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OMICRON (B.1.1.529) VARIANT

The following rapid review summarises the emerging information around Omicron and expert
opinion where evidence has yet to develop.

Updates from the last version are highlighted in purple. The cut-off date for new information
included in the rapid review was Wednesday 8 Dec, 2021. Note that the evidence is evolving
rapidly and even a few days may mean significant changes. Many international studies are
underway to characterise Omicron."?
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The evidence summary should be read alongside the full rapid-review report. The characterisation
of Omicron is still very uncertain and so the following summary is likely to be subject to significant
change over coming weeks.

Transmissibility

Infection severity

Naturally
acquired
immunity

Vaccine acquired
immunity

Therapeutics

Confidence

Low

Low

Low

Low

Low

Assessment

At least as transmissible as currently circulating variants.

Preliminary modelling based on limited data suggest a central
projection for Omicron growth rate of 0.1 to 0.4 per day with a
doubling time of between two and three days.

Insufficient data at this time.

Initial reports suggested that Omicron may be milder, but there
are increasing hospitalisations in South Africa. Due to
confounding factors and the lagging indicators of
hospitalisation and death, the infection severity will not be
known for a while, there is no certainty in data yet.

Mutations suggestive of reduced protection from natural
immunity.

There is some limited supporting epidemiological evidence.
Data is insufficient at this time.

Mutations suggestive of reduced protection from vaccine
derived immunity.

Preliminary small-scale lab neutralising studies have reported
around a 30-40 fold reduction in neutralising antibodies. This
might lead to increased symptomatic infection in vaccinated
individuals and an increased risk of hospitalisation.

Computer modelling studies also predict significant evasion of
existing vaccine-derived neutralising antibodies.

Most therapeutics may remain effective.

Lab data suggests reduced effectiveness of a monoclonal
antibody treatment.



EMERGENCE, SEQUENCING AND PREVALENCE

the part that

interacts with human cells before cell entry and that has been the primary target for current
vaccines.*®

Human ACE2

RBM (cluster 2 sites in blue)

Cluster 1 sitesin the up and
down RBD configurations

$1-S2 cleavage

Embedded
fusion domain
(cluster 3 sites)

@ Likely adaptive
© Potentially adaptive
© Unknown adaptive value

@ Likely maladaptive in a Wuhan
Hu-1 genetic background

A long new branch

An evolutionary tree showing the number of ﬁ
25 mutations in the S1 subunit of SARS-CoV-2's spike
protein illustrates Omicron’s distance from other
variants. Each dot represents one sequenced virus.
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Science.Org.”

Omicron genomes have been uploaded to international sites and whilst many have the defining
mutations of Omicron, some do not have the full set and/or have their own unique mutations.

There is a proposal to expand the breadth of the B.1.1.529 (Omicron) lineage to include variants
that are similar to Omicron (BA.1.). A cousin lineage to Omicron has been proposed (BA.2), this is
just taxonomy changing to encompass the full phylogeny. Both sub-lineages carry almost all the
same mutations, but BA.2 does not carry the spike:69/70del deletion and will therefore not be
detectable by S-gene target failure.®

The closest sequences are over a year ago.’ Expert opinion based on analysis of genomic
lineages suggests a median estimate of a common ancestor at Oct 7 (95% CI between Sept 19
and Oct 21). This seems consistent with the first detection of the variant.™

The origin of the variant is unknown but there are a number of hypotheses.

e Co-infection - Evolved from a co-infection with seasonal coronaviruses (eg HCoV-229E). A
preprint study that analysed the mutations noted that there is an insert (ins214EPE), which has
only been observed in the Omicron variant."

e Chronically infected patient — This hypothesis is backed up by sequencing showing changes
to the virus in chronically infected patients.'?

Selection analysis identified three clustered sets of mutations in the Spike protein, involving 13
amino acids that have previously been highly conserved across SARS-CoV-2 and other
Sarbecoviruses (the viral subgenus containing SARS-CoV and SARS-CoV-2). Suggesting that
the spike protein structure has accommodated significant sequence change, likely in response
to selective pressures favouring increased transmission, immune evasion, or viral replication. It
is hypothesised that this could have evolved either at the population level or in a single or
group of chronically infected individuals.®

e Natural selection — Selective pressures play a role in the mechanism of SARS-CoV-2
evolution, which favours mutations that strengthen viral infectivity. Vaccine-breakthrough or
antibody-resistant mutations, like those in Omicron, could become a dominating mechanism of
SARS-CoV-2 evolution when most of the world’s population is either vaccinated or infected.'

e Animal reservoir - There is a hypothesis that Omicron could have evolved in a nonhuman
species, from which it recently spilled back into people. There is evidence of large reservoirs of
the virus in nonhumans (eg more than 80% percent of the white-tailed deer sampled in different
parts of lowa between December 2020 and January 2021 tested positive for SARS-CoV-2)."

e Limited surveillance — Omicron may have been circulating and evolving in a population with
little surveillance and sequencing.

The first sequence of the variant was uploaded by Hong Kong Special Administrative Region to
GISAID EpiCoV on 22 November 2021, with 10 further sequences from Botswana and South
Africa uploaded on 23 November 2021 . On 26 November 2021, WHO designated variant
B.1.1.529 a variant of concern, named Omicron.'®

The earliest identification of widespread community transmission of Omicron was in Gauteng,
South Africa, on 8 November 2021. By November sequencing in Gauteng found that the variant
represented 74% of cases sequenced (n=183/249)."°

Omicron has been identified in many countries across the globe. Many of the countries reporting
Omicron have regular sequencing of positive cases.’



As of 8 Dec 2021, cases have been reported in 57 countries. In the first week of December most
confirmed cases had an epidemiological link to cases with a history of travel to African countries,
with some of those having taken connecting flights at other locations between Africa and Europe.
However, many countries are now reporting significant levels of community transmission.®'®

It is highly likely that the variant is present, with community transmission, in many more countries
but has not yet been identified due to low levels of sequencing.

A major issue is that many countries are still struggling with testing capacity for COVID-19,
including genomic sequencing capacity. Testing rates in some countries, including African
countries (but also many others), remain low—only 22.9% of tests administered worldwide have
been used in low- and middle-income countries, despite these countries making up half of the
global population.?

Share of confirmed COVID-19 cases sequenced, Nov 15, 2021

Share of confirmed cases for which the genome of the virus has been sequenced to determine which mutations it has.
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Our World in Data.?’

Sequencing is also variable over time in some countries. With inconsistent and low levels of
sequencing, there is less confidence in which variants are circulating in the community.

Our World in Data reports that 1.4% of positive cases in Singapore are sequenced, the UK
sequences 18.6% (as at 15, November 2021 - updated data is unavailable).

Singapore reported six cases of Omicron to GISAID on 2 Dec, 2021 (believed to represent 0.9% of
sequenced positive cases in the last four weeks).?



Share of confirmed COVID-19 cases sequenced

Share of confirmed cases for which the genome of the virus has been sequenced to determine which mutations it has.
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SARS-CoV-2 sequences by variant, Dec 6, 2021
The number of analyzed sequences, broken down by variant group, in the last two weeks. This may not reflect the
complete breakdown of cases since only a fraction of all cases are sequenced.
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Data from the UK is showing an increase in S gene target failure in community testing data, which
is likely linked to an increase in Omicron. Data of S gene target failure are located around in similar
areas of the UK to the Omicron cases that have been confirmed so far.?*

It is estimated that about 0.3% of the 50,000-odd positive daily cases in the UK — or 150 cases —
have S-gene dropout, with up to two-thirds of these potentially Omicron.?® This is higher in some
areas: as at 7 Dec, Scotland reported 4% of cases sequenced had the S gene target failure.?®

In Denmark, Omicron was 3.1% of all cases on the 5th of December.?’

The growth rate (in absolute terms and relative to Delta) will become clearer in the following days
and weeks but the variant is potentially spreading rapidly.

Preliminary modelling from UK groups suggest a central projection for omicron growth rate of 0.1 to
0.4 per day with a rapid doubling time of between two and three days.?®

The Omicron variant likely will spread more easily than the original SARS-CoV-2 virus, and how
easily Omicron spreads compared to Delta remains unknown. CDC expects that anyone with
Omicron infection can spread the virus to others, even if they are vaccinated or don’t have
symptoms.?

Based on the rise in COVID-19 cases and sequencing data, some estimates have suggested that
Omicron can infect 3 to 6 times as many people as Delta over the same time period.?° However, Dr
Angelique Coetzee from South Africa reported that the R value is estimated to be around 6.*°

Recent analysis from the UK Health Security Agency suggests that the window between infection
and infectiousness may be shorter for the Omicron variant than the Delta variant.*'

Key data points include the rapid displacement of existing Delta viruses by Omicron in Gauteng
and South Africa. However, Omicron was detected when transmission of Delta was very low, so it
had little competition; it will therefore be important to monitor carefully what happens around the
world to understand whether Omicron can outcompete Delta."

Estimates of logistic growth imply Omicron has ~5X the current transmission rate of Delta.>® This
estimate is expected to drop significantly as more data comes in.
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South Africa data shows increasing test positivity.>*

Covid cases and test positivity are rising faster in Gauteng than in past waves.
Hospitalisations are steepening, and reflect trends in cases a week earlier
Cases, test positivity and hospital admissions in Gauteng province, by number of days since each wave began* (log scale)
Daily cases (7-day average) Weekly share of tests that are positive (%) Weekly hospital admissions
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Source: FT analysis of data from South Africa’s National Institute for Communicable Diseases
FT graphic by John Burn-Murdoch / @jburnmurdoch
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The ECDC has stated that based on current knowledge, mathematical modelling indicates that the
Omicron variant is expected to cause over half of all SARS-CoV-2 infections in Europe within the
next few months.’® The credibility of this modelling has been questioned and the assumptions put
into the model, and the model itself is unavailable to review.**

By Christmas could have over 40,000 Omicron cases
a day —added to similar number of Delta cases... so
approaching 90,000 overall cases.

And Omicron would still be increasing.

Total cases — don’t see impact of
Omicron cases on daily numbers for

a few weeks.

Assume Delta flat (it’s actually been increasing).
Assume 0% daily growth

Assume 200 new cases of Omicron per day by 1 Dec.
Given 276 cases now sequenced in England (ie only some of
actual number), seems plausible.
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Christina Pagel (6 Dec, 2021).36



CLINICAL CHARACTERISTICS

The lag between admissions and discharges of Covid-positive patients has
shortened with Omicron, indicating shorter length of stay in hospital
7-day average of admissions and discharges of Covid-positive people in Gauteng

Admissions

Discharges
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Source: FT analysis of data from South Africa’s National Institute for Communicable Diseases

FT graphic by John Burn-Murdoch / @jburnmurdoch
©FT

John Burns (7, Dec 2021).

There is some early data that suggests increasing incidence of infections across all ages,
particularly children under 5 years (although early in the wave and cases can rise early on in
younger ages).*



Incidence risk of admissions per 100,000 by age group and
epidemiologic week, Gauteng
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The share of Covid-positive hospital patients in Gauteng that require
intensive care is much lower than at the same stage of the Delta wave

Share of Covid-positive patients requiring different levels of care, by days since each wave began
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Although the number of Covid-positive patients in Gauteng is approaching
the level from the Delta wave, the number in ICU is much lower

Number of Covid-positive patients requiring different levels of care, by days since each wave began
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But plotted on a log scale, the number of Omicron patients in ICU or on
ventilators does seem to be rising faster than in the Delta wave

Number of Covid-positive patients requiring different levels of care, by days since each wave began
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The age profile of hospital admissions in Tshwane is much younger
than it was at the same stage of the Delta wave

Percentage of all hospital admissions in first two weeks of each wave that were made up of people in
each age group
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Source: South African National Institute for Communicable Diseases, via Mia Malan
© FT

Cases in Gauteng are now spreading into older age-groups and that will likely feed into
admissions/patients, shifting the risk profile.**

Little is known regarding the impact of Omicron infection on people aged over 50 and with
comorbidities, as such cases have not been presented at the hospitals yet.*

Hospitalisations are likely to grow when cases are growing exponentially. The default is that they'll
grow at more or less the same exponential rate. To determine whether it's milder, there needs to
be confidence in what fraction of infections or cases leads to hospitalisation.

In South Africa, where cases in early December were growing at something like 500% per week
(30% per day has been reported in Dec) if the lag is mis-estimated by a couple of days in either
direction, the estimate of "fraction hospitalised" might be out by 70% or more in either direction.>

On 2 Dec 2021, Prof Salim Abdool Karim of the Africa Task Force for Coronavirus stated that as
with previous variants Beta and Delta, the full picture in South Africa will not become clear until
"people get so sick that they need to go to the hospital" which is generally "three, four weeks later,
but the feedback we're getting from the ground is that there's really no red flags - we're not seeing

anything dramatically different, what we're seeing is what we are used to".*°

Soweto Hospital reported that most admissions were unvaccinated and in the younger age groups,
only 13% of admissions had been vaccinated.*® However, the underlying health status and access
to healthcare in parts of South Africa further compound the ability to understand disease severity at
this early stage.*’ HIV prevalence among the general population is high at 20.4% and is the
leading cause of death.*® South Africa also has one of the highest Tuberculosis (and multi-drug
Resistant Tuberculosis) in the world. In addition, South Africa is the most obese country in sub-
Saharan Africa, with over 40% of adults overweight or obese.*

11



DIAGNOSTICS

Evidence indicates that PCR and rapid antigen tests can detect the new Omicron (B.1.1.529)
variant of concern. .20

One of the omicron variant’s mutations leads to “S gene target failure” (or “S gene dropout”),
meaning that one of several areas of the gene that are targeted by PCR testing gives a false
negative. This can be used as a “surrogate marker,” allowing genome sequencing to be targeted,
particularly where circulating strains are predominantly S gene-positive, as is the case with the
Delta variant.*

Studies are ongoing to determine whether there is any impact on other types of tests, includin

rapid antiﬁen detection tests.'®
51

IMMUNE RESPONSE ESCAPE

There have been anecdotal reports from South Africa of reinfection in people who have been
previously infected with COVID-19.%*

Neutralisation Experiments

12
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Figure 1 - Antibody-mediated neutralization efficacy against authentic SARS-CoV-2 variants Delta and
Omicron. Values represent reciprocal dilutions of SARS-CoV-2 variants Delta (grey) and Omicron (red) micro-
neutralization titers resulting in 50% virus neutralization (NTso). A) Neutralization assays were performed using serum
samples obtained from individuals double BNT162b2 vaccinated (2xBNT). Sera from additionally BNT162b2 boosted
individuals were sampled 0.5 month (2xBNT/BNTosm) or 3 month (2xBNT/BNTsm) as well as sera from double
BNT162b2 vaccinated and SARS-CoV-2 infected individuals (2xBNT/infection). B) Neutralization assays with sera
from double mRNA-1273 vaccinated (2xMOD) and additionally BNT162b2 boosted (2xMOD/MODosm). C)
Neutralization titers for sera from heterologous ChAdOx1 and BNT162b2 vaccinated (1xChAd/1xBNTosm) and
BNT162b2 boosted (1xChAd/2xBNTosm) individuals. The x-fold reduction was determined using the difference
between NTso values for Delta and Omicron. Only Delta neutralizing samples were considered for the calculation.
Negative titers were handled as 1. The percentages indicate the relative number of sera that achieved a measurable
titer. Information regarding the sera donors (sex, age, antibody titers test and sampling dates) are summarized in in
the Supplementary Appendix. D) Neutralization efficacy of monoclonal antibodies imdevimab and casirivimab against
SARS-CoV-2 Omicron (red), B (dark grey), and Delta (grey). The indicated concentrations of mAbs casirivimab and
imdevimab were applied in a 1:1 ratio. Mean values of two technical replicates per sample are depicted with 95%
confidence intervals and SD. All experiments were verified using a second SARS-CoV-2 strain (Supplementary
Table 4). Statistical significance compared to Delta was calculated by two-tailed, paired student's t-tests. Asterisks
indicate p-values as * (p < 0.05), ** (p < 0.01), and *** (p < 0.001).

Early Data Release, Germany, 8 Dec 2021.%°
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Three doses of BNT162b2 neutralize Omicron

wmmummmmnunumwmn-mwm
recapitulates SARS-CoV-2 virus binding. cell entry and trafficiong. Each serum was tested
neutralizing tter (PVNTS0) against the wild-type and the Omicron variant,

Shfizer DONT=CH
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There has been infection and transmission between people who have been vaccinated (and
boostered), but it's not clear to what extent this means that individuals are going to get a severe
case of Omicron.%®

Reports from South Africa suggest higher proportions of unvaccinated patients among those
admitted to hospitals with moderate to severe disease, suggesting that vaccines could still be
effective in protection against severe disease. However, data is too limited at this stage to draw
conclusions.® South Africa has a low vaccination rate at about 36% of the adult population, but the
rate is particularly low in young people, especially men.*®

Any wave of significant infection, almost irrespective of immune escape, will spill over into
hospitalisations, and ultimately deaths. If initial estimates of transmission advantage and immune
escape from South Africa are fairly accurate then there is the potential for a very substantial peak
of infections. Even if severity of omicron were half that of delta, the sheer number of infections
could lead to significantly more pressures on health settings. The UK Government reports that if
omicron’s immune escape reduces vaccine effectiveness against hospitalisation from, say, 96 per
cent to 92 per cent, that would effectively double the number of vaccinated individuals who are not
protected from hospitalisation.?®

In response to Omicron, several countries have altered vaccination advice — hoping that booster
will provide protection from severe disease. Anecdotally, there have been news reports of
individuals who had been boostered becoming infected with Omicron and infecting others.®’:%

The UK will offer boosters 3 months after the primary course, in order of descending age groups,
with priority given to the vaccination of older adults and those in a COVID-19 at-risk group.®® The
CDC recommends booster for over 18’s, 6 months after their initial Pfizer or Moderna series or 2
months after their initial J&J vaccine.”®

There is a hypothesis that booster doses may increase the level of neutralising antibodies effective
against Omicron, this is backed up by a lab-based study of a different ‘polymutant spike’ that
suggested repeated exposure to the spike protein, be it through infection or a booster dose, may
have a protective effect against Omicron.? Early analysis from Israel suggests that the rate of
decline in efficacy from infection in most age groups is similar to that of the second dose of the
Pfizer vaccine.”! Preliminary small-scale neutralisation studies outlined in above also suggest
limited effect of boosters.

Vaccine manufacturers are also looking to develop Omicron specific vaccines or boosters.

e Pfizer is developing an Omicron vaccine that could be ready in March 2022.”? The company
has already started working on a DNA template tailored to match Omicron.”

e Moderna is developing a vaccine specifically for Omicron that would be available in March
2022 and a multi-valent vaccine that would include up to four different coronavirus variants
including Omicron.”™ It is also undertaking a small 306-person study to see if a higher dose
booster of MRNA-1273 (100 ug) in healthy adults provides protection from Omicron.”

e Johnson & Johnson has been evaluating the effectiveness of its vaccine across variants,
including Omicron, and testing blood serum from participants in completed and ongoing
booster studies to look for neutralizing activity against the Omicron variant. It is also pursuing
an Omicron-specific variant vaccine and will progress it as needed.”®

e AstraZeneca is ready to rapidly develop an updated version of its vaccine if necessary.”’

18



Sinovac has stated it can rapidly mass produce a version against the Omicron variant if
needed. ®

Sinopharm information could not be located.

Sputnik V is developing a booster for Omicron.”®

Neutralisation results are expected in mid-Dec, real-world data will take longer to come in.

The WHO stated that corticosteroids and IL6 Receptor Blockers will still be effective for managing
patients with severe COVID-19. Other treatments will be assessed to see if they are still as
effective given the changes to parts of the virus in the Omicron variant.'®

Many antibody treatments focus entirely on the receptor-binding domain, where the virus binds to
cells it is attacking. The Omicron strain has 15 mutations in this area. However, the current opinion
is that some of the most promising drugs will still be effective against the new variant.

Pfizer’'s PAXLOVID includes the new compound (PF-07321332) taken in combination with the
repurposed HIV/AIDS drug ritonavir. PF-07321332 is a protease inhibitor targeting the 3CLpro
SARS-CoV-2 protease (gene NSP5) reducing the ability of the virus to replicate in host cells.
The NSP5 gene sequence remains essentially unchanged in the Omicron variant, and no
particular loss of efficacy should a priori be anticipated for the Pfizer treatment.®° A recent
preprint presented in vitro data suggesting that the efficacy of specific Mpro inhibitors such as
PF-07321332 is not compromised in current COVID-19 variants.®'

Merck’s Molnupiravir LAGEVRIO is a nucleoside analogue, which means it mimics some of
the building blocks of RNA and leads to the introduction of copying errors during viral RNA
replication. If anything, the Omicron variant might be more susceptible than previous SARS-
CoV-2 lineages to Molnupiravir given a large number of mutations it already carries in its spike

protein. As such, Omicron may be more easily sent into “mutational meltdown”.®°

GlaxoSmithKline’s Sotrovimab is likely to be able to tackle the Omicron variant, according to
early data. Lab testing had been undertaken against a variety of variants that shared mutations
in Omicron. Also, one of the target areas of the spike is thought to be unchanged in Omicron.??
A preprint has reported that Monoclonal Sotrovimab retains activity against Omicron, so it
should still be an effective COVID therapeutic drug in high risk patients.?®

Regeneron’s Ronapreve could be less effective against Omicron to the mutations.

Eli Lilly’s antibody treatment has already shown signs of being less effective against other
variants. The company advises against using one of its antibodies, bamlanivimab, on its own to
tackle the Delta strain but says a combination can still treat the variant. It expects results on
Omicron in the coming weeks.?

Gilead’s Remdesivir directly inhibits the SARS-CoV-2 replication inside infected cells by
targeting the viral RNA polymerase. Studies by Gilead suggest that it will continue to be active
against the new omicron variant.®*

Monoclonal Imdevimab and Casirivimab are reported to be ineffective with Omicron (small
scale preliminary study from a German lab).®°
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As of 2 Dec 2021, the ECDC summarised the current limitations and knowledge gaps:'®

There is a lack of clear understanding of the epidemiological situation in many countries that
are likely to be affected given the lack of sequencing or screening using S-gene target failure.

Current estimates of transmissibility remain uncertain and further studies, including contact
tracing data on secondary attack rates, growth rates, Rt and RO are needed to provide reliable
estimates of the transmissibility of the variant overall and relative to measures in place in
different community settings.

Current estimates of severity (hospitalisation and deaths) remain highly uncertain and further
studies, including longer-term follow up by age group, previous infection, and vaccination
status of cases identified, are needed to provide more reliable estimates.

Current estimates of immune escape are highly uncertain and further studies on virological
characterisation, including in-vitro infectivity studies and neutralisation studies evaluating both
vaccinee and convalescent sera, are needed.

There is currently no information on vaccine escape and analyses of the vaccine effectiveness
for different vaccines against Omicron (direct and indirect effects) for disease, transmission and
severe disease by age group are needed.

Information around cross-protection of natural immunity from other SARS-CoV-2 variants, in
particular data on reinfection risk and reinfection severity in populations exposed to different
SARS-CoV-2 variants during previous pandemic waves.

Ruth F Lewis, Jacinta IP Chen, Yi Mon, Bob XY Ng, Licia ML Tan, Yang Qian, Sharon HX Tan, lan
YH Ang, Jason CH Yap.

We thank Alex R Cook and Hsu Li Yang for their prompt and insightful reviews.
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