies are ineffective against the
Kraken variant, which is especially problematic for immunocompromised individuals and those with contraindications for
vaccination, for example due to severe anaphylaxis or anaphylactic shock after prior administration of the vaccine, who
require additional preventive measures. However, antiviral drugs including remdesivir, molnupiravir, nirmatrelvir, and
ensitrelvir are still effective in treating COVID-19 caused by the XBB.5 variant. Currently, vaccine efficacy against XBB.1.5
variant is yet unknown. However, according to early studies, XBB and its sublineages have a greater ability for immune
evasion than other variants, and the protection against infection via vaccination is reduced.
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W wyniku zmian genetycznych i mutacji powstaja nowe warianty wirusa SARS-CoV-2, ktére wykazuja wlasciwoéci odmienne
od jego pierwotnych szczep6w, co stanowi wyzwanie dla zdrowia publicznego. XBB.1.5, znany réwniez jako kraken, to
subwariant omikronu - jak dotad najbardziej zakazny i najtatwiej przenoszacy si¢ szczep SARS-CoV-2. XBB.1.5 jest szczepem
dominujacym w USA, rozprzestrzeniajacym sie na calym $wiecie, w tym w Europie i Azji. XBB.1.5 cechuje sie zdolnosciami
unikania ukladu odpornoéciowego i reinfekowania oséb, ktore wczeéniej chorowaty na chorobe koronawirusowg 2019
(COVID-19), ze wzgledu na silne wigzanie z enzymem konwertujacym angiotensyne 2 i zdolno$¢ unikania przeciwcial.
Leczenie i profilaktyka poekspozycyjna za pomocg przeciwcial monoklonalnych sa wobec krakena nieskuteczne, co jest
szczegolnie problematyczne w przypadku oséb z obnizong odpornoscia oraz oséb z przeciwwskazaniami do szczepienia, np.
z powodu ciezkiej anafilaksji lub wstrzasu anafilaktycznego po wezesniejszym podaniu szczepionki - u tych pacjentéw nalezy
stosowa¢ dodatkowe $rodki, aby zapobiec ich zachorowaniu na COVID-19. Jednak leki przeciwwirusowe - remdesiwir,
molnupirawir, nirmatrelwir i ensitrelwir — nadal wykazuja si¢ skutecznoscig w leczeniu COVID-19 spowodowanego przez
wariant wirusa XBB.5. Skutecznos¢ szczepionki przeciwko subwariantowi XBB.1.5 nie jest jeszcze znana, jednak wedlug
wezesnych badan XBB i jego podrodzaje maja wigksza zdolno$¢ do unikania odpowiedzi immunologicznej niz inne warianty,
a ochrona przed infekcja poprzez szczepienie jest zmniejszona.

Stowa kluczowe: SARS-CoV-2, COVID-19, XBB.1.5 - kraken, B.1.1.529 — omikron
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INTRODUCTION

OVID-19 is caused by severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2), a RNA virus.

Similarly to other RNA viruses, it undergoes genet-
ic evolution, and as a result of genetic changes and muta-
tions, new variants of the virus emerge, with different char-
acteristics, features, and properties in comparison to the
original strains of the virus®-*.
The SARS-CoV-2 pandemic started as an epidemic in
Wuhan, China. The original strain was known as Wuhan-
Hu-1, and its genetic sequence was 80% the same as the se-
quence of the virus called SARS-CoV that was responsible
for severe acute respiratory syndrome (SARS) in the South
East of Asia in the years 2002 and 2003. Wuhan-Hu-1 start-
ed to spread worldwide, and soon, the emergence of new
variants was observed, especially in developing countries,
where it was challenging to implement public health mea-
sures. Many of the mutations were associated with chang-
es in the S gene responsible for encoding the spike protein
of the virus. Specific new variants were referred to by sci-
entists as “variants of concern” because they had new fea-
tures, which made them more dangerous; for instance, they
had more abilities to infect human cells and to evade the
response of the immune system>*).
The first virus variant described as a variant of concern
was Alpha (B.1.1.7 lineage, also called GRY or “English
variant”). It was reported for the first time in the United
Kingdom in November 2020. Alpha was found to be 29%
more transmissible than the original Wuhan strain of the vi-
rus (Wuhan-Hu-1). However, clinical studies showed that
vaccination against COVID-19, especially the entire cycle,
is also effective against the Alpha variant®.
The second variant of concern was Beta (also known as
B.1.351 lineage), which had nine mutations in the spike pro-
tein. Some were responsible for increased binding affinity
for the angiotensin-converting enzyme 2 (ACE2) receptors.
The third variant of concern was Gamma (also known as
P.1 lineage), which had ten mutations in the spike protein.
Both Beta and Gamma variants were associated with an in-
creased risk of transmission and decreased neutralisation by
therapeutic monoclonal antibodies™?).
The fourth variant of concern was Delta, also known as
B.1.617.2 or Indian variant, based on the fact that it was de-
tected for the first time in India in December 2020. Delta
quickly surpassed the Alpha variant as the world’s dominant
strain. Delta was 97% more transmissible than the origi-
nal Wuhan-Hu-1 strain. It had ten mutations in the spike
protein and, as a result, had an increased ability to evade
the immune system’s response. Delta was also a remarkable
threat to the protection provided via vaccination and ther-
apeutic monoclonal antibodies!-\.
The Omicron variant (B.1.1.529) was first discovered in
November 20214349 It quickly replaced the older strains
of the virus, including the Delta variant, as the main factor
driving the pandemic, with each new variant responsible for
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a new pandemic wave. The emergence of this variant caused
the transmission of the virus across the world and posed
a threat that the variant might overcome even the protec-
tion provided by an entire course of primary vaccinations
and most neutralising monoclonal antibodies used so far in
managing COVID-19%.

Since then, Omicron has evolved continually and become
a dominant variant worldwide?'%. Omicron has the pro-
pensity to induce new mutations. As a result, there is a sud-
den appearance of many stronger subvariants that can bet-
ter evade the immune system with the potential to drive
new pandemic waves**!*!), For now, the Omicron variant
has five main lineages, including BA.1, BA.2, BA.3, BA.4
and BA.5, and many other sublineages, such as BA.1.1,
BA.2.12.1, BA.2.11, BA.2.75, and BA.4.6""'?. Each is char-
acterised by distinctive and unique combinations, muta-
tions, and genetic changes that influence virulence, infectiv-
ity, and antibody evasion, such as resistance to antibodies®.
There is also evidence that new emerging subvariants of
Omicron are able to reinfect individuals who have previ-
ously been infected with earlier Omicron subvariants?.
Emerging new variants of SARS-CoV-2 pose a challenge for
public health systems, so monitoring the new lineages and
their new properties is very important for making decisions
regarding vaccination policy, the use of antiviral drugs, and
the capacity of healthcare®.

XBB and BQ.1 lineages are dominant Omicron variants
worldwide'>'>. XBB lineage is a recombinant of two high-
ly diversified BA.2 lineages (more precisely, BA.2.10.1 and
BA.2.75 sublineages), and BQ.1 lineages are derived from
BA.5. Both XBB and BQ.1 lineages are characterised by
amino acid substitutions in the spike protein, also known
as S protein. They are dominant in the West (BQ.1) and
East (XBB) parts of the world®!>'®_ S protein is the prima-
ry target of vaccines against COVID-19 and therapeutic
monoclonal antibodies. Therefore, the mutation of S pro-
tein in XBB and BQ.1 lineages is the cause of their high-
er immune-evasion capabilities in comparison to earlier
variants(14-19),

XBB was detected for the first time in the United States
of America (US) in August 2022, and it is associated with
a higher risk of reinfection than other Omicron subvari-
ants. Also, according to the available studies, XBB can
evade neutralising antibodies in individuals who have re-
ceived BNT162b2 (also known as Pfizer) and CoronaVac
(also known as Sinovac COVID-19 vaccine; produced by
a Chinese company) vaccines® (Tab. 1).

OMICRON XBB.1.5

Omicron XBB.1.5 was first identified in the US in October
2022. XBB.1.5 variant evolved from the XBB sublineage,
which is a recombinant of 2 BA.2 sublineages. The vari-
ant contains an accessory spike receptor-binding domain
(RBD) change, S486P, which was absent in the original XBB
Variant(12’14’15’17).
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SARS-CoV-2 variant Key information

( é‘\|1p?a7 \153”3'“ First variant of concern
.1.1.7 lineage, 0 i “Hu-
also called 29A>.mor.etrf'insm|ss.|bleth.'?anhan Hu 1
“English variant”) Vaccination is effective against the variant
Beta Second variant of concern

(also known as
B.1.351 lineage)

Nine mutations in the spike protein
Increased binding affinity for the ACE2 receptors

Third variant of concern
Gamma Ten mutations in the spike protein
(also known as Increased risk of transmission and decreased

P1lineage) neutralisation by therapeutic monoclonal
antibodies
Fourth variant of concern
Delta

97% more transmissible than the Wuhan-Hu-1 strain
(also known as

B.1.617.2 Ten mutations in the spike protein
or Indian variant) Increased ability to evade the immune system's
response

Tab. 1. SARS-CoV-2 variants of concern=*9

Omicron XBB.1.5 is also commonly referred to as Kraken,
i.e. with the name of a sea monster originating from leg-
ends and Norse mythology, resembling an octopus, and
feared among sailors>'®. English writer Alfred Tennyson
wrote a poem about that mythical creature, which was pub-
lished in 1830. Citing the article by Parums, the poem sym-
bolises fear and doubt about the advances of science in the
19t century!?.

XBB.1.5 is more contagious than XBB because in addition to
evading the immune system due to its mutation, it has more
ability to infect cells">'?). Also, it can attach to the upper respi-
ratory tract cells, so it does not have to travel down to the lungs
to cause an infection®. XBB.1.5 is characterised by F486P
mutation in spike protein'?. The mutation is associated with
greater contagiousness due to increased binding affinity to the
ACE2 receptor, which serves as a receptor that allows the vi-
rus to enter cells and, as a result, infect them>!>17), Therefore,
Kraken’s extreme affinity to the human ACE2 receptor increas-
es the rate of transmission of SARS-CoV-2121517_ Another rea-
son why Kraken is characterised by enhanced transmissibili-
ty and infectivity is that it has an antibody evasion ability2-'%).
However, XBB and XBB.1.5 have very similar properties of im-
mune evasion. Therefore, a higher affinity for human ACE2
of XBB.1.5 is a primary factor contributing to its high trans-
missibility and rapid expansion in the US"?. According to the
World Health Organization (WHO), Omicron XBB.1.5 is the
most infectious and transmissible strain of SARS-CoV-2 to
date(>!319, XBB.1.5 currently accounts for over 40% of new
COVID-19 cases in the US". Tt also spread across Europe and
Asia, and was identified in over 38 countries, including the
United Kingdom, Denmark, and India®'>!>!). According to
studies, one person infected with Kraken can pass it and infect
approximately another 1.6 individuals". The US Centers for
Disease Control and Prevention (CDC) described XBB.1.5 as
a “variant of concern”. BQ.1.1 was a dominant lineage in the US
in December 2022. The relative adequate reproduction num-
ber of Kraken is higher than parental XBB.1 and higher than
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BQ.1.1, suggesting that XBB.1.5 will spread rapidly around
the world!'2!>10),

VACCINE EFFICACY
AGAINST XBB.1.5

There are a number of vaccines against COVID-19. However,
vaccine efficacy (VE) may differ depending on the variant of
SARS-CoV-2, and some strains of the virus are associated with
reduced VE. Vaccination aims to reduce morbidity and mor-
tality resulting from severe illness. For public health, ongoing
monitoring of VE is vital because new variants of SARS-CoV-2,
with unique properties, continuously appear*'®. Currently,
VE against the XBB.1.5 variant is unknown. WHO and CDC
still lack data about improving transmissibility and evad-
ing the immune responses from vaccination or, in the case of
COVID-19 convalescents, prior infection, for XBB.1.512-1416),
However, some studies on this topic and the previous XBB.1
variants exist. According to the early studies, XBB and its sub-
lineages have a greater ability for immune evasion than other
variants. This means the protection against infection achieved
with vaccination, antibodies created during past infection, or
treatment based on monoclonal antibodies is reduced. For ex-
ample, in one study described by Miller et al., with the partic-
ipation of 35 individuals, it was shown that neutralising anti-
body levels against newer Omicron subvarieties were 12 to 26
times lower than those of the original SARS-CoV-2 strain in
individuals who received a monovalent booster vaccine(!2!>2”).
In another study, it was found that XBB subvariants were re-
sistant to current monoclonal antibody treatment and had an
increased ability to evade neutralising antibodies, even in in-
dividuals who have received a bivalent mRNA booster dose
of vaccination>'?. In their article, Cao et al. described stud-
ies using deep mutational scanning (DMS) about the growth
trends of the BA.2.75 and BA.5 subvariants of the Omicron®".
Their study shows that concurrent mutations of their receptor-
binding domains are the leading cause of immune response
evasion from infections with precedent SARS-CoV-2 variants.
Also, according to their study results, booster doses of vacci-
nation against COVID-19 caused by Omicron BA.4/BA.5 may
be ineffective in preventing infection from convergent variants
of the Omicron. However, according to another study, with
the use of spike (S)-gene target presence as a proxy for BA.2
sublineages, conducted by Link-Gelles et al., a booster dose of
bivalent mRNA vaccination ensures extra protection against
symptomatic infection caused by XBB or XBB.1.5 variants for
a minimum of 3 months after the administration of the vac-
cine for the individuals who before received 2, 3 or 4 doses
of monovalent vaccination'®.

EFFICACY OF MONOCLONAL ANTIBODIES
AND ANTIVIRAL DRUGS IN THE TREATMENT
OF COVID-19 CAUSED BY XBB.1.5

Monoclonal antibody treatment and using monoclonal an-
tibodies as postexposure prophylaxis is ineffective against
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the new Omicron subvariants. Yue et al. showed that mono-
clonal antibodies, such as Evusheld (a formula containing
long-acting monoclonal antibodies tixagevimab and cil-
gavimab) and bebtelovimab (a recombinant neutralising
human IgG1A monoclonal antibody to the spike protein
of SARS-CoV-2), were not effective in the neutralisa-
tion of XBB.1 and its closely related XBB.1.5 variant®*?2.
Evusheld is a drug approved for postexposure prophylax-
is of COVID-19 for individuals aged 12 or older and with
body mass equal to or higher than 40 kg who cannot re-
ceive a vaccination due to moderate or severe immunocom-
promised state or a history of severe adverse effects, such
as anaphylaxis or anaphylactic shock, after the use of the
vaccine. Also, Uraki et al. showed that monoclonal anti-
bodies imdevimab-casirivimab, tixagevimab-cilgavimab,
sotrovimab, and bebtelovimab did not neutralise XBB.1.5,
even at the highest 50% focus reduction neutralisation titre
(FRNTS50) of the monoclonal antibodies”.

In their studies, Uraki et al. also tested the efficacy of antiviral
drugs that are approved by the Food and Drug Administration
(FDA) in the treatment of COVID-19, such as remdesi-
vir (an RNA-dependent RNA polymerase (RDRP) inhib-
itor), molnupiravir (an RDRP inhibitor) and nirmatrelvir
(a main protease inhibitor)'”. They also reviewed the efficacy
of ensitrelvir (a primary protease inhibitor), which is current-
ly in phase 3 of clinical trials in the US. Their study showed
that susceptibilities of XBB.1.5 to antivirals drugs were sim-
ilar to those of preexisting strains, and that remdesivir, mol-
nupiravir, nirmatrelvir, and ensitrelvir are still effective in the
treatment of COVID-19, both in vitro and in vivo. They also
found that the XBB.1.5 variant could successfully evade hu-
moral immunity induced by mRNA vaccines or natural prior
infection. However, booster bivalent vaccines might enhance
the humoral responses to XBB.1.5.

POSSIBILITIES TO PROTECT
IMMUNOCOMPROMISED INDIVIDUALS
AGAINST XBB.1.5

In immunocompromised patients, the elderly, and individu-
als who have not been vaccinated due to, for instance, contra-
indications, the XBB.1.5 subvariant may cause severe illness.
As mentioned before, using monoclonal antibodies, such as
tixagevimab and cilgavimab, in postexposure prophylaxis
against SARS-CoV-2 infection is ineffective against the Kraken
variant!”). Therefore, it is vital for individuals who are moderate-
ly to severely immunocompromised to use additional preven-
tive measures, such as wearing face masks or respirator masks
that decrease the transmissibility of the virus by the respirato-
ry route to others from a person that is infected, physical dis-
tancing (maintaining a 1.8 m distance from other individuals),
ventilation by opening doors and windows (concentration of
viral particles is higher in enclosed spaces compared to open
areas), spending time outdoors (viral particles are easier to
spread between individuals indoors than outdoors), frequent
handwashing with soap and water or using of hand sanitiser
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that contains more than 60% of alcohol, and testing for SARS-
CoV-2 after developing symptoms of infection®.

POST SCRIPTUM

The article was written in March 2023, and since then, a few
more variants have emerged due to genetic changes and mu-
tations of SARS-CoV-2. Examples include strains XBB.1.16
(nicknamed Arcturus), EG.5.1 (nicknamed Eris), BA.2.86
(nicknamed Pirola), and FL.1.5.1 (nicknamed Fornax).
XBB.1.16, also known as Arcturus, is an Omicron variant
closely related to XBB.1.5, the Kraken variant. Citing the ar-
ticle written by Looi, the name Arcturus means “Guardian
of the Bear” in the Greek language®®”. It was first discov-
ered in India in January 2023, and since then, it has been
reported to be present in 33 countries or more®?. Arcturus
is known to spread faster than XBB.1.5. Infection with the
variant presents with symptoms involving the upper respi-
ratory tract. In addition, a new, previously unseen sign ap-
peared: severe conjunctivitis with epiphora and ocular pru-
ritus®?). The occurrence of conjunctivitis is more common
among children. According to the WHO, infections caused
by the Arcturus variant are not reported to be more severe
than infections with previously circulating virus variants®.
EG.5, also known as Eris, is derived from XBB.1.9.2,
which has the same spike amino acid profile as XBB.1.5,
the Kraken variant. According to Parums, its name is de-
rived from the Greek goddess of strife and discord from
mythology®. It was reported for the first time by the WHO
in February 2023, and in August 2023, Eris and its sublin-
eages (EG.5.1, EG.5.1.1, and EG.5.2) were marked as a vari-
ant of interest (VOI). It is derived from the XBB Omicron
strain of SARS-CoV-2 and is characterised by F456L ami-
no acid mutation in the spike protein, which increases its
transmission. One of its sublineages, EG.5.1, is character-
ised by an additional spike mutation, Q52H. Symptoms of
infection with the Eris variant are similar to those of other
Omicron variants®®.

The first infection with BA.2.86 variant, also known as Pirola,
was reported in Denmark in July 2023. It has 36 more muta-
tions in the spike protein than XBB.1.5, the Kraken variant®”.
According to the WHO, Pirola is marked as a variant under
monitoring®”. According to the CDC, infections caused by
the Pirola variant are not more severe than infections with
previously circulating virus variants; however, the number of
reported cases is currently limited®.

FL.1.5.1 is also nicknamed Fornax, and it is currently the
second most common cause of COVID-19 in the US (Eris is
responsible for approximately 20% of cases, Fornax - 13%,
Arcturus - 10%)@9,

CONCLUSION
The SARS-CoV-2 pandemic started in 2019 as an epidemic

in Wuhan, China. It is still a big challenge to public health
systems, as new variants of SARS-CoV-2 are continuously
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emerging. Each new variant contains genetic changes as-
sociated with higher transmissibility, properties to evade
the immune system, and reinfect individuals who have
had COVID-19 before. Omicron XBB.1.5, also known as
the Kraken, is characterised by enhanced transmissibility,
infectivity, and immune resistance due to its strong ACE2
binding and antibody evasion. In a very short period, the
variant spread worldwide, mainly across the US, Europe,
and Asia, and became the dominant variant in many coun-
tries. It is also a challenge and concern because treatment
and postexposure prophylaxis using monoclonal antibod-
ies are ineffective against Kraken. It is mainly a problem for
immunocompromised individuals and those with contra-
indications for vaccination, for example, due to severe ana-
phylaxis or anaphylactic shock after prior vaccine adminis-
tration. Also, vaccine efficacy against XBB.1.5 is currently
unknown. However, according to some early studies, XBB
and its sublineages have a greater ability for immune eva-
sion than other variants, and the protection against infec-
tion with vaccination is reduced. Furthermore, as a result
of genetic modifications and mutations in the SARS-CoV-2
virus, other new variants emerged in 2023, characterised
by increased infectivity rates. The new variants encompass
XBB.1.16 (Arcturus; with a faster spread rate than Kraken),
EG.5.1 (Eris; a variant of concern) along with its sublin-
eages, BA.2.86 (Pirola; designated as a variant under mon-
itoring) and FL.1.5.1 (Fornax). Based on the information
accessible at the time of writing this article, infections asso-
ciated with the Arcturus, Eris, and Pirola variants are gen-
erally not deemed more severe than infections caused by
the previously prevalent virus strains. However, in the in-
stance of Arcturus variant-induced infections, a novel and
previously unobserved symptom has been reported: severe
conjunctivitis.
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