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|, George lan Town, of Christchurch, Chief Science Advisor, Ministry of Health,

affirm:

Introduction

L My full name is George lan Town. | am presently the Chief Science Advisor

at the Ministry of Health.

2. | have previously affirmed an affidavit in these proceedings dated 25
January 2022 (first affidavit). Unless otherwise stated, this affidavit uses

the same defined terms that | used in my first affidavit.

3. My first affidavit set out my opinion that the Paediatric Vaccine is both safe
and effective and responded to a number of the claims made by the
applicants’ witnesses concerning COVID-19, the Paediatric Vaccine and the

Parent Product.
4, The purpose of this affidavit is to:

4.1 provide the Court with additional detail on some of the topics

covered in my first affidavit (which was prepared under urgency);

4.2 provide additional information on the safety and efficacy of the

Paediatric Vaccine that has become available since my first

affidavit; and
4.3 respond to some of the points made by the applicants’ expert
withesses.
5. | again confirm that | have read, understood and complied with the High

Court’s Code of Conduct for Expert Witnesses and that the evidence in this

affidavit is within my area of expertise.

Evidence

My role as Chief Science Advisor and the ongoing review of all evidence on the
safety and efficacy of the Paediatric Vaccine

6. | am the Chief Science Advisor at the Ministry of Health. My role is to help
ensure that robust credible science is at the core of decision making. My
work is supported by scientists within the Ministry of Health’s Scientific and
Technical Advisory Team. The team includes experienced immunologists

and epidemiclogists.
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10.

I, and the Ministry’s Scientific and Technical Advisory Team, ensure that all
emerging evidence on the safety and effectiveness of the Paediatric
Vaccine, the Parent Product and other COVID-19 vaccines is kept under
close review, to ensure that the advice | provide to the Director-General of
Heath and others remains accurate. This includes closely monitoring
communigues from the World Health Organisation and other international
medical bodies as well as from the relevant scientific institutions of other
governments. For example, the Australian Technical Advisory Group on
Immunisation (ATAGI), the United States Cenire for Disease Cantrol {CDC},
the European Centre for Disease Prevention and Control, and the United

Kingdom Health Security Agency.

The Ministry’s Science and Technical Advisory Group issues a regular
update on current COVID-19 variants. These updates include analysis of the
current COVID-19 variants that are circulating and, amongst other matters,
discusses vaccine effectiveness and therapeutic effectiveness against those
variants. A copy of the most recent update, dated 23 May 2022, is exhibited
at GT-4. A copy of the updates issued in the first part of December 2021
are attached as GT-5.

Throughout the pandemic the Ministry’s Science and Technical Advisory
Team has produced evidence summaries for each for each of the COVID-
19 vaccines in New Zealand’s portfolio. These are updated on a regular
basis. Recently the Ministry has engaged an external data gathering agency
to produce these summaries on a fortnightly basis. Evidence summaries
are prepared adhering to the basic principles of systematic reviews, with

the goal of producing unbiased summaries of all available evidence.

Additionally, any major studies concerning any of the COVID-19 vaccines in
New Zealand’s portfolio, are reviewed by me, the Ministry’s Science and
Technical Advisory Team and the members of CV-TAG. Any credible
evidence which suggested that the risks of any COVID-19 vaccine were
greater than previously known would be quickly brought to my attention.
As | said in my first affidavit (at [62]), there is no risk that significant
developments relating to the Paediatric Vaccine (or the Parent Product)

and its safety or effectiveness are going unnoticed by me or the Ministry’s
-~
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Science and Technical Advisory Team.

11. The scale at which the Paediatric Vaccine and other COVID-19 vaccines
have been simultaneously rolled out in a large number of countries across
the world and the number of studies in relation to the safety and
effectiveness of those vaccines have given rise to a substantial volume of
data. To ensure a clear view of all available evidence is being obtained, in
addition to consideration of individual studies, the Ministry's Science and
Technical Advisory Team consider systematically conducted, frequently
updated reviews, which enables us to assess trends and patterns arising
from multiple studies, so alerting us to any particular issues of repeated

concern. This ensures that we do not over-rely on any one individual study.

12. | believe the system of review described above ensures that the safety and
effectiveness of the Paediatric Vaccine {and other COVID-19 vaccines in
New Zealand’s vaccine portfolio) is subject to robust, informed discussion

and review that is essential for the formutation of sound scientific advice.

CV-TAG

13. in my first affidavit (at [56] —[61]} | discuss CV-TAG and CV-TAG's December
2021 recommendation that the Government expand the COVID-19 vaccine
rollout to include the Paediatric Vaccine for children aged five to 11. To
help facilitate CV-TAG’s consideration detailed advice was provided to the
Group from the Ministry’s Science and Technical Advisory Group. This
document is referred to as a “Request for Advice” or “RFA”. Drafts of this
advice were provided to CV-TAG on 23 November, 30 November, 7
December, and 14 December 2021. A copy of the final version of that
advice is exhibited at GT-6.

14. CV-TAG was established during the pandemic to provide science advice on
all aspects of the COVID-19 vaccine rollout in New Zealand. There are
currently 14 members of CV-TAG. I am the only member of CV-TAG working
for the Ministry of Health. All other members are practising medical
practitioners and/or academics with a range of specialities including
immunology, vaccinology and paediatrics. Members include professors

from the University of Otago, University of Auckland, University of
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Queensland, the Chair of the Immunisation Subcommittee of the
Pharmacology and Therapeutics Advisory Committee, the Medical Director
of the Immunisation Advisory Centre and several paediatricians and

general practitioners.

Farmal review of safety data in February 2022

15.

16.

17,

18.

As discussed in my first affidavit at [61], as part of ongoing monitoring, CV-
TAG was to undertake a formal review of the safety data for the Paediatric
Vaccine and to report back on our findings in February 2022. CV-TAG
undertook this formal review and met on 1, 8 and 15 February 2022 to
consider the available data. Following which, |, and the other members of
CV-TAG, were satisfied that the Paediatric Vaccine was safe and confirmed
our previous recommendation that children aged 5 to 11 should have at

least eight weeks between their first and second doses.

As part of that review, CV-TAG considered the real-world safety data
collected from over 8 million doses of the Pfizer vaccine that had been
administered to children in the United States and were satisfied that no
significant safety concerns had been identified. The data available from the
United States did identify that VAERS had received two reports of death
from children following administration of the Paediatric Vaccine. Both
children had complicated medical histories and were in a fragile health
before vaccination and none of the available data suggested a causal

association between death and vaccination.

CV-TAG also censidered the preliminary unpublished data available from
Medsafe about reports to CARM following administration of the Paedatric
Vaccine. At that time Medafe indicated there had been 352 adverse events
following immunisation reported from 17 January to 30 January 2022. Of
these 341 were classified as non-serious. Of those 11 other cases, six were
reported as recovered or recovering, one was ongoing, and four had
unknown outcome. Only one of the 11 was admitted to hospital for
observation {no evidence of myocarditis but was reporting chest

discomfort).

CV-TAG had also been advised by Medsafe, who is in regular contact with

| O
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other regulators overseas, that none of those regulators had drawn their
attention to anything of concern regarding the safety profile of the

Paediatric Vaccine.

19. I reported on the outcome of CV-TAG’s review by a memorandum to the
Director-General of Health dated 16 February 2022. A copy of that

memorandum is exhibited as GT-7

Severely immunocompromised 5 to 11 year olds

20. in March 2022, CV-TAG considered whether a third primary dose of the
Paediatric Vaccine should be made available for severely
immunocompromised 5 to 11 year olds. At this time some other
jurisdictions {Australia, Canada, the United Kingdom and the United States)
were already recommending that severely immunocompromised children
receive a third primary dose of the COVID-19 vaccine, in line with other
severely immunocompromised age cohorts. To help facilitate CV-TAG's
consideration detailed advice was provided to the Group from the
Ministry’s Science and Technical Advisory Group. A copy of that advice is

exhibited at GT-8.

21. On 22 March 2022, CV-TAG recommended that those aged 5 to 11 years
old who are severely immunocompromised should be offered a third
primary dose of the Paediatric Vaccine. A copy of that advice is exhibited

as GT-9.

COVID-19 Vaccine Independent Safety Monitoring Board

22. The COVID-19 Vaccine Independent Safety Monitoring Board (CV-ISMB) is
another COVID-19 focused group/committee that | have been involved
with during the pandemic. Until February of this year, 1 was an ex-officio
member of CV-ISMB but have since delegated that role to the Clinical Lead

of the National immunisation Programme, Dr Juliet Rumball-Smith.

23. CV-ISMB is an independent board that meets regularly to review and
discuss the safety data for all COVID-19 vaccines, including the Parent
Product and the Paediatric Vaccine. A copy of the CV-ISMB’s interim report

on adverse events reported in 2021 is exhibited as GT-10.
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Further evidence on the effects of COVID-19 on 5 to 11 year olds (disease burden)

24.

In my first affidavit (at [15] — [36]) | discuss the effects of COVID-19 on 5 to
11 year olds. Since my first affidavit, evidence continues to emerge on the

effects of COVID-19 on 5 to 11 year olds.

Omicron in New Zealand

25.

26.

27.

At the time of writing my first affidavit, Omicron had just been detected in
the community in New Zealand. Since then there has been a widespread
outbreak of Omicron, with more than a million confirmed cases.! The
number of confirmed cases contrasts starkly to the position in New Zealand
before the arrival of Omicron, where less than 15,000 cases of COVID-19

had been confirmed over 2020 and 2021 combined.2

With the significant increase in cases, there has also been a significant
increase in the number of deaths reported from COVID-19. At the time of
writing my first affidavit 52 people were reported as dying with COVID-19
since the first case of COVID-19 in New Zealand (acknowledging that in
some of these cases, the underlying cause of death may be unrelated to
COVID-19). This contrasts starkly with the number of reported deaths with

COVID-19 while Omicron has been in the New Zealand community.

As at 25 May 2022, 1057 people are reported to have died with COVID-19
(this includes the 52 people mentioned in my first affidavit).> In some of
those cases the underlying cause of death is unrelated to COVID-19. The
Ministry of Health is undertaking an ongoing process of formally coding
whether COVID-19 was the cause or contributing factor of death or
whether COVID-19 was unrelated. On 18 May 2022, the Ministry of Health
released an update on this process, noting as at the morning of 18 May

20224

27.1 447 people have died with COVID-19 as the underlying cause of

As at 8 June 2022, 1,221,724 cases have been confirmed (https://www.health.govt.nz/covid-19-novel-
coronavirus/covid-19-data-and-statistics/covid-19-current-cases).

https://www.health.govt.nz/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-source-cases-2020-

and-2021

https://www.health.govt.nz/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-current-cases

“COVID-19 deaths reporting update”, 18 May 2022 (available here: https://www.health.govt.nz/news-media/news-
items/covid-19-deaths-reporting-update).

i
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28.

29.

30.

31

death;

27.2 231 people have died with COVID-19 as a contributing cause of
death;

27.3 161 people had a cause of death unrelated to COVID-19; and

27.4 138 people who died within 28 days of being a reported case of
COVID-19 had yet to be classified.

These statistics evidence that any suggestion the Omicron variant only
causes a mild infection is inaccurate. The position is more complex. The
Omicron variant is highly transmissible. People can and do develop severe

disease from Omicron and in some cases Omicron is fatal.

Looking at the impact on children and adolescents specifically, in New

Zealand, as at 8 June 2022, since 16 August 2021 there has been:®

29:1 140,396 confirmed cases of COVID-19 amongst 0 to 9 year olds,

with 878 of those cases hospitalised; and

29.2 207,100 confirmed cases of COVID-19 amongst 10 to 19 year olds

with 717 of those cases hospitalised.

The overwhelming majority of these infections and hospitalisations

occurred during the current Omicron wave.

Since the first case of COVID-19 in New Zealand in March 2020, as at 8 June
2022#&

1.1 0 -9 year olds make up 11.5% of all confirmed COVID-19 cases in

New Zealand;

31.2 10 to 19 year olds make up 17% of all confirmed COVID-19 cases

in New Zealand;

31.3 20 to 29 year olds make up 18.6% of all confirmed COVID-19 cases

in New Zealand;

https://www.health.govt.nz/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-case-demographics

https://www.health.govt.nz/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-case-
demographics#hospitalisations
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32,

33:

31.4 30 to 39 year olds make up 17.6% of all confirmed COVID-19 cases

in New Zealand;

31.5 40 to 49 years olds make up 14.4% of all confirmed COVID-19

cases in New Zealand;

31.6  50to 59 year olds make up 10.5% of all confirmed COVID-19 cases

in New Zealand;

31.7 60 to 69 year olds make up 6.2% of all confirmed COVID-19 cases

in New Zealand;

31.8 70 to 79 year olds make up 2.9% of all confirmed COVID-19 cases

in New Zealand;

319 80 to 89 year olds make up 1.1% of all confirmed COVID-19 cases

in New Zealand; and

31.10 those aged 90 and older make up 0.3% of all confirmed COVID-19

cases in New Zealand.

Since the first case of COVID-19 in New Zealand in March 2020, four
children aged between 0 to 9 have died with COVID-19 and four
adolescents aged between 10 to 19 have died with COVID-19.7

For the data above, | have not included some data to protect privacy. For
examples, for the eight children/adolescents aged 0 to 19 who have died
with COVID-19, | have not specified whether it is known if COVID-19 was
the underlying cause or contributory cause of death. | have not provided
this detail as the Ministry’s approach is not to reveal data on cases or
deaths when disclosure of that data could identify a specific individual and
breach their privacy or their family’s privacy. | can confirm that some of the
publicly notified deaths in the 0 to 9 age bracket are yet to be classified
and some of the deaths in the 10 to 19 age bracket have been classified

as “COVID as contributory”.

7

https://www.health.govt.nz/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-case-

demographics#age-gender
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Internationally

34,

35,

36.

a7,

Internationally, COVID-19 is continuing to spread, with Omicron the
predominant variant. Data from UNICEF is that as at March 2022, among
the 3.7 million COVID-19 deaths reported globally, 0.4% (over 13,400)
occurred in children and adolescents under 20 years of age.? With 58% of
those deaths occurring among adolescents aged 10 to 19 and 42%

occurring among children aged 0 to 9.

Data from the United States shows that children aged 5 to 11 years can
suffer from severe disease from Omicron. During the peak of the winter
Omicron outbreak in the United States (December 2021 and February
2022), weekly hospitalization rates of children aged 5 to 11 years peaked
during the week ending 22 January 2022.° At that time 2.8 per 100,000
children aged 5 to 11 years old were hospitalized with COVID-19 in the
United States. This was 2.3 times higher than the peak during the Delta
outbreak (which peaked at 1.2 per 100,000 children aged 5 to 11 years
old).’® Among children who were hospitalized during the Omicron-
predominant period in the United States, 19% required ICU admission,
including 15% with no underlying medical conditions.** A copy of the CDC’s

report on this data is attached as GT-11.

As at 25 May 2022, the CDC reports that 359 5 to 11 year olds have died
with COVID-19 in the United States.?

As at 2 June 2022, in Australia, eight children aged 0 to 9 and six
children/adolescents aged 10 to 19 have been reported as a COVID-19

associated death.!?

https://data.unicef.org/topic/child-survival/covid-19/

Shi DS, Whitaker M, Marks KJ, et al. Hospitalizations of Children Aged 5-11 Years with Laboratory-Confirmed COVID-
19 — COVID-NET, 14 States, March 2020—February 2022. MMWR Morb Mortal Wkly Rep 2022;71:574-581 (available
here: https://www.cdc.gov/mmwr/volumes/71/wr/mm7116el.htm?s cid=mm7116el w).

Shi DS, Whitaker M, Marks KJ, et al. Hospitalizations of Children Aged 5-11 Years with Laboratory-Confirmed COVID-
19 — COVID-NET, 14 States, March 2020-February 2022. MMWR Morb Mortal Wkly Rep 2022;71:574-581 (available
here: https://www.cdc.gov/mmwr/volumes/71/wr/mm7116el.htm?s cid=mm7116el1 w).

Shi DS, Whitaker M, Marks KJ, et al. Hospitalizations of Children Aged 5-11 Years with Laboratory-Confirmed COVID-
19 — COVID-NET, 14 States, March 2020—-February 2022. MMWR Morb Mortal Wkly Rep 2022;71:574-581 (available
here: https://www.cdc.gov/mmwr/volumes/71/wr/mm7116el.htm?s cid=mm7116el w).

“Demographic Trends of COVID-19 cases and deaths in the US reported to CDC” (United States) (available here:
https://covid.cdc.gov/covid-data-tracker/?CDC _AA refVal=https://www.cdc.gov/coronavirus/2019-ncov/cases-
updates/cases-in-us.html#fdemographics).

“Coronavirus (COVID-19) case numbers and statistics” (Australia) (available here: https://www.health.gov.au/health-
alerts/covid-19/case-numbers-and-statistics#cases-and-deaths-by-age-and-sex).
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10

38. In the United Kingdom, for the period from 1 March 2021 to 28 February
202234

38.1 less than 10 children aged 5 to 9 died within 60 days of a

laboratory-confirmed case of COVID-19; and

38.2 75 children/adolescents aged 10 to 19 died within 60 days of a

laboratory -confirmed case of COVID-19.

Updated evidence on the safety and efficacy of the Paediatric Vaccine

39. In my first affidavit (at [40] — [49]) | discuss the safety and efficacy of the
Paediatric Vaccine. Since my first affidavit, evidence continues to emerge

demonstrating that the Paediatric Vaccine is safe and effective.

Vaccine effectiveness against Omicron

40, A pre-print study by the New York State Department of Health (dated 25
February 2022) found that effectiveness of the paediatric vaccine against
COVID-19 infection was 12% for 5 to 11 year olds (observed during the
Omicron wave (13 December 2021 to 30 January 2022)).'® The pre-print
study is mentioned in the RFA provided to CV-TAG in March 2022 (attached
as exhibit GT-8). The focus of the study was on vaccine effectiveness
against infection (in relation to Omicron). Vaccine effectiveness against
hospitalisation and severe disease was significantly higher (which is
notable as protection against severe disease is the primary goal of
immunisation). The authors of that study conclude that the paediatric
vaccine for 5 to 11 year olds was protective against severe disease. | note
the study has since been peer reviewed and published and no longer
provides any statements about vaccine effectiveness (but the underlying

data is still provided).®

41. In the United States, on 19 May 2022, the Advisory Committee on

o “COVID-19 confirmed deaths in England (to 28 February 2022): report” (available here:
https://www.gov.uk/government/publications/covid-19-reported-sars-cov-2-deaths-in-england/covid-19-
confirmed-deaths-in-england-to-28-february-2022-report).

B Dorabawila V, Hoefer D, Bauer UE, Bassett MT, Lutterloh E, Rosenberg ES, Effectiveness of the BNT162B2 vaccine
among children 5-11 and 12-17 years in New York after the emergency of the Omicron variant, 28 February 2022
(available here: https://www.medrxiv.org/content/10.1101/2022.02.25.22271454v1). This article is a preprint.

16 Dorabawila V, Hoefer D, Bauer UE, Bassett MT, Lutterloh E, Rosenberg ES. Risk of Infection and Hospitalization Among
Vaccinated and Unvaccinated Children and Adolescents in New York After the Emergence of the Omicron
Variant. JAMA. Published online May 13, 2022 (available here:
https://iamanetwork.com/journals/jama/fullarticle/2792525).
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42.

43,

11

Immunisation Practices (ACIP) COVID-19 Vaccines Work Group released an

update on the safety of COVID-19 vaccines for children aged 5 to 11. The

ACIP COVID-19 Vaccines Work Group is a working group within the CDC.

On vaccine effectiveness against the Omicron variant, the ACIP COVID-19

Vaccines Work Group reported the following in relation to the Paediatric

Vaccine’s effectiveness in children aged 5 to 11:7

42.1

42.2

42.3

Infections were reduced by 43% in vaccinated compared to
unvaccinated 5 to 11 year olds in the first two months after
vaccination. This appears to reduce with time, but it is not yet
clear how rapidly. This is nevertheless a meaningful protection

against infection.

Symptomatic infections were reduced by 60% in vaccinated
compared to unvaccinated 5 to 11 year olds in the first month
after vaccination. This reduced to around 30% in the subsequent
two months. No data beyond two months after vaccination were
available in the reported study to assess how rapidly waning
occurs after two months. However, it likely follows the pattern
seen in adults against symptomatic infection, with continued

waning in effectiveness.

Hospitalisations were reduced by 68% in vaccinated compared to
unvaccinated 5 to 11 year olds (and 74% in a second study, but
confidence intervals were wide around this estimate and the
analysis included non-omicron variants which made up around
one third of the cases). There wasn’t yet enough data available to
assess the waning of the vaccine effectiveness against
hospitalisation in this age group. If following the trajectory for
severe diseases as seen in adults, waning of vaccine effectiveness
against severe disease would be slower than waning of vaccine

effectiveness against infections.

A copy of the ACIP COVID-19 Vaccines Work Group’ update is exhibited as

17

ACIP, COVID-19 vaccine effectiveness during Omicron for children and adolescents, 19 May 2022 (available here:
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-05-19/02-COVID-Link-Gelles-508.pdf).




44.

45.

12

GT-12.

| also attach at GT-13 a copy of a recent study in the United States that
discusses in detail vaccine effectiveness against hospitalisations in relation
to Omicron among children aged 5 to 11. That study found the Paediatric

Vaccine was 68% effective at preventing hospitalisations in that age group.

These findings are all consistent with the Parent Product, with studies
indicating that the effectiveness of the Parent Product after completion of
the primary course wanes and is lower against Omicron than Delta but it
does still provide protection.'® It is important to note that if, for example,
vaccine effectiveness against severe disease is 50% that means
hospitalisations have been halved. This is a substantial and meaningful
reduction and of great benefit to individual and public health in New

Zealand.

Safety of the Paediatric Vaccine

46.

Emerging evidence since my first affidavit has not identified any significant

safety concerns with the Paediatric Vaccine.

New Zealand

47.

In New Zealand, as at 7 June 2022, 263,265 first doses and 126,282 second
doses of the Paediatric Vaccine have been administered.'® In total this is in
excess of 385,000 doses. As at 30 April 2022, 776 adverse events have been
reported to the CARM.?’ The overwhelming majority of these adverse
events are not serious. As at 30 April 2022, there were no cases in New
Zealand where myocarditis or pericarditis has been medically confirmed in
a child between 5 to 11 years following immunisation with the Paediatric
Vaccine or where the Paediatric Vaccine has been identified as the cause

or contributing factor in the death of a child between 5 and 11 years.

United States

48.

On 19 May 2022, the ACIP COVID-19 Vaccines Work Group reported, while

A M Price, S M Olson, M M Newhams et al, BNT162b2 Protection against the Omicron Variant in children and
Adolescents, 19 May 2022, N Engl J Med 2022; 386:1899-1909  (available here:
https://www.nejm.org/doi/full/10.1056/NEJMoa2202826).

https://www.health.govt.nz/covid-19-novel-coronavirus/covid-19-data-and-statistics/covid-19-vaccine-data

“Adverse events following immunisations with COVID-19 vaccines: Safety Report #43 — 30 April 2022" (available here:
https://www.medsafe.govt.nz/COVID-19/safety-report-43.asp).
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discussing the safety and efficacy of the Paediatric Vaccine, that as at 24

April 2022:%

48.1

48.2

48.3

48.5

48.6

18,182,496 million doses of the Paediatric Vaccine had been

administered in the United States;

9001 reports of adverse reactions were made to VAERS in relation

to the Paediatric Vaccine;

97% of those reports to VAERS were non-serious, with several
thousand of those reports relating to issues with vaccinators
preparing and administering the Paediatric Vaccine rather than a

clinical response to the vaccine;

3% of the reports to VAERS are classified as severe adverse events,
the most common of which was fever (84 reports), vomiting (54

reports) and Multisystem Inflammatory Syndrome (45 reports);

20 children aged 5 to 11 suffered myocarditis after receiving the
Paediatric Vaccine. 17 of those children were hospitalised with 14

having recovered as at 24 April 2022; and

One child died 13 days after receiving their first dose of the
Paediatric Vaccine with histopathological evidence of myocarditis
on autopsy. This death is still under review by the CDC. As | noted
in my first affidavit (at [49]), bodies like the CDC that monitor
safety are conservative and cautious and will take their time to do
a thorough review, so final assessment of this child’s cause of

death will take some time.

49, It is important to note that just because an adverse event is reported to

VAERS (or any other similar spontaneous reporting system) does not mean

that there is a causal link between the event and the vaccine. For example,

| am not aware that there have been any proven cases of MIS-C following

vaccination. There is one patient in the United States who presented with

MIS-C who had no evidence of past or recent infection with COVID-19 but

2 ACIP, COVID-19 vaccine safety updated: primary series in children ages 5 — 11 years, 19 May 2022 (available here:
https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2022-05-19/03-COVID-Shimabukuro-508.pdf).
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had received two doses of the Comirnaty vaccine 12 and 8 weeks prior,
raising the possibility that MIS-C was related to their vaccination.?? The

patient has since recovered.

Australia

50.

In Australia, as at 29 May 2022, 1,460 adverse events have been reported
from the more than 1.9 million doses of the Paediatric Vaccine and the
Moderna COVID-19 vaccine that have been administered to 5 to 11 year
olds.”®> The most common reactions reported included chest pain,
vomiting, fever, headache and abdominal pain. 33 reports of suspected
myocarditis and/or pericarditis have been made, with four of those
determined to likely represent myocarditis and six of those determined to

likely represent pericarditis.?*

Update on international rollout of the Paediatric Vaccine

51.

52,

New Zealand is not the only country rolling out the Paediatric Vaccine. In
my first affidavit (at [50] — [51]), | discussed the international vaccination
of children over five years of age against COVID-19, noting in particular
approximately 42 countries, including New Zealand, had approved and/or
started vaccinating children over the age of five years against COVID-19
and that New Zealand’s approach aligned with Australia where the rollout
of the Paediatric Vaccine commenced on 10 January 2022. To the best of
my knowledge no countries have stopped the rollout of the Pfizer

Paediatric Vaccine.

| discuss below briefly, by way of example only, the rollout of the Paediatric
Vaccine in the United States, the United Kingdom, Australia and Canada to
illustrate examples of other countries with similarly rigorous regulatory
processes who are rolling out the Paediatric Vaccine to give a snapshot of
the volume of paediatric doses administered worldwide. |also discuss the

situation in Sweden and Denmark which was commented on by the

Wangu Z, Swartz H, Doherty M, Multisystem inflammatory syndrome in children (MIS-C} possibly secondary to
COovVID-19 mRNA  vaccination, 12190 Case Reports CP 2022;15:e247176 (available here:
https://casereports.bmj.com/content/15/3/e247176).

“COVID-19 vaccine weekly safety report” (Australia) (available here: https://www.tga.gov.au/periodic/covid-19-
vaccine-weekly-safety-report-02-06-2022#vaccine-safety-in-children-and-adolescents).

“COVID-19 vaccine weekly safety report” (Australia) (available here: https://www.tga.gov.au/periodic/covid-19-
vaccine-weekly-safety-report-02-06-202 2#vaccine-safety-in-children-and-adolescents).

L\
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applicants’ witnesses.

United States

53. | have discussed the rollout of the Paediatric Vaccine in the United States
above at [35], [36], [40] — [44] and [48]. As noted above at [48.1], more
than 18 million doses of the Paediatric Vaccine have been administered in

the United States as at 24 April 2022.

United Kingdom

54, In my first affidavit (at [77] — [79]), | discussed the rollout of the Paediatric
Vaccine in the United Kingdom. At the time of my first affidavit the JCVI
only recommended medically vulnerable children and children who are
household contacts of immunosuppressed people get the Paediatric
Vaccine in the United Kingdom. The JCVI provides advice to UK health
departments on immunisations (akin to the role of ATAGI). As | noted in my
first affidavit, Medsafe’s equivalent in the United Kingdom, the Medicines
and Healthcare Regulatory Agency, had approved the use of the Paediatric
Vaccine for all five to 11 years. It was only the JCVI recommendation that
the Paediatric Vaccine rollout be limited to certain high-risk children in that

age group.

55. On 16 February 2022 the JCVI provided updated advice, recommending
that the Paediatric Vaccine be made available to all children aged 5 to 11.%°
Adopting that advice, the Paediatric Vaccine is now available to all children
aged 5 to 11 in the United Kingdom. As at 1 June 2022, 456,918 doses of

the Paediatric Vaccine have been administered in the United Kingdom.?®

Australia

56. In Australia, the Paediatric Vaccine has been available since 10 January
2022. As at 26 May 2022, more than 1.9 million doses of the Paediatric
Vaccine and the Moderna COVID-19 vaccine have been administered in

Australiain 5 to 11 year olds.?’

e JCVI statement on vaccination of children aged 5 to 11 years (UK), 16 February 2022 (available here:
https://www.gov.uk/government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-aged-5-
to-11/jcvi-statement-on-vaccination-of-children-aged-5-to-11-years-old).

L https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-vaccinations/
27

https://www.health.gov.au/sites/default/files/documents/2022/05/covid-19-vaccine-rollout-update-26-may-
2022 0.pdf
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The decision in Australia to rollout the Paediatric Vaccine was informed by
a recommendation from ATAGI (following the Therapeutic Goods
Administration provisionally approving the vaccine). ATAGI, amongst other
matters, provides advice to the Minister for Health on the administration
of vaccines available in Australia. During the COVID-19 pandemic that role
has included providing advice on all aspects of Australia’s COVID-19
immunisation programme. ATAGI recommended the use of the Paediatric
Vaccine in children aged 5 to 11 in Australia in December 2021. This advice
was updated on 21 February 2022 to, amongst other matters, recommend
that a third primary dose of the Paediatric Vaccine be available for children
aged 5 to 11 years who are severely immunocompromised. A copy of the

updated ATAGI advice is exhibited as GT-14.%8

Canada

58.

In Canada, the Paediatric Vaccine was approved for use on 19 November
2022 and has been available since late November 2021. As at 8 May 2022,
more than 1.2 million doses of the Paediatric Vaccine have been
administered in Canada.?® Canada’s decision to rollout the Paediatric
Vaccine was informed by a recommendation of the National Advisory
Committee on Immunisation, issued on 19 November 2021.3° A copy of

that recommendation is exhibited as GT-15.

Sweden and Denmark

59.

60.

One of the applicants’ witnesses, Dr Philip Altman (at [182] and [183] of his
affidavit) discusses that the Swedish drug regulator decided against
recommending COVID-19 vaccines for children aged 5 to 11 in Sweden and
that in Denmark the COVID-19 vaccination programme has bheen
suspended. There are a couple of observations | want to make about these

decisions.

First, in Sweden the decision was not to initiate a general rollout of COVID-

ATAGI recommendations on the use of the paediatric vaccine in children aged 5 to 1 years in Australia (available
here: https://www.health.gov.au/sites/default/files/documents/2022/02/atagi-recommendations-on-pfizer-covid-
19-vaccine-use-in-children-aged-5-to-11-years.pdf).

https://health-infobase.canada.ca/covid-19/vaccination-coverage/

Recommendation on the use of the Pfizer-BioNTech COVID-19 vaccine (10mcg) in children 5-1 years of age (Canada
(available here: https://www.canada.ca/content/dam/phac-aspc/documents/services/immunization/national-
advisory-committee-on-immunization-naci/recommendations-use-covid-19-vaccines/pfizer-biontech-10-mcg-
children-5-11-years-age/pfizer-biontech-10-mcg-children-5-11-years-age.pdf ).

3
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19 vaccines for children under 12 years of age. It was not a decision to
pause an existing rollout to that age group. That decision was made in the
context of COVID-19 in Sweden where there has been widespread
outhreak of COVID-19 for some time and where Sweden'’s response to the
pandemic has often diverged from other countries. It should be noted that
since 21 December 2021, children aged 5 to 11 who are at high risk of
suffering severe disease from COVID-19 infection have been
recommended by the Swedish drug regulator to receive a COVID-19

vaccination.?!

Second, Denmark has recently paused its general COVID-19 vaccination
programme to all age groups. This decision to pause was made because of
Denmark’s high vaccine coverage and that coming into spring, the
epidemic was judged to be under control in Denmark.?? The decision was
not made because of a safety concern of any of the COVID-19 vaccines in
Denmark’s vaccine portfolio. The effect of the pause is that formal
vaccination invitations are no longer being sent out but COVID-19 vaccines
are still available to anyone who wishes to receive a vaccine. In particular,
the Danish drug regulator still recommends that people complete their
started vaccination course.®® The Danish drug regulator has also indicated
the formal COVID-19 vaccination programme will resume in autumn.?® It
should be noted that the Paediatric Vaccine has been available for children

aged 5 to 11 in Denmark since the end of November 2021.%

Update on Omicron

62.

When the Paediatric Vaccine was given provisional consent and Cabinet
subsequently decided to make the Paediatric Vaccine available in New
Zealand, Delta was the prevalent variant. Omicron had only recently been

detected in South Africa and was not yet in New Zealand.

i

32

3

EL]

https://www.reuters.com/world/europe/swedish-health-agency-recommends-covid-shots-some-5-11-year-olds-
2021-12-21/

https://abcnews.go.com/Health/denmark-announces-temporarily-pausing-covid-vaccination-
campaign/story?id=84369102

https://apnews.com/article/fact-checking-541482118776

https://abcnews.go.com/Health/denmark-announces-temporarily-pausing-covid-vaccination-
campaign/story?id=84369102

https://www.sst.dk/en/english/news/2021/vaccination-of-5-11-year-old-children-is-to-help-stop-infection
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Since Omicron was first detected in South Africa in November 2021, it has
become the dominant COVID-19 variant circulating globally. Like other
variants, the Omicron variant (B.1.1.529) comprises a number of lineages
and sub-lineages (generally referred to as subvariants). Variant BA.1 was
responsible for the initial Omicron surge seen globally in December 2021
and January 2022. This has now been replaced by variant BA.2 as the

predominant subvariant.?®

The emerging data to date indicates that hospitalisations and death rates
are lower with Omicron than Delta, taking into account vaccination status
and the risk for severe disease. However, as discussed above people and
children are still suffering severe COVID-19 from Omicron infection. In
particular, there remains a higher risk of severe disease in the
unvaccinated, as noted by the World Health Organisation in its weekly

COVID-19 update published on 12 April 2022:%

Unlike previous waves, the most recent wave due to Omicron can be
characterized by a decoupling between the number of cases,
hospitalizations (particularly for intensive care) and deaths in many
countries. However, data continue to show that those who are
unvaccinated remain at higher risk of severe disease following
infection with Omicron as compared to those who have been
vaccinated. Despite the reduction in severity, the massive increases
in cases with Omicron have led to large numbers of hospitalizations,
putting further pressure on the healthcare systems, and in some
countries, similar or high numbers of deaths when compared to

previous peaks.

Looking at the BA.2 subvariant in particular, a Hong Kong study of an
uninfected and unvaccinated population of children, investigated the
severity of BA.2.2® The study investigated severe outcomes among 1,147

children aged 11 and younger who were hospitalised between 5 February

36

37

World Health Organisation, COVID-19 Weekly Epidemiological Update (published 18 May 2022), Available here:
file:///C:/Users/andersonk/Downloads/20220518 Weekly Epi Update 92.pdf

World Health Organisation, COVID-19 Weekly Epidemiological Update (published 12 April 2022). Available here:
file:///C:/Users/andersonk/Downloads/20220412 Weekly Epi Update 87.pdf

Tso, W., et al. Intrinsic Severity of SARS-CoV-2 Omicron BA.2 in Uninfected, Unvaccinated Children: A Population-
Based, Case-Control Study on Hospital Complications. 2022 21 Mar 2022,
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and 28 February 2022 (a BA.2 dominant period). The authors of the study
concluded that the intrinsic severity of BA.2 in children who had no past

COVID-19 infection or vaccination is not mild.

Two new variants within the Omicron lineage have recently been
identified, BA.4 and BA.5, and their presence in the New Zealand
community was first reported on 3 June 2022. Data is limited on BA.4 and
BA.5. Preliminary evidence from overseas has indicated that the presence
of subvariants BA.4 and BA.4 in the community appears to be resulting in
an increase in the number of cases.* However, given the current low
prevalence of BA.4 and BA.5 it is unknown whether these subvariants have

different disease characteristics or severity to other Omicron subvariants.

The emergence of these subvariants illustrates that the COVID-19
pandemic is continuing to evolve. All emerging evidence on COVID-19 and
the effectiveness and safety of COVID-19 vaccines is subject to robust and
regular review by myself, the Ministry’s Scientific and Technical Advisory
Team and CV-TAG. If there was any robust emerging evidence that raised
material concerns about the efficacy or safety of the Paediatric Vaccine, |
would advise the Director-General of Health accordingly, so that any
necessary decisions on the inclusion of the Paediatric Vaccine in the

national COVID-19 Immunisation Programme could be made.

Applicants’ claims

68.

| have read the applicants’ amended statement of claim and the affidavits
of Dr Peter McCullough, Dr Simon Brown (April 2022 affidavit), Dr Geert
Vanden Bossche, Dr Phillip Altman and Professor Nikolai Petrovsky (reply
affidavit of January 2022). This is in addition to the affidavits | read prior to
giving my first affidavit. As | said in my first affidavit, | am familiar with the
types of views and concerns these witnesses raise. Their views represent a
very small minority of scientific opinion particularly when viewed in the
light of the significant number of well-regarded scientific bodies and
organisations in favour of providing COVID-19 vaccines to 5 to 11 year olds.

Nothing in the aforementioned affidavits nor the affidavits | read prior to

39

World Health Organisation, COVID-19 Weekly Epidemiological Update (published 18 May 2022) (available here:
file:///C:/Users/andersonk/Downloads/20220518 Weekly Epi Update 92.pdf).
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my first affidavit makes me concerned about the rollout of Paediatric

Vaccine in New Zealand.

| respond below to some of the key points raised by the applicants’
witnesses to the extent that they are not already addressed by my
preceding comments or my first affidavit. The fact that | do not respond to
a particular point made by the applicants’ witnesses does not mean that |

agree with it.

mRNA technology and development of the Comirnaty vaccines

70.

71.

72.

73.

The applicants’ experts raise concerns that mRNA technology is new and
untested, and that the Comirnaty vaccine has been developed too quickly.
I note in particular the comments of Dr Altman at [21] — [23] and [48] of his
affidavit and Professor Petrovsky at [51] — [62] of his first affidavit.

It is true that COVID-19 vaccines are the first widely administered vaccines
to be based on mRNA technology. But mRNA technology for vaccines is
not new. It has been studied for decades. | attach as GT-16 a 2018 article
discussing the development of mRNA vaccines. This article notes that a
number of recent reports had demonstrated the potency and versatility of
mMRNA to protect against a wide variety of infectious pathogens, including

influenza virus, Eboia virus, and Zika virus.

There are a number of advantages with mRNA vaccines as compared with
vaccines based on live attenuated viruses: mRNA is non-infectious, it is a
nan-integrating platform; mRNA is degraded by normal cellular processes;

and it is easier to manufacture large quantities quickly.

The time taken for a pharmaceutical company to develop a new medicine
and bring it to market will be dependent on a number of factors, including
the level of investment and how much priority that potential medicine is
given. At [46] of his affidavit Dr Altman refers to a publication by Young et
al about the length of time taken to develop vaccines, suggesting that it
usually takes about seven years to develop a conventional vaccine. The
point that this paper appears to be making is that there is a lack of
investment for developing vaccines for non-first world disease. Following

the outbreak of the COVID-19 pandemic, there has been a huge
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international scientific effort and financial investment in the development
of safe and effective COVID-19 vaccines. You would expect that vaccine
development would take a shorter amount of time if significant investment

and effort is made over that time.

Messenger RNA vaccines are not a gene therapy

74,

75;

76.

Dot

78.

The applicants’ evidence suggests that the Paediatric Vaccine, and all
mRNA vaccines are a gene therapy, claiming that this results in permanent
changes to a person’s DNA that is passed down generations. Noting in
particular the comments of Dr Vanden Bossche at [11] —[13] and Dr Altman

at [20] - [27].

| disagree. Messenger RNA vaccines, like the Paediatric Vaccine, are not

gene therapies. They do not alter a person’s genes.

A gene therapy is a technique that modifies a person’s genes to treat or
cure disease.”C It involves making deliberate changes to a person’s DNA in
order to treat or cure a particular disease.*’ Gene therapies can work in

several ways:
76.1 Replacing a disease-causing gene with a healthy copy of the gene.

76.2 Inactivating or disabling a disease-causing gene that is not

functioning properly.

76.3 Introducing a new or modified gene into the body to help treat a

disease.

If a person has a disease caused by a mutation of a gene (i.e. cystic fibrosis)
then to treat that disease gene therapy can be used by replacing the

disease causing gene with a healthy copy of that gene.

This is not what mRNA vaccines do. They do not change a person’s genetic
makeup. COVID-19 mRNA vaccines teach a person’s cells how to make a
protein that will trigger an immune response inside that person’s body

when exposed to the COVID-19 virus. They do not enter the nucleus of a

40

a1

“What is a gene therapy?” FDA (available here: https://www.fda.gov/vaccines-blood-biologics/cellular-gene-
therapy-products/what-gene-therapy)

“What is a gene therapy?” FDA (available here: https://www.fda.gov/vaccines-blood-biologics/cellular-gene-
therapy-products/what-gene-therapy).
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human cells nor does the vaccine interact with a person’s DNA.

79, Some types of virus like the influenza virus are transported into the
nucleus. Those viruses have proteins (called ribonucleoproteins)
associated with their genome that help transport their genomic RNA into
the nucleus.*? The mRNA from the Parent Product and the Paediatric
Vaccine do not have any of these proteins.

Messenger RNA contained in the Comirnaty vaccines cannot be reverse
transcribed into DNA

80. Dr Altman refers to a recent paper raising the theoretical possibility that
the mRNA contained in the Comirnaty vaccines could be reverse

transcribed into DNA (see his comments at [179] of his affidavit).

81. The point raised by Dr Altman, and the paper he refers to, is only a
theoretical concern. There is no credible evidence to support this

theoretical concern. Messenger RNA does not transcribe back into DNA.

81.1 The only known mechanism by which RNA can integrate into the
host genome requires the presence of a complex containing
reverse transcriptase and integrase. These are not present in the

mRNA for the Parent Product or Paediatric Vaccine.

81.2 Another reason is geography. Messenger RNA is in an entirely
separate compartment of a cell from the DNA with no simple

means to get to it.

81.3 The mRNA in the Parent Product and Paediatric Vaccine degrades
within a relatively short time once taken up by the body’s cells, as
does the cell’s own mRNA. During that entire time, the mRNA
vaccine remains in the cytoplasm (i.e. outside the nucleus of the
cell), where it will be translated and then degraded by normal

cellular mechanisms.

82. So far as the particular paper referred to by Dr Altman is concerned, | note

that a comment has been published in response, describing this study as

2 S Huet, SV Avilov, L Feritz, N Daigle et al, Nuclear import and assembly of Influenza A Virus RNA Polymerase studied
in live cells by fluorescence cross-correlation spectroscopy, 1 February 2010 (available here:
https://journals.asm.org/doi/full/10.1128/JV1.01533-09).
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“scientifically incompetent” to evaluate the genotoxicity of mRNA
therapeutics, including the Paediatric Vaccine and the Parent Product.®®
Noting in particular the difference between an in vitro environment, where
a study is undertaken in a test tube or petri dish (which is how the study Dr
Altman refers to was conducted) and an in vivo environment, where a

study is undertaken in a living organism.

Messenger RNA vaccines do not cause negative vaccine effectiveness

83.

84.

The applicants’ witnesses suggest the Paediatric Vaccine and Parent
Product are causing negative vaccine effectiveness. In essence that those
vaccines are negatively impacting a person’s ability to amount an immune
response to Omicron and that this is evidenced by the fact vaccinated
persons have materially higher rates of Omicron infection than
unvaccinated persons. Noting in particular the comments of Dr McCullough
in his affidavit at [44] — [50] and Dr Brown in his April 2022 affidavit at [59]
- [63].

| disagree. Real world studies, particularly unrandomized observational
trials, cannot control for all the variables which influence the rate of
infection. The Danish study referred to by Dr Brown which he says indicates
that Pfizer vaccination results in negative vaccine efficacy has been cherry
picked and mis-interpreted. The overwhelming evidence (as presented
above) indicates that vaccination decreases the risk of infection and the

risk of severe disease. The authors of the Danish study state: *

The negative estimates in the final period arguably suggest different
behaviour and/or exposure patterns in the vaccinated and
unvaccinated cohorts causing underestimation of the VE. This was
likely the result of Omicron spreading rapidly initially through single
(super-spreading) events causing many infections among young,

vaccinated individuals.

44

Merchant HA. Comment on Aldén et al. Intracellular Reverse Transcription of Pfizer BioNTech COVID-19 mRNA
Vaccine BNT162b2 In Vitro in Human Liver Cell Line. Curr. Issues Mol. Biol. 2022, 44, 1115-1126. Current Issues in
Molecular Biology. 2022; 44{4):1661-1663 (available here: https://www.mdpi.com/1467-3045/44/4/113/htm).

C H Hansen, A B Schelde et al, Vaccine effectiveness against SS-CoV-2 infection with the Omicron or Delta variants

following a two-dose or booster BNT162B2 or mRNA-1273 vaccination series: a Danish cohort study (available here:
https://www.medrxiv.org/content/10.1101/2021.12.20.21267966v3.full. pdf).
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The extent to which previous COVID-19 infection provides effective immunisation
is complex

85.

86.

87.

88.

89.

90.

Some of the applicants’ witnesses suggest that having been infected with
COVID-19 provides effective immunity from future infection. Noting in
particular the comments of Dr Vanden Bossche in his affidavit at [35] —[42].

In my view the position is more complex.

Previous infection with COVID-19 can induce an immune response that
provides some immunity and protection against subsequent COVID-19
infection.* However, there is no correlate of protection that can be reliably
used to assess whether an individual is protected from COVID-19 infection

or severe COVID-19.%

The first time a person is infected with COVID-19, it can take several days
or weeks for their body to produce the necessary antibodies to fight the
infection. After infection, for the vast majority of people, their immune
system will “remember” the COVID-19 virus and has the capacity to
respond quickly if the body encounters COVID-19 again. It is the presence
of these antibodies that means a person has some protection from

reinfection. However, this immunity is far from perfect.

The level of natural immune response as a result of COVID-19 infection can
be widely variable. Multiple factors appear to impact the degree of
immunity provided following an infection. Most notably those who
experience more severe COVID-19 symptoms tend to have a higher degree
of immunity. In comparison, immune responses to vaccination tend to be

more consistent from person to person.

Similar to vaccination, a person’s natural immune response as a result of a

COVID-19 vaccination tends to wane over time.

Research into the impacts of natural immune response is ongoing. In

November 2021, the CDC examined hospitalizations in adults with COVID-

45

46

“Science Brief: SARS-CoV-2 Infection-induced and vaccine-induced immunity”, 29 October 2011 (available here:
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/vaccine-induced-immunity.html).

“Interim statement on the use of additional boosters doses of Emergency Use Listed mRNA vaccines against COVID-
19", 17 May 2022 (World Health Organization) (available here: https://www.who.int/news/item/17-05-2022-
interim-statement-on-the-use-of-additional-booster-doses-of-emergency-use-listed-mrna-vaccines-against-covid-
19).
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19-like illness and compared the odds of testing positive for COVID-19
between patients who were unvaccinated but had been infected with
COVID-19 90— 179 days prior and those patients who were fully vaccinated
with an mRNA COVID-19 vaccine 90 — 179 days prior. The odds of an
unvaccinated patient testing positive for COVID-19 was 5.49-fold higher
than the odds of a vaccinated patient testing positive for COVID-19.%

Studies also suggest that people with previous COVID-19 infections who
are vaccinated (known as hybrid immunity) demonstrate stronger immune
responses to COVID-19. A study of Kentucky (US) residents found that
being unvaccinated was associated with 2.34 times the odds of reinfection

compared with being fully vaccinated.

Other studies from the United Kingdom, the United States, Canada, the
Netherlands and Qatar have demonstrated that a person who has
completed a primary course of vaccination plus a booster appears to
provide broadly similar protection against subsequent Omicron infection
to that provided by a combination of primary vaccination and prior
infection (with a previous variant).*® However, there is a lack of studies
directly comparing duration of this effect in both of these groups. Indirect
comparisons (where different studies used to examine duration of
protection in each group) suggest that the protection against reinfection

after two doses plus infection with a previous variant might decline more

Bozio CH, Grannis SJ, Naleway AL, et al. Laboratory-Confirmed COVID-19 Among Adults Hospitalized with COVID-19-
Like Iliness with Infection-Induced or mRNA Vaccine-Induced SARS-CoV-2 Immunity — Nine States, January-
September 2021, MMWR Morb Mortal Wkly Rep 2021;70:1539-1544 (available
here: https://www.cdc.gov/mmwr/volumes/70/wr/mm7044el.htm).

Cavanaugh AM, Spicer KB, Thoroughman D, Glick C, Winter K. Reduced Risk of Reinfection with SARS-CoV-2 After
COVID-19 Vaccination — Kentucky, May—June 2021. MMWR Morb Mortal Wkly Rep 2021;70:1081-1083 (available
here:https://www.cdc.gov/mmwr/volumes/70/wr/mm7032el.htm#:~:text=Among%20Kentucky%20residents%20i
nfected%20with,compared%20with%20being%20fully%20vaccinated).

UK Health Security Agency. SARS-CoV-2 variants of concern and variants under investigation in England. Technical
briefing 34. 14 January 2022; Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/1046853/tec

hnical-briefing-34-14-january-2022.pdf; Carazo, S., et al. Protection against Omicron re-infection conferred by prior
heterologous SARS-CoV-2 Infection, with and without mRNA vaccination. 3 May 2022; Available from:
https://www.medrxiv.org/content/10.1101/2022.04.29.22274455v2; Altarawneh, H.N., et al. Effect of prior
infection, vaccination, and hybrid immunity against symptomatic BA.1 and BA.2 Omicron infections and severe
CovID-19  in Qatar. medRxiv 22 March 2022; 2022.03.22.22272745]. Available from:
https://www.medrxiv.org/content/10.1101/2022.03.22.22272745v1; Andeweg, S.P., et al. Protection of COVID-19
vaccination and previous infection against Omicron BA.1 and Delta SARS-CoV-2 infections. 12 May 2022; Available
from: https://www.medrxiv.org/content/10.1101/2022.02.06.22270457v3; and Lind, M.L., et al. Effectiveness of
Primary and Booster COVID-19 mRNA Vaccination against Omicron Variant SARS-CoV-2 Infection in People with a
Prior SARS-CoV-2 Infection. 25 April 2022; Available from:
https://www.medrxiv.org/content/10.1101/2022.04.19.22274056v3.
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slowly than with three doses of vaccine.

Children with underlying conditions are at greater risk of severe COVID-19

93.

94,

The applicants’” witnesses suggest that there is no reliable evidence that
children with underlying conditions are at greater risk of severe COVID-19.

Noting in particular the comments of Dr Altman in his affidavit at [88].

| disagree. In my first affidavit (at [19] — [20]) | discuss that children living
with pre-existing health conditions and comorbidities have a greater risk of
severe disease from COVID-19. There is significant evidence that children
with underlying conditions are at greater risk of severe COVID-19. By way

of example:

94.1 As discussed in my first affidavit (at [20]), CDC surveillance data
from November 2021 shows that of the children who have
developed severe iliness from COVID-19 in the United States most
have underlying health conditions (like asthma and obesity). 68%
of hospitalisations of children with COVID-19, at that time, had

underlying conditions.

94.2 During the peak Omicron period in the United States (December
2021 - February 2022), the majority of children hospitalised (70%)
with COVID-19 had underlying medical conditions.?® During the
same period the evidence from the United States is that children
with diabetes and obesity were more likely to experience severe

COVID-19.51

94.3 In a large meta-analysis, pre-existing obesity, chronic pulmonary
disease, congenital heart disease and neurological disease were
found to increase the odds of death due to COVID-19
approximately 9-fold compared with children with no risk

conditions.>?

Shi DS, Whitaker M, Marks KJ, et al. Hospitalizations of Children Aged 5-11 Years with Laboratory-Confirmed COVID-
19 — COVID-NET, 14 States, March 2020—February 2022. MMWR Morb Mortal Wkly Rep 2022;71:574-581 (available
here: https://www.cdc.gov/mmwr/volumes/71/wr/mm7116el.htm?s cid=mm7116el w).

Shi DS, Whitaker M, Marks KJ, et al. Hospitalizations of Children Aged 5-11 Years with Laboratory-Confirmed COVID-
19 — COVID-NET, 14 States, March 2020-February 2022. MMWR Morb Mortal Wkly Rep 2022;71:574-581 (available
here: https://www.cdc.gov/mmwr/volumes/71/wr/mm7116el.htm?s cid=mm7116el w).

Shi Q, Wang Z, Liu J, et al. Risk factors for poor prognosis in children and adolescents with COVID-19: A systematic
review and meta-analysis. EClinicalMedicine 2021;41:101155.
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94.4 In another study among 43,465 patients with COVID-19 aged 18
years or younger {with the median age in the study being 12)
found a higher risk of severe COVID-19 illness among children with
medical complexity and certain underlying conditions, such as
type 1 diabetes, cardiac and circulatory congenital anomalies and

obesity.?

That is not to say that healthy children don’t suffer from serious illness
from COVID-19. They can and do but the evidence clearly demonstrates

that children with underlying conditions are at a greater risk.

Children aged 5 to 11 have no greater risk of serious illness with Omicron than the
seasonal flu

96.

97.

The applicants’” witnesses suggest that children aged 5 to 11 have no
greater risk of serious iilness with Omicron than influenza. Noting in
particular the comments of Dr Brown in his affidavit at [22] and Dr Altman

in his affidavit at [73].

| disagree. These statements are based on an assumption that influenzais
not a problem in children and that it is not necessary to attempt to prevent
influenza in children. This is incorrect, Influenza, like COVID-19, can be a
severe illness in children and adults. It is also incorrect to suggest that
COVID-19 is not a severe iliness for some children. As discussed above, the
risk of severe disease from COVID-19 in children in Hong Kong was not

considered minimal.

There has been a significant increase in reported potential vaccine deaths to

VAERS
98.

The applicants’ witnesses suggest that there has been a significant increase
in reported potential vaccine deaths to VAERS with the introduction of
COVID-19 vaccines and that there have been more adverse events
attributed to COVID-19 than any other vaccine in history. Noting in
particular the comments of Dr McCullough in his affidavit at [60] and {61]
and Dr Altman in his affidavit at [128] - {134] and [149]. | understand

Christopher James is responding to these claims in detail so | only make

5 Kompaniyets L, Agathis N, Neison I. Underlying Medical Conditions Associated With Severe COVID-13 lliness Ameng
Children. JAMA Netw Open 2021;4:02111182.



28

two brief comments in response:

98.1

88.2

PCR tests

First, it is important to note that cases are notified to VAERS
because an adverse event occurs after vaccination. Serious events
are always occurring to individuals in the population and it is
inevitable that adverse events will occur at some time after a
vaccination. This does not indicate that the vaccine caused the
adverse event. However, from these adverse events, patterns of
complications can be identified, and the observed rate of
complications can be compared to the expected rate of adverse

events occurring in the population.

Second, it is not surprising that there has been an increase in the
number of adverse events reported to VAERS. This is entirely to
be expected when you consider the number of COVID-19 vaccine
doses that have been administered. Worldwide it is in excess of
11.7 billion doses. This is more than 10 times the number of
influenza vaccines that would be administered worldwide in an
ordinary year. It is therefore entirely expected, and not of any
particular concern, that VAERS is receiving more reports about
adverse events from immunisation than it did before the COVID-

19 pandemic.

g9, Dr Altman makes a number of claims about the reliability and accuracy of

polymerase chain reaction tests, more commonly known as PCR tests. In

particular that PCR tests cannot distinguish between influenza and COVID-

19. See Dr Altman’s comments at [58] — [64] and [162] — [165] of his

affidavit.

100. | strongly disagree with Dr Altman. PCR tests are very accurate in

identifying COVID-19. They will only give a positive result if SARS-CoV-2 is

present, being the virus that causes COVID-19. They do not conflate the

presence of influenza and SARS-CoV-2. The narrative that PCR tests

produce false positives has arisen because these tests are so effective at

the identification of SARS-CoV-2 viral particles. Because PCRis so sensitive,
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some individuals may remain positive when tested by PCR for some time
after they are no longer infectious. This fact is well understood and
recognised in the use of PCR in the management of individuals with COVID-
19 and is why the production of a negative PCR test is not required for

individuals to leave isolation or quarantine.

Dr Altman (at [162] of his affidavit) refers to the fact the CDC has
withdrawn the PCR test as a valid test for identifying COVID-19 suggesting
this was done because the PCR test was inaccurate. That is entirely
incorrect. At the end of last year, the CDC switched to using multiplexed
PCR tests rather than the original PCR tests that had been used up to that
point.>* The multiplexed PCR tests, can detect more than just the presence
of SARS-CoV-2 but also influenza. For each virus the multiplexed PCR test
will give either a positive or negative result. That is, the multiplexed PCR
test can detect both viruses at the same time, saving a patient from having

to be tested twice.

Some PCR tests have been able to not only detect SARS-CoV-2 (the virus
that causes COVID-19), but additionally differentiate between Omicron
(some sub-lineages) and previous variants. The remaining PCR tests have
been able to detect both Omicron and other variants (like Delta) but not
differentiate between them. This is not a failure of these tests, rather that
some other tests have an unexpected additional benefit. For the avoidance
of doubt, all PCR tests are able to detect with a high level of accuracy the
presence of SARS-CoV-2 and PCR tests remain the gold standard test for
detection of COVID-19.

Predetermination

103.

104.

| understand the applicants are alleging the decision to give provisional
consent to the Paediatric Vaccine and the subsequent decision to rollout
the Paediatric Vaccine were both predetermined because of the
government’s vaccination strategy, or political objectives, or contractual

arrangements with Pfizer.

| did not make either of those decisions. However, | had a role in providing

54

https://www.cdc.gov/csels/dls/locs/2021/07-21-2021-lab-alert-Changes CDC RT-PCR SARS-CoV-2 Testing 1.html
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advice to the Director-General of Health that helped to inform Cabinet’s
decision to rollout the Paediatric Vaccine in my capacity as a member, and
Chair, of CV-TAG. As previously discussed, CV-TAG recommended the
Government expand the COVID-19 vaccine rollout to include the Paediatric

Vaccine and children aged 5 to 11.

My understanding is that the applicants are not directly alleging that CV-
TAG’s recommendation to the Government was predetermined. For the
avoidance of doubt, | would emphatically reject any suggestion that it was.
I am a trained physician and scientist. My role, as Chief Science Advisor and
a member of CV-TAG, is to provide robust credible science advice to assist
decision-makers. | am focused on the scientific evidence of the efficacy and
safety of the Paediatric Vaccine (and other COVID-19 vaccines). CV-TAG's
recommendation on the Paediatric Vaccine was formed entirely in reliance

of the available scientific evidence.

AFFIRMED

at Christchurch this | 0" dayof
June 2022
before me:

— St

o 61727

George lan Town

Emma Louise Sprott

Solicitor
Christchurch
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About the SARS-CoV-2 Variants Update

The purpose of this document is to provide an overview of recent developments with respect to the
identification of new variants or further detail about the properties of already identified variants. Characteristics
of current circulating variants are monitored including: growth advantage/transmissibility; disease course/viral
dynamics; clinical features (symptoms and severity); immune evasion, vaccine effectiveness and therapeutics
effectiveness; and detection/testing.

All viruses, including SARS-CoV-2, change over time. Most of these changes have little to no impact on the
properties of the virus, but some may affect properties such as: how easily it spreads, the associated disease
severity, the performance of vaccines, therapeutic medicines, diagnostic tools, or the performance of other
public health and social measures. Nomenclature systems for naming and tracking SARS-CoV-2 genetic lineages
have been established by GISAID, Nextstrain and Pango. To assist with public discussions of variants, an expert
group convened by WHO recommended using letters of the Greek Alphabet, i.e., Alpha, Beta, Gamma, Delta
etc.[2]

About this update

A selected sub-set of topic areas are comprehensively updated in each issue of this document. The dates stated
for section updates relate to when a comprehensive update was performed, although additional data might
have been added in the interim. New information included since the previous update is provided in red text.

This issue retains the separate table for the BA.2 sub-lineage of Omicron, as it continues to replace the
previously dominant BA.1 sub-lineage of Omicron.[4]

Key documents published recently

In addition to selected recent pre-prints and published studies, key reports used in this update include:

. UKHSA: SARS-CoV-2 variants of concern and variants under investigation in England Technical briefing
41, 6 May 2022 [5]

. UKHSA: Risk assessment for SARS-CoV-2 variants V-22APR-03 and V-22APR-04, 28 April [6]
. WHO: Weekly epidemiological update on COVID-19 - 11 May 2022 [7]

° WHO: Weekly epidemiological update on COVID-19 -4 May 2022 [8]

e ECDC: Communicable Disease Threats Report - Week 19, 8-14 May 2022 [9]

This is the exhibit marked “GT-4" referred to in the
annexed Affidavit of GEORGE IAN TOWN
affirmed at Christchurch this () ‘day of June 2022
before me:

the High CotrTol New-Zealand\ 1 Sprott

Solicitor
Christchurch
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Key new information in this update

The Omicron Variant of Concern remains the dominant variant circulating globally, accounting for nearly
all sequences recently reported to GISAID.

BA.4 and BA.5 are Omicron sub-lineages that were first detected in South Africa in January and February
2022 respectively, and are now the dominant variants there. BA.4 and BA.5 remain at a low prevalence
globally, but their geographic distribution implies they are spreading successfully. They have now been
detected in over 20 countries, including at the New Zealand border. BA.4 and BA.5 appear to have a
growth advantage, though no evidence regarding impact on transmissibility has been reported. BA.5 has
an estimated daily growth advantage over BA.2 of 13% in Portugal and 12% in South Africa. The growth
advantage for BA.4 and BA.5 is thought to be likely due to their ability to evade immune protection
induced by prior infection and/or vaccination, particularly if this has waned over time. There is currently
no evidence to suggest an effect on severity of illness.

Although the UK Health Security no longer classifies Delta as a Variant of Concern, the WHO retains this
designation. A recently published study on waste-water surveillance in Israel found that Delta is highly
resilient and continued to be detected at low levels even at the height of the Omicron wave. The
authors raise concern that such ‘cryptic circulation’ could possibly result in the re-emergence of a Delta
wave of generation of a new variant.

A World Health Organization report included an updated summary of evidence on Omicron, including
for vaccine effectiveness (VE). Lower vaccine effectiveness of a primary vaccine series has been
observed for severe disease, symptomatic disease, and infection against the Omicron compared to the
previous four VOCs. However, importantly, in the majority of studies VE estimates against the Omicron
variant remain higher for severe disease than for other outcomes. Booster vaccination substantially
improves VE for all outcomes, but studies that assess VE of booster vaccination beyond 6 months are
needed to evaluate the longer duration of protection.
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Overview of variants
Section updated: 24 April 2022

Many agencies monitor existing and emerging variants, including the World Health Organization (WHO) and the
UK Health Security Agency (UKHSA). Surveillance, classification, and reporting varies between countries and
agencies.

Changes to UK Health Security Agency (UKHSA) variant classification system [1]:

From 1 April 2022, the UKHSA amended its variant classification system to give a clearer indication of
which variants have potentially significant changes in biological properties compared to current
dominant variant(s).[3] These variants with potentially significant changes may pose a risk to public
health in the UK although at the time of identification it may be difficult to predict the extent of the
impact.

In the new system, the Variant of Concern (VOC) label is assigned to variants which are currently
emerging or circulating, and for which the UKHSA have confirmed or can predict:
¢ a detrimental change in biological properties (changes in transmissibility, severity or
immune evasion) compared to the current dominant variant(s); and
e a growth rate potentially compatible with maintaining transmission and/or displacing the
current dominant variant.

There will be no other categorisation of variants, and there will be no variant under investigation (VUI)
category. UKHSA will continue to designate new variants based on genomic features and growth, and
these will receive a variant number (V-date-number) and will have routine characterisation analyses
once biological materials are available and/or sufficient cases accrue.[3] Previous variants of concern
which no longer meet the criteria have been redesignated.[1]

Different national authorities may designate variants differently depending on their definitions and the risk
posed to their country.[8] Table 1 outlines the currently circulating known variants of public health interest. It
displays the various nomenclature for the different variants, including UKHSA labels, WHO designations and
Phylogenetic Assignment of Named Global Outbreak Lineages (Pangolin lineages), European Centre for Disease
Control and Prevention (ECDC) designation, as well as the date/location of earliest documented samples. It also
indicates the classification level given by the UKHSA (VOCs, variants (V-date-number), and ‘signals in
monitoring’) if applicable. Red text indicates new or updated information since the previous Variants Update.

As of 16 May 2022, Delta and Omicron' were the only circulating Variants of Concern as designated by the
WHO.(link) There were no currently circulating Variants of Interest as designated by the WHO at that time. As of
16 May, the WHO listed two variants under monitoring: B.1.640 and XD.[10]

Recently designated variants include the following, which were classified by the UKHSA Variant Technical
Group (VTG) on 6 April 20222[1]:

e Recombinant XD was classified V-22APR-01

e Recombinant XE was classified V-22APR-02

"Includes BA.1, BA.2, BA.3, BA.4, BA.5 and descendent lineages. It also includes BA.1/BA.2 circulating recombinant forms such as
XE.

2 Whilst recombinant lineages generally are monitored through horizon scanning, UKHSA has classified XD and XE recombinant
lineages as variants V-22APR-01 and V-22APR-02, respectively. XD has been classified a variant (V) on the basis of the data
published from France, suggesting that it may be biologically distinct. XE has been classified a variant (V) based on apparent
continued growth within the UK.
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e Omicron sub-lineage BA.4 was classified V-22APR-03
e Omicron sub-lineage BA.5 was classified V-22APR-04.

Table 1 now also includes European Centre for Disease Prevention and Control (ECDC) classifications. The ECDC
uses the label ‘variant of concern’ when clear evidence is available for a variant indicating a significant impact on
transmissibility, severity and/or immunity that is likely to have an impact on the epidemiological situation in the
EU/EEA.[11]

Note that whilst BA.4 and BA.5 were both first detected in South Africa, the country performs a high rate of
whole genome sequencing, and it is possible the variants first emerged (but was not detected) somewhere
else.[12]
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Pango lineage WHO label UKHSA label UKHSA designation ECDC designation Earliest documented Distribution
samples
8.1.1.7 Wipha V-20DEC-01 Variant (previously a variant of concern) De-escalated variant  [United Kingdom, Sep- [Detected in the UK in the past 12
(previously VOC-20DEC- 2020 weeks as at 6 May.[5]
01)
8.1.617.2 and sub- Delta IV-21APR-02 (previously Nariant (previously a variont of concern) ariant of Concern[11] India, Oct-2020 Petected in the UK in the past 12

lineages

VOC-21APR-02)

weeks as at 6 May.[5]

wnder investigation)

B.1.1.529/BA.1 IOmicron VOC-21NOV-01 Variant of concern ariant of Concern[11] [Detected in the UK in the past 12
weeks as at 6 May.[5]
B.1.1.529/BA.2 IOmicron VOC-22JAN-01 Variant of concern (previously a variant Variant of Concern[11] Detected in the UK in the past 12

weeks as at 6 May.[5]

Imonitoring)

Imonitoring [11]

AY.4.2 \V-210CT-01 (previously Nariant (previously a variont under [De-escalated but Detected in the UK in the past 12
\VUI-210CT-01) investigation) - *AY.4.2 is a sub-lineage onitored under Delta weeks as at 6 May.[5]
within Delta that has been assignedasa  [VOC
distinct variant by UKHSA.
B.1.640 - - Signal in monitoring (previously Variant in Multiple countries, Detected in GISAID, but not in the
imonitoring) Sep-2021 UK, in the past 12 weeks
as at 6 May.[5]
BA.3 - - Signal in monitoring (previously Variant in  Variant under South Africa [11] Petected in the UK in the past 12

weeks as at 6 May.[5] As of 16 May
2022, most BA.3 cases reported
were in South Africa (81%) and the
IS (5%).(link)

Delta and Omicron
recombinant lineages
(UK)

Signal in monitering (previously Variant in
Imonitoring)

United Kingdom, Feb-
2022

Detected in the UK in the past 12
weeks as at 6 May.[5]




RO

Pango lineage

ToHuToHY
PUTAIRD ME TE
HANGARAL

WHO label

SARS-CoV-2 Variants Update

UKHSA label

UKHSA designation

ECDC designation

Earliest documented

samples

MINISTRY OF

/) HEALTH

MANATU HAUORA

Distribution

B.1.351 Beta \V-20DEC-02 Variant of Concern (last report unclear South Africa, May- [Detected in GISAID, but not in the
pesignation) 2020 JUK, in the past 12 weeks
as at 6 May.[5]
P.1 Removed from UKHSA  [Removed from UKHSA list Brazil, Nov-2020
ist
B.1.621 Mu V-21JUL-01 (previously Nariant (previously Variant under IColombia, Jan-2021 IDetected in GISAID, but not in the
VUI-21JUL-01) Investigation) JUK, in the past 12 weeks
as at 6 May.[5]
AY.119.2/BA.1.1 KSignal under monitoring [Detected in GISAID, but not in the
Recombinant JUK, in the past 12 weeks
as at 6 May.[5]
XD Recombinant V-22APR-01 Variant {previously signal under France, Jan-2022 IDetected in GISAID, but not in the
Delta x BA.1) monitoring) UK, in the past 12 weeks
as at 6 May.[5]
XE Recombinant (BA.1 \V-22APR-02 Variant First case detected on [Detected in the UK in the past 12
x BA.2) 19 January 2022. [3,  [weeks as at 6 May.[5]
13]
B.1.617.3 IV-21APR-03 Variant IDetected in GISAID, but not in the
JUK, in the past 12 weeks
s at 6 May.[5]
BA.1/BA.2 Signal in monitoring IDetected in the UK in the past 12
Recombinant (with lweeks as at 6 May.[5]
unique mutation
IC3583T)
IXF Recombinant Signal in monitoring Detected in the UK in the past 12
weeks as at 6 May.[5]
B.1.1.529/ BA.4 Omicron V-22APR-03 Variant \Variant of Concern as [South Africa, January [Detected in the UK in the past 12
lsub-lineage of 12 May 2022 2022. [12] weeks as at 6 May.[S]Dominant in
BA.4 previously variant of South Africa along with BA.5.[14]
rnterest][ld]
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Earliest documented Distribution

samples
B.1.1.529/ BA.5 [Omicron  [V-22APR-04 Variant of Concern as  [South Africa, February [Detected in the UK in the past 12
sub-lineage of 12 May 2022 022.[12) weeks as at 6 May.[5] Dominant in
BA.5 previously variant of lSouth Africa along with BA.4.
nterest)[14] Increasing trend in the variant
proportions for BA.5 observed in
Portugal in recent weeks.[14] As of
16 May UKHSA reported it had been
fetected in 17 countries, with
highest numbers in South Africa,
Portugal, Germany and the UK.[5]
[Detected in the UK in the past 12
weeks as at 6 May.[5)]

UKHSA designation ECDC designation

Pango lineage WHO label UKHSA label

Variant

BA.2.12.1 Signal in monitoring




SHICAL T(_)HUTOHuiTE . . _ HE ALTH
el <= SARS-CoV-2 Variants Update

ADVISORY HANGARAL MANATU HAUORA

Delta

The UKHSA no longer classifies Delta as a Variant of Concern, however the WHO does. A recently published
peer-reviewed study has raised concerns that Delta could continue to pose a larger threat than widely
assumed.(link) Previous variants have tended to diminish and vanish fully, being over-powered by the next
variant. However, waste-water surveillance in Israel found that the Delta variant is highly resilient — even at the
height of the Omicron wave, the Delta variant was still detected at low levels.[15] Their modelling suggests that
Omicron levels may decrease until it is eliminated, while the Delta variant could maintain its ‘cryptic circulation’,
possibly resulting in the re-emergence of a Delta wave or generation of a new variant.

Omicron Overview
Section updated: 16 May 2022

The Omicron variant has quickly become dominant across the world, displacing the previously dominant Delta
variant.[16] It has spread rapidly even in regions with high levels of population immunity.[17] Omicron was first
detected in November 2021 and was associated with a rapid resurgence of COVID-19 cases in South Africa.[17]
Within three days of the first genome being uploaded, the WHO had designated it as the fifth variant of concern
of SARS-CoV-2 (Omicron, B.1.1.529).[17] Within three weeks the variant had been identified in 87 countries.[17]
Compared to the previous four VOCs (Alpha, Beta, Gamma, and Delta), the Omicron variant was noted to have
the greatest number of mutations; 50 mutations accumulated throughout the genome.[18] This included at
least 32 mutations in the spike protein (twice as many as Delta),[18] enabling highly efficient evasion from
neutralising antibodies.[16] Omicron has continued to evolve, leading to further variants with slightly different
genetic constellations of mutations.[8]

The Omicron variant (B.1.1.529) comprises a number of lineages and sub-lineages.[19] This includes BA.1, BA.2,
BA.3, BA.4, BA.5 and descendent lineages, as well as BA.1/BA.2 circulating recombinant forms such as XE.[10]
There are a large number of mutations differentiating Omicron variants from other known SARS-CoV-2
lineages.[17] BA.2 and BA.3 are evolutionarily linked to BA.1[17] and BA.4 and BA.5 are evolutionarily linked to
BA.2.[1]

BA.1 and BA.2

In early December 2021, Pango announced it was designating two genetically distinct sub-lineages of B.1.1.529
as BA.1(B.1.1.529.1) and BA.2 (B.1.1.529.2)[20]: BA.1 for the original globally distributed lineage, and BA.2 for
the new outlier lineage. The prefix BA was then an alias for B.1.1.529.[20] BA.2 was designated a variant under
investigation (VUI) by UKHSA on 21 January 2022. UKHSA’s latest BA.2 risk assessment was published on 23
March 2022.[21] BA.2 contains 29 mutations in the spike protein and a deletion at 25-27. Some of the mutations
in the spike protein are shared with BA.1.[22]

Definitive differentiation of BA.1 from BA.2 requires whole genome sequencing (WGS). However, as the
Omicron genome (lineage BA.1) contains the spike deletion at position 69-70 which is associated with S-gene
target failure (SGTF) in some widely used PCR tests, SGTF patterns have been used to assess the spread of
Omicron lineage BA.1. The BA.2 genome generally is S-gene target positive, but as of 30 March 2022, the UKHSA
reported that 0.16% of BA.2 samples sequenced had the deletion at position 69-70.[1] The UKHSA is no longer
reporting SGTF patterns. A change in UK testing policy on 1 April resulted in a substantial reduction in tests
processed through assays which can report SGTF. Therefore, SGTF is no longer a reliable representation of
variants in the population, and the UKHSA will not be reporting it going forward.[5]

BA.3

Omicron sub-lineage BA.3 continues to be very rare, with 107 sequences noted in cov-lineages.org as of 16 May
2022. It has been most commonly reported in South Africa (81% of BA.3 global cases) followed by Poland (5%)
and the US (5%). BA.3 has the SGTF deletion (A69-70) so can be detected using PCR tests that detect SGTF, and
has a combination of the mutations found in BA.1 and BA.2 spike proteins.[23]
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BA.4 and BA.5

Two new variants within the Omicron lineage have been recently identified and named BA.4 and BA.5. These
were classified by the VTG on 6 April 2022 as V-22APR-03 and V-22APR-04, respectively.[1] On 12 April 2022,
WHO announced that BA.4 and BA.5 had been added to their list of variants for monitoring. The ECDC classified
both as variants of concern on 12 May.[14] At this stage it is unknown what effect on transmissibility or severity
of disease these subvariants have, but both appear to have a growth advantage over BA.2.[12] Further
information about these two subvariants is provided later in this document.

Prevalence of Omicron and its sub-lineages

The highly transmissible Omicron variant continues to be the dominant variant circulating globally, and has
rapidly replaced all other circulating variants in almost all countries in which it has been reported.[24] The WHO
Weekly Epidemiological Update on 11 May [7] reported that:

“The Omicron VOC remains the dominant variant circulating globally, accounting for nearly all sequences
reported to GISAID in the last 30 days. Of note is the very low proportions of ‘previously circulating VOCs’
and of the Delta VOC. With variant diversification, Omicron sublineages have continued to be identified;
however, only a few of these sublineages appear to have a growth advantage. These findings need to be
interpreted with caution, as differences in sequence capacity across regions and countries may confound
such interpretations and global distributions.”[7]

BA.1 was responsible for the initial Omicron surge and is now being replaced by BA.2 globally.[4]

e Asof 16 May 2022, BA.2 was most commonly reported in the UK (40% of reported global BA.2 cases),
Denmark (16%), Germany (13%), the US(7%), and France (4%).(link) 797 891 sequences had been
assigned BA.2 globally.

e A WHO report from 27 April noted that among the 257 337 sequences uploaded to GISAID with
specimens collected in the last 30 days, 256 684 (99.7%) were Omicron, 47 (<0.1%) were Delta, and 555
(0.2%) sequences were not assigned to a Pango lineage. WHO comments that while the decrease in
sequences is consistent with the overall decreasing trend in new cases reported globally, it may also
reflect changes in epidemiological surveillance policies in some countries, including changes in sampling
and sequencing strategies.[25]

e UK:VOC-22JAN-01 (Omicron sub-lineage BA.2) remains dominant in the United Kingdom (UK) based on
sequencing data.[5] The UKHSA also notes that some diversity is developing within this variant, based
on both lineage and mutation surveillance. Of the sequenced episodes from 24 April to 1 May 2022,
91.9% were Omicron lineage BA.2 (VOC-22JAN-01) and 8.1% were Omicron lineage BA.1 (VOC-21NOV-
01).[5]

* US: CDC projections for the week ending April 30, 2022, estimated that 100% of lineages in the United
states are Omicron,[26] as with projections for the week ending April 9.[27] The predominant Omicron
lineage in the United States is BA.2. The national proportion of BA.2 is projected to be 61.9% , BA.2.12.1
is projected to be 36.5%, BA.1.1 is projected to be 1.3% and B.1.1.529 (BA.1, BA.3, BA.4 and BA.5) is
projected to be 0.1%.[26]
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Data on BA.2 is summarised in Table 2 below. BA.2 data has been highlighted due to its increasing dominance worldwide. For current information about BA.2 in
sections not updated in this version, see the most recent UKHSA technical briefing.[1]

Table 2: Characteristics of Omicron BA.2

Characteristic
here is evidence of a growth advantage of BA.2 relative to BA.1. WHO have stated that a relative increase in BA.2 has been observed in
Growth advantage/ ultiple countries. BA.2 may have between 30-50% greater transmissibility compared to BA.1.

transmissibility o o ) )
BA.2 has now been reported in 85 countries and there has been a continuing relative increase in Omicron sequences that are BA.2
ISection updated: 15 according to WHO.[28]

March2022 KHSA states that there is evidence of a growth advantage for BA.2 compared to BA.1 in more than one country.[29] The growth rate

pdvantage observed in England, in areas where there are sufficient cases to assess, is supported by increased household SARs in
preliminary UK data.[29] The UKHSA Risk Assessment of 26 January 2022 noted that given the high SAR observed for BA.2 and “lack of
apparent immune evasion” (presumably relative to BA.1), it is plausible that a change in transmissibility is contributing to the growth
advantage.[29] In the latest UKHSA Risk Assessment (9 February 2022), the potential role of the shorter serial interval for BA.2 in
onferring the growth advantage is noted.[30]

Scientists from Heidelberg University have shared data on Twitter which suggests a BA.2 growth advantage over Delta of approximately
R0% per day and a BA.1 growth advantage over Delta of approximately 15% per day.(link)

Data from the UKHSA [31] and Denmark [32] suggests BA.2 may have 30-50% greater transmissibility than BA.1. Two papers have reported
B higher estimated effective reproduction number of BA.2 compared to BA.1 —in one pre-print paper 1.26-fold higher, [33] in the other
paper (now published) 1.40-fold higher.[34]

ousehold transmission

KHSA reported that the crude SAR for BA.2 is 30% higher, compared to BA.1 for household contacts.[31] Analysis of routine contact
racing data showed SAR for household contacts as 13.4% (10.7%-16.8%) for BA.2 and 10.3% (10.1%-10.4%) for BA.1.[31] SAR analysis was
ot adjusted for vaccination status and only included close contacts named by the original case to NHS Test and Trace, (household
embers, face-to-face contact, people within one metre of the case for one minute or longer, or people within 2 metres for 15
inutes).[31]

on peer-reviewed analysis from the Danish Statens Serum Institut suggests a 50% increase in transmissibility for BA.2 compared to BA.1,
ith the estimated SAR of 29% for BA.1; and 39% SAR for BA.2 across households infected with Omicron.[32]
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Data
Preliminary UK data gives a mean serial interval for BA.2 of 3.27 days, with 95% of serial intervals expected to be less than or equal to
7.56 - 8.40 days after primary case symptom onset.

Serial interval

JIUKHSA preliminary analysis of contact-tracing data shows the mean serial interval for BA.2 is 3.27 days (95% CI: 3.09 - 3.46), around half a
day shorter than BA.1 (3.72; 95% CI: 3.62 - 3.80).[35] Similarly, BA.2 has a shorter median serial interval (2.68 days 95% Cl: 2.50 - 2.87)
compared to BA.1 (3.27 days; 95% Cl: 3.17-3.36). For BA.2, 95% of serial intervals are expected to be less than or equal to 7.56 - 8.4 days
after primary case symptom onset. This is similar to BA.1, with 95% of serial intervals expected to be less than or equal to 8.21 - 8.57 days
pfter primary case symptom onset.[35]

\iral load

A Danish pre-print found no difference in viral load between BA.1 and BA.2 across 58,015 samples.[36] However, a study from Qatar
reported that BA.2 demonstrated greater infectiousness than BA.1 on the basis of lower cycle threshold (Ct) values (mean of -3.53 cycles
rompared with BA.1) on PCR tests of over 150,000 samples.[37]

A pre-print reporting Omicron breakthrough infections in triple vaccinated HCWs (within the Stockholm COMMUNITY study) found viral
oad peaked at day 3 after first PCR-positive sample and viral load did not differ significantly between BA.2 and BA.1 or BA.1.1
infections.[38] Live virus was detected for up to 9 days after first PCR-positive sample. Of note, this report documents only 82
breakthrough infections in total, with 24 BA.2 breakthrough infections included in the analysis.

I large Swedish study analysing 174,933 clinical nasopharyngeal swab samples at a time of transition between BA.1 and BA.2 has reported
b nearly two-fold higher (1.9) level of viral RNA in cases with BA.2.[39] The authors suggest that this increased viral load in the upper

harynx may explain the growth advantage of BA.2 over BA.1.
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Characteristic Data
There are insufficient data to determine the severity of BA.2 infections. Preliminary analyses show no differences in frequency of
Clinical features hospitalisation for BA.2 compared to BA.1
(symptoms and

everity) Danish Statens Serum Institut has stated that preliminary analysis shows no differences in hospitalisations for BA.2 compared to BA.1 and
I’ those analyses are ongoing.[40] There continue to be insufficient data to assess the severity of BA.2.[30]
Bection updated: 15 March

bo22t Preliminary analysis of South African data suggest the odds of being hospitalised does not differ between BA.1 and BA.2 and that the

keverity of clinical illness remains similar for both sub-lineages. [41] A report of Omicron cases from Rajasthan, India also reported no
difference in clinical profile for BA.1 and BA.2.[42]

Early data regarding Omicron in children suggested that symptoms appeared to be less severe than previous variants, and paediatric
deaths were rare. However, these data were from populations in which a majority were already protected from past infection, vaccination
pr both.[43] A large study of an uninfected and unvaccinated population of children, investigated the intrinsic severity of BA.2. The
population-based case control study investigated severe outcomes among 1,147 children aged 11 years or below who were hospitalised
between 5 February and 28 February 2022 (a BA.2-dominant period). The authors concluded that the intrinsic severity of BA.2 in children
Who had no past COVID-19 or vaccination is not mild. Four deaths (0.35%) occurred during the Omicron wave, resulting in a higher in-
hospital case fatality rate than other SARS-CoV-2 variants (0%), influenza (0.05%) and parainfluenza (0.04%). The mortality estimates are
based on very small sample sizes. Children hospitalised during the BA.2 dominant period had higher odds of PICU admissions, mechanical
Ventilation and oxygen use. BA.2 was reported to be more neuropathogenic than previous SARS-CoV-2 variants, influenza and
parainfluenza viruses, resulting in more seizures. One notable limitation of the study was the lack of viral genome sequencing data
verifying that all infections in February 2022 were caused only by the BA.2 variant. However, epidemiological data suggested that the BA.2
Nariant was dominant right from the start of the latest surge. The authors also suggest caution regarding the in-hospital CFR of 0.35%, as it
s likely an overestimate of fatality because of under-detection of milder cases. The results of this Hong Kong study could have particular
relevance for New Zealand, given that this age group have similarly largely escaped infection with previous variants, with children under
the age of 5 without access to vaccination. The authors of the study note that the lack of exposure to seasonal human coronaviruses in the
Ppast 2 years, resulting in lack of cross-reactive immunity.[43]




RO#
TonuToHu 1 TE

MINISTRY OF

HEALTH

ISection updated: 15 March
12022t

POTAIAD ME TE - N
iourkid SARS-CoV-2 Variants Update
Based on early data BA.2 does not appear to have a greater capacity forimmune evasion than BA.1.
Immune —
% . Neutralisation assays
vasion/vaccine
ffectiveness/ JUKHSA states that a preliminary pseudovirus neutralisation study does not suggest a difference in neutralisation between BA.2 and BA.1,
therapeutics using sera from vaccinated individuals.[29] A further pseudovirus neutralisation study using sera from Pfizer vaccinated individuals (3

doses) found similar neutralisation rates for BA.1 and BA.2.[44] Another neutralisation study found greater neutralisation of BA.2 than
A.1 for sera from Pfizer vaccinated individuals whether single, two-dose or three-dose vaccinated sera.[45]

accine effectiveness

preprint study of UK data posted in March 2022 estimates the effectiveness of booster vaccination against symptomatic disease caused
y the BA.2 sub-lineage of the Omicron (B.1.1.529) variant.[46] Preliminary analysis from the UKHSA found no statistical difference in the
accine effectiveness for BA.2 compared to BA.1.[31] Analysis included Pfizer, Moderna and AstraZeneca vaccines (combined data). After 2
oses, vaccine effectiveness was 9% (7 to 10%) and 13% (-26 to 40%) respectively for BA.1 and BA.2, after 25+ weeks. This increased to

3% (63 to 64%) for BA.1 and 70% (58 to 79%) for BA.2 at 2 weeks following a booster vaccine.[31] UKHSA will continue to analyse this

ata.

infection

pre-print reporting on reinfection with BA.2 in Qatar found a higher rate of BA.2 infection in previously uninfected people than those
reviously infected with BA.1.[47] Limitations of the study included the definition of reinfection as infection 235 days and variation in
esting strategies (differing PCR tests and use of rapid antigen tests) and assignment of sub-lineage. Vaccination status was adjusted for in
he analysis.

K data on BA.2 reinfection is being monitored as part of the SARS-CoV-2 Immunity and Reinfection EvaluatioN (SIREN) study of NHS
ealthcare workers and is summarised in UKHSA reports.[3, 48] The UKHSA Risk Assessment for BA.2 reported on 23 March 2022 notes
hat a small number of sequence-confirmed BA.2 reinfections after BA.1 infection have been identified and that these reinfections have
een predominantly in unvaccinated people.[48] The SIREN study defines reinfection as: new PCR positive infections 90 days after a
revious PCR positive date or 28 days after antibody positivity consistent with prior infection.[3] Notably, the latest UKHSA Technical
riefing 39 of 25 March 2022 states that they are at the start of the 90-day period for possible reinfection following a BA.1 infection, so
imited information is available about the frequency of BA.2 infection following a BA.1 infection.[3]

he UKHSA Risk Assessment for BA.2 also reports that neutralisation studies support protection from BA.2 reinfection after BA.1 infection
n those vaccinated.[48] A cross-neutralisation study using human sera from unvaccinated individuals infected with BA.1 showed similar,
ut slightly lower neutralisation activity of BA.1 sera against BA.2 (and BA.3).[4]

herapeutics
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Characteristic

Antivirals - evidence from in vitro studies and animal studies (for molnupiravir only to date) show remdesivir, molnupiravir and nirmatrelvir
the active component of Paxlovid) demonstrate similar activity against BA.2 as for earlier variants.

Monoclonal antibody treatments — recent in vitro studies suggest differing neutralisation activity for some monoclonal antibodies against
BA.2 compared to other sub-lineages. Notably, sotrovimab has been shown to have some reduced activity against BA.2 and there is some
preliminary evidence that imdevimab (one of the components of Ronapreve) may have some retained activity against BA.2.

Ws recent studies document the evidence against sub-lineages together and to avoid repetition, detail of recent therapeutics studies can be
found in Table 3.

Detection

ISection updated: 22 February
022t

Most observational studies have relied on SGTF as a proxy for Omicron, which would generally identify BA.1 but not BA.2. Therefore,
caution is required when interpreting comparative analyses which use S-gene target results as the only determinant of Omicron and
Delta.

Unlike BA.1, the BA.2 lineage generally does not have the spike deletion at 69-70 that causes S-gene target failure (SGTF).[49] Because of
this, it is being called the “stealth” version of Omicron as it cannot be detected using PCR tests that detect SGTF, such as Thermo Fisher's
TagPath. (link) This has implications on using PCR tests that detect SGTF as a proxy for rapidly detecting Omicron cases. It should be noted
that as at 30 March 2022, the UKHSA reported that 0.16% of BA.2 samples sequenced had the deletion at position 69-70.[1]

Data is emerging for BA.2. Most observational studies have relied on SGTF as a proxy for Omicron, which would generally identify BA.1 but
not BA.2. Therefore, caution is required when interpreting comparative analyses which use S-gene target results as the only determinant
pf Omicron and Delta.

* See Table 3 for updates on non-BA.2 lineages
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Table 3 below highlights data relating to various characteristics of the Omicron variant as a whole. This includes non-BA.2 related information, as well as data where
Omicron is specified but not the sub-lineage. For data specific to Omicron BA.2 sub-lineage please see Table 2 above.

Table 3: Characteristics of Omicron and its sub-lineages

Characteristic Data

Omicron is more transmissible and has a higher secondary attack rate than Delta
Growth advantage/

transmissibility One analysis has estimated that Omicron had a growth advantage that corresponds to a 5.4-fold (95% CI = 3.1-10.1) weekly increase in cases
kompared with Delta.[17] The authors suggest that the growth advantage of Omicron is likely to be mediated by (1) an increase relative to
other variants in its intrinsic transmissibility, (2) an increase relative to other variants in its ability to infect, and be transmitted from, previously
Section updated: 22 February [nfected and vaccinated individuals; or (3) both.[17]

2022 Using data from Denmark (to 18th Dec 2021), the effective (instantaneous) reproduction number of Omicron is 3.19 (95%C| 2.82-3.61) times
greater than that of Delta under the same epidemiological conditions.[50] In Canada, initial modelling estimates of Rex for Omicron is 1.5 (90%Cl
0.78-2.34).[51]

Data to 20 December 2021 reported by UKHSA show that, relative to Delta, Omicron is currently more concentrated in young adult age groups
20 to 29) and is less prevalent in children.[52] Of the 1,063 cases in one region of Canada, 59% of 1,063 cases were 18-24 years old and 27%
were 25-39 years old, corresponding with the main outbreak environments being in post-secondary education and food/beverage settings.[51]

Scientists from Heidelberg University have shared data on Twitter which suggests a BA.1 growth advantage over Delta of approximately 15%
per day.(link)

Data from a US health provider in Houston, Texas, indicated a case-doubling time for Omicron of 1.8 days, three times faster than for Delta in
this area.[53] Preprint data from South Africa found Omicron was more associated with asymptomatic infection and transmission than Beta and
Delta.[54] In England, contact tracing data show a greater proportion of transmission happening outside the household for Omicron than for
Delta.[52]

Emerging data from the UK estimated a shorter generation time (interval between infection events in an infector-infectee pair) for Omicron
during late November to December 2021, with a mean of 1.5-3.2 days (standard deviation [SD] 1.3-4.6 days), compared to a mean of 2.5-4 days
SD 1.9-3 days) for Delta.[14] This translated to a transmission advantage of 160%-210% for Omicron. However, the study is subject to bias from
factors such as differences in the populations the variants were present in, differences in immune escape between variants, and using test to
test distribution as a proxy for the generation time distribution.
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Data
JUKHSA preliminary analysis of contact-tracing data shows the mean serial interval for BA.1 is 3.72 days (95% Cl: 3.62 - 3.80).[35] BA.1hasa
median serial interval of 3.27 days (95% Cl: 3.17-3.36). For BA.1, 95% of serial intervals are expected to be less than or equal to 8.21 - 8.57 days
after primary case symptom onset.[35]

Household transmission

INon peer-reviewed analysis from the Danish Statens Serum Institut estimates a SAR of 29% for BA.1 (compared with an SAR of 39% for BA.2)
lacross households infected with Omicron.[32]

South Korea [55]: secondary attack rate in a small study of 25 households was 50.0%
Danish data [56]:

* Overall, household SAR was 31% for Omicron and 21% for Delta.

e Household SAR for unvaccinated individuals was 29% for Omicron and 28% for Delta.

e Household SAR for fully vaccinated (defined according to each vaccine) individuals was 32% for Omicron and 19% for Delta.
s Household SAR for booster-vaccinated individuals was 25% for Omicron and 11% for Delta.

UK data [52]): The UKHSA Technical Briefing 33 (23 December 2021) reported that household SAR was 13.6% (95% Cl: 13.1-14.1) for Omicron
and 10.1% (95% Cl: 10.0-10.2) for Delta. SAR in non-household settings was 7.6% (95% Cl: 7.2-8.0) for Omicron and 2.8% (95% Cl: 2.7-2.9) for
Delta. However, this data has not been stratified by vaccination status,

Other data

apan [57]: A study investigated the differences in viral environmental stability between the SARS-CoV-2 Wuhan strain and all VOCs on plastic
and skin surfaces. The Omicron variant has the longest survival time of 21.1 hours (95% Cl: 15.8-27.6) compared to 16.8 hours (35% Cl: 13.1—
21.1) for Delta. The high environmental stability of Omicron could increase the risk of contact transmission and contribute to its spread.

Canada [58]: A study found that initial testing of HCWs if they had a household positive case in majority of instances was sufficient to prevent
nosocomial transmission to patients. On initial testing 196 of 475 HCWs were positive and were quarantined. Only 42 (15%) of 279 HCWs that
were initially asymptomatic and allowed to work became positive a median of 4 days after the initial test, but no further transmission was
Hetected. Absence of symptoms at initial evaluation {OR 3.8, 95% Cl 2.5-5.7) and having received a third vaccine dose more than 7 days before

OR 1.88, 95% Cl 1.3 — 2.8) were associated with increased odds of remaining negative.
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INon-omicron, novel transmission data: A human challenge study (n=36) using pre-alpha wild-type virus found that a dosage of 10 TCID50 (very
ow dose) was sufficient to result in an infection. Also, they found that viral shedding occurs in both the nose and throat at high levels
rrespective of symptom severity.[59]

Median or mean incubation period 3-4 days, maximum incubation unclear (6-8 days reported). Omicron may have a shorter serial interval
Disease course/Viral fhan pelta.

dynamics

] WOTE: Incubation period refers to the time from infection until symptom development. The serial interval refers to the time from illness onset in
[Section updated: 22 February  bhe nrimary case to illness onset in the secondary case. The latent period refers to the time from infection until the person becomes infectious
2022 'and more likely to test positive)

ncubation period
Single exposure event data (assumes participants infected at event):

* Faroe Islands [60]: Observed incubation period was short, ranging from 2 to 6 days, with a mean incubation period of 3.24 days (95% Cl
2.87-3.60). All had had 3 doses of Pfizer {2 primary, and booster in last 2.5 months)

» Norway [61]: Estimated incubation period was 0 to 8 days, median of 3 days (interquartile range: 3-4).[61] Almost all participants
interviewed had received 2 doses of an mRNA vaccine, The incubation period was consistent with another study (median 3 days for
both Delta and Omicron variants)

® USA [62]: Incubation period (6 cases only) of approximately 3 days (73 hours, range = 33-75 hours).[62]

* Netherlands [63]: Mean incubation period 3.2 days (SD = 2.2 days) for SGTF cases (Omicron BA.1)

Human challenge studies (non- omicron, novel transmission data)

» Incubation period of 2 to 4 days after inoculation with wild-type virus.[59] Viral load (VL) rose steeply and peaked around day 4-5.
Serial Interval

e Spain [64]: The mean serial interval was significantly shorter for Omicron (4.8 days) versus Delta (5.4 days), corresponding to a
difference of -0.6 (95% Cl: -1 to -0.15).

e Netherlands [63]: Within households, a mean serial interval of 3.4 days was observed for SGTF (proxy for Omicron) and 3.9 days for
non-SGTF (proxy for Delta) cases.
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Characteristic Data

e South Korea [55]: mean: 2.5-4.3 days, and median was 3-4 days (based on small sample size of 12 transmission pairs).

» Belgium [65]: overall Omicron mean 2.75 days (SD=2.54). Within household mean 2.8 (SD=2.6), between household mean 2.72
(SD=2.44)

Latent period:
Human challenge studies (non- omicron, novel transmission data)

» Viral shedding by gPCR became quantifiable in throat swabs from 40 hours (95% CI [40,52]) (~1.67 days) post-inoculation, significantly
earlier than in the nose (p=0.0225, where initial viral quantifiable detection occurred at 58 hours (95% CI [40,76]) (~2.4 days) post-
inoculation.[59] Viral load (VL) rose steeply and peaked around day 4-5.

Duration of infectiousness

Data predominantly from vaccinated people:

s Japan [66]: Preliminary data from the National Institute of Infectious Diseases suggest that the amount of viral RNA in specimens from
Omicron infections (19 vaccinated and 2 unvaccinated cases) was highest 3-6 days after diagnosis or symptom onset and then
decreased gradually, with a marked decrease 10 days after diagnosis or symptom onset. A similar trend was seen for viral isolates, with
no infectious virus detected in the respiratory samples 10 days post diagnosis or symptom onset.

» Switzerland [67]: A study investigating viral shedding dynamics included a small number of Omicron breakthrough infections (n=18) and
showed similar infectious viral titres in nasopharyngeal samples for breakthrough Omicron and Delta (n=17 for this comparison)
infections. Samples were gathered in the first 5 days post symptoms.

e US[68]: Preliminary data from a longitudinal study (National Basketball Association’s [NBA] occupational health programme) in a largely
vaccinated cohort suggest that Omicron may have a lower peak viral load (Ct 23.3 for Omicron vs Ct 20.5 for Delta) and shorter
clearance time (5.35 days for Omicron vs 6.23 days for Delta) than Delta. However, the rate of clearance (3.13 Ct/day for Omicron vs
3.15 Ct/day for Delta) and total mean duration of infection is similar (10 days for Omicron vs 11 days for Delta). These data are only
from a small number of infections, so more is needed to understand the viral dynamics of Omicron and how they are affected by
vaccination.
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* Singapore [69]: Ct value at presentation was significantly higher for Omicron compared with Delta infections (20.7 [IQR 17.9 — 28.5] vs.
19.1 [15.4 - 21.1], p<0.001). Pattern of viral shedding was comparable for Omicron and Delta, with an increase in viral load over the
first 2-3 days of illness, and significant decline from Day 8. Trough and illness onset median Ct values were similar for Omicron between

those with primary vaccination or booster vaccination doses.

e Switzerland[70]: A small study in Delta (n=17) and Omicron patients (n=18) found that Delta and Omicron have comparable genome
copies (p=0.3345) but Omicron patients had slightly but not significantly lower infectious viral titres compared to Delta patients
(p=0.1033).

Human challenge studies (non- omicron, novel transmission data)
Kome clinical participants still shed culturable virus ~10 days after symptom onset but the sample size is small (n=36).[59]
Duration of illness

* Faroe Islands [60]: Time to resolution of symptoms varied, and at the end of follow-up, five individuals still reported symptoms, while
the rest (16 individuals) reported symptoms lasting 1 to 9 days.

* Singapore [69]: Negative viral cultures were obtained starting from day 2 of illness and no positive viral cultures were obtained for
patients beyond day 5 of illness or with Ct values >26 based on 14 patients.

« For time to hospitalisation and death, see “severity” section above. Data on the disease course remains limited at present, with few
quantitative studies to date.

e Severity — data to date indicates hospitalisation and death rates are lower than Delta, taking into account vaccination status and risk for
(Clinical features kavere disease.
(symptoms and

lseverity) As of 10 April 2022, the WHO provided the following summary: “Unlike previous waves, the most recent wave due to Omicron can be

characterized by a decoupling between the number of cases, hospitalizations (particularly for intensive care) and deaths in many countries.
Bection updated: 22 February  However, data continue to show that those who are unvaccinated remain at higher risk of severe disease following infection with Omicron as
2022 compared to those who have been vaccinated. Despite the reduction in severity, the massive increases in cases with Omicron have led to large
numbers of hospitalizations, putting further pressure on healthcare systems, and in some countries, similar or higher numbers of deaths when
rompared to previous peaks."[24]
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Data

WA pre-print posted in March 2022 has proposed that the particular interactions of Omicron within the mucosal surfaces of the respiratory tract
could contribute to its reduced lung involvement and clinical severity.[71] They found that replication of Omicron in lung tissues is highly
restricted compared to other VOC, whereas it remains relatively unchanged in nasal tissues. In addition, Omicron induced a much stronger
pntiviral interferon response in infected tissues compared to Delta and earlier VOC — particularly in the lung tissues, where the innate immune
response to all other SARS-CoV-2 VOC was blunted.[71]

Hospitalisation

Hospitalisation frequency for Omicron relative to Delta

Idjusted for vaccination status (important for understanding basic differences in severity as it can remove differences in vaccine effectiveness
from assessment. However, residual confounding for vaccination status may still occur):

A preprint Swedish study (N=1 384 531) comparing Omicron period vs Delta found that risk of severe disease was lower with Omicron
by 40% for unvaccinated and 71% less for vaccinated individuals. Also, the risk for severe COVID-19 remained high among unvaccinated,
first-time-infected cases of both sexes during the Omicron period in the age group 65+, and also among males in the age group 40-64
years with two or more comorbidities.[72]

US study comparing healthcare utilisation in high transmission periods of Omicron vs Delta found a relative increase in ED visits (86%)
and hospitalisations (76%) compared to the Delta period due to the higher volume of cases but a relative decease in the length of stay
in hospitals (-27%).[73]

A preprint US study comparing Omicron period vs Delta period found that among hospitalised omicron patients (41% vaccinated) they
were less likely to require ICU or die. [74]

A Norwegian study (n=91005) found that cases infected with Omicron were 73% lower risk of hospitalisations compared with delta
infection.[75]

A preprint study from France looked at 39 Hospitals in the Paris area to measure the risk of ICU admission. It found risk of
hospitalisation with Omicron was reduced by 64% compared to Delta. [76]

Canadian data: risk of hospitalisation or death was 54% lower (Hazard Ratio =0.46, 95% Cl: 0.27-0.77).[77]

Scottish data: risk of hospitalisation 68% lower (observed/expected ratio of 0.32, 95% CI: 0.19-0.52).%[78]

3 adjusted for vaccination status and region

* adjusted for age, sex, socioeconomic status, vaccination status and clinical risk factors,
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UK data: risk of presentation to emergency care or hospital admission 50% lower than with Delta (Hazard Ratio 0.53, 95% Cl: 0.50 to
0.57). The risk of hospital admission from emergency departments was approximately 67% lower than with Delta (Hazard Ratio 0.33,
95% Cl: 0.30-0.37).5 [79]
A pre-print from South Africa showed that much of the severity reduction observed for Omicron relative to Delta was due to prior
infection and vaccination. Intrinsically reduced virulence accounted for a ~25% reduced risk of hospitalization/death compared to Delta.
(80]
A US study in veterans found that infection by Omicron has a 45% (95% Cl: 26-58) lower likelihood of resulting in hospitalisation than
infection by Delta.[81]
UK data in long term care facility residents: risk of hospitalisation much lower, 10.8% for Delta and 4.0% for Omicron (Hazard Ratio 0.50,
95% Cl: 0.29-0.87).[82] This paper by Krutikov and colleagues, part of the VIVALDI study, is also reported in the UKHSA Technical
Briefing 35. [31]
Portugal data: risk of hospitalisation lower, 1.6% for Delta and 0.2% for Omicron (Hazard ratio 0.25, 95% Cl: 0.15-0.43). [83]
Danish data [84] stratified rather than adjusted by vaccination status:

o Among those with <2 doses: 43% lower risk of hospitalisation (RR = 0.57, 95% ClI: 0.44-0.75)

o Among those with 2 doses: 29% lower risk of hospitalisation (RR = 0.71, 95% ClI: 0.60-0.86)

o Among those with 3 doses: 50% lower risk of hospitalisation (RR = 0.50, 95% Cl: 0.32-0.76)

Unadjusted for vaccination status (provides indication of burden on healthcare at the level of vaccination in country where study conducted):

UK data (adjusted to some extent for prior infection): reduction in hospitalisation of 38% (95%Cl 31-45%) for emergency department
attendance or admission, and 62% (95% CI 50-70%) for admission, [52] or (from a different group analysing same data, with different
methods for prior infection) 20-25% lower for attendance at hospital, and 40-45% for hospital admission.[85]

US data (unclear if adjusted for vaccination/infection): 53% reduction in hospitalisation (hazard ratio for symptomatic hospital
admission relative to Delta was 0.47 (95% Cl: 0.35-0.62))¢ [86]

Danish data [84]: Overall, 36% lower risk of hospitalisation (RR = 0.64, 95% Cl: 0.56, 0.75)

Hospitalisation frequency (not compared to Delta

® Controlled for date of specimen and area of residence and further adjusted for age, sex, ethnicity, local area deprivation, international travel, vaccination stalus. Also adjusted for whether the
current infection is a known reinfection, although as reinfections are substantially under-ascertained, the adjustment may not have fully accounted for the effect of reinfections.

© adjusted for age, sex, race/ethnicity, and neighborhood-level median household income, as well as clinical risk factors recorded within the prior year (including history of smoking, body mass index,
Charlson comorbidity index, and healthcare utilization across outpatient, emergency department, and inpatient settings)
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UK data:

England: ICU admissions with a valid sequencing result for Omicron increased from 9% week commencing 15 December 2021 to 50% in
week commencing 12 January 2022.[31)

England: To 29" December, 815 Omicron hospitalisations had been reported. To the same date, around 650,000 Omicron cases had been
reported, but there are lags in hospitalisation reporting and many recent cases are unlikely to have had sufficient observation time to be
admitted to hospital (i.e., hospitalisation likely to be underestimated). [79] Some crude data available by day but vary substantially each
day, and likely affected by lack of follow up time (people testing positive most recently only followed up for 7 days), and lack of
adjustment for age or vaccination status.[85]

Scotland: Did not report as numbers too small.[78)
Canadian data:

Ontario: 29,594 cases to December 25th, of whom 75 (0.25%) hospitalised (or died). Again this is likely to be an underestimate due to
very short follow up of those diagnosed later.[77)

US data:
California: 52,297 cases to January 1, 2022, of whom 182 (0.35%) were admitted to hospital with symptoms.[86]
ndian data:

New Delhi: 82 cases to December 23rd, 3 (3.6%) of whom required hospitalisation. This could be biased due to the short follow up time
since diagnosis, or underdiagnosis of cases.[87]

French data:
Marseille: 1,119 cases between November 28 to December 31, 21 (1.9%) of whom were admitted to the hospital.[88]
Paediatric data

South Africa: Rapid increases in paediatric COVID-19 cases and hospitalisations were reported in the Tshwane District, mirroring high
kommunity transmission of SARS-CoV-2 (Omicron variant).[89]
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S: According to news reports, the CDC says since mid-December the hospital admission rate for those under 5 has increased to more than 4 in
00,000 children, up from 2.5 per 100,000, while the rate among children aged 5 to 17 years is about 1 per 100,000 (link). However, the overall
ospitalisation rate among children and teens is still lower than that of other age groups, and they account for less than 5 per cent of average
ew daily hospital admissions, according to the CDC. A US study in children under 5 years found a significantly lower risk for severe clinical

putcomes in the 3-day time-window following initial Omicron infection compared to Delta.[90] Risk for ED visits was 18.83% (vs 26.67%),
ospitalisation was 1.04% (vs 3.14%), ICU admissions was 0.14% (vs 0.43%), and mechanical ventilation was 0.33% (vs 1.15%).

K: Pediatric admissions began to rise from 26 December 2021, with a 3-fold increase in 2 weeks.[49] The rise is most rapid among children

nder 5 years, and highest in infants aged under 1 year (based on data for all variants, but Omicron represents over 90% of sequenced samples
n the UK). A clinical case review of a small number of Omicron admissions in infants found those admitted were not severely unwell. [49, 91]
Preliminary data from the UK during the Omicron wave (14 December 2021 to 6 January 2022) indicate less severe outcomes in children aged

nder 1 year compared to previous waves.[92] In the current wave, 12.7% required oxygen use compared to 22.5% in the first wave of the
pandemic. 16% required admission to intensive care (vs 14%), 3.9% required use of mechanical ventilation (vs 5.8%), 1.3% required use of non-
nvasive ventilation (vs 7.2%), and mean length of stay was 1.9 days (vs 6.6 days).

A preprint study from the US states that paediatric acute upper airway infection (UAI) cases have increased during the Omicron variant surge,
ith many developing severe disease.[93] The retrospective cohort study suggests that Omicron replicates more efficiently in the conducting
Rirways, increasing the risk of a croup phenotype in children as they have smaller airway calibres. The study compares data within the National
OVID Cohort Collaborative before and during the rise of Omicron. It was observed that in December 2021, as Omicron became dominant in
the US, SARS-CoV-2 positive UAI cases increased to the highest number per month (N = 170) and 1.5% (234/15,806) of hospitalized children

ith SARSCoV-2, had an UAI diagnosis.

isk factors for hospitalisation with Omicron:

n the UK, the age range of individuals admitted with Omicron to 29 December 2021 was 0 to 100 years (median: 45.5 years); 496 (60.9%) were
pged 40 years or more; 30.8% were aged 70 years or more. [79]

Public Health Scotland data reported on hospital admissions for COVID-19 (week of 22-28 December 2021) shows approximately 44% were in
people 60 plus years of age, and 21% of admissions were in people aged 80 plus.[94] Of note, most cases of COVID-19 at this time in Scotland
ere Omicron but the proportion of cases of the Omicron variant for each age-group hospitalised are not reported.

ime to hospitalisation with Omicron: no data found.
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Time in hospital with Omicron: median length of stay reported as 2.8 days but strong potential bias as included only those already discharged at

B weeks after start of Omicron wave {i.e., those with longer stays might not be included).[53] A South African study also found median hospital
ength stay was significantly lower for Omicron than other variants, but possibly suffers from similar bias.[95] Preliminary analysis of South
Ifrican hospital admissions in Gauteng Province (includes Johannesburg and Tshwane) reported a median hospital stay of 4 days (inter-quartile
range 2-6 days) during an Omicron-dominant period. [96] A US study estimated that the median duration of stay for patients with Omicron
Variant infections experiencing symptomatic hospitalisations was 1.5 (1.3-1.6) days, with 90% of patients expected to complete hospitalisations
Mwithin 3.1 (2.7-3.6) days, corresponding to a 69.6% (95% Cl: 64.0-74.5%) shorter median length of hospital stay compared to patients with Delta
nfections.[86] However, a key limitation in some of these studies is that longer stays will have been missed for Omicron (biasing median
duration downward) due to short follow up times. A US study in veterans found that among COVID hospitalisations, Omicron is associated with
b 2-day (95% Cl: 1-2) shorter stay than Delta. The average length of stay was 6 days (95% Cl: 5-7).[81] A Portuguese study found the length of
ktay in hospital for Omicron was significantly shorter than for Delta (confounding-adjusted difference” -4.0 days (95% Cl -7.2 to -0.8).[83)

CU admission

Bevere/ICU/ventilated frequency relative to Delta

Idjusted for vaccination status (important for understanding basic differences in severity as removes differences in vaccine effectiveness from
bssessment. However, residual confounding for vaccination status may still occur):

s South African data: Among hospitalised individuals, after controlling for factors associated with severe disease®, the odds of severe
disease did not differ between S-Gene Target-Failure (SGTF, interpreted as Omicron) infected individuals compared to non-SGTF
individuals diagnosed during the same time period (aOR 0.7, 95% Cl 0.3-1.4).[97] Compared to earlier Delta infections, after controlling
for factors associated with severe disease®, SGTF-infected individuals had lower odds of severe disease (aOR 0.3, 95% Cl 0.2-0.5).

e AUS study in veterans found that Omicron is associated with a 73% (95% Cl: 28-92) lower risk of ICU admission than Delta.[81]

Unadjusted for vaccination status (provides indication of burden on healthcare at the level of vaccination in country where study conducted):

+ US data: Unadjusted hazard ratios for ICU admission associated with Omicron variant infection was 0.26 (95% Cl: 0.10-0.73), a 74%

reduction.[86]

7 adjusted for sex, age, previous infection and vaccination status

8 controlled for factors known to be associated with severity (age, presence of comorbidity, sex, province and healthcare sector) and adjusted for the number of days between the date of specimen
collection and date of hospital admission, known prior SARS-CoV-2 infection and SARS-CoV-2 vaccination status.

9 controlled for factors known to be associated with disease severity (age, presence of co-morbidity, sex, province and healthcare sector), and adjusted for number of days between date of specimen
collection and date of hospital admission, known prior SARS-CoV-2 infection and SARS-CoV-2 vaccination status.
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Severe/ICU/ventilated frequency (not compared to Delta)

n Texas, among 862 people who tested positive for Omicron (mainly symptomatic people presenting to healthcare facilities), [53] the maximum
LJentilatcsr\,r support required was:

Extracorporeal membrane oxygenation 1(0.7% of 134 hospitalised, 0.1% of 862 testing positive
for Omicron)

Mechanical ventilation 6 (4.5%, 0.7%)

Non-invasive ventilation 9 (6.7%, 1.0%)

High flow oxygen 12 (9.0%, 1.4%)

Low flow oxygen 42 (31%, 4.9%)

Room air (but hospitalised) 64 (48%, 7.4%)

A total of 19.7% (875/4438) of hospital admissions required supplemental oxygen (not further specified) and 6.9% were treated in ICU
308/4438) in an analysis of data from Gauteng Province, South Africa during an Omicron-dominated period. [96]

Californian data: The daily risk of mechanical ventilation among patients (unclear if analysis restricted to hospital inpatients) with Omicron
infections was significantly lower than for Delta (0 vs 0.04 per 1000 person-days at risk).[86]
Risk factors for ICU/ventilation: no data.

Time to ICU/ventilation: no data.

Death

Death frequency relative to Delta

UK data: To 29 December 2021, a total of 57 people were reported to have died within 28 days of an Omicron COVID-19 diagnosis (198,348
konfirmed cases of Omicron).[79]

South African data: After adjusting for age, sex, comorbidities, and subdistrict, the hazard ratio was 0,27 (95% Cl: 0.19-0.38), a 73% reduction
relative to Delta, but the extent of reduction was attenuated when prior infections and vaccination were also considered {HR: 0.72, a 28%
reduction relative to Delta).[80]
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US data: Unadjusted hazard ratios for mortality associated with Omicron variant infection was 0.09 {95% Cl : 0.01-0.75)[86] but unadjusted

ratios could be confounded by many factors, and the short follow up time might bias results.

UK data in long term care facility residents: Reduced risk of death within 28 days of a new diagnosis in the Omicron dominant period (1.1 deaths
1000 person-days, 95% Cl: 0.6-2.2) compared to the pre-Omicron period (3.8 deaths / 1000 person-days, 95% Cl: 2.8-5.2).[82]

Portugal data: The odds of death were 0.14 (95% CI: 0.0011-1.12), representing a reduction in the risk of death of 86% for Omicron compared
Wwith Delta.[83]

Risk factors for death: UK data: Of 57 people who died within 28 days of Omicron diagnosis (to 29" December 2021) the age of those dying
ranged from 41 to 99 years.[79]

Time to death: UK data: median time from Omicron specimen date to death was 5 days (range 0 to 14).[79] Note that specimen date might not
reflect date of symptom onset.

Symptomatology

INon-peer reviewed studies (pre-prints) have shown that in hamster and mouse models, Omicron poorly infects the lung, leads to lower viral
oads, and produces milder clinical signs of infection compared to those observed with previous strains. [98-100] Data from a study using ex-
Mivo human lung and bronchus tissue show similar results, with slower Omicron replication observed in the lung and faster in the bronchus
kcompared to previous strains.[101] Clinical symptoms were largely absent in hamsters that were re-infected with Omicron, suggesting that
mmunity raised against the ancestral strain was protective against Omicron.[99] The characteristics of the antibody-mediated protection
lobserved within this study is of interest while we wait for further studies in humans confirm the relevance of these findings.

Symptoms — Symptoms may be milder in previously infected and/or vaccinated individuals. Recent UK data suggests a substantial
roportion of Omicron cases may be asymptomatic - estimates range from 25-54%, The most common symptoms reported are sore throat,
ough, runny/stuffy nose, and fatigue. Additional data supports earlier reports that loss of smell and taste is less commonly reported by
micron cases than for Delta, and that sore throat is more commonly reported.

he most common symptoms reported in early data were: cough; runny/stuffy nose; and fatigue.[51, 61, 102, 103] The COVID Symptoms Study
by health science company Zoe and Kings College London) reports that headache and sneezing are also common symptoms of Omicron

nfection. [104] Preliminary information suggests no difference in symptoms between vaccinated and unvaccinated cases of COVID-19 infection
ut milder and of shorter duration in vaccinated cases (data likely to include both Omicron and Delta cases). (link) A study from Canada of 1,063
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ases of Omicron (confirmed or suspected) found that only 10% reported shortness of breath.[51] Symptoms reported in paediatric cases in
South Africa have included fever, vomiting, diarrhoea and convulsions.[89]

KHSA Technical Briefing 34 compares Omicron to Delta symptoms. The report provides a recent analysis of NHS Test and Trace data of

82,133 confirmed Omicron cases and 87,920 confirmed Delta cases in the period between 01 December to 28 December 2021, Adjusted odds
atio analysis showed that Omicron cases were less likely to report loss of smell and taste compared to Delta cases (13% of Omicron cases, 34%
of Delta cases, odds ratio 0.22, 95% Cl: 0.21-0.23). However, Omicron cases were more likely to report a sore throat than Delta cases (53% of
Omicron cases, 34% of Delta cases, odds ratio 1.93, 95% CI: 1.88-1.98). Adjustments were made for age group, sex, ethnicity, self-reported
accination status (two or more doses, one or no dose, or missing data), geographical region of residence, and the week in which symptoms
began. UKHSA states that the findings relating to reports of sore throat could be incidental and suggests that sore throat may not be a specific
predictor of Omicron infection, as another recent study led by Oxford University and the Office for National Statistics [105] found increased
eports of sore throat in both PCR-positives and symptomatic PCR-negative cases. More data are required to understand which symptoms may
be used to identify Omicron infections.

A study from Korea investigated the clinical and epidemiological characteristics of 40 patients with Omicron (42.5% were fully vaccinated) and
found that half of the patients (19, 47.5%) were asymptomatic, while the others had mild symptoms.[106] The most common symptoms were
sore throat (25%), fever (20%), headache (15%), cough (12.5%), and sputum production (12.5%). While these findings are consistent with recent
eports of mild symptoms from other sources, given the small size and low median age of the study (39.5), more data are required to
understand symptoms and determine the severity of Omicron.

A Singapore study compared the symptoms between Omicron and Delta found having sore throat was significantly more common in Omicron
patients (sore throat 46.0 vs 23.0%, p=0.005) and less likely to develop pneumonia (3.4 vs 16.1%, p=0.005). Median neutrophil count, C-reactive
protein and lactate dehydrogenase levels were lower in Omicron infections. Patients with booster vaccination were significantly older and had
higher anti-spike antibody but were similar in clinical and laboratory features including median initial and lowest PCR cycle threshold values.[69]

A study from Jordan showed that the most frequent symptoms for Omicron were fever, cough, sore throat, runny nose, joint and muscle pain,
and general fatigue. Loss of taste and smell was only reported in 1.2% of patients.[107]

Recent UK data reported from the REal-time Assessment of Community Transmission-1 (REACT-1) survey (Round 17; 99% Omicron cases) found
b substantial proportion (approximately 25%) of positive tests were in asymptomatic people.[108] Vaccine status of individuals within this
group was not included in the report.

A preprint study that analysed data from the UK COVID-19 Infection Survey found Omicron infections were associated with fewer lower, and
ore upper, respiratory tract symptoms.[109]There was a marked reduction in reports of loss of taste/smell, from high levels observed in the
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Delta period, e.g. 44%/44% on 1 December 2021, to 16%/13% on 31 December 2021. Loss of taste/smell were previously highly specific
symptoms.[109] Increases in sore throat were reported, from 45% to 57% in symptomatic PCR-positive infection episodes during December
2021 decreasing slightly to 54% by 15 January 2022, However, data should be interpreted with caution as sore throat also increased from 40%
to 43% in symptomatic PCR-negative visits during December 2021 and then decreased to 35% by 15 January 2022. The UK COVID-19 Infection
Kurvey collects data on characteristics of people testing positive for COVID-19, including data on symptoms for those who had strong positive
tests - Ct value under 30 (see imbedded table below). These data are provisional, reflect infections reported in the community, and exclude
nfections reported in hospitals, care homes, or other institutional settings. The below imbedded table is taken from the 19 January 2022
edition of this dataset.[110] The Delta variant was dominant in the UK in the November period and Omicron was becoming dominant in the
December period.

While the December data provide an indication of the common symptoms of the Omicron variant, Omicron was not dominant for the whole of
December, so these data are not a complete representation and further information is required. Recent data from the UK COVID-19 Infection
Survey which reported on what can be considered the beginning of the ‘Omicron period’ (20 December 2021 23 January 2022) indicates that
hpproximately 54% of participants did not report any symptoms (within 35 days after first observed positive test), considered
psymptomatic.[111]

Percentage of people with this symptom
within 35 days of a positive PCR,

SYmpoms among those people with a Ct value under 30
November 2021 December 2021

Any symptoms 65.00 58.16

No sympti (asymptomatic) 35.00 41.84

Classic symptoms (cough, 56.86 48.42

fever, shortness of breath, loss
of taste, loss of smell)

Loss of taste or smell 30.52 15.55
Gastrointestinal symptoms 17.38 13.31
(abdominal pain, nausea or
vomiting, diarrhoea)

Cough 45.65 39.88
Fatigue (weakness) 39.96 32.09
Headache 40.45 34.39

Sore throat 29.62 32.71
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Fever 25.19 21.95

Loss of smell 25.96 12.29

Muscle ache (myalgia) 27.83 23.07

Loss of taste 25.14 12.62

Shortness of breath 13.82 9.84

Nausea or vomiting 10.29 7.35

Abdominal pain 7.94 5.84

Diarrhoea 5.86 5.42

Naccine effectiveness (VE) - VE against infection with Omicron is approximately 50% soon after 2 doses of Pfizer. This wanes to levels

Imm’.me unlikely reduce transmission within 5-6 months of the second dose. VE against infection with Omicron is around 55-70% after a booster dose
levasion/vaccine of Pfizer, but also wanes. VE against hospitalisation is around 60-70% after a primary vaccine course of Pfizer but declines to ~45% from 25
leffectiveness/therape weeks after second dose. VE against hospitalisation increases to ~90% after a Pfizer booster dose (including in those over 65 years of age)
utics pnd remains at above 70% 3 months after the booster. Duration of effectiveness of Pfizer vaccine against hospitalisation after a booster dose

Section updated: 16 May 2022 has not been fully established, but effects remain higher for longer than for protection against infection.

Note: Pfizer and BioNTech have begun enrolment for a clinical trial to test the safety, tolerability, and immunogenicity of an Omicron-based
Maccine candidate in 1,420 healthy adults aged 18-55 years. (link) Pfizer is hoping to be able to deliver the vaccine in {southern hemisphere)
Epring 2022. However, testing in primates has shown no advantage of an Omicron specific mRNA (Moderna) booster over a booster with the
regular Moderna vaccine (link). All data described below relate to the standard vaccine (not the Omicron-based vaccine candidate).

Data from reviews (all vaccines)

A recent WHO weekly epidemiological report (11 May 2022) included an updated summary of evidence on Omicron, including for vaccine
pffectiveness.[7] The WHO notes that results of vaccine effectiveness (VE) studies should be interpreted with caution because estimates vary
with the type of vaccine administered and the number of doses and scheduling (sequential administration of different vaccines).[7] Some key
points from the WHO interpretation of results of VE for the Omicron variant include:

» To date, 23 studies from ten countries have assessed the duration of protection of five vaccines against the Omicron variant.

+ Findings from these studies show reduced VE of primary vaccine series against the Omicron variant than has been observed for
previous variants, for all outcomes (severe disease, symptomatic disease, and infection).

s However, in the majority of studies VE estimates against the Omicron variant remain higher for severe disease.

e VE estimates against symptomatic disease and infection within the first three months of primary series vaccination tended to be lower
than those against severe disease, and VE decreased more substantially over time.
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+ Booster vaccination substantially improves VE for all outcomes, but studies that assess VE of booster vaccination beyond 6 months are
needed to evaluate the longer duration of protection.

i more detailed summary of the WHO VE interpretation is below, highlighting results particularly for mRNA vaccines and AstraZeneca.

Qutcome

Timing

WHO summary of VE results for Omicron (as at 11 May 2022)

Severe disease

Within first three months of
primary series vaccination

mRNA vaccines: seven of 12 (58%) VE estimates were 270%
AstraZeneca: one study reported VE of <70%

Beyond three months after
vaccination

mRNA vaccines: 12 of 27 (44%) VE estimates for the mRNA vaccines were 270% while
18 (77%) were 250%
AstraZeneca: one of the 12 (8%) VE estimates was 270% while eight (67%) were 250%

Between 14 days and three
months after receipt of booster

A booster dose improved VE estimates against severe disease in all studies, with only
one estimate for Pfizer as the booster dose below 70%.

Three to six months post mRNA
booster

18 of 20 (90%) estimates showed VE 270% (an mRNA vaccine was given as the primary
series in 13 of the 20 estimates while AstraZeneca-Vaxzevria and Sinovac-CoronaVac
were given as the primary series for six and one of the twenty estimates,

respectively).

Symptomatic Within first three months of Only three of 13 (23%) VE estimates for the mRNA vaccines were >270%, and seven
disease primary series vaccination (54%) were 250%; all the three (100%) VE estimates for AstraZeneca were below 50%.
Beyond three months after None of the VE estimates were 250% (20 estimates evaluated mRNA vaccines, six
vaccination evaluated AstraZeneca)
Between 14 days and three An mRNA booster after completion of a primary series of an mRNA vaccine,
months post booster AstraZeneca-Vaxzevria, or Sinovac-CoronaVac, improved VE estimates against
symptomatic disease, with four of 21 (19%) VE estimates 270% and 16 (76%)
estimates 250%, between 14 days and three months post booster.
Three to six months following Booster dose protection declined with time since vaccination, with only one of twelve
receipt of an mRNA booster dose | (8%) available estimates indicating a VE of 250% at three to six months following
receipt of an mRNA booster dose. Estimates for a booster dose of AstraZeneca-
Vaxzevria (one estimate) and Sinovac-CoronaVac (one estimate) three to six months
post vaccination indicated VE of <50%.
Infection VE estimates against infection showed a similar pattern as those against symptomatic

disease.
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ata from individual studies (Pfizer where available)

IVE against infection, symptomatic infection and onward transmission

Bummary of the international data:

* VE against infection with Omicron is 40- 55% soon after 2 doses of Pfizer. This represents an epidemiologically important reduction in
transmission.

» VE against infection with Omicron wanes to levels unlikely reduce transmission within 5-6 months of the second dose

e VE against infection with Omicron is around 55-69% after a booster dose of Pfizer. This also represents an epidemiologically important
reduction in transmission. Although there is some indication of waning after a booster dose, data about symptomatic infection in the
UK suggests this occurs more slowly after a booster dose than after a primary course of Pfizer, with VE against symptomatic infection
remaining above 50% in those that had received a booster more than 10 weeks prior.

» Data about onward transmission are scarce and are only available for “all vaccines” and not Pfizer alone. Non-peer-reviewed data from
a small study suggest that vaccinated people infect fewer people in their household (a setting where many “exposure events” are likely
to occur, generally resulting in lower “vaccine efficacy” than in settings with less intense contact)

Vaccine effectiveness on transmission related parameters in the Omicron era

Vaccine Qutcome 2 doses (95% Cl in brackets) 3 doses (95% Cl in brackets)
Soon after Later effect Data not Soon after Later Data not reported by time
reported by effect since 3rd dose
time since 2nd
dose
Pfizer (all Infection Denmark([112]*: Denmark[112]*: Denmark[112])*:
doses) 1-30 days 91-150 days 1-30d
55% (24- 74%) -76% [-95 - - 55% (30- 70%)
31-60 days 60)
16% {-21 - 42%)
61-90 days
10% (-10 - 26%)
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Denmark [113] Denmark [113] Portugal[114]*: | Denmark [113]  Denmark Portugal[114]*:
14-30 days >120 days 28% (12-41%)1 | 14-30 days (113] 69% (46-82%)t
40% (38-41%) 13% (13-14%) 55% (55-56%) 120 days
50% (47-
53%)
Symptomatic | UKHSA [49]: UKHSA [49]: UKHSA [49]: UKHSA
infection** 14-28d¥ 70-98d¥ 14-28d¥ [49]:
64% (62-66%) 29% (27-30%) 68% (66-70%) >70d ¥
>180d¥ 54% (52-
14% (12-16%) 56%)
USA [115]:

65% (62-68%), estimate
vs. 2 doses almost
identical.

Qatar[116]*:

Only VE relative to
primary course (shows
booster prevents 50% (47-
53%) of symptomatic
infections that occur with
only a primary course).

Onward No Data No Data
transmission

mRNA Infection USA [117]: USA [117): USA [117): USA [117]: USA[117): USA[117):
(Moderna, 14-90 days 91-180 days 14-60 days >60 days
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or 44% (35-52%) 24% (16-30%)  14% (11 - 72% (70-73%) 47% (41-  70% (68% - 79%)
Moderna 181-270 days 17%) 54%)
andl Fizer) 14% (10-17%)
>270 days
6% (0.4 - 11%)
USA [81]*: USA [81]*:
25% (20 - 62% (59 - 65%)
30%)
Symptomatic No data No Data
infection
Onward No data No Data
transmission
All vaccines | Infection UKHSA (SIREN UKHSA (SIREN study) [49]:
study) [49]: 62% (41-75%)§
32% (-6-57%)8§
Netherlands: Netherlands: [118]*
[118)* 68% (67-69%)
33% (31-35%)
Norway[119]*: : Norway[119]*:
27% (6~ 45% (26 — 57%)%
49%)#
Spain [120]*:
Only VE relative to
primary course (shows
booster prevents 51% (50-
52%) of infections that
occur with only a primary
course).
Symptomatic No Data No Data
infection
Onward Norway[119]*: Norway([119]*:
transmission % house contacts infected
by:
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% house Unvaccinated 57% (51 —
contacts 62%)
infected by: Boosted 46% (36 — 55%) ¥

Unvaccinated
57% (51 -62%)
Partial primary
42% (34 -
49%)

Full primary
51% (47 —
55%)

[' pre-print. Findings not peer reviewed so may change

' *additional data available from Hong Kang but appears to exclude those with severe disease. [121) VE 31% (2%-52%) after 2 doses, VE after 3 doses 20-59 years 72% (55-82%), 60+ years
2% (43%-86%)

It Indirect calculation of VE by multiplication of estimates

fipre-print with substantial changes in estimates since first posted. Note that study locks at transmission within households, where frequency of contact is higher, often resulting in lower VE
pstimates than for “per contact” VE estimates (for "leaky vaccines”)

¢ Data points not reported in text. Estimates read from graph, below (Figure 1)

F Data reported are for those with no prior COVID-19 infection. For those with prior infection these values are 60% (95% CI: 36-75) after 2 doses and 71% (95% Cl: 56-82) after 3 doses

n terms of VE against Omicron in comparison to VE against Delta, data from multiple studies [49, 52, 78, 79, 112, 122-124] all suggest reduced
\VE for 2-dose Pfizer vaccine regimens against symptomatic disease caused by Omicron compared with Delta.
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Two doses of BNT162b2 with a BNT162b2 or mRNA-1273 booster dose
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Figure 1: Pfizer vaccine effectiveness against symptomatic disease by period after 2 doses and after a booster[49]

VE against hospitalisation / severe disease
JUKHSA COVID-19 Vaccine Surveillance Report from 27 January reported estimates from a test-negative case control study:

s Protection against hospitalisation remained high, particularly after 3 doses. For a Pfizer booster (after either Pfizer or AstraZeneca
primary 2 doses), VE against hospitalisation started at around 90% dropping to around 75% after 10 to 14 weeks.[125]

Bouth African data for VE against hospitalisation:

» VE against hospitalisation for two doses of Pfizer was 70% (95%Cl 62-76) during Omicron dominance (Delta dominance {93% [95%CI 90-
94]) in South Africa.[126] Data were adjusted for age, sex, previous infection, surveillance week, geographic location, and CDC risk
factors.

* Results from another South African study show that VE against hospitalisation for the Janssen vaccine increased over time since the
second (booster) dose. [127]
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UK data for VE against hospitalisation (all vaccines combined):

e For adults 18+ years, VE was 64% (95% Cl: 54-71) 2 to 24 weeks after dose 2, declining to 44% (95%Cl: 30-54) at 25+ weeks. VE
increased to 92% (95% Cl: 89-94) 2+ weeks after a booster dose, declining to 83% (95% Cl: 78-87) at 10+ weeks.[49]

s Forelderly aged 65+ years, booster VE was 94% (95% Cl: 89-97) 2 to 9 weeks after a booster dose and 89% (95% Cl: 80-95) at 10 weeks.
VE after two doses was not reported in this analysis. [128]

JUS data:

* VE against Omicron-related hospitalisation for two doses of Pfizer was 68% (95% Cl: 58-75), and VE for three doses of Pfizer was 89%
(95% Cl: 84-92). VE against omicron-related hospitalisation after two or three doses remained steady for several months.[129]

* VE against Omicron-related ED admission for two doses of Pfizer was 60% (95% Cl: 43-72) at <3 months and declined to 41% (95% CI:
32-50) at 26 months.[129]

* VE against Omicron-related ED admission for three doses of Pfizer was 78% (95% Cl: 73-82) at <3 months and declined to 48% (95% Cli:
14-69) at 23 months.[129]

* VE against Omicron-related hospitalisation for mRNA vaccines was 81% 14-179 days after dose 2, 57% 2180 days after dose 2, and 90%
214 days after dose 3.[130]

* VE against Omicron-related ED and UC encounters for mRNA vaccines was 52% 14-179 days after dose 2, 38% 2180 days after dose 2,
and 82% 214 days after dose 3.[130]

* An evaluation of VE against infection from Omicron of those who received an extra primary dose or booster dose of a COVID-19 vaccine
in residents in aged-care facilities, found that VE was 47% (45-59%) compared to those who only received a primary course of
vaccination.[131]

Denmark data:

* VE for two doses against hospitalisation 14-30 days post-vaccination during Omicron dominance was 62% (95% Cl 46-74%), and 66%
(95% Cl 62-69%) at >120 days.[113]
* VE for three doses against hospitalisation 14-30 days post-vaccination during Omicron dominance
o 18-59 year old was 90% (95% C| 88-91%).[113]
o 60+ year olds was 94% (95% Cl 93-96%).[113]
* VE for three doses against hospitalisation >120 days post-vaccination during Omicron dominance
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o 18-59-year-old was 33% (95% Cl 1-55%). Note the large confidence interval as only 34 cases in a relatively small sample
population (6,415) were included in this category. [113]
o 60+ year olds was 77% (95% Cl 71-82%).[113]

Hong Kong data for VE against severe COVID-19:

* Two doses of Pfizer for 20-59 years 95% (93-94%), 60-69 years 91% (85-95%), 70-79 years 89% (83-93%), 80+ years 85% (76-
90%).[121]

e Three doses of Pfizer for 20-59 years 99% (96-99%), 60-69 years 99% (97-100%), 70-79 years 100% (96-100%), 80+ years 96% (89-
98%).[121]

e Relative VE (compared to the primary course) against severe disease for 20-59 years was 68% (10-89%), 60-69 years 91% (61-98%),
70-79 years 95% (61-99%), and 80+ years 72% (25--90%).[121] The relative benefit of a booster was therefore greatest for those
aged 60+ particularly those aged 70-79.[121]

IVE against death

Qatar: relative VE (compared to the primary course) against any severe, critical, or fatal COVID-19 for a Pfizer booster dose was estimated at
[100.0% (95% Cl: 71.4-100.0). [116)

Hong Kong;: relative VE (compared to the primary course) against mortality for 20-59 years was 83% (-29-98%), 60-69 years 82% (20-96%), 80+
lvears 66% (-1.3-89%).[121]

Use of second booster dose (fourth dose)

Kome countries have begun recommending the administration of a second booster dose to elderly populations or individuals at increased
risk of severe disease or exposure.

o lsrael: On 22 January 2022, Israel’s vaccine advisory committee recommended that those aged 18 and over be offered a fourth
vaccine dose at least five months after their third dose or after recovering from the disease. (link)

e The marginal VE against infection of a fourth dose, increased from second week after inoculation, peaking at 64% (62-66%)
during the third week compared to those vaccinated with three doses of the Pfizer vaccine. However, VE begins to decline four
weeks after inoculation, dropping to 29% (18-39%) after nine weeks.[132]

¢ A study analysing clinical data from 1,049 adult patients with severe/critical COVID-19 admitted to hospital in January 2022
during Israel’s Omicron wave, showed a fourth dose (administered ~2 weeks prior) conferred significant protection against

mechanical ventilation or in-hospital death with an odds ratio of 0.51 (0.3-0.9%).[133]
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+ Another study validated the efficacy of a fourth dose compared to three doses.[134)

= VE against PCR confirmed infection after days 7-30 post-vaccination was 45% (44-47%) and 14-30 days was 52%
(49-54%).

= VE against symptomatic infection after days 7-30 post-vaccination was 55% (53-58%) and 14-30 days was 61%
(58-64%).

= VE against hospitalisation after days 7-30 post-vaccination was 68% (59-74%) and 14-30 days was 72% (63-69%).
® VE against Death after days 7-30 post-vaccination was 74% (50-90%) and 14-30 days was 76% (48-91%).

o Evaluation of VE of a fourth dose in people aged 60+ found that VE against infection relative to a third dose, peaked 3 to
4 weeks post-vaccination at an adjusted rate ratio of 2.1 (2.0 to 2.1).[135]

= The effect of a fourth dose against severe iliness was even greater, providing significantly enhanced protection
that peaked between weeks 4 to 6 post-vaccination with adjusted rate ratios ranging from 3.4 (2.5-4.7)to 4.3
(2.6-7.1).[135]
o UK: The Joint Committee on Vaccination and Immunisation (JCVI) has advised an additional spring booster dose be given for the
most vulnerable individuals in the population. (link)

o Europe: The European Medical Authority are yet to receive any application for a second booster dose, though the Head of
Vaccine Strategy has been reported in the media to say there is not yet enough evidence on its need (link). In May 2022 the
ECDC noted it had recently deemed that the public health benefit of administering a second mRNA COVID-19 booster dose was
clearest in those aged 80 years and above and immediate administration of a second booster dose in this population was found
to be optimal in situations of continued high or increasing viral circulation.[9]

o Chile: Media reports have stated that from 7 February 2022, eligibility for a fourth dose will be extended to people aged over 55
years who had a third vaccine dose at least 6 months prior. (link

o Hungary: InJanuary 2022, Hungary made a fourth COVID-19 vaccine shot available to people who ask for it, after a consultation
with a doctor, in order to combat growing Omicron infections. (link)

o South Korea: In February 2022, populations that are at increased risk of severe disease (the elderly and immunocompromised)
or at increased risk of exposure (healthcare workers) became eligible for a fourth dose. (link)
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Neutralising assays

Neutralisation studies provided initial data predicting lower vaccine effectiveness against Omicron.[136-141] These data have now been
superseded by effectiveness data.

Cell-mediated responses

While data remain preliminary, an increasing number of studies indicate that vaccination provides a durable T-cell response to Omicron
nfection.[136, 142-145]

mmunopathological characteristics

Omicron breakthrough patients had a more robust IFN-y response (critical for viral clearance) and lower concentration of proinflammatory
cytokines at the acute phase of infection. They also had lower frequency of immature neutrophils indicating milder inflammatory response.[69]

Prior Infection

A Qatar study estimated effectiveness of prior infection against preventing Omicron symptomatic re-infection at 61.9% (95% Cl: 48.2-72.0) after
excluding vaccinated individuals. Effectiveness against hospitalisation/death was 87.8% (95% Cl: 47.5-97.1), however both vaccinated and
unvaccinated individuals were included in this analysis. [146]

IThe UKHSA reported an unadjusted effectiveness of 44% (95% Cl: 4-67) against infection in unvaccinated healthcare workers (SIREN cohort)
Who had a prior infection.[49]

[The Imperial College London COVID-19 Response Team (Report 49 Updated 20 December 2021) estimated that Omicron was associated with a
5.41-fold (95% Cl: 4.87-6.00) higher risk of reinfection than Delta, controlling for vaccination, age, and ethnicity. The relative risks were 6.36
95% Cl: 5.23-7.74) and 5.02 (95% Cl: 4.47-5.67) when estimated separately for unvaccinated and vaccinated cases, respectively. It was
stimated that the protection prior infection (with most likely a non-Omicron variant) provides against reinfection with Omicron is 19% (95%Cl:
D-27%). The data analysed was UKSA and NHS data from PCR-confirmed SARS-CoV-2 cases with no history of recent travel.[147)

A New Zealand study investigated neutralising antibody activity over time using sera from a cohort of Southern District Health Board PCR-
confirmed cases infected between 11 March and 5 April 2020. Neutralising antibody activity was assessed to Omicron and earlier variants,
ncluding Delta, at 11 months post infection, with a key finding being the limited cross-neutralisation of Omicron from a previous non-Omicron
nfection.[148]
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Omicron reinfection

UK data from the COVID-19 Infection Survey reported in February 2022 that there were more reinfections in a month when Omicron became
the dominant variant (764 reinfections), than in the previous 18 months (586 reinfections).[149] The reinfection rate was reported as increasing
from 11.7 to 180.3 per 100,000 people since Omicron became the dominant variant (proportion vaccinated not specified).

Earlier COVID Infection Survey reported in January stated that unvaccinated pecple were approximately twice as likely to be re-infected than
people who had their second vaccine 14 to 89 days previously. Of note, this data was drawn from both Delta-dominant and Omicron-dominant
periods.[149]

A study of neutralising antibody activity found that Delta breakthrough infections showed 10.8 times higher antibody titres against ancestral
Wild type virus compared to Omicron breakthrough infections. Following either Delta or Omicron breakthrough infection, limited variant-
kpecific cross-neutralizing immunity was observed. The authors concluded that the results suggest Omicron breakthrough infections are less
mmunogenic than Delta breakthrough infections and therefore provide reduced protection against reinfection.[150]

Data from Qatar indicate strong protection against Omicron sub-lineage reinfection provided by a previous Omicron infection (regardless of the
sub-lineage causing the primary infection) with an effectiveness of over 85%.[47].
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Effectiveness of Omicron sub-lineage infection
against subsequent Omicron reinfection
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reinfection reinfection

Therapeutics - Oral antivirals and remdesivir have been shown to be effective in recent in vitro studies, and their use is increasing
internationally. The activity of monoclonal antibodies against Omicron appears to vary according to Omicron sublineage on the basis of
emerging data.

ntibody products

The FDA (statement of 24 January) have revised authorisations for two monoclonal antibody treatments — bamlanivimab and etesevimab
administered together) and REGEN-COV (casirivimab and imdevimab; Ronapreve). These treatments are not authorised for use at present in
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pny U.S. states, territories, or jurisdictions due to Omicron being estimated to comprise more than 99% of US COVID-19 cases as of January.
(Link)

Evusheld (cilgavimab + tixagevimab) has an FDA emergency use authorisation (EUA) as pre-exposure prophylaxis for prevention of COVID-19.
[The FDA have recently authorised an increase in the dose of both cilgavimab and tixagevimab for this indication from 150mg to 300mg on the
basis of data suggesting the higher dose was more likely to be effective against the Omicron sublineages BA.1.and BA.1.1. (link)

I number of laboratory studies have now investigated the activity of commercially available monoclonal antibodies and products in
development against the Omicron variant.

Early in vitro studies showed Omicron was resistant to neutralisation by a number of monoclonal antibodies including casirivimab + imdevimab
Ronapreve) [151-156], while studies indicated that sotrovimab retained some neutralisation activity against Omicron in vitro.[151-156] An
pnimal study (mice) from the University of Liverpool investigating the virological efficacy of casirivimab + imdevimab (Ronapreve) showed no
reduction in viral RNA in lung and nasal turbinate tissue compared to saline for Omicron but a reduction for Delta.[157]

Recent in vitro studies suggest a differential activity of monoclonal antibodies to specific Omicron sublineages BA.1, BA.1.1 and BA.2, with
sotrovimab reported as retaining some ‘appreciable’ activity against BA.1 [158] [159] and BA.1.1.[158], but BA.2 showing greater resistance to
kotrovimab.[158) [159] Iketani et al. investigated 19 monoclonal antibodies and report that the recently FDA authorised monoclonal antibody
LY-CoV1404 (bebtelovimab) Is the only clinically approved/authorised monoclonal antibody treatment to have adequate activity against all
three main Omicron sublineages.[158]

The Ohashi et al. in vitro study also found that imdevimab (but not casirivimab) showed ‘minor activity’ against BA.2, but not against BA.1.[159]
An additional Japanese study by Takashita et al was reported in a letter to the Editor of the New England Journal of Medicine (NEJM) published
pn March 9. The authors reported activity of imdevimab and some activity of casirivimab against BA.2 but not BA.1.[160] They found that for
kasirivimab, the titre required for BA.2 was higher than for earlier variants, including Delta. These reports in the literature are an interesting
development for the New Zealand context, as casirivimab + imdevimab (Ronapreve) has previously received Medsafe approval as a COVID-19
treatment, with stock available in the country. Prior to these reports, the evidence has indicated casirivimab + imdevimab (Ronapreve) is
neffective as a treatment against Omicron.

Antivirals
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Antiviral agents including remdesivir and newer oral antivirals are expected to be effective against the Omicron variant on the basis of their
ode of action. In vitro studies provide experimental evidence of preserved effect of remdesivir, molnupiravir and Paxlovid against Omicron,

ncluding the Omicron sub-lineages.
A non-peer reviewed cell-culture study showed that the antiviral drugs molnupiravir (Legevrio), Paxlovid, remdesivir, acriflavine, and AT-527 will
ikely retain efficacy for the omicron variant.[161] An in vitro study using live virus collected from nasal swab specimens demonstrated that the
pctivity of the antivirals remdesivir, molnupiravir (specifically, its active metabolite EIDD-19331) and PF-07321332 (nirmatrelvir) was preserved
gainst Omicron.[162] Antiviral assays completed in a Belgian study similarly reported retained effect of remdesivir, EIDD-19331 and
irmatrelvir against all variants studied, including Omicron. [163] Note that the oral antiviral Paxlovid is a combination of PF-07321332 and
itonavir, with the PF-07321332 responsible for blocking viral replication (whereas ritonavir acts to slow the breakdown of PF-
07321332). Further in vitro studies supported by Pfizer showing that nirmatrelvir is effective against Omicron have also recently been reported
s pre-prints.[164, 165] (Link) /in vitro data from Japan reported in a January 26 NEJM editorial showed preserved effect of remdesivir,
olnupiravir and PF-07394814 (active component of Paxlovid) against Omicron.

A further in vitro study using a cell culture infection assay demonstrated that nirmatrelvir and also EIDD-1931 (molnupiravir's active metabolite)

pchieved a dose-dependent reduction in viral RNA for all variants studies, including Omicron BA.1 and BA.2 sublineages.[159] Takashita et al
eported findings of an in vitro study showing that BA.2 had similar susceptibility to remdesivir, molnupiravir and nirmatrelvir as the ancestral

ktrain and other variants of concern.[160] An animal study (hamsters) demonstrated that molnupiravir treatment significantly reduced Omicron
iral replication and shedding. [166] Another study reported that molnupiravir and nirmatrelvir reduced viral infection in the respiratory organs

pf hamsters infected with BA.2.[167]
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ore PCR tests recognised as unable to detect Omicron. Saliva testing might offer advantages for Omicron over nasal swabs. RATs under
potlight but evidence is mixed for reduced analytical sensitivity, including two NZ approved RATSs.

CR

CR tests continue to be appropriate for diagnosis of SARS CoV-2.[168) On 23 December, the World Health Organization stated that PCR tests
hat include multiple gene targets are unlikely to be affected and should continue to be used to detect SARS-CoV-2 infection, including the
micron variant.[169] However, the FDA has identified three COVID-19 molecular tests (from Applied DA Sciences, Meridian Bioscience and
ide Laboratories) that are not able to detect the Omicron variant because they target genes with deletions in Omicron. [170] ThermoFisher
agPath PCR test can detect S gene target failure - an early marker to distinguish between Omicron and Delta, pending sequencing
onfirmation.[168] The PCR proxy marker RNA-dependent RNA polymerase (RdRp) target delay was associated with a lower risk of hospital
dmission.[171] To account for the changing receptor binding domain of the SARS-CoV-2 spike protein, assays capable of rapidly and accurately
dentifying variants including Omicron are being reported to have discriminated against a S-gene dropout Delta specimen.[172] A Malaysian
tudy evaluated the Allplex SARS-Cov-2 Master Assay and Variant Assay and found that the assays should detect Omicron {B.1.1.529).[173]

wo pre-print studies suggest saliva testing might detect more infections (and possibly earlier) than nasal swabs in PCR testing.[174, 175]

ATs

vidence on the performance of RATs is of two main types: analytical studies that use stored/'spiked’ samples of the virus; and clinical studies
hat measure real-world performance. It is generally understood that laboratory experiments cannot fully replicate the real-world application of|
test kit and clinical performance studies are required.

ue to the time needed to establish and perform research studies the current evidence base contains more analytical than clinical studies,
efers to the BA.1 variant, and is mostly from pre-print sources. Summary of current evidence on detection of the Omicron variant:

e Published analytical studies - four investigated the performance of various RATs. Three found similar sensitivities for both Omicron and
Delta [176-178], and one found reduced sensitivity for Omicron.

» Pre-print analytical studies - four (one using CareStart, and one using Clinitest RATs that are authorised in NZ,) found no change in
sensitivity between Omicron and Delta [179-182], and one reported some reduced sensitivity. [183]

e Pre-print clinical performance study - a good quality study using BinaxNOW (not currently authorised in NZ) found sensitivity of only
52.1% compared to RT-PCR in Omicron cases confirmed by whole genome sequencing. [184] However, sensitivity could be improved to
75.7% by changing the RT-PCR positivity threshold from Ct of 40 to Ct of 30. Unfortunately, this study did not compare sensitivity with
other variants. A low quality study found two RATs (neither authorised in NZ) yielded higher false negative rates. [175] A moderate
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quality study found the performance of 3 RATs (including BD Veritor that is authorised in NZ) in detecting Omicron was not inferior to
Delta.[185]

* Pre-print studies on swab sample site - four addressed the issue of whether sensitivity varies by swab sample site. All assumed cases
were Omicron during large community outbreaks. Three studies used the Abbott Panbio RAT (which is authorised in NZ) and found that
mid-turbinate swabs perform better than buccal. [186] The second study used a RAT not currently authorised in NZ and found oral
cheek specimen was significantly less sensitive than nasal swab. The third study compared nasal, throat, and combined nasal/throat
swabs and found support for the combined method is self-perceived asymptomatic individuals.[187] The fourth compared sensitivity
for MT (66.7%), OP (82.2%) and saliva (72.5%) specimens, concluding the data do not support a preferred sample type for Omicron
[188].

+ Government reports — The UKHSA published a preliminary analysis of the performance of four RATs with Omicron on 17 December
2021. [168] One of these is authorised in NZ (Orient Gene). They reported the RATS “all of which target the nucleocapsid protein, have
detected the new Omicron variant that contains 4 amino acid changes from the original viral sequence.” The FDA state they are
working on the issue of Rat performance [189], the ECDC’s latest guidance is pre-Omicron [190], and the WHO reported in December
2021 that no reduction in RAT sensitivity has been reported so far.[191]

*  Manufacturer statements - most RAT manufacturers have issued statements about the ability of their products to detect Omicron.[192-
194] Unfortunately, these tend to lack supporting evidence, and can therefore be considered very low quality.

Bummary - Overall, it is known that rapid antigen tests (RATs) are less sensitive and less likely to detect very early infections. Most analytical
studies (six versus two) indicate that RATs detect Omicron with similar sensitivity to Delta. There are very few clinical studies available to date.
However, one study using a RAT authorised in NZ found that detection of Omicron is not inferior to Delta.

Wvailable evidence indicates that nasal swabs may slightly be superior to throat swabs, and one study suggests a combined sample may be even
Petter. However, the available evidence does not seem to support changing current testing practices at this time.

[To date there is a paucity of evidence about RATs and the BA.2 variant or newer lineages. This summary is therefore limited to detection of
BA.1.
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New signals

The risk of clinically significant emerging variants is considered to be high, according to the WHO.[195] The WHO has expressed concern that during recent months,
some countries have significantly reduced SARS-CoV-2 testing. They caution that unless robust surveillance systems are retained, countries may lose the ability to
accurately interpret epidemiological trends, implement the appropriate measures necessary to reduce transmission and monitor and assess the evolution of the
virus.[24]

This section covers BA.4/BA.S and then BA.2.12/ BA.2.12.1/ BA.2.12.2.

BA.4 and BA.5

BA.4 and BA.5 are Omicron sub-lineages that were first detected in South Africa in January and February 2022 respectively, and are now the dominant variants
there.[9] They have now been detected in over 20 countries. The WHO began tracking these sub-variants in mid-April. Both BA.4 and BA.S had been identified at the
NZ border as of 4 May 2022.[196]

BA.4 and BA.5 have many mutations in common with the original Omicron variant, but have more in common with the BA.2 variant.[12] They also have a number of
additional mutations. The BA.4 and BA.5 sub-variants tend to be discussed together because the mutations in their spike protein gene are identical (though they
differ in mutations found elsewhere in the genome).[12] Both lineages contain the amino-acid substitutions L452R, F486V, and R493Q in the spike receptor binding
domain compared to BA.2.[9] SGTF is present in BA.4 and BA.5.[8] There have been limited studies on BA.4 and BA.S to date, and so far none of them have been
peer-reviewed.[12] Preliminary studies suggest that BA.4 and BA.5 have a significant change in antigenic properties compared to BA.1 and BA.2, especially compared
to BA.1.[9]

BA.4 and BA.5 are driving a spike in new COVID-19 cases in South Africa, and they both seem to have a growth advantage over other sub-lineages of Omicron,
according to the WHO.(link) The estimated daily growth advantage for BA.5 over BA.2 is 13% in Portugal, similar to the 12% daily growth advantage previously
reported by South Africa.[9] The growth advantage for BA.4 and BA.S is thought to be likely due to their ability to evade immune protection induced by prior infection
and/or vaccination, particularly if this has waned over time.[9] The ECDC has noted that the high growth advantages reported for BA.4/BA.5 suggest that these
variants will become dominant in the EU/EEA in coming months, although the current proportion of these variants is currently low. Although there is currently no
indication of any change in severity for BA.4/BA.5 compared to previous Omicron lineages, if COVID-19 case numbers increase substantially, the ECDC cautions that
some level of increased hospital and ICU admissions is likely to follow.[9] Limited available data indicates that both BA.4 and BA.5 are capable of escaping immune
protection induced by infection with BA.1.[9] One study, (not yet peer-reviewed) isolated live BA.4 and BA.5 virus and tested for neutralizing immunity using blood
samples from participants previously infected with BA.1 and with or without vaccination.[197] The vaccinated group (3 doses) showed approximately 5-fold increased
neutralization capacity of BA.4/BA.5 when compared to the unvaccinated group. This indicates better protection in vaccinated individuals, although it is likely this
protection will decrease over time with waning.[197] The ECDC has noted there is currently no evidence regarding impact on transmissibility for BA.4 and BA.5.[11]
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The number of countries reporting detection of the BA.4 and BA.5 variants is rising, along with the number of cases.[12] The WHO has noted that the limited evidence

to date does not indicate a rise in hospital admissions or other signs of increased severity with BA4 and BA.5, however at this stage the preliminary data and short
follow-up of cases does not allow for conclusions on disease severity to be drawn at this stage.[8)

Omicron subvariants BA.4 and BA.S are generally still circulating at low levels, with <700 cases of BA.4 detected across at least 16 countries and >300 cases of BA.5
detected across at least 17 countries as of mid-May.(link) BA.4 and BA.5 appear to be growing in prevalence. [12]The WHO weekly report from 4 May reported that
the Africa Region had showed an increase in cases for the second consecutive we ek following a decreasing trend observed since January. 2022. The highest number of
new weekly cases were reported from South Africa (approx. 32,000 new cases, +67%).[8] Although the number of sequences reported is low, the UKHSA warns that
the apparent geographic spread suggests that the variant is transmitting successfully.[5)

Table 4: BA.4 and BA.5

Variant

Genomic features

Geographic distribution and prevalence

Characteristics/ possible impact

BA.4

BA.4 shares all mutations
gnd deletions with the
BA.2 lineage except the
following:[5]
S: 69/70 deletion;
RA08 (WT, wild type)*,
L452R,
F486V,
Q493 (WT);
ORF 7b: L11F,;
N: P151S;
Synonymaous SNP
1512160A.

E4B4A.
*Note, only a subset of
BA.4 samples have the S:
R408S mutation.

BA.4 has been found in multiple countries, with
the highest prevalence in South Africa where the
first known sample was collected on the 10 Jan
2022. [1]

lAccording to data by cov-lineages.org as of 16
May 2022, BA.4 was most commonly reported in
Kouth Africa (69% of global BA.4 cases), followed
by Austria (7%), the UK (6%), the US (5%), and
Denmark (3%).

INZ: As of 4 May 2022, two cases of BA.4 had
been detected at the New Zealand border, with
the first case reported on 25 April.

ESR notes that wastewater analysis for the
period 17 to 30 April did not detect BA.4,

Ilthough the number of cases of BA.4 is relatively low, the geographic
kpread indicates that the variant is successfully transmitting. [1]

n an informal report from Gauteng, BA.4 was observed to have a 0.09 per
day growth rate, similar to BA.2.(link) A preprint similarly reported a growth
pdvantage of approximately 0.08 (95% Cl: 0.07 — 0.09) compared to BA.2 in
Bouth Africa.[198]

The mutation on the spike {69/70 deletion) is associated with S-gene target
failure. This will have implications for detection. [1]

Bpike L452R has been associated with increased infectivity and increased
Eell fusion.[199] Mutations to L452R spike protein in BA.4 have been seen
other variants including Delta, Epsilon, Kappa and BA.5. This mutation
bppeared to play a role in the increased spread of Delta.

h’he mutations to E484A and F486V have been associated with immune-
kystem escape. F486V mutation may provide a key site for escape of
bntibodies that are produced by both vaccine/infection induced
mmunity.[197]
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Variant Genomic features Geographic distribution and prevalence Characteristics/ possible impact

ndicating no community cases of BA.4 at this  Although data showed BA.4 to be able to escape BA.1 infection elicited
ktage.[196] neutralising immunity[197] (see study in overview of this section for more
details), there is currently no evidence that this is also true for BA.2 past
nfections. This is relevant in the New Zealand context where >80% of
Pmicron infections in New Zealand have been BA.2.[196] Ongoing studies
from other countries that experienced a BA.2 wave would help inform on
the potential impact of BA.4 in the New Zealand context.[196]

BA5  Phares all the same According to data by cov-lineages.org as of 16 Pue to the similarities in mutations, BA.S5 has similar implications to BA.4.
mutations/deletions as May 2022, BA.5 was most commonly reported in
BA.2 except the Bouth Africa (45% of global cases), Germany A.5 does not have the geographic spread of BA.4 at this stage.[1] It does
Following:[5] 22%), Portugal (13%), the UK (95) and the US ave a similar observed growth rate of 0.11 in the location of primary focus.
S: 69/70 deletion, 3%). his was also reported in a preprint, which reported a growth advantage of
R408 (WT) The Portuguese National Institute of Health pproximately 0.12 (95% CI: 0.09 - 0.15) compared to BA.2 in South
L452R, pstimated that BA.5 accounted for ~37% of frica.[198] This is comparable to growth rates seen in BA.4 and BA.2. The
F486V, positive cases as of 8 May 2022. BAS is ortuguese National Institute of Health has estimated a daily growth
Q493 (WT); predicted to become the dominant variant in dvantage for BA.S over BA.2 of 13%, which is similar to the 12% daily
ORF6:061 (WT) Portugal by 22 May 2022.[9] rowth advantage previously reported by South Africa.[9]
M: D3N; s of May 2022 BA.5 has been detected at the
synonymous SNPs: New Zealand border.(link) A.5 has identical spike proteins to BA.4, therefore it is likely to behave
A27038G, imilarly.[198] It has the mutations to E484A and F486V, which have been
G12160A, and ESR has noted that no BA.5 was identified in ssociated with immune escape as well as the L452R mutation, associated
C€27889T. wastewater testing in NZ for the period of 17-30 with increase affinity for receptor binding, and therefore cell entry.[198]
Wpril, indicating negligible community
rases.[196] ike BA.4, BA.5 has shown the neutralisation evasion against vaccination (3-

oses) and vaccination with prior BA.1 infection.[197] This has not been
hown in prior BA.2 infections which have accounted for the majority of
ew Zealand omicron infections.
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BA.2.12, BA.2.12.1 and BA.2.12.2

On 13 April the New York State Department of Health announced the emergence of two Omicron subvariants in New York State, BA.2.12 and BA.2.12.1, both sub-
lineages of BA.2.[200] The subvariants have been estimated to have a 23% - 27% growth advantage above the original BA.2 variant. State officials had determined
that these highly contagious new variants were likely contributing to the higher-than-average infection rates in Central New York over the previous few weeks. The
Department's findings are the first reported instances of significant community spread due to the new subvariants in the United States. The Department reported no
evidence of increased disease severity by these subvariants.[200]

The CDC estimated 36.5% (95% P| 28.9-44.9%) of COVID-19 cases in the United States to be BA.2.12.2 as of 30 April 2022.
BA.2.12.1 has been shown to have a substitution mutation at the L452 location (L452Q). This is very similar to BA.4/B.5 which have L452R.[198] A mutation to L452

location has arisen independently in other variants including Delta, Epsilon, Kappa. This mutation is linked to immune evasion and cell binding, making it a mutation
of interest in new variants.[201] BA.2.12.1 has been reported to have increased ACE2-binding affinities in comparison to BA.1, implying increased cell binding.

BA.12.2 has been shown to have increased immune evasion abilities when compared to BA.2.[201] A pre-print posted on 2 May found that BA.12.2 has strong
neutralising evasion against plasma taken from people with previous BA.1 infection (both 3-dose vaccinated and unvaccinated).[201] This neutralising evasion was
also seen in other Omicron subvariants, including BA.4/BA.5,

BA.2.12.1 and BA.2,12.2 have been detected in New Zealand from travellers returning 11 and 15 April respectively.
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Recombinants
Section updated: 25 April 2022

What are recombinants and how are they formed?

Viruses naturally evolve and are continuously changing as a result of genetic selection.[202] They can undergo
minor genetic changes through mutation, as well as major genetic changes through recombination.[202]
Mutation occurs when an error is incorporated in the viral genome, and recombination occurs when two viruses
infect the same host cell and exchange genetic information, creating a novel virus. Recombinants can emerge
when more than one variant infects the same person (or animal) at the same time (‘co-infection’) — this allows
the variants to interact during replication, mixing their genetic material and forming new combinations.[173]

Genetic recombination is a common evolutionary mechanism among coronaviruses and is thought to be critical
for coronavirus diversity and the emergence of SARS-CoV-2, MERS-CoV, SARS-CoV, and other zoonotic
coronaviruses.[203] Genetic recombination events occur often in natural reservoirs, leading to the emergence
of new viruses. The possibility for coronaviruses to transmit between species makes the emergence of novel
viruses a particular threat to human and animal health.[204] Recombination allows viruses to overcome
selective pressure and adapt to new hosts and environments.[205] Many recombinants will never be spread,
but some do. It has been recently proposed that the prototype Omicron variant B.1.1.529 may have been
generated by genomic recombination of two early SARS-CoV-2 lineages in the spike protein Coding
Sequence.[205]

Recombinant events become more likely when case numbers are higher.[206] Liu et al (2022) note that the
rapid and extensive spread of SARS-CoV-2 in humans has contributed additional mutational variability in this
genome, increasing opportunities for future recombination.[205] The frequency of creation of recombinants
between two variants depends on the duration of their co-circulation, the time until viral clearance, and the
number of people exposed to both viruses.[207]

Collaborations between scientists are essential to verify possible new variants. For example, a supposed Delta-
Omicron recombinant found in January in Cyprus turned out to be likely due to laboratory contamination.[208]

Of note, several of the emerging recombinants have been referred to as Deltacron, however this term is also
being widely used in popular press as an umbrella term referring to any Delta/Omicron recombinants.
‘Deltacron’ is a non-scientific and simplistic term because there are many possible recombinants of various parts
of Omicron and Delta genomes (i.e. different versions of Deltacron). Having two variants recombine does not
necessarily mean they will share the most severe or concerning features of each variant.

The WHO continues to closely monitor and assess the public health risk associated with recombinant variants,
alongside other SARS-CoV-2 variants, and will provide updates as further evidence becomes available.[195] The
Pango dynamic nomenclature system gives recombinant viruses a two-letter abbreviation starting with X.

Three SARS-CoV-2 recombinant variants with evidence of person-to-person transmission have been reported:
XD (AY.4/BA.1 recombinant, where AY.4 is Delta), XE (BA.1/BA.2 recombinant) and XF (another AY.4/BA.1
recombinant). XE was first reported in New Zealand on 23 April 2022.[209] The latest sequencing data from ESR
had not found any of the other known recombinant variants, or an original recombination variant, in New
Zealand. The significance of the existing recombinants, and potential future recombinants is not yet known.
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Table 5 below outlines the recombinant lineages designated by Pangolin which are currently being monitored by the UKHSA as part of horizon scanning.[3] These
recombinants are XD, XE, and XF,

Table 5: Recombinant lineages XD, XE and XF

Recombinant | Parents Genomic features Geographic distribution and prevalence Characteristics/ possible impact
lineage
XE Omicron XE contains BA.1 mutations for NSP1- | XE has predominantly been isolated and A UKHSA analysis using data up to 30 March
BA.1and | 6and BA.2 mutations for the sequenced in the UK, with the first case 2022 found XE has a growth rate 12.6% above
Omicron remainder of the genome. It also has | detected on 19 January 2022. [3, 13] Asof 3 | that of BA.2.[1] UKHSA notes this estimate has
BA.2 three mutations that are not present | May 2022, a total of 1,399 episodes of V- not remained consistent as new data have
in BA.1 or BA.2 sequences: NSP3 22APR-02 have been reported in England.[S] | been added and cannot be interpreted as an
gig;;:?flvmﬁsil, and NSP12 XE shows evidence of community accurate estimate of growth advantage.[1]
e transmission within England,[1] however it WHO stated on April 5" that XE has been
remains at a low prevalence - between 3 estimated at having a ~10% transmission
April 2022 and 3 May 2022, XE accounted for | advantage compared to BA.2, however this
0.7% of sequenced cases reported in finding requires further confirmation.[210]
England.[5]
XE was first reported in New Zealand on 23
April 2022.[209]
XD [206) Deltaand | The XD recombinant lineage is a Delta | XD is present in several European countries | The WHO weekly epidemiological report of 29
Omicron | AY.4 genome that has acquired an but as of 01 April it had not been detected in | March stated that no new evidence indicates
BA.1 Omicron BA.1 spike sequence the UK.[1] The earliest collection date for XD | that XD is associated with higher
(nucleotide positions 21,643 to samples is January 2022. UKHSA reported transmissibility or more severe
25,581). XD contains the unique that total of 68 XD samples in GISAID met outcomes.[195]
mutation NSP2: E172D.[3] the XD definition on 01 April, of which 66 XD, which has an Omicron S gene
were from France, one from the. incorporated into a Delta genome, is present
Netheriands, and oie fromm Beigiuim 1] primarily in France but has not been detected
in the UK. Whilst the total number of genomes
is still small, it has been designated on the
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basis that data published from France
suggests that it may be biologically distinct.[1]

XF Deltaand | The XF lineage is a recombinant of In the UK, 39 sequences samples have been | Given the lack of evidence for recent UK
Omicron Delta and BA.1 with a break point identified and validated as part of the XF samples from this lineage it is thought unlikely
BA.1 near the end of NSP3 (nucleotide lineage since 7 January 2022.[3] XF caused a | to be associated with sustained community
5,386). small cluster in the UK but has not been growth.[3]

detected since mid- February.[3] There is
currently no evidence for XF samples from
non-UK countries on GISAID.

The UKHSA also continues to list a BA.1/BA.2 recombinant (with unique mutation C3583T) as a signal currently under monitoring and investigation.[5]
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Effectiveness of infection prevention and control/ public
health measures
Section updated: 13 May 2022

This section outlines some of the available literature about the effectiveness of infection prevention and control
(IPC) and public health measures. It is not intended to be a systematic review of all available evidence, but to
provide an overview of available evidence. Papers that relate to SARS-CoV-2 in general or earlier variants are in
the ‘general’ section. This is followed by a section which includes papers specific to Omicron. However it is
worth noting that "while these subvariants are new, the tools to combat them are not”( New York State Health
Commissioner).[200]

General

e A modelling study estimating remaining burden of COVID-19 hospitalisations and deaths in European
countries found that there could be still more than 3 million hospitalisations and 640,000 deaths, but
that burden varies between countries, with much higher potential remaining burdens in countries that
have experienced less transmission so far and/or have lower vaccine coverage and/or have older
populations.[211] Furthermore, that non-pharmaceutical interventions are required to limit severe
COVID-19 outcomes.

e An observational study on the impact of contact tracing and testing on controlling COVID-19 without
lockdown in Hong Kong found that restoring social distancing measures without maintaining tracing and
testing efficiency was not enough to prevent growth of the outbreak; ii) a rise in number of daily cases
increased the probability of confirmation delay among contact-traced cases; iii) testing at-risk groups
reduced the probability and the duration of confirmation delay among contact-traced cases.[212]

e A cross-sectional study comparing OECD countries in evaluating economic outcomes found that non-
pharmaceutical interventions effectively contained the outbreaks and had positive impacts in lowering
unemployment rates.[213]

e A modelling study points to the role of super-spreader events in the contribution of novel variant
predominance. Suggesting that from a public health perspective the results give weight to the need to
focus NPIs on preventing large super-spreader events (10 or 20 secondary infections from single
infected individual).[214]

e A preprint study on social gatherings and transmission found that small gatherings, due to their
frequency, can be important contributors to transmission dynamics and that because gathering size
distributions are “heavy-tailed”, a meaningful reduction in new cases only occurs once restrictions are
set quite low (to achieve reduction in cases of 50% or more, restrictions must be set below 30 in most
settings).[215]

e Transmission of SARS-CoV-2 and the effectiveness of NPIs depend strongly on age related factors,
including differences in contact patterns and pathophysiology.[216] A recently published modelling
study found that the risk of a local outbreak depends on the age of the index case, and explored the
effects of non-pharmaceutical interventions (NPIs) targeting individuals of different ages. Social
distancing policies that reduce contacts outside of schools and workplaces and target individuals of all
ages were predicted to reduce local outbreak risks substantially, whereas school closures were
predicted have a more limited impact. The authors note that when different NPIs are used in
combination, the risk of local outbreaks can be eliminated. In addition, the authors state that
heightened detection of infectious individuals reduces the level of NPIs required to prevent local
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outbreaks, particularly if enhanced detection symptomatic cases is combined with efforts to find and
isolate non-symptomatic infected individuals.[216]

A recently published Australian study aimed to establish a predictive model to assist stakeholders in
decision-making regarding timely and effective interventions based on limited surveillance data in the
early stages of an outbreak. It is reportedly the first of its kind to integrate existing public health
interventions and epidemic severity to quantify the risk of COVID-19 resurgence. The model integrates
existing public health interventions, population vaccination coverage, and the transmissibility of
variants. Non-pharmaceutical interventions (NPIs) are important tools for COVID-19 control, and
experience has demonstrated that early intervention results in more effective control of
outbreaks.[173] However, the emergence of new, more transmissible SARS-CoV-2 variants has changed
the thresholds for public health interventions. The study found that in the early phase of an outhreak,
containing a wildtype-dominant epidemic to a low level (<10 cases/day) would require effective
combinations of social distancing and face mask use interventions to be commenced before the number
of daily reported cases reaches 6. Containing an Alpha-dominant epidemic would require more stringent
interventions that commence earlier. For the Delta variant, public health interventions alone would not
contain the epidemic unless the vaccination coverage was 270%.[217]

An Australian study on digital contact tracing found the COVIDSafe app was not sufficiently effective to
make a meaningful contribution to the COVID-19 response in New South Wales (Australia’s most
populous state) over a 6-month period (May to November 2020).[218]

A preprint study suggested that mobility restriction and testing were effective interventions even in the
presence of vaccination in India.[219]

A German modelling study found indicate that local containment of outbreaks and maintenance of low
overall incidence of COVID-19 is possible even in densely populated and highly connected regions. They
also found that if less strict public health interventions are used, substantially increased testing rates are
needed to compensate.[220]

A Canadian study found although vaccinations helped to control the COVID-19 infection rate, the stay-
at-home order (April 7th 2021) resulted in approximately a 37% reduction in COVID-19 prevalence one
week after the intervention’s effective date. Therefore, Ontario’s strict lockdown policy, including
several NPls, mitigated the COVID-19 surge during the third wave.[221]

A systematic review of economic evaluations of COVID-19 interventions found that treatment, public
information campaigns, quarantining identified contacts/cases, cancelling public events, and social
distancing were deemed highly cost-effective. The authors also concluded that accounting for broad
non-health impacts and distributional effects is essential for a comprehensive assessment of
interventions’ value.[222]

Results of an Italian study imply that school reopening generated an increase of one third in cases.[223]

Papers specific to Omicron

A modelling study suggests that in contrast to Delta, infection prevention control settings in South Africa
and UK will be insufficient to control the Omicron outbreak in those countries.[224]

A French study discussed the significance of a higher viral load on airborne transmission within the
context of COVID-19 with new variants and its implication for health policies.[225] Their conclusion was
that the present norms of ventilation, already insufficient, are not respected, especially in a variety of
public premises, leading to high risk of contamination.
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Zoonotic reservoirs of SARS-CoV-2

e SARS-CoV-2 is a zoonotic virus, which means that it can spread between humans and animal.[226)]

o It most likely has a natural reservoir in bats, as suggested by its close genomic sequence identity to
other SARS-CoV viruses.[227, 228)

e SARS-CoV-2 has an RBD that specifically targets specifically ACE2 receptors. ACE2 receptors share a

large degree of similarity amongst many mammalian animal species, resulting in a broad range of
potential zoonotic reservoirs.[229]

o Early comparisons identified 17 potential host species including animals belonging to a number of
groups (by examining proteins involved in binding SARS-CoV-2): Primates (monkey), Lagomorpha
(rabbit), Pholidota (Malayan pangolin), Carnivora (cat, civet, fox, dog, and raccoon dog), Perissodactyla
(horse), Artiodactyla (pig, wild Bactrian camel, alpaca, bovine, goat, and sheep), and Chiroptera (little
brown bat and fulvous fruit bat).[230]

o Large-scale outbreaks have been reported in farms across the world, with particular outbreaks of note
being in Denmark, Netherlands and the USA.[231] Infection of minks in the Netherlands was determined
to be introduced by infected farm workers.[232]

° WGS of SARS-CoV-2 from infected minks and infected employees at the farms indicated that SARS-CoV-
2 had likely from humans to minks and, at least once, back to humans.[232]
° Mink-selected SARS-CoV-2 variants carrying the Y453F/D614G mutation displayed an increased affinity

for human ACE2 and escaped neutralisation by one monoclonal antibody.[233] This demonstrates the
potential for interspecies infection to be evolutionary routes for emergence of novel variants of SARS-
CoV-2.

e Controlled studies on transmission of SARS-CoV-2 to livestock species are limited, but experiments using
a sample of 6 cattle showed that it was possible to achieve infection and subsequent viral replications
when the cattle were intranasally inoculated.[234] Transmission from infected cattle to uninoculated
cattle was not observed, however.

o Experiments with rabbits that have been inoculated with SARS-CoV-2, showed a lack of any clinical
symptoms but active infectious viral shedding from their nose and throat, indicative of a potential
zoonotic reservoir.[235]

° Domestic cats have been experimentally infected with SARS-CoV-2 and have been shown to be able to
transmit it to one another through respiratory droplets.[236, 237] A viral survey of a household of two
humans and three cats suggested that cats may shed SARS-CoV-2 for a shorter duration than humans
[238] but due to the small sample size, this must be interpreted with caution. Close viral genomic
similarity between SARS-CoV-2 from pet cats and their respective owners indicates a mode of direct
human to animal transmission.[238]

° Dogs can also be infected with SARS-CoV-2 but appear to shed little to no virus, making them less likely
to be able to transmit it.[239] Although data is limited, dogs do not appear to be symptomatic with
SARS-CoV-2 infection [240] and appear to be a low risk for transmission of the virus.

° Widespread infection of free-ranging white-tailed deer has been documented in the USA, with more
than a third of nasal swabs (129/360) collected from northeast Ohio in early 2021 testing positive for
SARS-CoV-2.[241]

o Three separate lineages (B.1.2, B.1.582 and B.1.596) were detected, which correlated with the high
prevalence of B.1.2 variant that was dominant amongst humans in Ohio at the time, suggesting direct
human-to-deer transmission. Probable deer-to-deer transmission was detected for these three variants,
allowing for amino acid substitutions in the RBD and ORF1 that were observed infrequently in
humans.[20]

° The high prevalence of SARS-CoV-2 amongst white-tailed deer populations in the USA at the time of
sampling suggests that deer could potentially act as a zoonotic reservoir for further spillback events
back into human populations. A preprint article from February 2022 identified a potential spillback
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event in Canada, where a high diversity of viral lineages was noted in SARS-CoV-2 genomic sequences
from white-tailed deer and one such lineage was identified in a human sample isolate from
Ontario.[242]

o This highlights the interdependence of human, animal and ecosystem health and reinforce the
importance of One Health approaches in addressing emerging zoonotic diseases.[243-245] One Health
approaches promote collaboration between human, animal and environmental health stakeholders in
order to improve health and well-being through prevention and mitigation of risks at the interface
between humans, animals and the environment.[244]

ENDS
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Glossary of Terms

The AstraZeneca vaccine

AZD1222 or ChAdOx1

The Pfizer/BioNTech vaccine

Comirnaty/BNT162b2

Global Initiative on Sharing
Avian Influenza Data
(GISAID)

This is a consortium that promotes and provides open access to SARS-CoV-2
genomic sequence data. Its original purpose was for sharing data on avian (bird)
flu.

Immune escape

The ability of the virus to evade our body’s immune response. See also Immune
response.

Immune response

The response of our immune system to an infection. It includes development of
specific antibodies to the virus and also cell-mediated responses (triggered by T
cells).

Mutation

Small change made to the pattern of nucleotides that make up the virus. These
occur as the virus spreads and replicates. Most do not confer a benefit to the
virus.

Naming mutations

Mutation nomenclature (i.e., how they are named), describes what occurred at a
specific location of the genome. For example, the ‘E484K’ mutation means that at
the position 484, the amino acid changed from glutamic acid (E) to lysine (K).
When a deletion occurs, the location is provided (e.g., deletion 144).

N-terminal domain

Part of the spike protein of the SARS-CoV-2 virus.

Ro, Reproductive number

The reproductive number R, (R-naught), is a measure of how contagious a disease
is. It is the average number of people who would catch a disease from one
infected individual when there are no control measures in place, e.g., vaccination,
lockdowns.

Res, Effective reproductive
number

The ‘effective R’ (Rerf) is the R observed when control measures are in place. Re
can therefore change depending on the control measures currently enacted in a
particular population. In general, whenever R is less than 1, i.e., an infected
person goes on to infect less than one person on average, then the prevalence of
the disease would be expected to decrease.

Secondary attack rate

The probability that an infection occurs among persons within a reasonable
incubation period after known contact with an infectious person in household or
other close-contact environments.

Serial interval

The time from symptom onset of a case to symptom onset in their identified
contacts.

“The Omicron genome (lineage BA.1) contains the spike deletion at position
69/70 which is associated with S-gene target failure (SGTF) in some widely used
PCR tests. Such PCR tests evaluate the presence of 3 SARS-CoV-2 genes: Spike (S),
nucleocapsid (N) and ORFlab. SGTF is defined as a PCR test where the N and

SSTF/SETP ORF1lab genes are detected (with Ct values less than or equal to 30) but the S-
gene is not. SGTF patterns can be used to assess the spread of Omicron lineage
BA.1. The Omicron lineage BA.2, VOC-22JAN-01, does not generally contain the
spike gene deletion and is S-gene target positive (SGTP).”[1]

artarid Viruses with mutations are referred to as variants of the original virus. New

variants of SARS-CoV-2 have been emerging as the virus has spread and evolved.

Variant of Concern (VOC)

WHO definition: A SARS-CoV-2 variant that meets the definition of a VOI (see
below) and, through a comparative assessment, has been demonstrated to be
associated with one or more of the following changes at a degree of global public
health significance:
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e [ncrease in transmissibility or detrimental change in COVID-19
epidemiology; OR

¢ Increase in virulence or change in clinical disease presentation; OR

¢ Decrease in effectiveness of public health and social measures or
available diagnostics, vaccines, therapeutics.

WHO definition: A SARS-CoV-2 variant:

e with genetic changes that are predicted or known to affect virus
characteristics such as transmissibility, disease severity, immune escape,
diagnostic or therapeutic escape; AND

Variant of Interest (VOI) e |dentified to cause significant community transmission or multiple COVID-
19 clusters, in multiple countries with increasing relative prevalence
alongside increasing number of cases over time, or other apparent
epidemiological impacts to suggest an emerging risk to global public
health.

UKHSA definition: SARS-CoV-2 variants, if considered to have concerning
epidemiological, immunological or pathogenic properties, are raised for formal
investigation. At this point they are designated Variant Under Investigation (VUI)
with a year, month, and number. Following a risk assessment with the relevant
expert committee, they may be designated Variant of Concern (VOC).

Variant under Investigation
(vul)

Abbreviations

CDC: Centers for Disease Control and Prevention

Ct: Cycle Threshold

E: Glutamic Acid

GSAID: Global Initiative on Sharing Avian Influenza Data
ICU: Intensive Care Unit

IPC: Infection Prevention and Control

L: Lysine

mRNA: messenger RNA

N: Nucleocapsid (Protein)

NPI: Non-pharmaceutical intervention

PCR: Polymerase Chain Reaction

RBD: Receptor binding domain (of the virus spike protein)
RAT: Rapid Antigen Test

Ress: ‘Effective R’, the effective reproductive number

Ro: ‘R-naught’, the baseline reproductive number
RNA: Ribonucleic Acid

S: Spike (Protein)

UKHSA: UK Health Security Agency

UAI: Upper Airway Infection
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VE: Vaccine effectiveness
VTG: Variant Technical Group

WHO: World Health Organisation

Useful Links

US CDC — SARS CoV-2 variant classifications and definitions | CDC classification of variants

Qutbreak Info QOutbreak Info

WHO - Tracking SARS-CoV-2 variants WHO Variant Tracking

UK Health Security Agency Technical Briefings (from Investigation of SARS-CoV-2 variants:

October 2021 onwards) technical briefings

Public Health England Technical Briefings Investigation of SARS-CoV-2 variants:
technical briefings
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Date: 3 December 2021

About this update

During the COVID-19 pandemic, the Ministry of Health has seen high interest in all aspects of the virus from the
scientific and healthcare community, and the general public. This update is produced fortnightly and is designed
to provide new information on the variants of concern or that are of interest.

The format of this report has changed. The document now contains three sections: 1) Key Points; 2) Omicron
variant summary table; 3) Delta variant summary table; 4) Other variants summary table.

Key points

Omicron

e On 26 November 2021, the World Health Organisation (WHO) designated variant B.1.1.529 a variant of
concern, named Omicron. This decision was made because the Omicron variant has several mutations in
the spike protein that could influence how it behaves.

e Asat 02 December 2021, Omicron is present in at least 30 countries around the world. Although there is
limited evidence currently available for this variant, several countries globally have implemented stricter
border measures to minimise risk of spread.

* PCR tests continue to detect Omicron infection. Studies are ongoing to determine whether there is any
impact on other types of tests, including rapid antigen detection tests.

e Preliminary data from South Africa shows that the risk of reinfection has increased in the era of
Omicron. This suggests that Omicron could have increased evasion of immunity following prior
infection. However, this is not yet confirmed, and it is not yet clear if Omicron can evade vaccine-
induced immunity.

e Many characteristics of Omicron are still unclear. More robust data are required to determine:

o if Omicron presents with different symptoms and if there are any changes to disease severity.
Data reported over the next 1-2 months will be important.

o if Omicron is more transmissible than Delta. Data reported over the next 2-4 weeks will be
important.

o if Omicron can escape vaccine-induced immunity. Laboratory data are expected over the next 1-
2 weeks.

Delta

e Delta continues to be the dominant variant of concern (VOC) globally. It is substantially more
transmissible that previous variants, with a higher secondary attack rate.

* Two doses of Pfizer vaccine remain effective against infection, symptomatic disease and hospitalisation
for cases associated with Delta. However, protection against infection wanes over time, indicating the
need for a third (booster) dose after several months.

* Preliminary evidence indicates that COVID-19 vaccination reduces onwards transmission of Delta (i.e.,
both the chance of becoming infected and the likelihood of an infected person transmitting to another
person), but this impact reduces over time.
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Omicron (B.1.1.529) Variant of Concern

Iidentification and global * TheB.1.1529 t was first detected in samples collected on 11 2021 i and on 14 2021 in South Africa.[1]
prevalence *  B.1,1.529 was first reported to WHO from South Africa an 24 November 2021. This variant was named 'Omicron’ and desginated a variant of concern on 26 Novermnber 2021 by WHO's Technical Advisory Group on Virus Evolution due to
the high number of mutations in the spike protein.[2]
*  Omicron Is the most divergent variant detected so far, which raises concerns that it may be d with it d tr ibility, significant reduction In vaccine effectiveness, and increased risk for reinfection.
®  Asat 02 December 2021, Omicron Is present in at least 30 countries around the world, Including Australia, the US, UK, Canada, Israel, and the Netherlands.
* _Although there is limited evidence currently available for this varfant, several countries globally have implemented stricter border measures to minimise risk of spread.
Spike protein mutations Summary: Omicron contains many mutations in the spike protein, some of which have been iated with and immune escape.
= Incomparisan to the criginal strain, Omicron contains at least 30 mutations in the spike protein, including three deletions and one small insertion.[1, 2] Of these, 15 are located within the receptor binding domain (RBD).
* A particular cluster of mutations at the 51-52 furin cleavage site (HESSY, N679K, P681H) are associated with more efficient cell entry , which may indicate an increase in .[3] These i have been in other
variants, but never reported together in one variant. For example, PEE1H Is seen in Alpha and Mu; Delta contains PES1R; and N673K Is seenin C.1.2.
® The large number of mutations In the RBD, including K417N and E484A, may Indicate an increased potential for iImmune escape.[3]
Testing and detection Summary: PCR tests continue to detect Omicron infection, Studies are ongoing to determine whether there is any impact on other types of tests, including rapid antigen detection tests.
*  Omicron has a deletion A69-70 In the Spike protein (similar to Alpha, but different to Delta). One PCR test, ThermoFisher TagPath, can detect the lack of this target gene (called § gene dropout or § gene target failure) [1, 2] and therefore
this test can be used as an early marker to distiguish between Omicron and Delta, pending sequencing confirmation.
# Itis unknown how rapid antigen tests will perform on Gmicron, Since many tests in the market (but not all) target the nucleacapsid protein rather than the spike protein, they are expected to continue to work, Studies are engoing to
assess if rapid antigen tests may be impacted.[1, 2]
Symptoms and severity of | Summary: More rabust data is required to determine whether this variant presents with different symptoms and to understand the extent of disease severity. Data reported over the next 1-2 months will be important.
disease
*  Preliminary information from South Africa indicates that there are currently no unusual symploms assoclated with Omicron. As seen with other variants, some individuals are asymptomatic.[4]
®  There have been some anecdotal reports from docteors in South Africa stating that Omicron causes milder symptoms and less severe iliness [5) However, these milder cases were in younger people. Therefore, it is too early to draw any
conclusions on disease severity until more data for different age groups, especially the elderly, become available.
s Data for severity and mortality is expected to become avallable in the next 1-2 menths, once for i are d
Transmission Summary: it is unclear whether Omicron is more transmissible than Delta, Data reported over the next 2-4 weeks will be important.
«  Early data shared on Twitter by Dr Tulio de Oiveira from the Center for Epidemic Response and Innovation in South Africa showed that ps of O in samples has to 75% in less than 2 weeks, indicating that this
wvariant could potentially outcompete Delta.[6)
= The variant is now spreading quickly in South Africa, with over 180 confirmed cases, as at 02 December 2021. It should be noted that vaccine coverage is very low in South Africa, with only around 24% of people fully vacdnated.[7)
«  More robust data are required to understand whether Omicron has increased transmissibllity over other variants. I the variant has been seeded by several visitors to the country in different locations at the same time, then this could
appear to be an increase in transmissibility initially, but then not be barne out by the data over time. Intetnational data on transmissibility over the next 2-4 weeks will therefore be very important to confirm these early observations.
Vaccine/immune escape | Summary: Preliminary data from South Africa suggests that Omicron could have increased evasion of immunity following prior infection. It is unclear whether Omicron can escape vaccine-induced i ity. Lab y data are expected

over the next 1-2 weeks.

* A pre-print from South Africa looking at infection trends in routine surveillance data found that Omicron s associated with a high risk of reinfection.[8] Reinfection was defined in the study as two pesitive tests (PCR or antigen detection),
at least 50 days apart. The relative hazard ratio (reinfection versus primary Infection) for the Omicron period versus the first wave of infection was 2.39 (95% Cl: 1,88-3.11). These preliminary data suggest that Omicron has Increased
[mmune evasion to prior infection, but it s not yet clear If time since previous Infection could have influenced these findings. It is also not clear if Omicron can evade vaccine-induced immunity,

* Norobust datd are available on binding or neutralising antibody responses yet, but these are expected in the next two weeks.[9, 10)

*  Despite uncertainties, vaccine develcpers and scientists are expecting that the COVID-19 vaccines will still offer protection against severe disease and death.[10, 11]

=« Pfizer have begun the production of an upgraded vaccine to target the Omicran variant.[10] The Pfizer CEO has stated that if needed, an initial batch of 25-50 million doses would take about 100 days to produce, provided regulators are
satisfied.

« A mediareport from Israel[12] states that the Pfizer vaccine “is [ust slightly less effective in preventing infection with Omicron than with Delta — 90% as opposed to 95% - while [t s as effective - around 93% — In preventing serious
symptoms at least for these vaccinated with a booster.” The report also states that “the ability of the varfant to infect is higher than Delta but not as much as feared - around 1.3 times higher.” However, the data to support these

staternents are yet to be published, so they should be treated with caution.
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Data for vaccinated

For example, results may vary depending on the contact tracing system of the country, on the timing that cases are isolated, or on the number of

Latency period Summary; Evidence is limited. Delta may have the same or shorter latency period than other variants. No data available
time from exposure to Approphemtaiy 4deys;
startof infectious period | 4 One study reported the mean latency was 4 days;{13] Another study reparted a time window of approximately
3.7 days.[14]
Incubation period Summary: Evidence is limited. Delta may have a shorter incubation period than other variants. Range is No data available
time from exposure to HpRPORmately ¥ ey
symptom onset *  One study reported the mean incubation period was 5.8 days,[13) Another study reparted a significantly shorter
incubation period for Delta compared with the wild-type strain (4 versus 6 days).[15)
Serial interval Summary: The serial interval for Delta is approximately 2.5-3.3 days.[16-18] No data available

time from enset of
symptoms In the primary
case to onset of symptoms
in the secondary case

*  One study reported that the serial interval was not different for Delta and non-Delta cases.[16] However, a study
of an outbreak in South Kerea found the mean serfal interval declined from 4.0 days to 2.5 days as Delta became
more prevalent (of note, Delta only accounted for ~40% of cases during this time).[17) A Korean contact tracing
study reported a serial interval of 3.26 days.[18]

Duration of infectious Summary: Evidence is limited on whether Delta has a longer infectious period. Summary: Evidence on duration of infection period in breakthrough infections is limited.
uricd *  Low cycle threshold (Ct) values correspond to high viral load, Ct values are used as a surrogate for infectiousness | « A US study of 8 Delta breakthrough infections found longer duration of viral shedding (13,5 vs 4 days), greater
and may not correlate with risk of transmission, likelihood of replication-competent virus at early stages of infection (6/8 [75%] vs 3/14 [23%]), and longer duration
*  Ctvalues stay 30 for 18 days for severe/hospitalised cases.[19] However, some studies report similar values for of culturable virus (median 7 vs 3 days) compared to non-Delta variants.[20]
non-Delta variants. This Is likely an upper limit of infectious pericd given the data was based on hospitalised cases
and total load (rather than total infectious virus)
*  AChinese study reported a longer duratien of viral shedding in upper respiratory tract samples compared with
the wild-type strain (14 versus 8 days) [15]
Viral load Summary: Delta appears to have very high viral loads. Summary; Vaccinated cases may have a similar viral load to unvaccinated at the start of the infectious period.
= The magnitude of the increase in viral load is unclear. One pre-print reported 1000 times higher viral loadonthe | «  Several studies have found that vaccinated and unvaccinated Delta cases have similar PCR cycle threshald (Ct)
first PCR positive test compared Lo the less transmissible ancestral variant.[14) Anather paper estimated 4 -fold values (a proxy for viral load}.[23-31] Some studies report that the viral load decreases more rapidly in vaccinated
increase in viral load compared ta the more transmissible Alpha variant.[21] Higher viral load Is also seen in individuals.[24, 31)
national surveillance data from contact tracing in Public Health England data, and other preprints [13, 14, 22] ®  Astudy in vaccinated healthcare workers found that viral lcads of breakthrough Delta cases were ~251 times higher
than breakthrough cases infected with previous strains (32]
Secondary attack rate Summary: SAR varies widely depending on setting. Evidence is emerging showing that vaccinated index cases have lower secondary attack rates for Delta than unvaccinated index cases.
(SAR)

= The household secondary attack rate from the New Zealand August 2021 outbreak was 45.6%; SAR for close-plus contacts was 11% (Ministry of Health Internal preliminary analysis, extracted 11 October, see Table below).

Secondary  Contacts, SAR, % SAR

cases, n N (95% €1}

Total 1,081 40,089 26 (2.4-2.7)
Contact risk type

Casual plus 0 4052 00 00-0.1)

Close 107 34733 03 {0.3-0.4)

Chase plus az i 111 (8.0-15.0)

Household 902 1976 456 {42.7-48.7)
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*  SAR varies widely, depending on setting. A US study in a gym found that among cohorts with identified cases, attack rates ranged from 8% to 60%, but the overall facility-associated attack rate among 194 exposed persons was reported as
24%.[33) A Korean contact tracing study on an outbreak of 405 cases reported a SAR of 63% in household contacts.[18] An cutbreak report among unvaccinated soldiers on a single navy ship noted a 90% attack rate.[34)

*  Currently, the SAR for household contacts based on contact tracing data in the UK is 11.2%,[35] noting that the relatively low SAR in the UK partly reflects the high vaccination coverage (approximately 80% aged 12+ are fully
vaccinated).[36]

s Transmission study In Singapore found that household SAR among unvaccinated Delta-exposed contacts was 25.8% compared with 11.3% among vaccinated contacts.[37]

= ADutch contact tracing study found that the crude SAR among unvaccinated household contacts for vaccinated index cases was lower compared to unvaccinated index cases (13% vs 22%). The corresponding adjusted vaccine
effectiveness against transmissicn was 63% (95% CI: 46-75),[38] Results were not stratified by vaceine type.

y ion reduces of Delta, but the vaccine’s impact on transmission appears to reduce over time,

« UK national survelllance data found 84% increase In household transmission with Delta compared with Alpha (aOR 1.64; 95% Cl: 1.26-2.13, p <0.001).[39]

« Studies on Deita reported that 12-73.9% of the transmissions to close contacts occurred before symptom onset.[13, 18]

o Delta varfant cases will infect 64% their ‘close proximity’ contacts,[40) .

*  Anobservational study In England found that two doses of the Pfizer vaccine reduced onwards transmission from breakthrough infections of the Delta varlant by 50%, which was more than the AstraZeneca vaccine (Pfizer aRR=0.50 and
AstraZeneca aRR=0.76).[41)]

= ADutch contact tracing study estimated that vaccine effectiveness against onwards to fully ted h Id contacts was 40% (95% CI: 20-54), which is in addition to the individual protection against infection.[38]
against onwards transmission to i household contacts was 63% (95% Cl: 46-75). Results were not stratified by vaccine type.
Ro Summary: Ro ~5.5-6.5, i.¢, On average, each person transmits Delta to another 5-6 people. No data available

*  Highest range of estimate is 8-9, based on the upper limits of current ranges of increased transmission (e.g.,
starting from R=3 for wild type, then ~50% increase from wild type to Alpha, and ~90% from Alpha to Delta). A
summary of 5 papers using differing methods to calculate an Ro for Delta reported a mean Rs of 5.08 (range, 3.2-
2.0).142]

« A Danish pre-print estimated that Deita increases Ro by a factor of 2.17 (95% CI: 1.99-2.36) relative to Alpha and
3.28 (95% C1: 3.01-3.58) relative to the ancestral variant.[43]

*  The UK REACT-1 study found an overall R of 1.03 (range: 0.94-1.14) among those aged 5 and above in September
2021, Those aged 17 years and under had an R of 1.18 (range: 1.03-1,34), and this was lower in those aged 18 to
54 years (R of 0.81, range: 0.68-0.97).[44]

Severity

Symptoms Summary: No clear evidence at this time that Delta symptoms differ from other VOCs or wild-type virus. The most common symptoms for COVID-19 caused by Delta are cough, fatigue, headache, sore throat, fever, loss of taste or smell,
and myalgia.

= ASouth Korean study found no significant difference between Delta-dominant and Delta-minor groups for COVID-19 symp in children and ad , except for the lower frequencies of rhinorrhea (25% vs. 10,5%, P = 0,003), nasal
stuffiness (34.8% vs. 15.4%, P =0.001) and sore throat (23.9% vs. 12.6%, P = 0.02).[45) Patients in the Delta-dominant group were more likely to be asymptomatic (29.3% vs. 43.4%, P = 0.03).

= Datafroma retrospective cohort study In Singapore using national surveillance data showed that the most common Delta symptoms were similar to symptoms for Alpha, Beta and the wild-type virus. Among those with Delta infection
[n=67), the most common symptams were fever (72%), cough (46%), sore throat (34%), shortness of breath (19%), and nasal congestion/runny nose {16%).[19] The same study reported that 12% of Delta cases were asymptomatic.
However, at the time the data was collected (1 January-22 May 2021) there was a very small number of Delta cases overall (n=67).

= Ananalysis of 159 hospitalised Delta cases in a local outbreak in Guangzhou, China reported that the most cornmon symptoms within three days on admission was cough (65%), fellowed by fever (63%) and expectoration (53%).
Gastreintestinal symptoms such as diarrhoea (5%) and vomiting (4%) were uncommon. [15]

» The UK COVID-19 Infection Survey collects data on characteristics of people testing pesitive for COVID-19, including data on symptoms for those who had strong positive tests - Ct value under 30 (see Table below).[46] These data are
provisional, reflect Infections reported in the community, and exclude infections reported in hospitals, care homes, or other institutional settings. These data can be used to infer commeon symptoms of the Delta variant, which has been
predeminant in the UK since June 2021,

% of people with this symptom within 35 days of a
positive PCR test, among those people with a Ct value
Symptoms under 30

September 2021

Any symptoms 619
No symptoms (asymptomatic) 38.1
Classiy (cough, fever, shortness of 54.2
breath, loss of taste, loss of smell)
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Loss of taste or smell 284
( I pain, 17.9
nausea or vomiting, diarrhoea)
Cough 424
Fatigue (weakness) 380
Headache 87
Sore throat 326
Fever 27.9
Loss of smell . 237
Muscle ache (myalgia) 250
Loss of taste 237
Shortness of breath 138
MNausea or vomiting 103
Abdominal pain 80
Diarrhoea 73
y: Data is Rate of asymp cases depends on vaccination status, with vaccinated but infected people more likely to be asymptomatic. However, these data are not always reported. Breakthrough infections tend
to be mild or asymptomatic.
«  Data from the UK COVID-19 Infection survey indicated that during . 38% of posit did not report any symptoms. See Table above under ‘Symptoms' for more details, This was during a period of relatively
high vaccination coverage in the UK.
s AKorean study of 405 Delta cases reported that 20% were [18] Propertion of vacci cases ameng was not reported.
«  ASsingaporean study using national survelllance data found 10% of Delta cases were asymptomatic.[19] However, at the time the data was collected (1 January-22 May 2021) there was a very small number of Delta cases (n=67) and
proportion of vaccinated cases was not reparted.
«  Onestudy in Singapore found the vaccinated group with Delta breakthrough infections (2 doses of mRNA vaccine; 71 of 218 Delta infections (dentified) were more likely to be asymptomatic (28.2% versus 9.2%, p<0.001) and had fewer
symptoms that those unvaccinated. Higher proportion of pneumonia In unvaccinated group.[24]
*__Anoutbreak report among unvaccinated soldiers on a single navy ship noted that 23% were asymptomatic.[34]
y: Data indicates possible increased risk of hospitalisation. It is unclear whether the risk of ICU admission is | Summary: Unvaccinated people have higher case and hospitalisation rates for Delta than fully vaccinated pecple
Higher for Dalta cheisa patient s Aainittid io hospltal *  Deltais currently the dominant variant in the US and the UK, making up more than 99% of recently sequenced
= Studles from England, Scotland, Denmark, and Canada have found that Delta was asscciated with appreximately cases In both countries. (S5, 56]

2-3 times risk of hospitalisation cempared to Alpha (hazard ratios ranging from 1,85-2.83}.[47-50] + The US CDC COVID Data Tracker[55] reports that in September, unvaccinated people were 5.8 times more likely to
® Incontrast, a Norwegian study found no in the risk of i for Delta [ to Alpha.(51) test positive for COVID-19 and 9 times more likely to be hosplitalised from COVID-19 than fully vaccinated people.
= ACDCstudy of data from 14 US states found no significant differences in the proportion of nonpregnant adults = The latest UKHSA COVID-19 vaccine survelllance report[57] indicates that the rate of a positive COVID-19 test varies

aged 218 hospitalised with severe outcomes between the pre-Delta and Delta periods. The proportion of by age and vaccination status. The rate of a positive COVID-19 test is substantially lower in vaccinated Individuals

hospitalised unvaccinated COVID-19 patients aged 18-49 years ncreased significantly during the Delta peried.[52] pared to Individuals up to the age of 29. In individuals aged greater than 30, the rate of a positive
= The rate of new COVID-19 cases, emergency department visits, and hospital admissions increased for those aged COVID-19 test is higher (n vaccinated I d to u This is likely to be due to a variety of

0-17 years after Delta became predominant in the US, Hospitalisation rates were highest among children aged 0~ reasons, including differences in the of and L people as well as differences In

4 years (69.2 per 100,000) and adolescents aged 12-17 years (63.7 per 100,000}, and lowest among children aged testing patterns. The rate of hospitalisation within 28 days of @ positive COVID-19 test increases with age and is

5-11 years (24.0 per 100,000). Hospitalisation rates were 10 times higher among unvaccinated than among fully substantially greater in unvaccinated people compared to vaccinated people.

vaccinated adolescents. However, there was no difference In the severity of disease when compared with pre-

Delta.[53, 54]

y/Case fatality ¥/ fatality rate for Delta “0.5--3%. It is Important to note that the risk of mortality Summary: Unvaccinated people have higher mortality rates than fully vaccinated people

Y
associated with COVID-19 is much higher for older age groups.

« Deltais currently the dominant variant in the US and the UK, making up more than 89% of recently sequenced
Our World in Data estimates the case fatality rate to be approximately 1-3% globally.[58] cases in both countries.[55, 56]

UKHSA reported that among 727,986 cases of Delta from 15 May 2021 to 24 October 2021, 3,813 had died within | #  The US CDC COVID Data Tracker|55] reports that in September, unvaccinated people were 14 times more likely to
28 days of testing positive, which is a case fatality rate of 0.53%.[35] die from COVID-19 than fully vaccinated people.
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*  Aretrospective analysis of UK data found that Delta is associated with a lower case fatality rate than Alpha (all *  The latest UKHSA COVID-19 vaccine surveillance report[57] indicates that the rate of death within 28 days or within
ages, 0.43% vs 1,07%), however, vaccination status of cases was not included in the analysis.[59] 60 days of a positive COVID-19 test increases with age and Is substantially greater in unvaccinated people
compared to fully vaccinated peaple.
Vaccine efficacy/effectiveness

Against viral infection
(positive PCR test)

Pfizer: 79% (95%CI: 75-82)[60]; 39% (95%C): 9-59) in fully vaccinated (including those who received their second these several months earlier) in Israel[61); 42% (95%C1: 13-62) in Minnesota in July when Delta became dominant compared
1o 76% (95%C1: 69-81) throughout January till July[62); 52.4% (95%C1:48.0~56.4) In US nursing home residents during Delta prevalence compared to 74.2% (95%C1: 68.9-78.7) pre-Delta[63); 53.5% (35%Cl: 43.9-61.4) in those who received
their second dose several months earller in Qatar[64]; 93% (95%Cl: 85-97) at <1 month to 53% (95%C1 39-65) at >4 months in US[65]; 5% (95%C1: 79-90) at 14 days post 2™ dose declining to 75% (95%Ci: 70-80) at 90+ days in UK[66]
AstraZeneca: 60% (95%C1: 53-66)[60]; 68% (95%CI: 61-73) at 14 days post 2™ dose declining to 61% (35%C!: 53-68) at 90+ days in UK[66]

Janssen: TIH_{_QiICI: 73-82) during Delta prevalence in the US[67]

Against symptomatic
disease

Pfizer: 87-88%(68, £9]; 40.5% (I5%CI: 8.7-61.2) in fully vaccinated (including those who recefved their second those several months earlier) in Israel[61); 56.1% (35%Cl: 41.4-67.2) in these who recelved their second dose several menths

earller n Qatar(64); 92.4% (95%C!: 92.1-92.7) at 1 week after the second dose and then fell to 69.7% (95%Ci: 68.7-70.5) by 20+ weeks|70]; 93% (95%CI: 89-96) at 14 days post 2" dose declining to 78% (95%CI: 72-82) at 90+ days in UK[86]
AstraZeneca: 67% (95%C1: 61.3-71.8)[68]); 62.7% (95%C1: 61.7-63.8) at 1 week after the second dose and then fell to 47,3% (95%Cl: 45.0-49.6) by 20+ weeks|70]); 72% (95%Cl: 64-78) at 14 days post 2™ dose declining to 63% (95%C1: 53-71)
at 90+ days in UK[66)

Against hospitalisation

Pfizer: 96% (95%Ci: 86-99)[71); 80% (95%CI: 73-85) during Delta prevalence In the US[72); 99.7% (95%Ci: 97.6-100.0) at 1 week after the second dose and then fell to 92.7% (95%Cl: 90.3-94.6] by 20+ weeks|70); 96% (95%CI: 95-96) during
Delta perfod in the Netherlands[73]

AstraZeneca: 92% (95%CI: 75-97)[71]; 93.9% (95%C1: 91.3-95.7) at 1 week after the second dose and then fell to 77.0% (95%Cl: 70.3-82.3) by 20+ weeks(70); 94% (95%CI: 92-65) during Delta period In the Netherlands|73]; B8% (95%C1:
85-90) during Deita prevalence in Scotland|74]

Janssen: 60-85% during Delta prevalence in the US[67, 72]; 91% (95%C): 88-94) during Delta period in the Netherlands[73]

Against transmission «  Pfizer: 50% (95%C1: 35-61) against onwards Delta transmission at 2 weeks after 2™ dose declining to 24% (95%C1: 20-28) through 3 months|75]
. 24% (S5%C1: 18-30) against cnwards Delta ion at 2 weeks after 2 dose declining to 2% (95%Cl: -2-6) through 3 months(75]
Waning immunity « A study from Oxford University reported that during Delta prevalence, VE against Infection for Plizer declined by 22% (25%C1 6-41%) per month fram second dose for 18-64 year clds, starting at 85% (95%C1 79-90) 14 days post-second

dose,[66]
A study from Southern California also reported waning of VE against infection, after adjusting for many ¢ {demeographics, social deprivation measures) and stratifying by age.[76] VE against Delta infections was
high during the first month after full vaccination (93%) and deciined to 53% at 24 months. The authors concluded that waning effectiveness was not due to the increasing prevalence of Delta, because waning effectiveness was also seen

for non-Delta cases. Importantly, a high VE against hospitalisation (90-93%, stratified by age), iated with any variant, was maintained for the duration of the study.
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Other V.

Lineage: 8.1.1.7
WHO label: Alpha

nts of Concern (VOC) - as listed by WHO

8 (repo

Number of cases in NZ.
Prevalence: First

te

d in-United King

Transmission/Secondary attack rate; ~40-80% et ~3,5.5.2)[77)
Severity:

Mortality: 60-70% increa ¥ compared 1o preyi

Hospitalisation risk: 30-70% increased risk [77)

Immune evasion: 3

Lineage: B.1.351

WHO label: Beta

HNumber of cases in NZ t confirmed case: 27 June 2C
Prevalence: F fied in 5 1
Transmission/Secondary attack rate: Not well es
Severity:
Mortality: Not well
Hospitalisation: Not well
Immune evasion: Maod,

Lineage: P.1

WHO label: Gamma

Lineage: AY.4.2

UKHSA label: VUI-210CT-01

Number of cases in NZ

Prevalence: First identif
Transmission/$econdary attack rate: No
Severity:
Mortality: Not
Hospitalisation: Not well
Immune evasion: Moderate-Strong

are transmi

Number of cases in NZ
Prevalence:

Novemt
Spike mutations: Cor

Transmission/Secondary attack rate:

Severity: N
Immune evasion:

Lineage: B.1.621
WHO label: Mu
UKHSA label: VUI-21JUL-01

Number of cases in NZ

Prevalence: f
Spike mutations
PEB1H [shared with
Transmission/Secondary attack rat
Immune evasion: Mu b

Lineage: B.1.525
WHO label: Eta
UKHSA label: VUI-21FEB-03

Number of cases in NZ: ¢
Prevalence: First identified in UK
spike mutations
Immune evasion:

 {rep:

Lineage: B.1.1,318

UKHSA label: VUI-21FEB-04

Number of cases in NZ: No cases
Prevalence: First identified It
Spike mutations: Contalns sp

ted Kingdom, Febru

muta
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Lneage: P.3 »  Number of cases in KZ: 3 {report date of last
WHO labial Thets »  Prevalence: First identified In Philippines

«  Spike mutations: Contains spike mutatio
UKHSA label: VUI-2IMAR.02 From parent lineage B.1.1.28 {the same 44 Gamma &

Lin
WHO label: Kappa

B.1617.1 »  Number of cases in NI: 5 {report date of last ©
®  Prevalence: First identified In india, October
s Transmission/Secondary attack rate: Secondary attack rates similar 1o Deita
UKHSA label: VUI-2LAPR-01 s immune evation: Kappa wis neutralised by Pliter and Moderna, however & B {old reducti

ataerved.[93)

firmed cave: 11 Aprll 2021)

Uneage: B.1.617.3 *  Number of cases in NZ: 4 [report date of last
«  Prevalence: First identified india [77]
UKHSA label: VUI-21APR-03

Lneage: P.2 variant (descendant of B.1.1.28) | »  Number of cases in NZ: Last detected In & case reported New Zealand In an 05 March 2
o Prevalence: First identified in Braril, Aptll 2020

= Spike mutations: Spike mutations E484K, D614k, and V1176F [85]

UKHSA labal: VUI-21IAN-01 s Immune evasion: Possible reduced antibody neutralisation lrom ttudles on the splke protein mutation E4B4K;[84]

WHO labal: Zeta




SCIENCE & ROPU

MINISTRY OF

e oo COVID-19 Variants Update “) HEALTH

ADVISORY

HANGARAU

MANATU HAUORA

Glossary of Terms

The AstraZeneca vaccine

AZD1222 or ChAdOx1

The Pfizer/BioNTech vaccine

Comirnaty/BNT162b2

Global Initiative on Sharing
Avian Influenza Data (GISAID)

This is a consortium that promotes and provides open access to SARS-CoV-2
genomic sequence data. Its original purpose was for sharing data on avian (bird)
flu.

Immune escape

The ability of the virus to evade our body’s immune response. See also Immune
response.

Immune response

The response of our immune system to an infection. It includes development of
specific antibodies to the virus and also cell-mediated responses (triggered by T
cells).

Mutation

Small change made to the pattern of nucleotides that make up the virus. These
occur as the virus spreads and replicates. Most do not confer a benefit to the
virus.

Naming mutations

Mutation nomenclature (i.e., how they are named), describes what occurred at a
specific location of the genome. For example, the ‘E484K’ mutation means that at
the position 484, the amino acid changed from glutamic acid (E) to lysine (K).
When a deletion occurs, the location is provided (e.g., deletion 144).

N-terminal domain

Part of the spike protein of the SARS-CoV-2 virus.

Ro, Reproductive number

The reproductive number Rg (R-naught), is a measure of how contagious a
disease is. It is the average number of people who would catch a disease from
one infected individual when there are no control measures in place, e.g.,
vaccination, lockdowns. )

Resr, Effective reproductive
number

The ‘effective R’ (Rer) is the R observed when control measures are in place. Ref
can therefore change depending on the control measures currently enacted ina
particular population. In general, whenever R is less than 1, i.e., an infected
person goes on to infect less than one person on average, then the prevalence of
the disease would be expected to decrease.

Secondary attack rate

The probability that an infection occurs among persons within a reasonable
incubation period after known contact with an infectious person in household or
other close-contact environments.

Variant

Viruses with mutations are referred to as variants of the original virus. New
variants of SARS-CoV-2 have been emerging as the virus has spread and evolved.

Variant of Concern (VOC)

WHO definition: A SARS-CoV-2 variant that meets the definition of a VOI (see
below) and, through a comparative assessment, has been demonstrated to be
associated with one or more of the following changes at a degree of global public
health significance:

¢ Increase in transmissibility or detrimental change in COVID-19
epidemiology; OR
¢ Increase in virulence or change in clinical disease presentation; OR

10
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¢ Decrease in effectiveness of public health and social measures or
available diagnostics, vaccines, therapeutics.
WHO definition: A SARS-CoV-2 variant:

e with genetic changes that are predicted or known to affect virus
characteristics such as transmissibility, disease severity, immune escape,
diagnostic or therapeutic escape; AND

Variant of Interest (VOI) ¢ Identified to cause significant community transmission or multiple

COVID-19 clusters, in multiple countries with increasing relative
prevalence alongside increasing number of cases over time, or other
apparent epidemiological impacts to suggest an emerging risk to global
public health.

UKHSA definition: SARS-CoV-2 variants, if considered to have concerning
epidemiological, immunological or pathogenic properties, are raised for formal
investigation. At this point they are designated Variant Under Investigation (VUI)
with a year, month, and number. Following a risk assessment with the relevant
expert committee, they may be designated Variant of Concern (VOC).

Variant under Investigation
(vul)

Abbreviations

CDC: Centers for Disease Control and Prevention

GSAID: Global Initiative on Sharing Avian Influenza Data
RBD: Receptor binding domain (of the virus spike protein)
Ress: ‘Effective R, the effective reproductive number

Ro: ‘R-naught’, the baseline reproductive number

UKHSA: UK Health Security Agency

Useful Links

US CDC — SARS CoV-2 variant classifications and definitions | CDC classification of variants

Outbreak Info Outbreak Info

WHO - Tracking SARS-CoV-2 variants WHO Variant Tracking

UK Health Security Agency Technical Briefings (from Investigation of SARS-CoV-2 variants:

October 2021 onwards) technical briefings

Public Health England Technical Briefings Investigation of SARS-CoV-2 variants:
technical briefings

11
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About this update

During the COVID-19 pandemic, the Ministry of Health has seen high interest in all aspects of the virus from the
scientific and healthcare community, and the general public. This update is currently produced weekly and is
designed to provide new information on the variants of concern or that are of interest.

The format of this report has changed from earlier COVID-19 Variant Updates. The document now contains
three sections: 1) Key Points; 2) Omicron variant summary table; 3) Delta variant summary table; 4) Other
variants summary table.

The Omicron variant is the focus of this update. Information is emerging at pace. New information included
since the previous update is provided in red text.

Key points

Omicron

e On 26 November 2021, the World Health Organisation (WHO) designated variant B.1.1.529 a variant of
concern, named Omicron. This decision was made because the Omicron variant has several mutations in
the spike protein that could influence how it behaves.

e Asat 08 December 2021, Omicron is present in at least 50 countries around the world. Although there is
limited evidence currently available for this variant, several countries globally have implemented stricter
border measures to minimise risk of spread.

e The UK Health Security Agency (UKHSA) now predicts that Omicron is likely to outcompete Delta in the
UK based on analysis of increased household transmission risk, secondary attack rates and growth rates
compared to Delta. The growth advantage observed could be due to increased transmissibility or
increased immune evasion, or some combination of both.

e PCRtests continue to detect Omicron infection. Studies are ongoing to determine whether there is any
impact on other types of tests, including rapid antigen detection tests.

e Preliminary data from South Africa shows that the risk of reinfection has increased in the era of
Omicron. This suggests that Omicron could have increased evasion of immunity following prior
infection. However, this is not yet confirmed, and it is not yet clear if Omicron can evade vaccine-
induced immunity.

e The laboratory data on Omicron from antibody neutralisation studies to date is very limited and
preliminary, and cannot be used to infer an impact on vaccine protection in real world settings at this
stage. It is not known when data about effectiveness of vaccines against infection and disease caused by
the Omicron variant will become available, but this is being investigated with urgency.

e UKHSA have stated that Omicron mutations appear likely to reduce the effectiveness of monoclonal
antibodies. A preliminary German study reported as a pre-print on 8 December showed Omicron
resistance to neutralisation by the monoclonal antibodies casirivimab and imdevimab, alone or in
combination.
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e Many characteristics of Omicron are still unclear. More robust data are required to determine:

o if Omicron presents with different symptoms and if there are any changes to disease severity.
Data reported over the next 1-2 months will be important.

o how transmissible Omicron is compared to Delta. The UKHSA risk assessment of 8 December
states that Omicron is at least as transmissible as Delta. Data reported over the next 2-4 weeks
will be important.

o if Omicron can escape vaccine-induced immunity. Laboratory data is emerging.

Delta

» Delta continues to be the most frequently detected variant of concern (VOC) globally, but the
proportion of Delta cases is declining in some countries with the advent of Omicron. Delta is
substantially more transmissible that previous variants, with a higher secondary attack rate.

e Two doses of Pfizer vaccine remain effective against infection, symptomatic disease and hospitalisation
for cases associated with Delta. However, protection against infection wanes over time, indicating the
need for a third (booster) dose after several months.

e Preliminary evidence indicates that COVID-19 vaccination reduces onwards transmission of Delta (i.e.,
both the chance of becoming infected and the likelihood of an infected person transmitting to another
person), but this impact reduces over time.
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Omicron (B.1.1.529) Variant of Concern
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ata

and global y: Omicron is i ysis suggests it may outcompete Delta
prevalence «  The B.1.1.529 variant was first detected In samples collected on 11 N ber 2021 in and on 14 2021 in South Africa.[1]

»  B.1.1.529 was first reported to WHO frem Scuth Africa on 24 Novemnber 2021. This variant was named ‘Omicron’ and designated a variant of concern on 26 November 2021 by WHO's Technical Advisory Group en Virus Evalution due to
the high number of mutations in the spike protein.[2)

*  Omicron is the most divergent variant detected so far, which raises concerns that it may be with increased transmi significant reduction in vaccine effectiveness, and increased risk for reinfection,

«  As at 08 December 2021, Omicron is present In at least 50 countries around the world, including Australia, the US, UK, Canada, |srael, and the Netherlands.

s Although there is limited evidence currently avallable for this variant, several countries globally have implemented stricter border measures to minimize risk of spread.

*  The UK Health Security Agency (UKHSA) predicts that Omicron is likely to outcompete Delta in the UK based on analysis of increased household transmission risk, secondary attack rates and growth rates compared to Deita. (3]

Spike protein mutations | Summary: Omicron contains many mutations in the spike protein, some of which have been iated with i d and immune escape.

+  Incomparison to the original strain, Omicron contains at least 30 mutations in the spike protein, Including three deletions and ene small insertion.[1, 2] Of these, 15 are located within the receptor binding domain [RBD).

« A particular cluster of mutations at the 51-52 furin cleavage site (HESSY, N679K, P6B1H) are associated with mare efficient cell entry , which may indicate an increase in tr [4] These r have been Id d in other
variants, but never reported together in one varfant. [4] These mutations have been identified in other variants, but never reported together in one variant. For example, PEB1H is seen in Alpha and Mu; Delta contains PEEIR; and N679K
is seen in C.1.2.

s The large number of mutations in the RBD, including K417N and E484A, may indicate an increased potential for immune escape.[4]

o There have been reports of a small number of cases of an Omicron sub-lineage that may not carry the AES-70 deletion.[5, §] It has been proposed that this sub-lineage be named BA.2, with the original Omicron being BA.1. [S, 7]

Testing and detection Summary: PCR tests continue to detect Omicron infection. Studies are ongoing to determine whether there is any impact on other types of tests, including rapid antigen detection tests.

s Omicron has a deletion A63-70 In the Spike protein (similar to Alpha, but different to Delta). One PCR test, ThermoFisher TagPath, can detect the lack of this target gene {called S gene target failure or S gene dropout] (1, 2] and therefore
this test can be used as an early marker to distiguish between Omicron and Delta, pending sequencing confirmation. However, reports of a small number of cases of an Omicron sub-lineage that may not carry the A69-70 deletion could
affect this

«  Data from UKHSA as at 03 December 2021 shows that the (logistic) growth rate of § gene target failure has ‘fluctuated between approximately -50% and +50% over the past 50 days but in the past week has climbed to +141%’, [8] UKHSA
data as at 08 December 2021 also confirms that the number of cases with the S gene target fallure has notably Increased. (9] This signals the S gene target failure is growing faster, but UKHSA states this cannot be interpreted as a change
in transmissibility or an increase in the absolute number of cases of the variant. [8]

«  Ithas been suggested that reported cases of Omicron BA.2, which may not carry the A69-70 deletion, may be unable ta be identifled as Omicron via PCR by S gene target failure. PCR tests can still confirm this sub-lineage as » positive
COVID-19 case but It Is suggested that whole genome sequencing is required ta confirm the infection as Omicron BA.2. [6, 7)

s |tis unknown how rapid antigen tests will perform on Omicren. Since many tests in the market (but not all) target the nucleocapsid protein rather than the spike protein, they are expected to continue to work. Studies are ongoing to
assess if rapid antigen tests may be impacted.[1, 2]

and severity of y: More robust data is required to determine whether this variant presents with different symptoms. Data for severity and mortality is expected to become available in the next 1-2 months.
disease

«  Preliminary information from South Africa indicates that there are currently no unusual symptoms associated with Omicron, As seen with other variants, some individuals are asymptomatic.[10]

s There have been some anecdotal reports from doctors In South Africa stating that Omicron causes milder symptoms and less severe lliness.[11] However, these milder cases were in younger people. [11] It is toc early to draw any
conclusions on disease severity until more data for different age groups, especially the elderly, become available.

«  Data for severity and mortality [s expected to become avallable in the next 1-2 months, ence for hosp cases are

o Asat 30 November 2021, hospitalisation or death had not been linked to any of the confirmed Omicron cases in England, however mortality in is a lagged Indicator [desths do not occur until somne time after infection) so it is too early to
draw conclusions about severity of Omicron disease. [8]

T issi y: Omicron is at least as transmissible as De Data reported over the next 2-4 weeks will continue to be important.

Early data shared on Twitter by Dr Tullo de Oiveira from the Center for Epidemic Response and Innovation in South Africa showed that p of Omicren in sequenced samples has Increased to 75% in less than 2 weeks,
indicating that this variant could potentially outcompete Delta.[12]

The variant is now spreading quickly in South Africa, with over 360 confirmed cases, as at 08 December 2021. |t should be noted that vaccine coverage is very low in South Africa, with only around 25% of people fully vaccinated.[13]
More robust data are required to understand whether Omicron has increased transmissibility over other variants. If the variant has been seeded by several visitors to the country.in different locations at the same time, then this could
appear to be an increase in transmissibility initially, but then not be borne out by the data over time. International data on transmissibility In the coming weeks will therefore be very important to confirm these early observations.
Nucleocapsid changes as well as mutations on the furin cleavage site and RBD suggest increased transmissibility compared to Delta is possible, [14]

UKMSA hat observed a growth advantage for Omicran noting that this could be due to Increased transmissibility or increased immune evasion or @ combination of both. [3]

The UKHSA risk assessment of 8 December states that Omicron Is at least as transmissible as Delta, [14]
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Immune escape

Summary: Preliminary data from South Africa suggests that Omicron could have ion of g prior infection. It is unclear whether Omicron can escape vaccine-induced immunity. Laboratory data is emerging
but is limited and preliminary.

Prior infection

A pre-print from South Africa locking at Infection trends in routine surveillance data found that Omicron is assoclated with a high risk of reinfection.[15] Reinfection was defined in the study as two positive tests (PCR or antigen detection),
at least 90 days apart. [15] Reinfection was defined In the study as two positive tests (PCR or antigen detection), at least 90 days apart. The relative hazard ratio (reinfection versus primary infection) for the Omicron period versus the first
wave of infection was 2.39 (95% CI: 1.88-3.11). These preliminary data suggest that Omicron has increased immune evasion to prior infection, but it is not yet clear if time since previous Infection could have influenced these findings.

Vaccination

It Is not yet clear if Omicron can evade vaccine induced Immunity in real-world settings.

Vaccine developers and sclentists are expecting that the COVID-19 vaccines will still offer protection against severe disease and death.[16, 17]Vaccine developers and scientists are expecting that the COVID-19 vaccines will still offer
protection against severe disease and death (16, 17]

Pfizer have begun the preduction of an upgraded vaccine to target the Omicron variant.[16] The Pfizer CEO has stated that if needed, an initfal batch of 25-50 million doses would take about 100 days to produce, provided regulators are
satisfled. Pfizer have begun the production of an upgraded vaccine to target the Omicron variant.[16) The Pfizer CEQ has stated that if needed, an initial batch of 25-50 million doses would take about 100 days to produce, provided
regulatars are satisfied with the product.

Risk assessments of the Omicron variant reported by the UKHSA on 3 December [14] and 8 December [3] state that changes in the RBD are likely to reduce antibody binding. The UKHSA are currently assessing the findings of new
neutralisation studies. [3] Although these Omicron mutations suggest protection from vaceine derived Immunity may be reduced, there is no body of epidemiological data yet available to confirm this prediction. [14]

Structural modelling from the University of Oxford indicates that antibody binding (natural and therapeutic), is likely to be affected by Omicron's mutations. This modelling also suggested that compared with other variants, Omicron has
enhanced abllity to bind to human ACE2 receptors. [8]

A few preliminary laboratory studies have antibody-mediated neutralisation of Omicron In sera;

& A small Sauth African study reported s a pre-print (nan- peer reviewed) utilised samples taken fram 12 participants vaccinated with the Pfizer vaccine, six of whom had a previous SARS-COV-2 infection with the ancestral DE14G
virus 18] The study observed measurable netralisation capacity but this was approximately 41-fold lower [acrass all 12 participants) against Omicron than the ancestral DE14G variant, [18] Five of the six participants who had
been infected (with the ancestral strain) and vaccinated (not stated, but likely 2 doses after infection) had “relatively high” neutralisation titres against Omicron

o AGerman study reported as a pre-print {non-peer reviewed) on 8 December compared in vitro neutralisation of Ornicron and Defta using sera from Individuals vaccinated with the Pfizer vaccine [N=117). [19] An 11.4-foid
reduction was observed for Omicron compared with Delta for sera from double vaccinated samples. [19]

A Pfizer news article reported on the findings of labaratory studies Investigating the effect of booster vaccine doses against Omicran. [20] The article reported that sera from individuals (number unclear) who recelved two Pfizer doses
showed, on average, more than a 25-fold reduction In neutralisation titers against the Omicron variant compared to the wild-type Wuhan strain. However, sera from those who recelved a booster dose showed Increased antibody titers
(by 25-fold), at a level similar to those observed after two doses against wild-type, Beta and Delta variants. The articie also stated: “As B0% of epitopes in the spike protein recognized by CO8+ T cells (celi-based iImmunity) are not affected
by the mutations in the Omicron variant, two doses may still induce protection against severe disease.”|20]

Overall, there is insufficient data from laboratory studies ta date to compare the /n vitro neutralisation of Omicron with that of Deita by sers from vaccinated Individuals.

The laboratory data on ©micron from antibody neutralisation studies is very limited and preliminary, and cannot be used to infer an impact on vaccine protection in real world settings. It is not known when data about effectiveness of
vaccines against infection and disease caused by the Omicran variant will become avallable, but this Is being investigated with urgency.[21]

Therapeutics

+  UKHSA have stated, based on modelling. that Omicran mutations appear likely to reduce the ef i of | antibodies, and seem unlikely to affect small molecule antivirals; but there was no laboratory or clinical
evidence to support the modelling evidence at the time the statement was made. [14)

» A German study reported as a pre-print (non-peer reviewed) on B December showed Omicron resistance to by the 3l antibodies casirivimab and imd; . elther alone or in combination.[19]
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Delta (B.1.617.2) Variant of Concern

Characteristic

Viral dynamics (Note: it Is difficult to estimate vir
exposure events in a transmission study, )

Data for unvaccinated

i due to diffe In study

For example, results may vary depending on the contact tracing system of the country, on the timing thal
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Data for vaccinated
et are lsolated, or on the number of

Latency period

time from exposure to
start of infectious period

Summary: Evidence is limited. Delta may have the same or shorter latency peried than other variants.
Approximately 4 days.

.

One study reported the mean latency was 4 days;[22] Another study reported a time window of approximately

3.7 days. [23]

No data available

Incubation period

time from exposure to
symptom onset

Summary: Evidence is limited. Delta may have a shorter incubation period than other variants, Range is
approximately 4-6 days.

©One study reported the mean incubation period was 5.8 days.[22] Another study reported a significantly shorter
Incubation period for Delta compared with the wild-type strain (4 versus 6 days).[24]

No data available

Serlal interval

time from onset of
symptoms in the primary
case to onset of symptoms
in the secondary case

Summary: The serial interval for Delta is approximately 2.5-3.3 days.[25-27]

One study reported that the serfal interval was not ditferent for Delta and non-Delta cases.[25] However, a study
of an outbreak in South Korea found the mean serfal interval declined fram 4.0 days to 2.5 days as Delta became
more prevalent (of note, Delta only accounted for ~40% of cases during this time),[26] A Korean contact tracing
study reported a serial interval of 3.26 days.[27]

No data available

Duration of infectious Summary: Evidence is limited on whether Delta has a longer infectious period, Summary: Evidence on duration of infection period in breakthrough infections is limited.
pari *  Low cycle threshold (Ct) values correspond to high viral load. Ct values are used as a surrogate for infectiousness s AUS study of 8 Deita breakthrough infections found longer duration of viral shedding (13.5 vs 4 days), greater
and may not correlate with risk of transmission. likelihood of replication-competent virus at early stages of infection (6/8 [75%) vs 3/14 [23%]), and longer duration
*  Ct values stay <30 for 18 days for severe/hospitalised cases.[28] However, some studies report similar values for of culturable virus (median 7 vs 3 days) compared to non-Delta variants. [29]
non-Delta variants. This is likely an upper limit of infectious period given the data was based on hospitalised cases
and total viral load (rather than total infectious virus).
*  AcChinese study reported a longer duration of viral shedding in upper respiratory tract samples compared with
the wild-type strain (14 versus 8 days).[24]
Viral load Summary: Delta appears to have very high viral loads. Summary: Vaccinated cases may have a similar viral load to unvaccinated at the start of the infectious period.
*  The magnitude of the increase in viral load is unclear. One pre-print reported 1000 times higher viral load onthe | «  Several studies have found that vaccinated and unvaccinated Delta cases have similar PCR cycle threshold {Ct)
first PCR positive test compared to the less transmissible ancestral variant.[23) Another paper estimated 4 -fold values (a proxy for viral load).[32-40] Some studies report that the viral load decreases mare rapidly in vaccinated
increase in viral load compared to the more transmissible Alpha variant.[30] Higher viral load is also seen in Individuals.[33, 40]
natlonal surveillance data from contact tracingin Public Health England data, and other preprints [22, 23, 31] *  Astudy in vaccinated healthcare workers found that viral lcads of breakthrough Delta cases were ~251 times higher
than breakthrough cases infected with previous strains.{41]
Secondary attack rate Summary; SAR varies widely depending on setting. Evidence is emerging showing that vaccinated index cases have lower secondary attack rates for Delta than unvaccinated index cases.
(sAR)

The household secondary attack rate from the New 2ealand August 2021 outbreak was 45,6%; SAR for close-plus contacts was 11% (Ministry of Health internal preliminary analysis, extracted 11 October, see Table below).

Secondary  Contacts, SAR, % SAR

cases, n N (95% 1)

Total 1,051 40,089 26 (2.4-2.7)
Contact risk type

Casual plus 0 052 oo {0.0-0.7)

Close. 107 34733 03 (0.3-0.4)

Close plus 2 n 11 (8.0-15.0)

Household 902 1976 456 (42.7-48.7)
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»  SAR varies widely, depending on setting. A US study in a gym found that among cohorts with identified cases, attack rates ranged from 8% to 60%, but the overall facility-associated attack rate among 194 exposed persons was reported as
24%.[42] A Korean contact tracing study on an outbreak of 405 cases reported a SAR of 63% in household contacts.[27) An cutbreak report among unvaccinated soldiers on a single navy ship noted a 90% attack rate.[43)
»  Currently, the SAR for household contacts based on contact tracing data In the UK is 11.2%,[44] noting that the relatively low SAR in the UK partly reflects the high vaccination coverage (approximately 80% aged 12+ are fully
vaceinated), [45)
«  Transmission study in Singapore found that household SAR amang unvaccinated Deita-exposed contacts was 25.8% compared with 11.3% among vaccinated contacts.[46]
= A Dutch contact tracing study found that the crude SAR among unvaccinated household contacts for vaccinated index cases was lower compared to unvaccinated index cases (13% vs 22%). The corresponding adjusted vaccine
effectiveness against transmission was 63% (95% Ci: 46-75).[47] Results were not stratified by vaccine type.
¥ reduces of Delta, but the vaccine's impact on transmission appears to reduce over time.
= UK natienal surveillance data found 64% increase in househeld transmission with Delta compared with Alpha (aOR 1.64; 95% CI: 1.26-2.13, p <0.001).[48]
» Studies on Delta reported that 12-73.9% of the transmissions to close contacts occurred before symptom onset [22, 27]
*  Delta variant cases will infect 4% their 'close proximity’ contacts.[49]
+ Anobservational study In England found that two doses of the Pfizer vaccine reduced onwards transmission from breakthrough infections of the Delta variant by 50%, which was more than the AstraZeneca vaccine (Pfizer aRR=0,50 and
AstraZeneca aRR=0.76).[50]
» A Dutch contact tracing study estimated that vaccine effectiveness against onwards transmission to fully vaccinated household contacts was 40% (95% C1: 20-54), which is In addition te the individual protection against infection.[47)
f against onwards to i contacts was 63% (95% CI: 46-75). Results were not stratified by vaccine type.
Ra Summary: Ra ~5.5:6.5, i.e, On average, each person transmits Delta to another 5-6 people. No data available
»  Highest range of estimate s 8-9, based on the upper limits of current ranges of Increased transmission (e.g.,
starting from R=3 for wild type, then ~50% increase from wild type to Alpha, and “90% from Alpha to Deita). A
summary of 5 papers using differing methods to calculate an Ra for Delta reparted a mean Rs of 5.08 (range, 3.2-
B.0).[51]
*  ADanish pre-print estimated that Delta increases Ro by a factor of 2.17 (95% C1: 1.99-2.36) relative to Alpha and
3.28 (95% Ci: 3.01-3.58) relative to the ancestral variant.{52]
»  The UK REACT-1 study found an overall R of 1.03 {range: 0.94-1.14) among those aged S and above in September
2021, Those aged 17 years and under had an R of 1.18 (range: 1.03-1,34), and this was lower in those aged 18 to
54 years (R of 0.81, range: 0.68-0.97).[53]
Severity
Symptoms Summary: No clear evidence at this time that Delta symptoms differ from other VOCs or wild-type virus. The most common symptoms for COVID-19 caused by Delta are cough, fatigue, headache, sore throat, fever, loss of taste or smell,

and myalgia.

A Sauth Korean study found no significant difference between Delta-dominant and Delta-minor groups for COVID-19 symptoms in children and adolescents, except for the lower frequencies of rhinorrhea (25% vs. 10.5%, P = 0.003), nasal
stuffiness (34.8% vs. 15.4%, P =0.001} and sore throat (23,9% vs. 12.6%, P = 0,02).54] Patients in the Deita-dominant group were more likely 1o be asymptomatic (29.3% vs, 43.4%, P = 0,03).

Data fromar 4 cohort study in Singapore using national data showed that the most common Delta symptoms were similar to symptoms for Alpha, Beta and the wild-type virus. Among those with Delta infection
(n=67), the most common symptoms were fever (72%), cough (46%), sore throat (34%), shertness of breath (19%), and nasal congestion/runny nose (16%).[28] The same study reported that 12% of Delta cases were asymptomatic.
However, at the time the data was collected (1 January-22 May 2021) there was a very small number of Deita cases overall (n=67).

An analysis of 159 hospitalised Delta cases in a local outbreak in Guangzhou, China reported that the most common symptoms within three days on admission was cough (65%), followed by fever (63%) and expectoration (53%).
Gastrolntestinal symptoms such as diarrhoea [5%) and vomiting (4%) were uncommen. [24)

The UK COVID-19 Infection Survey collects data on characteristics of people testing positive for COVID-19, including data on symptoms for those who had strong positive tests - Ct value under 30 (see Table below).[55] These data are
provisional, reflect infe reported in the and exclude infs reported In hospitals, care hemes, or other institutional settings. These data can be used to infer comman symptoms of the Delta variant, which has been
predominant in the UK since June 2021.

% of people with this symptom within 35 days of a
5 positive PCR test, among those people with a Ct value
Symptoms under 30

September 2021

Any symptoms 61.9
No symptoms (asymptomatic) 381
Cassic symptoms (cough, fever, shortness of 54.2
breath, loss of taste, loss of smell)
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Loss of taste or smell 84
i 179
nausea or vomiting, diarrhoea)
Cough 424
Fatigue (weakness) 380
Headache 387
Sore throat 326
Fever 279
Loss of smell 237
Muscle ache (myalgla) 250
Loss of taste 217
Shortness of breath 138
Nausea or vomiting 103
Abdominal pain 8.0
Diarrhoea 73
Asymptomatic Summary: Data is emerging. Rate of asymptomatic cases depends on vaccination status, with vaccinated but infected people more likely to be asymptomatic. However, these data are not always reported. Breakthrough infections tend
to be mild or asymptomatic.
« Data from the UK COVID-19 infection survey indicated that during September, approximately 38% of positive cases did not report any symptoms. See Table above under ‘Symptoms’ for more details. This was during a pericd of relatively
high vacdnation coverage in the UK.
*  AKorean study of 405 Delta cases reported that 20% were |27) Proportion of cases among was not reported.
= ASingaporean study using natienal surveillance data found 10% of Delta cases were asymptomatic.[28] However, at the time the data was collected (1 January-22 May 2021) there was a very small number of Delta cases (n=67] and
preportion of vaccinated cases was not reported.
+  One study in Singapore found the vaccinated group with Deita breakthrough infections (2 doses of mRNA vaccine; 71 of 218 Deita infections identified) were moare likely to be asymptomatic (28.2% versus 9.2%, p<0.001) and had fewer
that those Higher of ia In group.|33)
*__An outbreak report among d soldiers on a single navy ship noted that 23% were asymptomatic.(43)
Hospitalisation Summary: Data indicates possible increased risk of hospitalisation. It is unclear whether the risk of ICU admission is Y people have higher case and hospitalisation rates for Deita than fully vaccinated people
Blgtier for: altn:Srice n ptient i adisithec ta bhspdtal «  Deitais currently the dominant variant in the US and the UK, making up more than 99% of recently sequenced
= Studies from England, Scotfand, Denmark, and Canada have found that Delta was associated with approximately cases in both countries.[64, 65]
2-3 times risk of hospitalisation compared to Alpha (hazard ratios ranging from 1,85-2.83).[56-59] +  The US COC COVID Data Tracker[64] reports that in September, unvaccinated people were 5.8 times more likely to
* Incontrast, a Norwegian study found no in the risk of for Deita compared to Alpha.[60] test positive for COVID-19 and 9 times maore likely to be hospitalised from COVID-19 than fully vaccinated people.
s ACDC study of data from 14 US states found no i nces in the prop: of nanpregnant adults «  The latest UKHSA COVID-19 vaccine surveillance report[66] indicates that the rate of a positive COVID-19 test varies
aged 218 hotpitalised with severe outcomes between the pre-Delta and Delta periods. The praportion of by age and vaccination status. The rate of a positive COVID-19 test fs lower in
hospitallsed unvaccinated COVID-19 patients aged 18-49 years Increased significantly during the Delta perfod.[61] to inated i up to the age of 29. In individuals aged greater than 30, the rate of a positive
* The rate of new COVID-19 cases, emergency department visits, and hospital admissions increased for those aged COWVID-19 test is higher in di ! P toL d. This is likely to be due to a varlety of
0-17 years after Delta became p: i in the Us, rates were highest among children aged O~ reasens, including inthe of and people as well as diff in
A years (69.2 per 100,000) and adolescents aged 12-17 years (63,7 per 100,000), and lowest amang children aged testing patterns. The rate of hospitalisation within 28 days of a positive COVID-19 test increases with age and is
5-11 years (24,0 per 100,000). Hospitalisation rates were 10 times higher among unvaccinated than among fully greater in people pared to vaccinated people.
vaccinated adolescents. However, there was no difference in the severity of disease when compared with pre-
Delta.[62, 63)
Mortality/Case fatality Summary: Mortality/case fatality rate for Delta ~0.5-3%. It Is important to note that the risk of mortality Summary: Unvaccinated people have highar mortality rates than fully vaccinated people
rate associated with COVID-19 is much higher for older age groups.

s Our World in Data estimates the case fatality rate 1o be approximately 1-3% globally.[67)
*  UKHSA reported that among 727,986 cases of Delta from 15 May 2021 to 24 October 2021, 3,813 had died within
28 days of testing positive, whith is a case fatality rate of 0.53%.[44]

= Delta is currently the dominant varfant in the US and the UK, making up more than 99% of recently sequenced
cases In both countries,[64, 65]

* The US CDC COVID Data Tracker[64] reports that in September, unvaccinated people were 14 times more likely to
die from COVID-19 than fully vaccinated people.
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A retrospective analysis of UK data found that Delta is associated with a lower case fatality rate than Alpha (all s The latest UKHSA COVID-19 vaccine survelllance report[66] indicates that the rate of death within 28 days or within
ages, 0.43% vs 1.07%), however, vaccination status of cases was not included In the analysis,[68] 60 days of  positive COVID-19 test increases with age and s substantially greater In unvaccinated people
compared to fully vaccinated people.

Vaccine efficacy/effectiveness

Against viral infection
(positive PCR test)

Pfirer; 79% (95%Ci: 75-82)(69); 39% (95%Ci: 9-59) in fully vaccinated (including those who received their second these several manths earlier) in Israel[70); 42% (95%CI; 13-62) in Minnesata in July when Delta became dominant compared
to 76% (95%CI: 69-81) throughout January till July[71]; 52.4% (95%C1:48.0-56.4) in US nursing home residents during Delta prevalence compared to 74.2% (95%CI: 68.9-78.7) pre-Delta[72); 53.5% (35%C1: 43.9-61.4) In thase who recelved
their second dose several months earlier in Qatar[73); 93% (95%C1: 85-97) at <1 month to 53% (95%C1 39-65) at >4 months in US[74]; 85% (95%C1: 79-90) at 14 days post 2™ dose declining to 75% (95%C!: 70-80) at 90+ days in UK([75]
AstraZeneca: 60% (95%C1: 53-66)(69]; 68% (95%CI: 61-73) at 14 days post 2™ dose declining to 61% (95%CI: 53-68) at 30+ days in UK[75]

Janssen: 78% (95%C1: 73-82) during Delta prevalence in the US[76]

‘Against symptomatic
disease

Pfizer: 87-88%(77, 78]; 40.5% (95%Ci: 8.7-61.2) in fully vaccinated (including those who received their second those several months earlier} in Israel[70); 56.1% (35%C1; 41.4-67.2} in those who received their second dose several months
earlier in Qatar{73); 92.4% (95%C1: 92.1-92.7) at 1 week after the second dose and then fell to 69.7% (95%CI: 68.7-70.5) by 20+ weeks[79]; 93% (95%C1: 83-96) at 14 days post 2™ dose declining to 78% (95%CI: 72-82) at 90+ days in UK[75)
AstraZeneca: 67% (95%C1: 61.3-71.8){77); 62.7% (95%Cl: 61,7-63.8) at 1 week after the second dose and then fell to 47.3% (95%C: 45.0-49.6) by 20+ weeks([79); 72% (I5%CI: 64-78) at 14 days post 2™ dese declining to 63% (95%C1: 53-71)
at 90+ days In UK[75]

Against hospitalisation

Pfizer: 96% (95%Cl: 86-99)(80); 80% (95%Cl: 73-85) during Delta prevalence in the US[81]; 99.7% (95%CI: 97.6-100.0) at 1 week after the second dose and then fell to 92.7% {95%Cl: 90.3-94.6) by 20+ weeks[79]; 96% (95%CI: 95-96) during
Deita period in the Netherlands{82]

AstraZeneca: 92% (95%Cl: 75-97)[80); 93.9% (95%C1: 91.3-95.7) at 1 week after the second dose and then fell to 77.0% (95%Ci: 70.3-82.3) by 20+ weeks(79]; 94% (95%C): 92-95) during Delta perlod In the Netherlands[82]; 88% (95%C1:
85-90) during Delta prevalence in Scotland([83]

Janssen: 60-85% during Delta prevalence In the US|76, 81); 91% (95%Ci: 88-94) during Delta period in the Netherlands(82)

Against transmission

Pfizer: 50% (95%CI; 35-61) against onwards Delta transmission at 2 weeks after 2™ dose declining to 24% (95%C1: 20-28) through 3 menths|84)
AstraZeneca: 24% (95%C1: 18-30) against onwards Delta transmission at 2 weeks after 2™ dose declining to 2% (95%CI: -2-6) through 3 months[84]

Waning immunity

A study from Oxfard University reperted that during Delta prevalence, VE against infection for Pfizer declined by 22% (95%C1 6-41%) per month from second dose for 18-64 year olds, starting at 85% (95%CI 79-90) 14 days post-second
dose.[75]

A study from Southern California also reported waning of VE against infection, after adjusting for many {d bidities, social deprivation measures) and stratifying by age.[85] VE against Delta infections was
high during the first month after full vaccination (93%) and declined to 53% at 24 months. The authors concluded that wanfng eﬂmlv:neu was net due to the increasing prevalence of Delta, because waning effectiveness was also seen

for non-Delta cases. Impertantly, a high VE against hospitalisation (90-93%, stratified by age), associated with any variant, was maintained for the duration of the study.
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Glossary of Terms

The AstraZeneca vaccine

AZD1222 or ChAdOx1

The Pfizer/BioNTech vaccine

Comirnaty/BNT162b2

Global Initiative on Sharing
Avian Influenza Data (GISAID)

This is a consortium that promotes and provides open access to SARS-CoV-2
genomic sequence data. Its original purpose was for sharing data on avian (bird)
flu.

Immune escape

The ability of the.virus to evade our body’s immune response. See also Immune
response.

Immune response

The response of our immune system to an infection. It includes development of
specific antibodies to the virus and also cell-mediated responses (triggered by T
cells).

Mutation

Small change made to the pattern of nucleotides that make up the virus. These
occur as the virus spreads and replicates. Most do not confer a benefit to the
virus.

Naming mutations

Mutation nomenclature (i.e., how they are named), describes what occurred at a
specific location of the genome. For example, the ‘E484K’ mutation means that at
the position 484, the amino acid changed from glutamic acid (E) to lysine (K).
When a deletion occurs, the location is provided (e.g., deletion 144).

N-terminal domain

Part of the spike protein of the SARS-CoV-2 virus.

Ro, Reproductive number

The reproductive number Rq (R-naught), is a measure of how contagious a
disease is. It is the average number of people who would catch a disease from
one infected individual when there are no control measures in place, e.g.,
vaccination, lockdowns.

Resf, Effective reproductive
number

The ‘effective R’ (Ref) is the R observed when control measures are in place. Re
can therefore change depending on the control measures currently enhacted in a
particular population. In general, whenever R is less than 1, i.e., an infected
person goes on to infect less than one person on average, then the prevalence of
the disease would be expected to decrease.

Secondary attack rate

The probability that an infection occurs among persons within a reasonable
incubation period after known contact with an infectious person in household or
other close-contact environments.

Variant

Viruses with mutations are referred to as variants of the original virus. New
variants of SARS-CoV-2 have been emerging as the virus has spread and evolved.

Variant of Concern (VOC)

WHO definition: A SARS-CoV-2 variant that meets the definition of a VOI (see
below) and, through a comparative assessment, has been demonstrated to be
associated with one or more of the following changes at a degree of global public
health significance:

e [ncrease in transmissibility or detrimental change in COVID-19
epidemiology; OR
e [ncrease in virulence or change in clinical disease presentation; OR
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e Decrease in effectiveness of public health and social measures or
available diagnostics, vaccines, therapeutics.

WHO definition: A SARS-CoV-2 variant:

e with genetic changes that are predicted or known to affect virus
characteristics such as transmissibility, disease severity, immune escape,
diagnostic or therapeutic escape; AND

Variant of Interest (VOI) ¢ Identified to cause significant community transmission or multiple

COVID-19 clusters, in multiple countries with increasing relative

prevalence alongside increasing number of cases over time, or other

apparent epidemiological impacts to suggest an emerging risk to global
public heaith.

UKHSA definition: SARS-CoV-2 variants, if considered to have concerning
epidemiological, immunological or pathogenic properties, are raised for formal
investigation. At this point they are designated Variant Under Investigation (VUI)
with a year, month, and number. Following a risk assessment with the relevant
expert committee, they may be designated Variant of Concern (VOC).

Variant under Investigation
(vul)

Abbreviations

CDC: Centers for Disease Control and Prevention

GSAID: Global Initiative on Sharing Avian Influenza Data
RBD: Receptor binding domain (of the virus spike protein)
Res: ‘Effective R’, the effective reproductive number

Ro: ‘R-naught’, the baseline reproductive number

UKHSA: UK Health Security Agency

Useful Links

US CDC — SARS CoV-2 variant classifications and definitions | CDC classification of variants

Outbreak Info Qutbreak Info

WHO - Tracking SARS-CoV-2 variants WHO Variant Tracking

UK Health Security Agency Technical Briefings (from Investigation of SARS-CoV-2 variants:

October 2021 onwards) technical briefings

Public Health England Technical Briefings Investigation of SARS-CoV-2 variants:
technical briefings
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About this update

During the COVID-19 pandemic, the Ministry of Health has seen high interest in all aspects of the virus from the
scientific and healthcare community, and the general public. This update is designed to provide new information
on the variants of concern or that are of interest.

This document contains three sections: 1) Key Points; 2) Omicron variant summary table; 3) Delta variant
summary table; 4) Other variants summary table.

The Omicron variant is the focus of this update. Information is emerging at pace. New information included
since the previous update is provided in red text.

Key points

Omicron

e 0On 26 November 2021, the World Health Organisation (WHO) designated variant B.1.1.529 a variant of
concern, named Omicron. This decision was made because the Omicron variant has several mutations in
the spike protein that could influence how it behaves.

e Asat 17 December 2021, Omicron is present in at least 70 countries around the world. Currently,
countries with the highest detected Omicron case numbers are the United Kingdom, Denmark, Norway,
and South Africa. Although there is limited evidence currently available for this variant, several countries
globally have implemented stricter border measures to minimise risk of spread.

e The UK Health Security Agency (UKHSA) now predicts that Omicron is likely to outcompete Delta in the
UK based on analysis of increased household transmission risk, secondary attack rates and growth rates
compared to Delta. The growth advantage observed could be due to increased transmissibility or
increased immune evasion, or a combination of both.

e PCRtests continue to detect Omicron infection. UKHSA reports that initial laboratory validation of rapid
antigen tests has determined similar sensitivity to detect Omicron compared to Delta.

e Preliminary data suggests that Omicron could have an increased ability to evade immunity following
vaccination or prior infection. The first estimate of vaccine effectiveness of the Pfizer vaccine against
symptomatic Omicron infection (not peer-reviewed) from the UK is estimated to be high (approximately
88%) 2-9 weeks after the second dose, dropping to 35% after 4 months. The analysis was based on only
581 Omicron cases and all of the estimates for Omicron had wide confidence intervals. Therefore, these
results are subject to significant uncertainty.

e UKHSA have stated that Omicron mutations appear likely to reduce the effectiveness of monoclonal
antibodies. Preliminary reports from laboratory studies suggest that Omicron may be resistant to the
majority of monoclonal antibody treatments, including the monoclonal antibody combination
casirivimab and imdevimab (Ronapreve) but that sotrovimab retains some neutralising activity against
Omicron.
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e Many characteristics of Omicron are still unclear. More robust data are required to determine:

o if Omicron presents with different symptoms and if there are any changes to disease severity.
Data reported about disease severity over the next 2-8 weeks will be important, as data from
“lagged outcomes” (e.g. ICU admission and death) become available.

o how transmissible Omicron is compared to Delta. The UKHSA risk assessment of 8 December
states that Omicron is at least as transmissible as Delta. Data are being reported now, but
additional detailed analyses over the next 4 weeks will also be important.

o the extent to which vaccine effectiveness is affected. Although it seems likely vaccine
effectiveness against Omicron is reduced, it is not yet known to what extent vaccine
effectiveness is affected. Laboratory and real-world data are emerging.

Delta

e Delta continues to be the most frequently detected variant of concern (VOC) globally, but the
proportion of Delta cases is declining in some countries with the advent of Omicron. Delta is
substantially more transmissible that previous variants, with a higher secondary attack rate.

» Two doses of Pfizer vaccine remain effective against infection, symptomatic disease and hospitalisation
for cases associated with Delta. However, protection against infection wanes over time, indicating the
need for a third (booster) dose after several months.

e Preliminary evidence indicates that COVID-19 vaccination reduces onwards transmission of Delta (i.e.,
both the chance of becoming infected and the likelihood of an infected person transmitting to another
person), but this impact reduces over time.
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nd global ly to outcompete Delta
prevalence *  The B.1.1.529 variant was first detected in samples collected on 11 and on 14 2021 in South Africa.[1]
«  B.1.1.529 was first reported to WHO from South Africa on 24 November 2021. This variant was named ‘Omicron’ and designated a variant of concern on 26 November 2021 by WHO's Technical Advisory Group on Virus Evelution due to
the high number of mutations in the spike protein.[2]
= Omicron is the mast divergent variant detected so far, which ralses concerns that it may be with dt ity, significant reduction in vaccine effectiveness, and increased risk for reinfection.
= Asat 17 December 2021, Omicron fs present in at least 70 countries around the world. Currently, countries with the highest detected Omicron case numbers are the United Kingdom, Denmark, Norway, and South Africa.
«  Although there is limited evidence currently available for this variant, several countries globally have implemented stricter border measures to minimise risk of spread.
»  The UK Health Security Agency [UKHSA) predicts that Omicron is likely to cutcompete Delta based on analysis of increased household transmission risk, secondary attack rates, and growth rates compared to Delta.[3]
Spike protein mutations Summary: Omicron contains many mutations in the spike protein, some of which have been with issil and immune escape.
= Incomparison to the original strain, Omicron contains at least 30 mutations in the spike protein, incuding three deletions and one small insertion.[1, 2] Of these, 15 are located within the recepter binding domain (RED).
® A particular cluster of mutations at the 51-52 furin cleavage site (H655Y, NE79K, P681H) are associated with more efficient cell entry , which may indicate an increase in transmissibility. [4] These mutations have been identified in other
variants, but never reported together in one variant. [4] These mutations have been identified in other variants, but never reported together in one variant. For example, P681H is seen In Alpha and Mu; Delta contains P681R; and NE79K
is seen in C.1.2,
& The large number of mutations in the RBD, including K417N and E484A, may indicate an increased potentlal for immune escape.[4)
s The 10 December UKHSA briefing states that Omicron global phylogeny shows the presence of 2 clades, a large group (8A.1) with the typical Omicron mutations and a small cutlying group (BA.2) with some shared mutations with Omicton
and some differences, including an absence of the deletion In the spike protein at 69/70 which gives the SGTF result.[S]
= Structural modelling Indicates that antibody binding (natural and therapeutic), is likely to be affected by Omicron's mutations.[6] Several modelling studies have suggested that compared with other variants, Omicron has an enhanced
abllity to bind to human ACE2 receptors.[6-9]
Testing and detection Summary: PCR tests continue to detect Omicron infection. Studies are ongoing to determine whether there is any impact on other types of tests, including rapid antigen detection tests (initial data suggest sensitivity preserved).
= Omicron has a deletion 46970 in the Spike protein [similar to Alpha, but different to Delta). One PCR test, ThermoFisher TaqPath, can detect the lack of this target gene (called S gene target failure or S gene dropout) [1, 2] and therefore
this test can be used as an early marker to distiguish between Omicron and Delta, pending sequencing confirmation. However, reports of a small number of cases of an Omicron sub-lineage that may not carry the 469-70 deletion could
affect this (see below).
«  Ithas been suggasted that reported cases of Omicran BA.2, which may not carry the A69-70 deletion, may be unable to be identified as Omicron via PCR by § gene target failure. PCR tests can still confirm this sub-lineage as a positive
COVID-19 case but it is suggested that whole genome sequencing is required to confirm the infection as Omicron BA.2. [10, 11]
« Itis unknown how rapid antigen tests will perform on Omicran. Since many tests in the market (but not all) target the nucleocapsid protein rather than the spike protein, they are expected to continue to work. Studies are ongoing to
assess if rapid antigen tests may be Impacted.[1, 2]
s UKHSA reports that initial laboratory validation of rapld antigen tests In use by NHS Test and Trace has determined similar sensitivity to detect Omicron compared to Delta. (5]
Symptoms and severity of | Summary: More robust data is required to determine whether this variant presents with different symptoms. Data for severity and mortality is expected to become available in the next 2 weeks to 2 months, as data from “lagged
disease outcomes” accumulates.
*  There have been some anecdotal reports from doctors in South Africa stating that Omicron causes milder symptoms and less severe iliness.[12] However, these milder cases were in younger people.[12] It s too early to draw any
conclusions on disease severity until more data for different age groups, especially the elderly, become avallable,
* The WHO 10 December report highlights that:
o prefiminary reports from South Africa have suggested the possibility of milder infection with Omicron than Delta, but there is insufficient data on the potential role of vaccination and previous infection on thase case
presentations.[13]
& All cases reported in the EU/EEA to 10" December 2021 were mild or asymptomatic.[13]
» A South African study reported on symptomatic breakthrough infections in seven tourists that had received three doses of COVID-19 vaccines.[14) The most comman symptoms at the end of the 7-day cbservation period were dry cough
(100%), rhinitis (71.4%), fatigue (57.1%), sore throat (57,1%), shortnass of breath (42.9%) and headache (42.9%), with a general reduction of symptom severity as the infection progressed. Overall, all cases described their symptoms as
mild or moderate and none required hospitalisation during the observation period
® The CDC reported on 43 Omicron cases in the US, 34 (79%) of which accurred in fully vaccinated peaple.[15] 14 of these cases had received a third dose; five of whom had received the additional dose <14 days before symptom onset. Six
(14%) persons had a documented previous SARS-CoV-2 infection, The mast commonly reported symptoms were cough (89%), fatigue [65%), and congestion of runny nose (59%). O patient was for 2 days, and no
deaths were reported.
«  Recent data from Denmark does not indicate a difference in hospitalisation rates between those confirmed with Omicron compared to other variants.[16]
+  There is Insufficient information to determine disease severity and risk of hospitalisation with Omicron at this time.[5, 13] Data for severity and mortality is expected to become avallable in the next 2 weeks to 2 months, as data from
“lagged outcomes” (e.g, ICU admission and death| become available
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T i y: Omi s ot least as and is likely Delta. Data are being reported now, but additional detailed analyses over the next 4 weeks will alio be important.
»  Early data shared on Twitter by Or Tulio de Ofveira from the Center for Epldemic Response and Innovation in South Africa shewed that prevalence of Omicron in samples has o 75% in less than 2 weeks,
Indicating that this varfant could potentially cutcompete Deita.[17]
*  More robust data are required to understand whether Omicron has increased transmissibility over other varlants. If the variant has been seeded by several visitors to the country in different locations at the same time, then this could
appear to be an increase In transmissibility initially, but then not be borne out by the data over time. data on in the coming weeks will therefore be very Important to confirm these early observations,
= UKHSA has observed a growth advantage for Omicron noting that this could be due to issibility or d i i 2 bi of both.[3]
»  The UKHSA risk assessment of B December states that Omicron Is at least as and s likely to pete Delta,[18]
* UK studies of households and contacts show a higher risk of transmission 1o contacts from an Omicron Index case, when compared to Deita index cases.[5] The studies did not adjust for vaccination status of prior infection, so this data
should be viewed a3 evidence of growth advantage (which we use here to Include both transmissibility, and the potential for immune evasion) rather than transmissibility alone.
©  Risk of househeld transmission using routine testing data: adjusted odds ratio of transmissian from an Omicron Index case compared to a Delta index case was 3.2 {95% C1 2.0-5.0).
Risk of a close contact becoming a secondary case: adjusted odds ratio was 2.09 (95% C1: 1.54-2.79)
= farly lab-based and non-peer reviewed data shared by researchers from the LKS Faculty of Medicine at The Uniyersity of Hong Kong (HKUMed) indicates that at 24 hours after infection, Omicron had replicated 70% faster in ex-vivo
human bronchus tissue compared Lo the original strain and Deita,[19] Researchers suggested this may explain the observed increase in transmissibility compared to other variants. Omicron was also found to be less efficient (more than
10 times slawar) at replicating in ex-vivo human lung tissue than the original strain. This could suggest lower teverity of disease; however the researchers highlight that virus replication |t not the sole determinant of severity of
divease (19]
Immune escape Summary: Preliminary data suggests that Omicron could hi d fon of i priot infection, ination, or f therapeutics. Although it seems likely vaccine effectiveness against Omicron Is
reduced, it is not yet known to what extent. Laboratory and real-world data are emerging.
Prior infection and Vaccination

* A pre-print from South Africa looking at infection trends in routine surveillance data found that Omicron is assoclated with a high risk of reinfection.[20] Reinfection was defined in the study as two positive tests (PCR or antigen detection),
at least 90 days apart. [20] Reinfection was defined in the study as two positive tests (PCR cr antigen detection), at least 90 days apart. The relative hazard ratio {reinfection versus primary infection) for the Omicron peried versus the first
wave of infection was 2.39 (95% Cl: 1.88-3.11). These preliminary data suggest that Omicron has increased immune evasion to prior infection, but it is not yet clear If time since previous infection could have influenced these findings.

*  Vaccine developers and sclentists are expecting that the COVID-19 vaccines will still offer protection against severe disease and death.[21, 22] Pfizer have begun the production of an upgraded vaccine ta target the Omicron variant.[21]
The Pfizer CEO has stated that if needed, an initial batch of 25-50 million doses would take about 100 days to produce, provided regulators are satisfied.

«  Early dats from the UK showed that vacdne (VE] against symptomatic diseate from a primary courte of the Pizer vaccine was lower against Omicron than Deita In the Uk:[23]

@ VE of two doses of Pfizer against Omicron was BE% (95%C); 65 to 96%) a1 2.9 weeks after dote two, declining 10 A8.5% (F5%CI: 24.3-65.0) a1 10-14 weeks and to 34.2% (35%C); -5-58.7) at 25+ weeks. In comparison, VE sgainst

Delta was similar 2-9 weeks after dose two (VE 88%, $9%L1: B7 to 90%), but estimates did nat drop as rapidly with time as for Omicron (VE for Deita 66%, 95%C1: 61 to 66%, 25+ weeks after dose two) [23]

VE of a Pfirer booster after Plizer primary course against Omicron increased 10 76% (95%01: 56 to 86%) at least 2 weeks after the booster dose, compared an increase against Delta to 93% (95%C1: 92 to 93%).

©  For the Astraleneca vaccine, there wai no protection observed from 15 weeks after the second dose. However, VE Increased to 71.4% (95%0): 41.8-86.0) after a Pfizer booster in those wha received a primary course of
Astralenecs.
@ The analysis wes based on only 581 Gmicron cases and all of the VE estimates fo Omicron had wide confidence intetvals. These results are therefore subject to significant uncertainty,

& A press release with data from South Africa during the Omicron wave states that two doses of Pfizer has a VE of 70K against hospitatisation, and 33% against COVID-19 infection, though the data doet not mention time since
vaccination. [24]

®  Preliminary laboratory studies have evaluated antibody neutralisation of Omicran:

o Those vaccinated with two doses of Pfizer had a 20-40 fold reduction in neutralising activity compared to previous strains,[S, 25-28] and at least a 10-fold reduction compared 1o the Delta variant.[S, 26, 27, 29)
o Those vacdnated with two deses of AstraZeneca had very low neutralising activity, sometimes negiigidie.[26, 77]

° y infected Who were with two doses of Pfizer had higher neutralising activity than naive vacdnated individuals.{25, 27, 29]

©  APfizer booster dose in those vaccinated with a primary course of Pfizer or a substantially g activity against Omicron.[28, 29)

«  Cellular responses [T-cells) arising from previous Infection of vactination appear to be largely unaffected. This is likely because majority of the regions in the splke protein that are recognised by CD8+ T cells are unchanged in the Omicron
varlant.[28, 30)

®  Overall, there Is limited antibody and vaccine data to underitand the impact of Omicron on vactine-induted protection. It is not known when more data about effectiveness of vaccines against infection and
severe diseate caused Omicron will become available, but this is being Investigated with urgency [31)

a

Therapeutics
®  UKHSA have stated, based on modelling, that Omicron mutations appear likely to reduce the eff of bodles; and seem unlikely to affect small molecule antivirals; but there was no laberatary or clinical
evidence to support the modelling evidence at the time the statement was made.[18)
«  Preliminary laboratory studies have evaluated antibody neutralisation of Omicron:
o Apre-print (non-peer reviewed) suggests that Omicron I3 resistant to neutralisation by a number of therapeutics, including REGEN-COV (casifivimab » iImdevimab combination); sotrovimab was shown to have a reduced
neutralisation effect against Omicron.(32]
o Another study also dernonstrated in vitro neutralisation of pseudotyped virus encoding Omicron by VIR-7831 | 133]
o AGerman study reperted as a pre-print (non-peer reviewed) on 8 December showed Omicron resistance to neutrallsation by the lonal and Imd b, either alone or In combination.[29]
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Viral dynamics (Note: It Is difficult to estimate viral dynamics y due to st hodologies, For example, results may vary depending on the contact tracing system of the country, on the timing that cases are [solated, or on the number of
expasure events in a stidy.)
Latency period Summary: Evidence is limited. Delta may have the same or shorter latency period than other variants. No data available
time from exposure to Approximately 4 days.
start of infectious period *  Onestudy reported the mean latency was 4 days;[34] Another study reported a time window of approximately

3.7 days.|35|
Incubation period Summary: Evidence is limited. Delta may have a shorter incubation period than other variants. Range is No data available
time from exposure to approximately 4-6 days.
symptom onset *  One study reperted the mean incubation period was 5.8 days.[34] Ancther study reported a significantly shorter

incubation period for Delta compared with the wild-type strain (4 versus 6 days).[36)
Serial interval Summary: The serial interval for Delta is approximately 2.5-3.3 days.[37-39] No data available

time from onset of
symptoms in the primary
case to onset of symptoms

*  One study reported that the serial interval was not different for Delta and non-Delta cases.[37) However, a study
of an outbreak in South Korea found the mean serial interval declined from 4.0 days to 2.5 days as Delta became

In the secondary case mere prevalent (of note, Delta only accounted for ~40% of cases during this time).[38) A Korean contact tracing
study reported a serial interval of 3.26 days.[39]
Duration of infectious Summary: Evidence is limited on whether Delta has a longer infectious period. Summary: Evidence on duration of infection period in breakthrough infections is limited.
period o Low cycle threshold (Ct) values correspond to high viral load. Ct values are used as a surrogate for infectiousnest | » A US study of 8 Delta breakthrough Infections found longer duration of viral shedding (13.5 vs 4 days), greater
and may not correlate with risk of transmission, likelihood of replication-competent virus at early stages of infection (6/8 [75%] vs 3/14 [23%]), and longer duration
= Ct values stay $30 for 18 days for severe/hospitalised cases.[40) However, some studies report similar values for of culturable virus {median 7 vs 3 days) compared to non-Delta variants.[41)
non-Delta variants, This is likely an upper limit of infectious pericd given the data was based on hospitalised cases
and total viral load (rather than total infectious virus).
*  AChinese study reported a longer duration of viral shedding in upper respiratory tract samples compared with
the wild-type strain (14 versus 8 days).{36]
Viral load Summary: Delta appears to have very high viral loads. Summary: Vaccinated cases may have a similar viral load to unvaccinated at the start of the infectious period.
= The magnitude of the increase in viral load is unclear. One pre-print reported 1000 times higher viral load onthe | »  Several studies have found that vactinated and unvaccinated Delta cases have similar PCR cycle threshold (Ct)
first PCR positive test compared to the less transmissible ancestral variant.[35] Another paper estimated 4 -fold values (a proxy for viral load).[44-52] Some studies report that the viral load decreases more rapidly in vaccinated
increase in viral load compared to the more transmissible Alpha variant.[42] Higher viral load is also seen in Individuals.[45, 52)
national surveiliance data from contact tracing in Public Health England data, and other preprints.[34, 35, 43] *  Astudy in vaccinated healthcare workers found that viral loads of breakthrough Deita cases were ~251 times higher
than breakthrough cases infected with previous strains.[53]
Secondary attack rate Summary: SAR varies widely depending on setting. Evidence is emerging showing that vaccinated index cases have lower secondary attack rates for Delta than unvaccinated index cases.
(SAR) »  The household secondary attack rate from the New Zealand August 2021 cutbreak was 45,6%; SAR for close-plus contacts was 11% (Ministry of Health internal preliminary analysis, extracted 11 October, see Table below).

Secondary  Contacts, SAR, % SAR

cases, n N (95%C1)

Total 1,051 40,089 26 (2.8-2.7)
Contact ritk type

Casual plus 0 4052 00 {0.0-0.1)

Close 107 34733 03 (0.3-04)

Close plus LH an 11 {8.0-15.0)

Household 902 1976 456 {42.7-48.7)

s SAR varies widely, depending on setting. A US study in a gym found that among coharts with identified cases, attack rates ranged from 8% to 60%, but the overall facility-assoclated attack rate among 194 exposed persons was reported as
24%.|54] A Korean contact tracing study on an outbreak of 405 cases reported a SAR of 63% in household contacts.[39] An outbreak report ameng unvaccinated soldiers on a single navy ship noted a 90% attack rate.[55]
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= Currently, the SAR for household contacts based on contact tracing data in the UK is 11.2%,[56] noting that the relatively low SAR in the UK partly reflects the hj
vaccinated).[S7]

*  Transmission study in Singapore found that household SAR among unvaccinated Delta-exposed contacts was 25.8% compared with 11.3% among vaccinated contacts.[58)

* A Dutch contact tracing study found that the crude SAR among unvaccinated household contacts fer vaccinated index cases was lower compared to unvaccinated index cases (13% vs 22%). The corresponding adjusted vaccine
effectiveness against transmission was 63% (95% C1: 46-75).[59) Results were nat stratified by vaccine type

accination coverage (approximately 80% aged 12+ are fully

Transmission Summary: Vaccination reduces transmission of Deita, but the vaccine's impact on transmission appears to reduce over time.
* UK national surveillance data found 64% increase In household transmission with Delta compared with Alpha (aOR 1.64; 95% C1: 1,26-2.13, p <0.001).[60]
«  Studies on Delta reported that 12-73.9% of the transmissions to close contacts occurred before symptom onset.[34, 39]
*  Delta variant cases will infect 64% their “close proximity’ contacts, [61)
.

An observational study in England found that twa doses of the Pfizer vaccine reduced onwards transmission from breakthrough infections of the Delta varfant by S50%, which was more than the AstraZeneca vaceine (Pfizer aRR=0.50 and
AstraZeneca aRR=0,76).[62]

A Dutch contact tracing study estimated that vaccine effectiveness against onwards 1 to fully d contacts was 40% (95% CI: 20-54), which is In addition to the individual protection against infection.[59)
Effectiveness against onwards transmissien to unvaccinated household contacts was 63% (95% C1: 46-75). Results were not stratified by vaccine type,

.

R Summary: Rs “5,5-6.5, e, On average, each person transmits Delta to another 5-6 people. No data available

*  Highest range of estimate Is 8-9, based on the upper |imits of current ranges of increased transmission (e.g.,
starting from R=3 for wild type, then ~50% increase from wild type to Alpha, and ~90% from Alpha te Delta). A
summary of 5 papers using differing methods to calculate an Rg for Delta reparted a mean R of 5,08 (range, 3.2
8.0)63)

*  ADanish pre-print estimated that Delta increases Ro by a factor of 2,17 (95% C1: 1.99-2.36) relative to Alpha and
3.28 (95% CI: 3.01-3.58) relative to the ancestral variant.[64]

#  The UK REACT-1 study found an overall R of 1,03 {range: 0.94-1.14) among those aged 5 and above In September
2021. Those aged 17 years and under had an R of 1.18 (range: 1.03-1.34), and this was lower in those aged 18 to
54 years (R of 0.81, range: 0.68-0.97).[65]

Severity

Symptoms Summary: No clear evidence at this time that Delta symptoms differ from other VOCs or wild-type virus, The most commen symptoms for COVID-19 caused by Delta are cough, fatigue, headache, sore throat, fever, loss of taste or smeli,
and myalgia.
*  ASouth Karean study found no signifi iffi between Dell inant and Deita-minor groups for COVID-19 symp in children and except for the lower frequencies of thinorrhea (25% vs. 10.5%, P = 0.003), nasal

stuffiness (34.8% vs. 15.4%, P =0.001) and sore throat (23.9% vs. 12.6%, P = 0,02).[66] Patients in the Delta-dominant group were more likely to be asymptomatic (29.3% vs. 43.4%, P = 0.03).

= Data from a retrospective cohort study in Singapore using national surveillance data showed that the most commeon Delta symptoms were similar to symptoms for Alpha, Beta and the wild-type virus. Among those with Delta infection
{n=67), the most common symptoms were fever {72%), cough (46%), sore threat {34%), shortness of breath (19%], and nasal congestion/runny nose {16%).[40] The same study reported that 12% of Delta cases were asymptomatic.
However, at the time the data was collected (1 January-22 May 2021) there was 8 very small number of Delta cases overall (n=67).

*  An analysis of 159 hospitalised Deita cases in a local outbreak in Guangzhou, China reported that the most commaon symptoms within three days on admission was cough (65%), followed by fever (63%) and expectoration (53%).

such as {5%]) and vomiting (4%) were uncommeon.[36]
= The UK COVID-19 Infection Survey collects data on characteristics of people testing positive for COVID-19, including data on symptoms for those who had strong pesitive tests - Ct value under 30 {see Table below).[67] These dataare
, reflect reported in th: ity, and exclude infect reported in hospitals, care homes, or other institutional settings. These data can be used to Infer common symptoms of the Delta variant, which has been

predominant in the UK since June 2021.

% of people with this symptom within 35 days of a
Setats positive PCR test, among those people with a Ct value
e under 30

September 2021

| Any symptoms 619
No atic] 381
Classic symptoms (cough, fever, shortness of 542
breath, loss of taste, loss of smell
Loss of taste or smell 284

ymp (abdominal pain, 179
nausea or vomiting, diarrhoea)

[cough 422
Fatigue [weakness) 380
Headache 387
Sore throat 326
Fever 27.9
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Loss of smell 23.7
Muscle ache (myalgia) 250
Loss of taste 23.7
Shortness of breath 13.8
Nausea or vomiting 10.3
Abdominal pain 80
Diarrhoea 73
Asymptomatic Summary; Data is emerging. Rate of asymptomatic cases depends on vaccination status, with vaccinated but infected people more likely to be asymptomatic. However, these data are not always reported. Breakthrough infections tend
to be mild or asymptomatic.

* Data from the UK COVID-19 Infection survey indicated that during September, approximately 38% of positive cases did not report any symptoms..See Table above under "Symptoms’ for more details, This was during a period of relatively
high vaccination coverage in the UK.

« AKorean study of 405 Delta cases reported that 20% were asymptematic,(39) Proportion of vaccinated cases among asymptomatic was not reported.

e  ASingaporean study using national surveillance data found 10% of Delta cases were asymptomatic.[40] However, at the time the data was collected (1 January-22 May 2021) there was a very small number of Delta cases (n=67) and
proportion of vaccinated cases was not reported,

*  Onestudy in Singapore found the vaccinated group with Delta breakthrough Infections (2 doses of mRNA vaccine; 71 of 218 Delta infections identified) were more likely to be asymptomatic (28.2% versus 9.2%, p<0,001) and had fewer

ymp that these Higher prapertion of pneurnenia in unvaccinated group,[45]

+ _ Anoutbreak report among unvaccinated soldiers on a single navy ship noted that 23% were asymp 155)

Hospitalisation Summary: Data indicates possible increased risk of hospitalisation. It is unclear whether the risk of ICU admission is | Summary: Unvaccinated people have higher case and hospitalisation rates for Delta than fully vaccinated people
higher for Delta once a patient is admitted to hospital. s Deta is currently the dominant variant in the US and the UK, making up more than 99% of recently sequenced

+ Studles from England, Scotland, Denmark, and Canada have found that Delta was associated with approximately cases in both countries,[76, 77)

23 times risk of hospitalisation compared to Alpha (hazard ratios ranging from 1.85-2.83).[68-71) = The US CDC COVID Data Tracker(76] reports that in September, unvaccinated people were 5.8 times more likely to
= Incontrast, a Norweglan study found no dif In the risk of hospital for Deita to Alpha.[72] test positive for COVID-19 and 9 times more likely to be hospitalised fram COVID-19 than fully vaccinated people.

* ACDCstudy of data from 14 US states found no significant differences in the proportion of nonpregnant adults *  The latest UKHSA COVID-19 vaccine surveillance report]78] Indicates that the rate of a positive COVID-19 test varies
aged 218 hospitalised with severe outcomes between the pre-Delta and Delta perieds. The propertion of by age and vaccination status, The rate of a positive COVID-19 test is substantially lower in vaccinated individuals
hospitalised unvaccinated COVID-19 patients aged 18-49 years Increased significantly during the Delta period.[73] compared to unvaccinated individuals up to the age of 29. In individuals aged greater than 30, the rate of a positive

+ Therate of new COVID-19 cases, emergency department visits, and hospital admissions increased for those aged COVID-19 test is higher in vaccinated individuals compared to unvaccinated, This is likely to be due to a varfety of
0-17 years after Delta becarme predominant in the US, Hospitalisation rates were highest among children aged 0- reasons, including differences in the ion of d and d people as well as differences in
4 years (69.2 per 100,000) and adolescents aged 12-17 years {63.7 per 100,000), and lowest ameng children aged testing patterns. The rate of hospitalisation within 28 days of a positive COVID-19 test increases with age and is
5-11 years (24.0 per 100,000). Hospitalisation rates were 10 times higher among unvaccinated than ameng fully substantlally greater in unvaccinated people compared to vaccinated people,
vaccinated adolescents. However, there was no difference in the severity of disease when compared with pre-

Delta,[74, 75]
Mortality/Case fatality Summary: Mortality/case fatality rate for Delta ~0.5--3%. It is impertant to note that the risk of mortality Summary: Unvaccinated people have higher mortality rates than fully vaccinated people
rate associated with COVID-19 is much higher for older age groups s Delta is currently the dominant variant in the US and the UK, making up more than 99% of recently sequenced

«  Our World in Data estimates the case fatality rate to be approximately 1-3% globally.[79] cases in both countries.(76, 77]

= UKHSA reported that ameng 727,986 cases of Delta from 15 May 2021 to 24 October 2021, 3,813 had died within | »  The US CDC COVID Data Tracker[76] reports that In September, unvaccinated people were 14 times more likely to
28 days of testing positive, which is a case fatality rate of 0.53%.[56] die from COVID-19 than fully vaccinated people,

«  Aretrospective analysis of UK data found that Delta is assoclated with a lower case fatality rate than Alpha (all *  The latest UKHSA COVID-19 vaccine sutveillance report{78] indicates that the rate of death within 28 days or within
ages, 0.43% vs 1.07%), however, vaccination status of cases was not Included in the analysis.[80] 60 days of a positive COVID-19 test increases with age and is substantially greater in unvaccinated people

compared to fully vaccinated peaple,
Vaccine efficacy/effectiveness
Against viral infection »  Pfizer: 79% (95%C1: 75-82)[B1]; 39% (95%CI: 9-59) in fully vaccinated (including those who received thelr second those several months earller) in Israel[82]; 42% (95%CI: 13-62) In Minnesota in July when Deita became dominant compared
(positive PCR test) to 76% (95%C1: 69-81) throughout January till July{83); 52.4% (95%C1:48.0~56,4) in US nursing home residents during Delta prevalence compared to 74.2% (95%CI: 68.9-78.7) pre-Delta[84]; 53.5% (95%Cl: 43,9-61,4) in those who received
thelr secand dose several months earfier in Qatar(85); 93% (95%C1; 85-97) at <1 month to 53% (35%C1 39-65) at >4 months in US|86); 85% (85%CI; 79-90) at 14 days post 2™ dose declining to 75% (95%CI: 70-80) at 90+ days in UK[87]

= AstraZeneca: 60% (95%CI: 53-66)[81); 68% (95%CI: 61-73) at 14 days post 2 dose declining to 61% {35%Ci: 53-68) at 90+ days in UK[87]

+ lanssen: 78% (95%CI: 73-82) during Delta prevalence in the US[88]

Against symptomatic *  Plizer: 87-88%(89, 90]; 40.5% (S5%CI: 8,7-61,2) In fully vaccinated (including those who received their second those several manths earlier) in Israel[82); 56.1% (95%C1: 41.4-67.2) in those who received their second dose several months
disease earller in Qatar(85); 92.4% (95%Ci: 92,1-92.7) at 1 week after the second dose and then fell to 69.7% (35%CI: 68,7-70.5) by 20+ weeks[91]; 93% (95%C1: 89-95) at 14 days post 2™ dose declining to 7B% (95%Cl: 72-82) at 90+ days In UK[87]

s AstraZeneca: 67% (95%C1: 61.3-71.8)(89); 62.7% (35%CI: 61.7-63.8) at 1 week after the second dese and then fell to 47.3% (95%CI: 45.0-4.6) by 20+ weeks[91]; 72% (95%C1: 64-78) at 14 days post 2™ dose declining to 63% (95%C); 53-71)
at 50+ days in UK[87)

Against hospitalisation o Pfizer: 96% (95%CI: 86-99)[92]; 80% (95%CI: 73-85) during Delta prevalence in the US[93); 99.7% (95%Ci: 97.6-100,0) at 1 week after the second dose and then fell to 92.7% (35%C): S0.3-94.6) by 20+ weeks[91); 96% (95%C: 95-96) during
Deita period in the Netherlands[94]




e Rowu i E
oo COVID-19 Variants Update HEALTH
s sao Loma
AstraZeneca: 92% (95%C1: 75-97)[92]; 93.9% (95%C1: 91.3-95.7) at 1 week after the second dose and then fell to 77.0% (95%C1: 70.3-82.3) by 20+ weeks|[91]; 94% [95%C1: 92-95) during Delta period in the Netherands[94]; 88% (95%C1:
85-90) during Delta prevalence in Scotland[95)
Janssen: 60-85% during Delta prevalence in the US[88, 53); 91% (95%C: 88-94) during Delta period In the [94]
Against transmission Plizer: 50% (95%C1: 35-61) against enwards Delta transmission at 2 weeks after 2 dose declining Lo 24% (95%C1: 20-28) through 3 menths|96]
AstraZeneca: 24% (35%C): 18-30) against onwards Delta transmission at 2 weeks after 2™ dose declining to 2% (95%C): -2-6) through 3 months|[96]
Waning immunity A study from Oxford University reported that during Delta prevalence, VE against infection for Pfizer declined by 22% (95%C1 6-41%) per month from second dese for 1864 year olds, starting at 85% (95%C1 79-90) 14 days post-second

dose.[87]

Astudy from Southern California also reported waning of VE against infection, after adjusting for many confounders (demographics, comerbidities, social deprivation measures) and stratifying by age.[97) VE against Delta infections was
high during the first month after full vaccination (93%) and declined to 53% at 24 months. The authars concluded that waning effectiveness was not due ta the increasing prevalence of Delta, because waning effectiveness was also seen
for non-Delta cases. Importantly, a high VE against hospitalisation (90-93%, stratified by a associated with any variant, was maintained for the duration of the study.
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Glossary of Terms

The AstraZeneca vaccine

AZD1222 or ChAdOx1

The Pfizer/BioNTech vaccine

Comirnaty/BNT162b2

Global Initiative on Sharing
Avian Influenza Data (GISAID)

This is a consortium that promotes and provides open access to SARS-CoV-2
genomic sequence data. Its original purpose was for sharing data on avian (bird)
flu.

Immune escape

The ability of the virus to evade our body’s immune response. See also Immune
response.

Immune response

The response of our immune system to an infection. It includes development of
specific antibodies to the virus and also cell-mediated responses (triggered by T
cells).

Mutation

Small change made to the pattern of nucleotides that make up the virus. These
occur as the virus spreads and replicates. Most do not confer a benefit to the
virus.

Naming mutations

Mutation nomenclature (i.e., how they are named), describes what occurred at a
specific location of the genome. For example, the ‘E484K’ mutation means that at
the position 484, the amino acid changed from glutamic acid (E) to lysine (K).
When a deletion occurs, the location is provided (e.g., deletion 144),

N-terminal domain

Part of the spike protein of the SARS-CoV-2 virus.

Ro, Reproductive number

The reproductive number Ry (R-naught), is a measure of how contagious a
disease is. It is the average number of people who would catch a disease from
one infected individual when there are no control measures in place, e.g.,
vaccination, lockdowns.

Rest, Effective reproductive
number

The ‘effective R’ (Resr) is the R observed when control measures are in place. Res
can therefore change depending on the control measures currently enacted in a
particular population. In general, whenever R is less than 1, i.e., an infected
person goes on to infect less than one person on average, then the prevalence of
the disease would be expected to decrease.

Secondary attack rate

The probability that an infection occurs among persons within a reasonable
incubation period after known contact with an infectious person in household or
other close-contact environments.

Variant

Viruses with mutations are referred to as variants of the original virus. New
variants of SARS-CoV-2 have been emerging as the virus has spread and evolved.

Variant of Concern (VOC)

WHO definition: A SARS-CoV-2 variant that meets the definition of a VOI (see
below) and, through a comparative assessment, has been demonstrated to be
associated with one or more of the following changes at a degree of global public
health significance:
e Increase in transmissibility or detrimental change in COVID-19
epidemiology; OR
e Increase in virulence or change in clinical disease presentation; OR
e Decrease in effectiveness of public health and social measures or
available diagnostics, vaccines, therapeutics.

Variant of Interest (VOI)

WHO definition: A SARS-CoV-2 variant:

12
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e with genetic changes that are predicted or known to affect virus
characteristics such as transmissibility, disease severity, immune escape,
diagnostic or therapeutic escape; AND

¢ Identified to cause significant community transmission or multiple
COVID-19 clusters, in multiple countries with increasing relative
prevalence alongside increasing number of cases over time, or other
apparent epidemiological impacts to suggest an emerging risk to global
public health.

UKHSA definition: SARS-CoV-2 variants, if considered to have concerning
epidemiological, immunological or pathogenic properties, are raised for formal
investigation. At this point they are designated Variant Under Investigation (VUI)
with a year, month, and number. Following a risk assessment with the relevant
expert committee, they may be designated Variant of Concern (VOC).

Variant under Investigation
(vul)

Abbreviations

CDC: Centers for Disease Control and Prevention

GSAID: Global Initiative on Sharing Avian Influenza Data
RBD: Receptor binding domain (of the virus spike protein)
Ret: ‘Effective R’, the effective reproductive number

Ro: ‘R-naught’, the baseline reproductive number

UKHSA: UK Health Security Agency

Useful Links

US CDC - SARS CoV-2 variant classifications and definitions | CDC classification of variants

Outbreak Info Outbreak Info

WHO - Tracking SARS-CoV-2 variants WHO Variant Tracking

UK Health Security Agency Technical Briefings (from Investigation of SARS-CoV-2 variants:

October 2021 onwards) technical briefings

Public Health England Technical Briefings Investigation of SARS-CoV-2 variants:
technical briefings

13
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; Completed summary of evidence of COVID-19, transmission risk, and vaccination in 5-
Deliverables
11-year-olds

Background/Context

Request Outline Pfizer will be applying for the use of vaccines in 5-11-year-olds to Medsafe, and advice
is required from the COVID-19 Vaccine Technical Advisory Group on the risks and
benefits of vaccinating this age group, alongside if and where there may be a need for

prioritisation.
Questions
COVID-19 and children

o How does COVID-19 present in children?

e What do we know about Delta’s impact on children?

e What is the risk of infection/severe disease/ hospitalisation?

o What is the risk of long COVID?

e Who is more at risk of severe outcomes among 5-11-year-olds? What are the

individual level risk factors? What are broader social risk factors?
Vulnerable populations in the context of Aotearoa New Zealand

» Within the Aotearoa New Zealand context, what risk factors are more common
and who would be most at risk within this age group?
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e What impact has the current Delta outbreak had on 5-11-year-olds? How many
cases have there been? What severity and how many hospitalisations? Who is

more at risk?
Transmission

e What is known about the role of children in transmission?

* What is known about transmission in education and household settings?

Non-pharmaceutical interventions for the prevention of COVID-19 in children

¢ What non-pharmaceutical interventions are available for children to prevent
COVID-19?
e What evidence is there on the effectiveness of masks, distancing, cohorting,

and school closures?
Vaccine

¢ What is the safety and reactogenicity profile of the Pfizer vaccine for 5-11-year-
olds?

e What is known about the risk of myocarditis in 5-11-year-olds? Is there a risk
profile/factors other than being male and young? What is there information on
and what is there not?

e What is the efficacy of the vaccine in 5-11-year-olds against infection, severe
disease and hospitalisation?

o  Which countries have approved the vaccine for 5-11-year-olds, who has rolled
it out, and what data is available from the real-world rollout?

¢ Do these countries have any specific guidance in relation to the dosing interval

and co-administration?
Risks and Benefits of vaccinating 5—11-year-olds in Aotearoa New Zealand

* What are the relative risks and benefits of vaccinating 5-11-year-old in New
Zealand?

Intended application of advice
To inform discussions at CV TAG and the Decision to Use.

Timeline

CV TAG to review this RfA on 30 November, 7 December, 14 December. Memo to be
drafted by 7 December and finalised by 23 December.

Equity and Te Tiriti are relevant to assessing who is at greater risk of infection and more
vulnerable to severe disease. It is important to examine the increased burden for Maori
and Pacific People within New Zealand, particularly in the Delta outbreak.

Equity issues are relevant in relation to uptake of non-pharmaceutical public health
measures and vaccines, and support options available to people with COVID-19. There

may be disparities in who can access services.
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In addition, the presence of pre-existing conditions or comorbidities increases
individual risk factors and the likelihood of severe COVID-19 disease and
hospitalisation. The higher prevalence of some conditions among Maori and Pacific

People may further contribute to increased risk for these communities.

Equity is important to consider in relation to different physical and social
environments. Maori and Pacific peoples are more likely to live in overcrowded and
multigenerational housing, and more likely to face socioeconomic barriers with access
to poor housing.[1] People living in rural communities (especially Maori) are more
isolated and inaccessible to healthcare interventions including vaccination clinics. The
impact of these broader social determinants of health on vulnerability to infection will
need to be explored.

The risks of COVID-19 also need to be balanced against the risks of prolonged school
closure on wellbeing and education for young people, the need for access to education,
and how this could impact on equity by further increasing current social and economic

inequities.

The principles of Te Tiriti o Waitangi provide the framework to guide the health and
disability system towards health equity for Maori, and principles of tino rangatiratanga,
equity, active protection, options and partnership will be forefront in the research. Tino
rangatiratanga and self-determination are important in applying public health
measures, and therefore it is essential that autonomy and options are given to
communities to protect themselves, and in communicating public health measures.
Partnership with diverse Maori communities in developing and communicating risk and
public health measures are essential to ensure clear understandings of risk and develop

appropriate public health measures tailored to the communities’ needs.
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Key Points

s COVID-19 disease is rarely severe or fatal in previously well children between 5 and 11 years of age.
However, COVID-19 is still a significant public health issue in this age group. The risk is not
negligible, and incidence of the severe post-infection Multisystem Inflammatory Syndrome in
Children (MIS-C) is highest among 5-11-year-olds. Current evidence is that children in this age
group sometimes experience prolonged symptoms post recovery from SARS-CoV-2 infection (long
COVID), but the frequency of this is not well established.

e Children living with pre-existing health conditions or comorbidities, disadvantage, low
socioeconomic or minority ethnic status have a greater risk of severe disease from COVID-19.

e Maori and Pacific adults are at greater risk of COVID-19 hospitalisation and severe disease and
more likely to live in multigenerational families housed in overcrowded conditions. Access to
vaccines has been inequitable for Maori and Pacific adults and access issues for children aged 5-11
in these groups need close consideration.

e Children can transmit the virus, though they appear to play less of a role in transmission than
teenagers and adults. Evidence to date has shown that transmission of SARS-CoV-2 in the school
environment is more likely to occur between adults, followed by adult-to-child transmission, with
lower risks of child-to-child or child-to-adult transmission. Transmission within households is
common and this is where the greatest risk of transmission is due to the ongoing and close nature
of exposure.

o The phase 3 trial of the lower-dose formulation of the Pfizer vaccine in 5-11-year-olds showed local
and systemic side effects generally in the same range as those observed with the full dose in 12-15-
year-olds. Importantly, fever (7% vs 20%) and antipyretic use (20% vs 51%) after the second dose
was less common. No cases of myocarditis were observed, but there was an excess of
lymphadenopathy cases (10 (0.9%) vs 1 (0.1%) with the placebo).

¢ |nthe same phase 3 trial, vaccine efficacy against symptomatic COVID-19 7 days post-second dose
was 90.7%. This was based on 3 cases in the vaccine group and 16 in the placebo group during the
follow-up of 2.3 months. No cases were severe, but the number of participants was relatively small,
with a total of 1,518 vaccine and 751 placebo participants.

e While there is some urgency for vaccination in order to protect New Zealand’s population, the only
availahle safety and efficacy data are from this phase 3 trial with 2268 participants, and therefore
there has been a very limited ability to study rare, but serious, side effects. More data on potential
side effects from the vaccine rollout in this age group in other countries would be beneficial in
determining the risk-benefit ratio in New Zealand.

e The decision to vaccinate children requires careful weighing of the known and potential risks and
benefits. The balance of risks and benefits of COVID-19 vaccination in children is more complex
than in adults. In addition to potential direct effects (both positive and negative) from vaccination
for this group, there are also potential indirect effects e.g., avoidance of school closures and other
indirect harms of lockdowns, including the risk that a COVID-19 vaccination rollout in this group
may negatively impact the national immunisation schedule for children etc.

e |[fvaccination is offered to this age group, to mitigate against unintended consequences such as
stigmatisation and exclusion, children aged 5-11 should not be subject to vaccine mandates and
should not have to be vaccinated in order to participate in any of their usual activities, including
education, childcare, and recreational activities.
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Vaccination of 5-11-year-olds has begun internationally. Planning is underway fora New Zealand rollout in
this age group if it is approved by Medsafe and Cabinet decides to use it. The COVID-19 Vaccine Technical
Advisory Group (CV TAG) also has an important role in the Decision to Use. Their advice is required on the
risks and benefits of vaccinating this age group, alongside if and where there may be a need for
prioritisation. This RfA collates a wide range of information related to children, COVID-19 and the Pfizer
vaccine to inform discussions at CV TAG and the Decision to Use.

COVID-19 and Children

COVID-19 presentation and severity

Children and adolescents who have COVID-19 will commonly have no or only mild respiratory symptoms,
similar to a cold. Those who are symptomatic generally have a short duration of illness and a low symptom
burden. A systematic review of COVID-19 in children conducted early in the pandemic found typical
symptoms included fever, cough, a sore throat, blocked or runny nose, sneezing, muscle aches, and fatigue.
Changes in smell or taste, diarrhoea and vomiting were less common.[2]

COVID-19 disease in children is rarely severe and significantly less likely to cause death than in adults. On 24
November 2021, the WHO published an interim statement on COVID-19 vaccination for children and
adolescents,[3] where they note that overall, there are proportionally fewer symptomatic infections and
cases with severe disease and deaths from COVID-19 in children and adolescents. However, it is important
to bear in mind that COVID-19 in children is still a major public health problem,[4] and that the impact of
COVID-19 on children should not be minimised by comparison to the impact experienced in adult
populations. Even though the direct effects of infection are generally less severe in children, this does not
diminish the significance for those who do experience worse outcomes. Age-disaggregated cases reported
to WHO from 30 December 2019 to 25 October 2021 show that older children and younger adolescents (5
to 14 years) account for 7% (7,058,748) of reported global cases and 0.1% (1,328) of reported global
deaths. However, milder symptoms and asymptomatic presentations may mean less testing in these
groups, and cases may go unreported.[3]

A systematic review and meta-analysis including over 350 studies from between January 2020 and April
2021 estimated that the overall percentage of cases that never developed clinical symptoms (i.e., truly
asymptomatic, rather than pre-symptomatic), was 35.1% (95% Cl:: 30.7 to 39.9%). Asymptomatic infection
was higher among children at 46.7% (95% Cl:: 32.0 to 62.0%).[5] A study of 2,143 clinically diagnosed or
laboratory confirmed cases among children found that more than 90% were asymptomatic or had mild or
moderate disease.[6] The prevalence of severe and critical disease was 10.6% in children aged <1 at
diagnosis, 7.3% in those aged 1-5 years, 4.2% in those aged 6-10 years, 4.1% in those aged 11-15 years, and
3% in those aged 16-17 years.[6] When severe COVID-19 occurs in children, it is usually characterised by
pneumonia and respiratory distress, and may lead to admission to hospital or intensive care.[7]

Two longer term risks or consequences of SARS-CoV-2 infection might be more of a concern in this age
group: Multisystem Inflammatory Syndrome in children (MIS-C, also known as Paediatric Inflammatory
Multisystem Syndrome temporally associated with SARS-CoV-2, or PIMS-TS) and long COVID (discussed
below).
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The Delta variant does not appear to cause more severe disease than previous variants, but because it
spreads faster, the number of children who will develop severe disease and go to hospital will be
greater.[7] In addition, in areas where an increasing percentage of adults are fully vaccinated but where
children are not vaccinated, there are likely to be relatively more infections among children.[7, 8]

Initial reports through the media from South Africa indicate that the Omicron variant is resulting in a
disproportionately large number of children being admitted to hospital with COVID-19, particularly in the
under 5 age group, however evidence on this is still emerging.[9]

Multisystem Inflammatory Syndrome in Children (MIS-C)

MIS-C is a very rare but serious condition that can occur approximately one month after COVID-19, causing
inflammation in different parts of the body.[10] Children and adolescents with MIS-C usually have a fever,
rash and abdominal pain. Severe MIS-C may cause inflammation of the heart muscle, and this may result in
low blood pressure. Some MIS-C patients do not require treatment, but patients with more severe disease
often need admission to an intensive care unit. MIS-C can occur even in those with no symptoms from
initial COVID-19 infection.

MIS-C has caused deaths among a small proportion of children overseas, mainly early in the pandemic.
However, increased awareness of MIS-C has allowed for earlier diagnosis, more appropriate treatments
and improved outcomes. In 2021, almost all children with MIS-C have recovered fully, and the long-term
outcomes appear good, with resolution of the inflammation of the heart.[7, 10] In the US, evidence has
shown that MIS-C occurs more frequently among marginalised Black, non-Black Hispanic, Pacific and
indigenous children,[11, 12] and similar inequities may occur for Maori and Pacific children. As of 4 October
2021, the CDC had received reports of 5,217 cases of MIS-C; 44% of MIS-C cases were in children aged 5-11
years.[4]

Long COVID in children

For some people COVID-19 can lead to persistent illness, with ongoing and often debilitating
symptoms.[13-15] Long COVID is a generic term used to describe signs and symptoms that continue or
develop after acute COVID-19. Symptoms of long COVID are wide ranging, and the World Health
Organization (WHO) has recently developed a clinical case definition of post COVID-19 conditions by a
Delphi consensus:[16]

Post COVID-19 condition occurs in individuals with a history of probable or confirmed SARS-CoV-2
infection, usually 3 months from the onset of COVID-19 with symptoms and that last for at least 2
months and cannot be explained by an alternative diagnosis. Common symptoms include fatigue,
shortness of breath, cognitive dysfunction but also others and generally have an impact on everyday
functioning. Symptoms may be new onset following initial recovery from an acute COVID-19 episode
or persist from the initial illness. Symptoms may also fluctuate or relapse over time.

The WHO notes that a separate definition may be applicable for children. Long COVID in children is not well
described, and the studies to date have generally been of poor quality, with some major limitations (such
as a lack of a clear case definition, arbitrary follow up time points, subjective assessment, lack of control
groups, and low response rates).[7, 17] Evidence is predominantly limited to select populations without
control groups.[18] Relatively few studies have focused on SARS-CoV-2 infection sequelae in children and
adolescents, and large, harmonised longitudinal studies are needed.[19] Persistent iliness in children has
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been noted in some studies and in patient support groups, but its prevalence, characteristics and duration
are unclear.[20, 21]

Estimates of the prevalence of long COVID in children vary widely.[17] The variability in prevalence
estimates could be due to a range of factors, such as initial SARS-CoV-2 infection severity, different
methodological approaches (clinical assessment vs self-report), definition of cases (diagnosed vs
suspected), variable follow-up times, and prevalence of pre-existing clinical conditions.[18] In the US, a
large long-term study of the impacts of COVID-19 on children has recently begun. It will track up to 1,000
children and young adults and evaluate the impacts on their physical and mental health over three
years.[14] Some studies suggest that long COVID in children is less common and tends to be less protracted
than in adults. [22]

Some of the studies of long COVID in children include:

e A review of studies of long COVID in children and adolescents identified 14 heterogeneous studies
(4 cross-sectional, 9 prospective cohort, 1 prospective cohort) investigating long COVID symptoms
in a total of 19,426 children and adolescents. The prevalence of long COVID symptoms varied from
4% to 66%, and there was also large variation in the reported frequency of different symptoms.
Zimmerman et al (2021) note that all the studies in their review were likely to have been conducted
before the Delta variant became dominant, which may have a different risk of long COVID.[17]

e Arecent pre-print describes a German study of 157,134 individuals (11,950 children/adolescents
and 145,184 adults) with confirmed COVID-19.[23] The COVID-19 and control cohorts were well-
balanced regarding covariates. For all adverse health outcomes combined, incidence rates (IRs) in
the COVID-19 cohort were significantly higher than those in the control cohort in both
children/adolescents. Incidence rate ratio (IRR) estimates were similar for the age groups 0-11 and
12-17. Incidence rates in children/adolescents were consistently lower than those in adults. Among
the specific outcomes with the highest IRR and an incidence rate of at least 1/100 person-years in
the COVID-19 cohort in children and adolescents were malaise/fatigue/exhaustion, cough, and
throat/chest pain.

e The UK Office of National Statistics found that 9.8% of children aged 2-11 years and 13% aged 12-
16 years reported at least one ongoing symptom five weeks after a positive diagnosis, whereas 25%
of adults aged 35-69-years had symptoms five weeks after a positive diagnosis.[24, 25]

e A paper describing data from the UK COVID Symptom Study (a citizen science project with data
collected via an app, which has some associated limitations) found that of 1,734 children aged 5-17
years who were symptomatic at the time of their positive test and reported symptoms regularly for
at least 28 days, 4.4% had an illness duration of at least 28 days.[20] Ongoing symptoms for at least
28 days was less common in younger children aged 5-11 years (3.1%, p=0.046). Over 98% of 1,379
children had recovered by 56 days.[20] However, there may be some bias as using apps is likely to
select participants from higher socio-economic background, who have a lower risk of poor
outcomes.[17]

e One of the earliest studies on long COVID in children (a cross-sectional study of 129 children in Italy
who were diagnosed with COVID-19 between March and November 2020) reported that 42.6% of
children surveyed had one or more symptoms >60 days post infection.[26] This included children
with mild or asymptomatic initial infection.

e A cohort study of 136 children (most of whom had mild or asymptomatic COVID-19) in Melbourne
in 2020 observed that 8% of children had post-acute symptoms. They found that full recovery

8 of 37



SCIENCE & Roru MINISTRY OF

SO oo 1 T Request for Advice (RfA) HEALTH

PUTAIAO ME TE
ADVISORY HANGARAU MANATU HAUORA

occurred within weeks of acute symptom onset and reported symptoms were mild in severity but
noted this was a young cohort (median age three years).[22]

Long-term SARS-CoV-2 infection—associated symptoms can be difficult to distinguish from pandemic-
associated symptoms.[7, 17] Some studies have found that children who tested negative for COVID-19 have
had similar symptoms, which are common after other viral infections, and could also be due to the
experience of lockdown and other social restrictions.[27, 28] Given that acute COVID-19 generally poses a
low risk to children, an accurate determination of the risk of long COVID is important in the debate about
the risks and benefits of vaccination in this age group.[17] Similar to adults, it is likely that long COVID in
children may have a greater impact on those from socioeconomically disadvantaged areas and ethnic
minortity groups.[19]

In summary, “the relative scarcity of studies of long COVID and the limitations of those reported to date
mean the true incidence of this syndrome in children and adolescents remains uncertain. The impact of
age, disease severity and duration, virus strain, and other factors on the risk of long COVID in this age group
also remains to be determined.”[17] However, even if the proportion of children experiencing post acute
impacts is relatively low, if transmission is widespread then the impact of persisting symptoms will be
considerable.

At-risk and vulnerable children

Children living with pre-existing health conditions or comorbidities, disadvantage, low socioeconomic or
minority ethnic status have a greater risk of severe disease from COVID-19.[7] Paediatric studies have
found comorbidities that increase the risk of severe COVID-19 include but are not limited to: cancer,
obesity, chronic respiratory disease, chronic kidney disease, cardiovascular disease, neurological disorders,
immune disorders, metabolic disease and hematologic disorders.[29-31] A systematic review of children
and adolescents (analysing 42 studies that included 275,661 without comorbidities and 9,353 with
comorbidities) found that severe COVID-19 occurred in 5.1% of those with comorbidities, and in 0.2% of
those without comorbidities. There was also a higher risk of COVID-19 associated mortality in those with
comorbidities (relative risk ratio 2.81, 95% Cl:: 1.31 - 6.02; I> = 82%).[29]

One meta-analysis found comorbidities in children with the highest risk (in terms of relative risk) include
obesity, asthma or chronic respiratory disease, cardiovascular disease, neurologic or neuromuscular
disorders, immune disorders, or metabolic disease.[32] Another systematic review identifying predictors of
unfavourable prognosis of COVID-19 in children and adolescents found an association with congenital heart
disease, chronic pulmonary disease, neurological diseases, obesity, MIS-C, shortness of breath, acute
respiratory distress syndrome, acute kidney injury, gastrointestinal symptoms, and elevated C-reactive
protein and D-dimer.[32] Another study found children with obesity had a relative risk ratio of 2.87 (95% Cl:
1.16 - 7.07; 12 = 36%).[29] A Scottish study of over 750,000 school-aged children found that 5-17 year olds
with poorly controlled asthma (who have been hospitalised with asthma or prescribed two or more courses
of oral steroids for asthma within the past two years) are between three to six times more likely to be
hospitalised with COVID-19 compared to those without asthma.[33] A recent multinational cohort study
(pre-print) of 403 COVID admissions found that in age-stratified adjusted analyses, neurological disorder
was associated with disease severity in children under 12 years of age.[34] There is also a strong argument
for vaccinating children and adolescents who live with immunosuppressed or other high-risk household
members, not only for the protection of the latter but also to benefit the mental health of the former.[35]

9 of 37



Rorl MINISTRY OF

e, [ Request for Advice (RfA) /&) HEALTH
ADVISORY HANGARAU MANATU HAUORA

The ECDC notes that the presence of an underlying condition among children aged 5-11 years is associated
with about 12 times higher odds of hospitalisation and 19 times higher odds of ICU admission.[36]
However, the majority (78%) of hospitalised children of this age had no reported underlying medical
condition.

Indirect impacts of COVID-19 on children

Given the knowledge of the often-mild nature of COVID-19 in children, the Murdoch Children’s Research
Institute has argued that the main risks to children and adolescents’ health in this pandemic continues to
be due to indirect effects on mental health, wellbeing and education, which are worsened by continued
lockdowns and school closures.[7, 37] Negative impacts of the pandemic, including effects of school
closures, have implications for communities, families and children.

Studies are continuing to emerge that highlight the negative effects of the pandemic on the mental health
of children and adolescents. The pandemic limits opportunities for social connection and physical activity
while increasing loneliness, uncertainty, fear, and boredom.[19] The WHO has also identified that children
have been disproportionately affected by COVID-19 control measures, particularly due to school
closures.[3]

Closure of day-cares and schools may not only have affected educational outcomes, but also influenced
social and emotional wellbeing of children through physically being disconnected to schools, with these
impacts even more severe for children living with disadvantage.[38, 39] A New Zealand study found that
hospital avoidance and reduced access to primary and secondary care were associated with significant
potential harm for children in New Zealand during the first lockdown.[40]

Adverse childhood experiences, including family violence, nonaccidental trauma and mental illness are
expected to increase during lockdowns and worsen during the anticipated economic recession.
Employment and financial instability as a result of service closures or economic recession also has flow-on
effects to children.[41, 42]

Aside from an educational setting, children are also impacted by COVID-19 if a parent or caregiver is
hospitalised or dies due to COVID-19. These outcomes result in psychological and socioeconomic harms. It
is estimated that more than 1.1 million children worldwide would have experienced the death of a primary
parent or caregiver grandparent after the first year of the COVID-19 pandemic.[43] Importantly, indigenous
and ethnic minority children are up to 4.5 times more likely to lose a parent or caregiver due to COVID-19
compared to white children.[44] In the United States, 140,000 children are estimated to have lost a parent
or grandparent caregiver, with an estimated 1/753 white children, 1/412 Hispanic children, 1/310 Black
children, and 1/168 indigenous children experiencing this loss.[44] These losses are likely to be similarly
inequitable in Aotearoa New Zealand.

Aotearoa New Zealand context
COVID-19 infections, hospitalisations and deaths in children aged 5-11 years in New Zealand
Delta outhreak

To 19 November 2021, children under 12 made up 22.9% of cases in the current Delta outbreak
(1,538/6,714), and there had been 1,003 5-11-year-old children who tested positive for SARS-CoV-2 (14.9%
of cases, 1,003/6,714). Data about these cases are shown in Table 1.
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Currently, the Ministry of Health’s Public Intelligence team cannot specify why the COVID-19 positive cases
among 5-11-year-olds were hospitalised, and it is possible that some were in hospital for a reason other
than COVID-19. As an estimate of the severity of the hospitalisation event, it is possible to look at length of
stay, if they were ever admitted to ICU, and to look at the list of symptoms and comorbidities for each case.
All but one case had pre-existing conditions, which included a respiratory disorder (asthma). However, this
and the other cases were never admitted to ICU. Four cases had unknown lengths of stay, while three
stayed in hospital between 4 and 6 hours. Of note, one case is recorded staying in hospital for 14 days --
but once again this cannot be attributed to COVID-19. No cases showed symptoms at the time of diagnosis
apart from one, and none showed serious respiratory symptoms such as dyspnoea (shortness of breath). If
needed, any further medical and hospitalisation details should be obtained from local DHB and PHU
authorities.

Table 1: SARS-CoV-2 infection in children aged 5-11 years in New Zealand (Delta outbreak, data from
August 17*" - November 19 2021)

Characteristic Number of cases (n =1,003) % of total'

Number of Symptoms?

0 symptoms 832 83.0
1 symptom 62 6.2
2 symptoms 59 5.9
3 symptoms 31 3.1
4 symptoms 14 1.4
5 symptoms 5 05
Hospitalised®
Yes 8 0.8
No 995 99.2

Number of co-morbidities*

0 comorbidities 982 97.9
1 comorbidity 18 1.8
2 comorbidities 2 0.2
3 comorbidities 1 0.1
Ethnicity®
Maori 521 51.9
Pacific Peoples 304 30.3
European or Other 130 13.0
Asian 33 3.3
Unknown 15 1.5

Socioeconomic deprivation

1 (least deprived) 26 2.6
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Characteristic Number of cases (n =1,003) % of total*

2 22 2.2

3 26 2.6

4 35 3.5

5 39 3.9

6 54 5.4

7 81 8.1

8 102 10.2

9 238 23.7

10 (most deprived) 367 36.5

Unknown 13 1.3

1 Due to rounding, percentages may not add to 100.0%

2 Symptoms at time of diagnosis

? Includes hospitalisation of any duration (hours to days)

4 Includes cardiovascular disease, chronic lung disease, diabetes, immunodeficiency, malignancy, liver disease and renal failure

S This is prioritised ethnicity (prioritised order Maori, Pacific, Asian and European/Other)This data shows that the burden of
COVID-19 has disproportionately affected Maori and Pacific peoples aged 5-11, which intersects with
socioeconomic deprivation reported for these cases. This mirrors the wider shift in the ethnic groups
affected by COVID-19 in Aotearoa, with the outbreak now dominated by those of Maori descent, with 43%
of cases identifying as Maori, and 32% of hospitalised cases identifying as Maori.

As a comparison, between 16 June and 13 November 2021 in Sydney, 14,154 cases (19.4%) were aged 0-11
years and not eligible for vaccination. Of these cases, 632 were hospitalised, 9 were in ICU, and O patients
died. It was not mentioned whether any of these cases had pre-existing conditions or comorbidities. The
Sydney data further demonstrates that COVID-19 is relatively mild in most young children. Despite children
aged 0-11 years accounting for 19.4% of cases in Sydney since 16 June, they accounted for only 5.9% of
hospitalisations, 0.6% of ICU admissions, and no deaths.[45]

At-risk groups and vulnerable children in Aotearoa New Zealand

There is limited data on the prevalence of serious health conditions in children in Aotearoa New Zealand. In
the 2020 New Zealand Health Survey, 2.1% of under 14-year-olds {estimated 20,000 children) were rated as
having poor or fair health by their parents. The percentage rating varied considerably between regions and
socioeconomic area. Northland (3%), Tairawhiti (3.1%), Lakes (3.4%), Hawkes Bay (4.9%), Hutt Valley (4.2%)
and the West Coast (5.2%) had the highest rates of children and young people experiencing poor
health.[46] Of note, there is considerable overlap between areas with poor child health and areas with
lower vaccination rates.

In adults, risk factors for poor outcomes associated with COVID-19 include respiratory disease and obesity.
According to data from the 2020/2021 New Zealand Health Survey, New Zealand has a high prevalence of
childhood asthma, with 11.9% (101,000) of children aged 2-14 years reporting taking current asthma
medication (though this number is lower than previous years which ranged from 13-15%, and recruitment
for the study was impacted by COVID-19 lockdowns).[47] OECD statistics indicate New Zealand has one of
the highest hospital admission rates for asthma of OECD countries, and these rates are higher among
Maori, Pacific peoples, and in more deprived areas.[48] New Zealand also has a high prevalence of obesity,
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with 12.7% (107,000) children aged 2-14 years classified as obese in the 2020/2021 New Zealand Health
Survey (with a BMI equivalent to an adult BMI| of 30 or greater).[47] Prevalence of obesity also increases in
the most deprived living areas, with quintile five prevalence at 18.7%. Pacific children are nearly three
times as likely to be obese (reported prevalence of 28.8%).[46]

Another high-risk factor for poor outcomes in the adult population is being disabled, particularly for
learning or intellectual disabilities. Ministry of Education enrolment data indicates that at 1 July 2020, there
were 10,160 students receiving Ongoing Resourcing Support (ORS) for high or very high educational '
support needs, with the regions of Auckland (3,359), Waikato (1,019) Wellington (1,050), and Canterbury
(1,091) providing education for the bulk of these students.[49] Maori and Pacific students were significantly
overrepresented in these enrolments.[49] Higher Maori enrolment rates are possibly due to a notable
increase in tamariki Maori starting school with serious disability in the last 10 years.[50] Child poverty
statistics show that 1 in 5 disabled children live in material hardship, two and a half times more often than
children who are not disabled.[51]

Maori and Pacific adults are also at greater risk of hospitalisation due to COVID-19 and severe COVID-19. An
80-year-old patient with COVID-19 who is NZ European/Other without reported comorbidities has the same
predicted risk of hospitalisation as a 59.3-year-old (95% Cl:, 46.9-73.7) patient who is Maori without
reported comorbidities.[52] Similar differences are seen across all ages and for cases with at least one
reported comorbidity, and therefore it is likely to also be represented in children. Maori have 2.5 times
(95% Cl:, 1.39-4.51) higher odds of being hospitalised than non-Maori and are likely to spend around 4.9
days longer in hospital than other ethnicities, even after controlling for age and pre-existing conditions.
Pacific peoples have three times (95% Cl:, 1.75-5.33) greater odds of being hospitalised.[52] There are an
estimated 115,562 tamariki Maori aged 5 to 11 years in Aotearoa, and an estimated 49,398 Pacific
children.[53] This amounts to over 160,000 children that are likely at higher risk.

In New Zealand, factors which would increase the risk of transmission include social deprivation, quality of
housing, fuel and heating, poverty and household crowding, and each of these are also more likely to affect
Maori and Pacific People.[1] One in five Maori live in overcrowded housing compared to one in 25 New
Zealand Europeans.[54]

If and when vaccination does rollout, the risk of infection and severe disease will be higher among areas
with low uptake among 5-11-year-olds. Examining the uptake of other childhood vaccinations may indicate
where there is greater risk of this occurring. Over the last decade there has been increasing concern about
falling rates of immunisation for many infectious diseases, and the widening inequities and gaps in
immunisation coverage rates in Aotearoa New Zealand.[55] In a 10-year immunisation coverage analysis,
Marek et al. showed that although the least deprived regions have the highest immunisation coverage,
there was a declining trend in coverage rates over 2006-2017 in high decile regions. Immunisation coverage
was lowest in the most deprived areas with the northern part of the South Island, the central-southern part
of the North Island, around Auckland, and Northland most negatively impacted by this. Additionally, Maori
tamariki were more likely to not be fully immunised.[55] The younger age demographic of the Maori
population also means that a relatively larger proportion of Maori compared to the wider population are
children who are unable to be vaccinated at present and remain susceptible to infection, with a risk of
onwards spread to their whanau and communities. Not only does the Maori population have a younger age
structure, but Maori whanau often have more tamariki and live in intergenerational households, alongside
experiencing disproportionate levels of socioeconomic inequality.[1, 54] According to a Horizon Research
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survey, 72% of those who care for 5-11-year-olds would allow their child to receive the COVID-19 vaccine,
however this was lower among Maori caregivers at 51%.[56]

Transmission

During the early pandemic, children were rarely identified as index cases of transmission clusters,[57]
though this was likely influenced by the closure of schools and lockdowns. Meta-analyses from 2020 gave
some support to the hypothesis that children are less susceptible to SARS-CoV-2 infection, though their
infectivity and overall role in transmission was less clear.[57, 58] However, with schools reopening and
extracurricular activities resuming, outbreaks have demonstrated that children do play a role in
transmission, though likely less of a role than adults. Children and young people have become more
prevalent in positive case numbers in many countries as the pandemic has progressed and older age groups
have had increased access to vaccination,[59] and this population group is also being recognised as a
growing community ‘reservoir’ for the virus.[60] Since the Delta variant emerged, the USA recorded
cumulative increases of childhood cases in most states each week.[61]

In July 2021 the ECDC updated its assessment of the susceptibility of children to SARS-CoV-2 infection, now
noting that children appear to be equally susceptible to SARS-CoV-2 infection compared to other age
groups (low confidence), although severe disease is much less common in children than in adults.[8] They
note that while multiple studies have suggested that children may be less susceptible to SARS-CoV-2-
infection than adults, potential reporting biases due to lower-case ascertainment in children may
contribute to this interpretation, particularly for studies published during 2020. Recent prevalence and
seroprevalence studies have tended to conclude that there are no significant differences across age groups.
However, they note that cases of SARS-CoV-2 in younger children appear to lead to onward transmission
less frequently than cases in older children and adults.[8] ATAGI also notes that available evidence suggests
that the transmissibility of infection in younger children is lower than in older age groups.[62]

Transmission in education settings

Within education settings, transmission of SARS-CoV-2 occurs but appears to be limited. Transmission of
SARS-CoV-2 in schools appears to be affected by how widespread the virus is in the broader
community.[63-65] The CDC notes that although outbreaks in schools can occur, multiple studies have
shown that transmission in school settings is typically lower than — or at least similar to — levels of
community transmission, when prevention strategies are in place in schools.[66]

Overall, in the school environment, transmission is more likely to occur between adults, followed by adult-
to-child transmission, with the risks of child-to-child or child-to-adult transmission being considerably less.

= Aninvestigation of SARS-CoV-2 transmission in a Georgia school district during 1 December 2020 to
22 January 2021 identified nine clusters of COVID-19 cases involving 13 educators and 32 students
at six elementary schools. Two clusters involved probable educator-to-educator transmission that
was followed by educator-to-student transmission in classrooms and resulted in approximately one
half (15 of 31) of school-associated cases. The paper concluded that educators might play a central
role in in-school transmission networks.[64]

¢ Data from a prospective, cross-sectional analysis from the UK’s national surveillance also found
most cases were in staff. Following the reopening of educational settings during the summer mini-
term from 1 June-21 July 2020, staff were found to have an increased risk of infection. Staff had
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higher incidence than students (27 cases [95% Cl:, 23-32] per 100,000 per day among staff
compared with 18 cases [14-24] in early years students, 6.0 cases [4.3-8.2] in primary school
students, and 6.8 cases [2.7-14] in secondary school students]), and most cases linked to outbreaks
were among staff members (154 [73%] staff vs 56 [27%)] children of 210 total cases). The probable
transmission direction for the 55 confirmed outbreaks was: staff-to-staff (n=26), staff-to-student
(n=8), student-to-staff (n=16) and student-to-student (n=5).[65, 67]

e Data from New South Wales shows that the largest risk to children in schools is from adults. There
were 59 individuals (34 students [57.6%] and 25 staff members [42.3%]) from 51 educational
settings (19 schools and 32 ECEC services) confirmed as primary COVID-19 cases who had an
opportunity to transmit SARS-CoV-2 to others in their school or early childhood centres. 2,347
individuals (1,830 students [77.9%] and 517 staff members [22.0%]) were identified as close
contacts of these 59 primary cases. 106 secondary cases (69 students and 37 staff members)
occurred in 19 of the 51 educational settings resulting in a secondary attack rate (SAR) of 4.7%. The
highest transmission rate occurred between staff members (16.9%). The rate was low in primary
schools (1.7%); however, this would have been affected by school holidays and subsequent limited
attendance. Early childhood education centres remained fully open during the report period, and
there was an overall SAR of 6.4%. When transmission did occur to children, the household tertiary
attack rates following exposure to a secondary case from a school was 70.7%.[68] Figure 1 provides
a breakdown of transmission routes and the associated risks.

Primary case type Close contact type n positive NAT/N tested Attack rate (%)
Overall
Any All 106/2253 47%
Aduit All 8811027 8.6%
Adutt Adut 33234 11.2%
Aduit Child 51733 7.0%
Child Al 211316 16%
Child Adult 41274 15%
Child Child 1711042 16%
High schools
Any Al | 01202 0.0%
Primary schoois
Any All 97526 1.7%
Adult All 3162 1.9%
Adult Adult 0/60 0.0%
Aduit Chiid 3102 29%
Child All 9/454 20%
Child Aduit 2/86 23%
Child Chiid 71368 1.9%
ECEC services
Any Alt 971515 6.4%
Adutt All 85/823 10.3%
Aduit Adult 33195 16.9%
Aduit Child 51/628 8.1%
Child All 12/692 17%
Child Adult 215 1.3%
Child Child 10/541 18%

Note: For one primary school where both a stafl member and student were co-primary cases, the close contacts have been counted in attack rate
caiculations for both categories of primary cases

Figure 1: Secondary attack rates in NSW educational settings, by primary and secondary case type and
educational setting type, between 16 June and 31 July 2021 [68]
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Transmission in household settings

Transmission within households is common. This is where the greatest risk of transmission is due to the
ongoing and close nature of exposure.

Pre-Delta, the risk of transmission to a household contact was approximately 30%, however the risk ranged
in studies between 10% and 60%.[69-72] This will be higher with the Delta variant. Transmission to other
household members has occurred with most cases in the current New Zealand Delta outbreak. Pre-Delta,
children under the age of 10 appeared to be about half as susceptible to infection.[73-76] In a household
cohort study, Li et al. found the secondary attack rate was even lower for children, at 4% compared with
17.1% for adults.[77] However, there are some limitations associated with studies conducted in 2020, and
as mentioned above, the ECDC updated its assessment of the susceptibility of children to SARS-CoV-2
infection in July 2021, now noting that children appear to be equally susceptible to SARS-CoV-2 infection
compared to other age groups (low confidence).[8]

Children were also at a lower risk of transmission or being the index case in households.[75, 78] However,
one study suggests that children and adolescents are more likely to infect others.[79] Another study
reported that household transmission was more common from children aged 0-3 years than from children
aged 14-17 years.[80]

Data from the Imperial-led REACT coronavirus monitoring programme found the highest prevalence was in
children aged 5-12 years at 5.85% (1 in 17), followed by secondary school-aged children aged 13-17 years at
5.75%. Prevalence was also more than four times higher in households with one or more children (3.09%),
compared to those without children (0.75%).[81]

Modelling the impact of vaccination of 5-11-year-olds on case numbers in New Zealand

The Ministry is undertaking ongoing internal modelling studies. The modelling considers vaccination of 5-
11-year-olds in a subset of the scenarios. Assuming roughly 50% uptake in this group and the same vaccine
effectiveness as in older age groups, preliminary analysis suggests that vaccination of 5-11-year-olds could
substantially decrease transmission, resulting in half as many cases, hospitalisations and deaths across all
age groups.

Non-pharmaceutical interventions for the prevention of COVID-19 in children

Given that aerosol transmission is a key mechanism for spread of SARS-CoV-2, there is increasing focus on
the need for strategies such as optimising ventilation, air quality and mask wearing. OzSAGE (a
multidisciplinary group of experts in Australia) recommends the following strategies to help protect
children from SARS-CoV-2 infection:[82]

e Vaccinating eligible children, their parents and teachers as soon as possible

e Ensuring access to safe indoor air through ventilation and filtration

e Using high quality masks for children and teachers in schools

e  Providing families with flexible learning options so they can make their own decisions about their

children attending school in-person.

The ECDC recommends the following measures to prevent the spread of infection in schools (adapted to
levels of community SARS-CoV-2 transmission as well as to the education setting and age group):[63]
e Physical distancing (by cohorting, ensuring physical distance in the classroom, reducing class sizes,

staggering arrival and break times, and holding classes outdoors)
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e |mproved ventilation

e Promotion of ‘stay-at-home’ when sick policies
e Promotion of respiratory etiquette

e Regular handwashing

e Use of masks when feasible.

In addition, testing strategies for educational settings aiming at timely testing of symptomatic cases are
recommended to ensure isolation of cases and tracing and quarantine of their contacts.[8] The ECDC notes
that the decision to close schools to control the COVID-19 pandemic should be used as a last resort, given
the negative physical, mental and educational impacts on children and the economic impact on society
more broadly[36]: “While a measure of last resort, school closures can contribute to a reduction in SARS-
CoV-2 transmission, but are by themselves insufficient to prevent community transmission of COVID-19 in
the absence of other non-pharmaceutical interventions and the expansion of vaccination coverage. The
effectiveness of school closures appears to have declined in the second wave as compared to the first wave
of the COVID-19 pandemic, possibly in part due to better hygiene measures in school settings.”

Evidence from the United States shows wearing masks in classrooms may reduce the chance of
transmission. After adjusting for potential described confounders, the odds of a school-associated COVID-
19 outbreak in schools without a mask requirement were 3.5 times higher than those in schools with an
early mask requirement (OR: 3.5; 95% Cl: 1.8-6.9).[83] Another MMWR analysis indicated that increases in
paediatric COVID-19 case rates during the start of the 2021-22 school year were smaller in US counties with
school mask requirements than in those without school mask requirements.[84]

A recent systematic review has investigated the effectiveness of public health measures in reducing the
incidence of COVID-19, SARS-CoV-2 transmission, and COVID-19 mortality, focussing only on empirical
studies.[85] They noted two studies [86, 87] that assessed the effectiveness of school closures on incidence
of COVID-19 or COVID-19 mortality. Both were rated at moderate risk of bias.[85] One of these studies was
a US population-based time series analysis conducted in 2020, and it found that school closure was
temporally associated with decreased COVID-19 incidence (adjusted relative change per week, -62%) and
mortality (adjusted relative change per week, -58%).[87] States that closed schools earlier, when the
cumulative incidence of COVID-19 was low, had the largest relative reduction in incidence and mortality.
However, some of the reduction could have been related to other concurrent pharmaceutical
interventions.[88] On the other hand, time series analyses to evaluate the effectiveness of school closure in
Japan found no effect on the incidence of COVID-19.[86]

The systematic review identified three studies investigating the impact of school closures on transmission,
all rated at moderate risk of bias.[85] The review notes that two natural experiments from the US reported
a reduction in transmission (i.e., reproductive number); one study reported a reduction of 13% (relative risk
0.87, 95% Cl: 0.86 - 0.89) and another reported a 10% reduction (0.90, 95% CI: 0.86 - 0.93). It also cites a
Swedish study that reported an association between school closures and a small increase in confirmed
SARS-CoV-2 infections in parents (odds ratio 1.17, 95% CI: 1.03 - 1.32), but observed that teachers in lower
secondary schools were twice as likely to become infected than teachers in upper secondary schools (odds
ratio 2.01, 95% Cl: 1.52 - 2.67).

Another study experimentally evaluated the impact of ventilation on aerosol dynamics and distribution,
along with the effective filtration efficiency (EFE) of four different mask types, with and without mask
fitters, in a classroom setting.[89] Infection probability estimates indicated that ventilation alone is not able

17 of 37



MINISTRY OF

NC Rorl .
S oo 7 Request for Advice (RfA) /2 HEALTH
HANGARAU MANATU HAUORA

ADVISORY

to achieve probabilities of <0.01 (1%). The use of moderate to high EFE masks reduces infection probability,
by >5x in some cases. Reductions provided by ventilation and masks are synergistic and multiplicative.

A retrospective cohort study from the US investigated the effectiveness of 3 versus 6 ft of physical
distancing for controlling spread among primary and secondary students and staff.[90] Student case rates
were similar in the 242 districts with 23 versus 26 ft of physical distancing between students (IRR, 0.891;
95% Cl: 0.594-1.335); results were similar after adjustment for community incidence (adjusted IRR, 0.904;
95% Cl: .616-1.325). Cases among school staff in districts with 23 versus 26 ft of physical distancing were
also similar (IRR, 1.015, 95% Cl: 0.754-1.365).

A recent study used epidemiological models to simulate the spread of SARS-CoV-2 among students,
teachers, and staff in both primary and secondary schools and applied these to better understand the risks
of reopening schools and to explore the effectiveness of different mitigation strategies.[91] The models
indicate that several measures can help substantially: dividing students into multiple cohorts who attend
school on an alternating basis, frequently testing teachers and students, and vaccinating teachers and staff.
The authors emphasise that basic transmission control strategies such as mask use, social distancing, and
ventilation remain essential.[91]

Prior to COVID-19 vaccines being available for children, UNICEF and WHO developed guidance on how to
minimise transmission in schools and keep schools open.[3] These recommendations are still applicable,
even with vaccines now being available. The CDC recommends layering multiple prevention strategies,
including: promoting vaccination, consistent and correct use of masks, physical distancing, screening for
prompt identification of cases, improved ventilation, handwashing and respiratory etiquette, staying home
when sick and getting tested, contact tracing in combination with isolation and quarantine, and routine
cleaning with disinfection under certain conditions.[66] Studies of SARS-CoV-2 transmission in schools that
consistently implemented layered prevention strategies have shown success in limiting transmission in
schools, even when testing of close contacts has been incomplete.[66] In June 2020 the Harvard School of
Public Health published “Healthy Schools Risk Reduction Strategies for Reopening Schools” which outlined a
range of mitigation strategies under the themes of healthy classrooms, healthy buildings, healthy policies,
healthy schedules and healthy activities.[92]

The Pfizer COVID-19 vaccine for 5-11-year-olds

A phase 3 randomised control trial was conducted to assess the safety, immunogenicity and efficacy of two
doses of the Pfizer Comirnaty (BNT162b2) vaccine (‘the Pfizer vaccine’) administered 21 days apart in
children aged 6 months to 11 years, with findings thus far published for 5-11-year-olds.[93]

During the phase 1 study from 24 March through 14 April 2021, a total of 48 children 5-11 years of age
received 10 pg, 20 pg, or 30 pg of the Pfizer vaccine (16 children at each dose level). For the phase 1 trial, a
total of 50 5-11-year-olds were screened for inclusion at four US sites, and 48 received escalating doses of
the Pfizer vaccine. Half the children were male, 79% were White, 6% were Black, 10% were Asian, and 8%
were Hispanic or Latinx. The mean age was 7.9 years. Based on reactogenicity and immunogenicity, a dose
level of 10 ug was selected for further study.[93]

In the phase 2/3 trial, a total of 2268 children were randomly assigned in a 2:1 ratio to receive two doses of
either the Pfizer vaccine at 10 pg (1517 children) or placebo (751 children). At data cut-off, the median
follow-up was 2.3 months.[93] The trial was run across 81 sites in the US, Spain, Finland and Poland.
Overall, 52% were male, 79% were White, 6% were Black, 6% were Asian, and 21% were Hispanic or Latinx.
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The mean age was 8.2 years; 20% of children had coexisting conditions (including 12% with obesity and
approximately 8% with asthma), and 9% were SARS-CoV-2—positive at baseline. Apart from younger age
and a lower percentage of Black and Hispanic or Latinx 5-11-year-olds (6% and 18%, respectively) than 16-
25-year-olds (12% and 36%, respectively), demographic characteristics were similar among the 5-11-year-
old and 16-25-year-old Pfizer recipients who were included in the immunobridging subset.[93]

Children with no or stable pre-existing conditions were eligible to participate, except those with an
immunocompromising or immunodeficiency disorder, those with a history of MIS-C, or those receiving
immunosuppressive therapy (including cytotoxic agents and systemic glucocorticoids). In addition, in the
phase 1 study, children with a previous clinical or virologic COVID-19 diagnosis were excluded.[93]

Safety and reactogenicity

Safety evaluations included assessment of reactogenicity events reported by a parent or guardian using an
electronic diary for 7 days after each dose. Data on unsolicited adverse events, including confirmed
diagnoses of myocarditis or pericarditis, were collected from the first dose through 1 month after the
second dose. Data on serious adverse events will be collected from the first dose through 6 months after
the second dose.[93]

In the 5-11-year-olds, as in other age groups, the Pfizer vaccine had a favourable safety profile. Side effects
were generally comparable to those observed in 16-25-year-olds who received standard 30 pg doses.[94]
Most local reactions were mild to moderate, lasting 1-2 days. Injection-site pain was the most common
local reaction, occurring in 71-74% of Pfizer recipients. Fatigue and headache were the most frequently
reported systemic events. In general, systemic events were reported more after the second dose than first
dose (see Figure 2). As compared with adults and adolescents in the pivotal trial, 5-11-year-olds reported a
higher incidence of injection-site redness (15 to 19%, vs. 5 to 7%) and swelling (10 to 15%, vs. 5 to 8%), but
a generally lower incidence of systemic events, including fever (3 to 7%, vs. 1 to 20%) and chills (5 to 10%,
vs. 6 to 42%).[93, 95, 96]
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Figure 2: Local Reactions and Systemic Events Reported in the Phase 2-3 Trial (5-11-year-olds) within 7
Days of Injection of Pfizer or Placebo.[93]

No vaccine-related serious adverse events were noted in the clinical trial; however, the trial was too small
and therefore not powered to detect rare side effects such as myocarditis or thrombosis with
thrombocytopaenia.[62] No myocarditis, pericarditis, hypersensitivity, or anaphylaxis in Pfizer recipients
was reported. From the first dose through one month after the second dose, adverse events were reported
by 10.9% of Pfizer recipients and 9.2% of placebo recipients. Slightly more Pfizer recipients (3.0%) than
placebo recipients (2.1%) reported adverse events that were considered by the investigators to be related
to the vaccine or placebo. Severe adverse events were reported in 0.1% of Pfizer recipients and 0.1% of
placebo recipients. Three serious adverse events in two participants were reported by the cut-off date; all
three (postinjury abdominal pain and pancreatitis in a placebo recipient and arm fracture in a Pfizer
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recipient) were considered to be unrelated to the vaccine or placebo. No deaths or adverse events leading
to withdrawal were reported. Lymphadenopathy was reported in 10 Pfizer recipients (0.9%) and 1 placebo
recipient (0.1%). Four rashes in Pfizer recipients (observed on the arm, torso, face, or body, with no
consistent pattern) were considered to be related to vaccination; the rashes were mild and self-limiting,
and onset was typically 7 days or more after vaccination.[93]

Immunogenicity and Efficacy

For all participants in the phase 1 and for a subset of participants in phase 2/3, blood samples were
collected for immunogenicity assessments, which included determination of SARS-CoV-2 neutralisation
titres. Serum samples collected from 5-11-year-olds and 16-25-year-olds were assayed to ensure
comparability of titres.[93]

Immune responses one month after the second dose of the Pfizer vaccine were immunologically bridged to
those in 16-25-year-olds from the pivotal trial of two 30 pg doses of Pfizer. Children aged 5-11 receiving
two 10 pg doses had similar, statistically non-inferior, neutralising antibody responses with a geometric
mean titre (GMT) of 1,197.6 (95% Cl:: 1,106.1-1,296.6) vs 1,146.5 (95% Cl:: 1,045.5-1,257.2) for ages 16-
25.[94] One month after the second dose, the geometric mean ratio (GMR) of SARS-CoV-2 neutralising
titres in 5-11-year-olds to those in 16-to-25-year-olds was 1.04 (95% Cl:, 0.93- 1.18). This ratio met the
prespecified immunogenicity success criterion (lower bound of two-sided 95% Cl:,>0.67; GMR point
estimate, 20.8).[93, 94]

Vaccine efficacy against symptomatic NAAT-confirmed COVID-19 at 7 days or more after the second dose
was assessed. COVID-19 with onset 7 days or more after the second dose was reported in three recipients
of the Pfizer vaccine and in 16 placebo recipients, producing a vaccine efficacy of 90.7% (95% Cl:, 67.7 to
98.3).[93] No cases of severe COVID-19 or MIS-C were reported.

Data are not yet available on the real-world effectiveness of the vaccine to protect against hospitalisation
or infection in this age group but are expected in coming months.[62]

Real-world rollout

In October 2021, the Global Advisory Committee on Vaccine Safety (GACVS) concluded that in all age
groups the benefits of mRNA COVID-19 vaccines in reducing hospitalisations and deaths due to COVID-19
outweigh the risks. The Advisory Committee on Immunization Practices (ACIP) made an interim
recommendation for use of the Pfizer vaccine in children aged 5-11 years in the United States for
prevention of COVID-19.[4, 97] This was unanimously supported by the Committee. In making this
recommendation, ACIP considered the importance of COVID-19 as a public health problem, as well as
benefits and harms, parents’ values and preferences, acceptability, feasibility, resource use, and equity for
use of the vaccine among children.[4, 97]

The US FDA approved a modified formulation of the Pfizer vaccine (10 pg each dose, administered 3 weeks
apart) for children aged 5-11 on 29 October 2021.[98] On 2 November, the CDC recommended the use of
the vaccine in this age group.[99] The White House announced on 18 November that 2.6 million children
had received the vaccine.[100] From December 14, children aged 5-11 will need to show proof of at least
one dose of COVID-19 vaccine to participate in indoor activities in New York City. As of 12 December,
almost 5.4 million children aged 5-11 in the US had received at least one dose and almost 2.5 million
children had received their second dose.[101] Other countries including Canada, Israel, UAE, Costa Rica,
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Singapore, Malaysia, Bahrain, Slovakia, Saudi Arabia, Australia and Kuwait have authorised use of the Pfizer
vaccine in children aged 5-11 years. Data are yet to be reported from any of these countries.

On 25 November, the European Medicines Agency recommended granting approval for children aged 5-11.
On 1 December 2021 the European Centre for Disease Prevention and Control published interim public
health considerations for COVID-19 vaccination of children aged 5-11 years.[36]

In Australia, on 5 December the Therapeutic Goods Administration (TGA) provisionally approved the Pfizer
vaccine as safe and effective for use among this age group.[102] On 10 December, the Australian Technical
Advisory Group on Immunisation (ATAGI) recommended use of this vaccine in 5-11-year-olds.[62] The
Australian Government will start rolling out the Pfizer vaccine to 5- 11-year-olds from early January 2022.

The UK’s Medicines and Healthcare products Regulatory Agency approved the use of the paediatric
formulation on 22 December 2021.[103] The UK’s JCVI has recommended vaccination for clinically
vulnerable 5-11-year-olds or children living with someone who is immunosuppressed.[104]

Dosing intervals

The US has recommended a 3-week interval between doses as in the clinical trials. There are no data
available about extending the interval of the paediatric formulation of the Pfizer vaccine, however Canada
and the UK is recommending a minimum 8 week interval.[104, 105] Similarly, in Australia, the schedule
recommended by ATAGI for this age group is 2 doses, 8 weeks apart. In special circumstances the interval
may be shortened to a minimum of 3 weeks.[62] Data from older age groups has showed that an extended
dosing interval may improve immunogenicity and the effectiveness after the second vaccine, and may also
reduce the risk of myocarditis and pericarditis after vaccination.[62]

Data are also very limited on extended dosing intervals for the Pfizer vaccine in adults and the impact on
vaccine efficacy and safety. However, emerging data suggests that the immune response is likely improved
somewhat by extending the dosing interval. This is consistent with basic principles of vaccinology and
immunology, that suggests that immune responses are generally better with longer intervals.

Several countries have been using extended intervals, ranging from approximately 6-16 weeks for the Pfizer
vaccine for their general populations, including England, Canada, and several countries in Europe. A study
of 750 participants aged 50-89 years in the UK found higher protection following extended schedules.
GMTs at 14-34 days were 6703 (95% Cl: 5887-7633), higher than those receiving Pfizer 19-29 days apart
(694; 95% Cl: 540-893). Higher two-dose vaccine efficacy was also observed with >6 week intervals
between Pfizer doses compared to the authorised 3-week schedule, including 280 year-olds.[106] Another
study from Canada found efficacy was significantly higher against both infection and hospitalisation with
the longer 7-8 week interval vs. manufacturer-specified 3-4 week interval between doses.[107] With both
studies however it’s unclear whether this results in more durable protection, as waning protection, at least
against infection, seems to be similar across different interval periods used. The studies have also had small
sample sizes.

There may also be a connection between shorter intervals and increased reactogenicity or adverse events.
One study found reactogenicity after a late second dose (given at 44-45 weeks post-first dose) or a third
dose was lower than reactogenicity after a first dose.[108] Considering the increased risk of serious adverse
events such as myocarditis in younger age groups, there could be an argument for an extended dosing
interval. A pre-print paper has shown a statistically significant increase in myocarditis occurrence following
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the second dose of the Pfizer vaccine if the second dose was given at a shorter interval of less than 30 days
between doses.[109] However, the study was limited to those aged 12 and over.

Coadministration

There are limited clinical trial, observational, or laboratory data on the safety and immunogenicity
associated with the coadministration of the Pfizer COVID-19 vaccine and other vaccines in all populations.
Based on first principles, there is the potential for a reduced immune response when two different types of
vaccine are administered together or within several days of each other. However, there are no additional
safety concerns associated with coadministration, over and above each vaccine’s individual safety profile.
Given that the catch-up campaigns for MMR, HPV, and Boostrix are largely among younger age groups, and
that these individuals are likely to have a robust immune response, younger age groups are less likely to be
adversely impacted by coadministration of vaccines. Younger age groups have lower vaccination rates
compared to others. Any obstacles to accessing and completing vaccinations should be removed and steps
should be taken to encourage completion of the recommended vaccine schedules. In general, the risk of
reduced immune protection from coadministration of the Pfizer COVID-19 vaccine and other vaccines is low
in younger age groups, while the public health benefit gained from higher vaccine coverage is substantial.

In New Zealand adults, CV TAG earlier recommended either dose of the Pfizer vaccine can be administered
at any time before, after or simultaneously with other Schedule vaccines (in separate syringes, at separate
sites), including MMR, influenza, HPV, Tdap and meningococcal vaccines, and this has been included within
the Immunisation Handbook. The only exception is the live herpes zoster vaccine for which spacing of at
least 7 days is recommended before or after the Pfizer vaccine.[110]

The CDC has stated that COVID-19 vaccines ‘may be administered without regard to timing of other
vaccines, which includes simultaneous administration of COVID-19 vaccine and other vaccines on the same
day’.[111] The American Medical Association states it is considered best practice to administer all the
vaccines someone is eligible for in the same visit as it helps ensure that people are up to date with their
vaccinations, though there are some exceptions, such as children with asplenia, complement component
deficiency or HIV infection.[112] They also state that for those children who need two doses of the
influenza vaccine, they should receive their first dose early as the second dose cannot be given until four
weeks later but the circulation of influenza can fluctuate at different times.

In Australia, ATAGI has said that the paediatric Pfizer COVID-19 vaccine can be co-administered with other
vaccines, though parents and guardians should be aware that this may be associated with an increase in
mild-moderate adverse events.[62] Health Canada recommends that if possible, children shouldn't receive
the Pfizer vaccine within 14 days of other vaccines, such as the flu vaccine, as a precaution to monitor any
side effects from the COVID-19 vaccine or another vaccine.[105]

Number needed to treat

The number needed to treat (NNT) for a vaccine is interpreted as the average number of people who need
to be vaccinated to prevent one additional adverse outcome from the disease. It is calculated as
1/(incidence in unvaccinated — incidence in vaccinated).

It is important to note that the NNT is not a fixed value for any one vaccine, outcome or population. It will
vary with baseline risk (incidence in unvaccinated), which for infectious diseases can fluctuate with factors
such as control measures in place (e.g., border controls, lockdowns, masks) and season. Although the

simplest calculations of NNT can be performed using trial data, it should be noted that trial data are likely
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to overestimate the NNT. This is because trials are often “completed” relatively early which may appear to
reduce the background risk (and increase the NNT). The NNTs for Pfizer vaccine trials are shown in Table 2.

Table 2: Numbers Needed to Treat, Pfizer COVID-19 vaccine trials

Trial NNT confirmed NNT severe NNT death Notes
COVID-19 disease/ '
hospitalisation
Pfizer phase 3 141 2716 Not calculable (no | To October 9t
CQVID-19 vaccine Vaccine: 8/21,720 Vaccine: 1/21,720 cases in either 2020[95]
trial, adults (16 group)
years and over) Placebo: Placebo: 9/21,728
162/21,728
30 723 N/A (not To March 13
Vacine: 77/23,153* | Vaccine: 0/23,153¢ | Feported) 2113
Placebo: Placebo:
850/23,153* 32/23,153*
Pfizer phase 3 71 N/A (not reported) | Not calculable (no | 58% had at least
CQVJD-lQ vaccine |\, . 0/1131 cases in either 2 months of
trial, adolescents group) follow-up after
(12-15 years) Placebo: 16/1129 their second
vaccine dose[96]
Pfizer phase 3 51 Not calculable (no Not calculable (no | Median 2.3
COVID-19 vaccine . cases in either cases in either months follow
- . Vaccine: 3/1517 .
trial, children (5- group) group) up. All recruited
11 years) Placebo: 16/751 early to mid-
June 2021[93]

* Denominators per group not reported but groups previously very closely balanced

It is challenging to present a fair comparison of NNTs across childhood vaccines. This is because baseline
incidence of these infectious disease can vary substantially over time period, and the length of time that
the population is observed for. Table 3 presents NNTs for a range of scenarios, with worked examples for
measles vaccine and COVID-19 in children. To make these comparisons as fair as possible, it is assumed that
in a hypothetical, completely unvaccinated population of children, each virus is allowed to circulate freely
until the herd immunity threshold is reached. Because of this, the baseline risk for COVID-19 outcomes is
substantially higher than in the Phase 3 trials reported in Table 2, and the NNTs therefore lower.
Additionally, for the calculations around NNTs for COVID-19 in children, there are many uncertainties
around numbers used to calculate these estimates, including Ro in children, and the proportion of infected
children who go on to die. However, in these examples, the NNTs for COVID-19 vaccine for each outcome
are generally around 5 times that for measles vaccine.
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Table 3: Number needed to treat with different percentage of population with outcome with no
vaccination, and vaccines of different efficacy

Number Needed to Treat to Prevent One Occurrence of the Outcome
Percentage of population with outcome of interest in absence of vaccine
100% 75% 50% 10% 5% 1% 5% | .5% 1% .01%

95%

effective

vaccine 11 1.4 21, 11 21 105 140 211 1053 10526
80%

effective

vaccine | 1.3 1.7 2.5 13 25 125 167 250 1250 12500
50%

effective

vaccine | 2 b 4 4 20 40 200 267 400 2000 20000

Worked examples:

Measles in children: With no vaccination, around 92-94% of the population will become infected
(usually in childhood), based on Rq of 12-15. With vaccine efficacy of 95%, NNT would be just over 1 to
prevent 1 case of measles. The NNT to prevent 1 hospitalisation would be just over 4 (based on
around 1 in 4 cases needing hospitalisation), and just over 1000 to prevent one measles death (based
on around 1 per thousand).

COVID-19 in children: It should be noted there are many uncertainties around these estimates. With no
vaccination, and assuming Ro of 6, around 83% of the population would become infected at some point
(possibly fewer if Ro lower in children resulting in higher NNTs, possibly higher if natural infection

doesn’t prevent re-infection, allowing ongoing circulation). With vaccine efficacy of 95%, NNT would be
around 2.5 to prevent 1 symptomatic case (based on around 50% of cases in children being
symptomatic [5]). The NNT would be around 30 to prevent 1 hospitalisation (based on 1 in 25 of cases
in 6-11 year olds being severe [6]). The NNT would range from 5,000 to 25,000 to prevent 1 death
depending on the mortality rate used in the calculation. The NNT of 5,000 is based on 1 in 4,000 cases
dying (4% of cases being severe and 0.6% of severe cases dying[114]) and the NNT of 25,000 is based on
1in 20,000 cases dying.[115]

Risks and benefits of vaccinating 5-11-year-olds in Aotearoa New Zealand

The decision to vaccinate children requires very careful weighing of the known and potential risks and
benefits. The balance of risks and benefits of COVID-19 vaccination in children is more complex than in
adults as the relative harms from vaccination and disease are less well established in this age group.[35, 62]

Below is a summary of possible arguments that could favour vaccination for 5-11-year-olds and
arguments for caution around vaccination of this age group, divided into various themes.
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Burden of COVID-19 in children

Favouring vaccination: While children under 18 years of age infected with SARS-CoV-2 are less likely to
develop severe illness compared with adults, children are still at risk of developing severe illness and
complications from COVID-19 and contribute to transmission in households and communities.[97] The risk
of hospitalisation and death from COVID-19 is similar or even higher than the pre-vaccine-era of other
diseases for which vaccines are routinely given.[97] In addition, if a high proportion of children are infected,
even a very low rate of severe iliness might translate to a high absolute number of cases.[35] Although
severe or fatal COVID-19 is rare in the 5-11 age group, some children (e.g. those with certain co-
morbidities) are substantially more vulnerable. To expand COVID-19 vaccine access, additional
considerations should be given to demographic groups that have experienced disproportionate COVID-19
morbidity and mortality, as well as those with barriers to routine health care.[4]

Favouring caution: The direct health benefit of vaccinating children and adolescents is lower compared
with adults, due to the lower incidence of severe COVID-19 and deaths in these age groups.

Longer term impacts in children following COVID-19 (MIS-C and long COVID)

Favouring vaccination: Protecting as many children as possible through vaccination would reduce the
numbers of children who go on to have complications from COVID-19 infection. MIS-C is most frequent
among children 5-11 years of age and other post-COVID conditions have been reported in children.[97]
Long COVID can occur after mild COVID-19 illness.

Favouring caution: The efficacy of vaccines against MIS-C and long COVID are still unknown, and therefore
vaccines may not protect children against these conditions. (However, reducing the number of children
infected would theoretically reduce the absolute case numbers of long COVID).

Vaccine efficacy

Favouring vaccination: Vaccine efficacy against symptomatic COVID-19 7 days post-second dose was 90.7%,
based on 3 cases in the vaccine group and 16 in the placebo group between 21 and 126 days. From the
ACIP GRADE evidence assessment, the level of certainty for the benefits of Pfizer vaccination among
children aged 5-11 years was type 1 (high certainty) for the prevention of symptomatic laboratory-
confirmed COVID-19. [97] Data are not yet available on the real world effectiveness of the vaccine to
protect against hospitalisation or infection in this age group, but are expected in the coming months.[62]

Risk of adverse events/ long-term safety of the vaccine

Favouring vaccination: Several scientific bodies have established that the risks are outweighed by the
benefits of vaccination. In the trials in this age group, serious adverse events were uncommon and occurred
with similar frequency among vaccine (0.07%) and placebo (0.10%) recipients, with no statistically
significant difference in frequency observed between the two groups.[4] An expanded safety cohort of
2,379 children (including 1,591 vaccine recipients) was added to monitor for serious adverse events, which
had a median follow-up of 2.4 weeks after receipt of the second dose. No serious adverse events related to
the vaccination were identified in either group, and no specific safety concerns were identified among
vaccine recipients aged 5-11 years.[4] ATAGI states that the risk of myocarditis or pericarditis after mRNA
COVID-19 vaccination in children aged 5-11 years is not yet known but appears to be rare based on
preliminary data from US surveillance networks.[62] Paediatric cardiologists have noted that myocarditis
after the vaccine is rarer and usually milder than the cardiac complications from COVID-19, including those
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from multisystem inflammatory syndrome (MIS-C).[116] In a US CDC report, myocarditis was reported up
to 37 times more often in unvaccinated children less than 16 years old with COVID-19.[36]

Favouring caution: Careful consideration must be given to the incidence of severe adverse events in this
age group. The risk of myocarditis (or other rare, serious adverse events) in children has not yet been fully
determined, nor has the long-term safety of the vaccine. This is a new class of vaccine and it cannot be
assumed that the responses of younger children will be the same as older children or adults. Some adverse
events in other age groups have only become apparent following widespread rollout. However, the WHO
noted in November that available data suggested that the cases of myocarditis and pericarditis following
vaccination are generally mild and respond to conservative treatment, and are less severe with better
outcomes than classical myocarditis or COVID-19.[3] They also noted that the risk of myocarditis/
pericarditis associated with SARS-CoV-2 infection is higher than the risk after vaccination.[3] Regarding
potential harms after vaccination, ACIP rated evidence as type 4 (very low certainty) for serious adverse
events because of small sample size and short follow-up time and type 2 (moderate certainty) for
reactogenicity for imprecision.[97] Vaccination may have mild side effects in children, including fatigue
resulting in absences from school. Given COVID-19 is generally mild and rarely severe, this risk of adverse
events must be balanced. Within several months, millions of children in the US will have been vaccinated,
which will provide much more information about safety as well as potential impact on community
transmission. An option could be to wait for further real-world data before making a final decision.

Role of children in transmission

Favouring vaccination: Vaccinating this age group could help protect those who are immunocompromised,
those who are very young or otherwise unable to be vaccinated and provide protection for the vulnerable
in multi-generational households. While the role of children in transmission may be smaller, given the
vaccine reduces the risk of infection, it will reduce the risk of children introducing COVID-19 into the home
and exposing family members, who might then need to stand down from education and work. This is
particularly important in households with several children. Having ongoing exposures and consecutive
isolation periods may result in children having to isolate for a significant period.

US scenario modelling looking at implementation of vaccination of children 5-11 years with and without
new and more transmissible variants has been undertaken.[97] In the absence of a new and more
transmissible variant, childhood vaccination among 5-11-year-olds is expected to accelerate the decline in
cases, reducing cumulative incidence nationally by an expected 8% (approximately 600,000 cases) from
November 1, 2021 to March 12, 2022. In scenarios where a variant that is 50% more transmissible than
Delta arises in mid-November 2021 (as may be the case with Omicron), childhood vaccination reduces
cases by about 13% (nearly 1.2 million cases) over the same period. Altogether, vaccination of 5-11-year-
olds would dampen, but not eliminate a new variant emergence.[97]

Favouring caution: The role of children in transmission still requires further investigation. It is possible that
a national rollout in the 5-11-year-old age group would not significantly reduce overall levels of infection.
Most children who get COVID-19 do so from a household exposure, so high coverage in adults and older
children is a good strategy for protecting children. Given that vaccinated and unvaccinated people can have
similar peak viral loads during infection and transmission of the Delta variant in households occurs equally
as often from vaccinated and unvaccinated individuals,[117] vaccination of this age group may have little
impact on transmission in households in the context of high community transmission. However, there have
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been few studies that have specifically looked at the ability of children with breakthrough infections to
transmit.

Global equity

Favouring caution: The WHO states that before considering implementing primary vaccination series in
adolescents and children, it is important to attain high coverage of primary vaccination in highest risk
subgroups, such as older adults or people with comorbidities (taking into account booster doses as needed
based on evidence of waning and optimising vaccination impact).[3] As a matter of global equity, as long as
many parts of the world are facing extreme vaccine shortages, countries that have achieved high vaccine
coverage in their high-risk populations should prioritise global sharing of COVID-19 vaccines through the
COVAX facility before proceeding to vaccination of children and adolescents who are at low risk for severe
disease.[3]

National equity

Favouring vaccination: Vaccinating this age group will be very important for equity, as currently many of
New Zealand’s COVID-19 cases are in children and in disadvantaged communities. In high-income countries,
children from deprived and ethnic minority groups are more frequently infected with SARS-CoV-2 which
might be due to a greater likelihood of living with unvaccinated adults or in multigenerational and
overcrowded households.[35] They may also have more severe outcomes associated with infection.[35]

Favouring caution: There is the risk that rolling out the Pfizer vaccine in this age group will further
negatively impact the national immunisation schedule for children, where vaccination rates for MMR, HPV
and Boostrix are falling, and campaigns have been impacted by COVID-19 and lockdowns. There is a danger
that rolling out an additional vaccine will further derail catch-up campaigns that are currently underway
through the diverting of public health resources, increasing the public health risk of outbreaks. Vaccination
rates are lowest among Maori and Pacific, and therefore there are equity concerns that there will be
greater risk in these populations. If unanticipated safety issues were to emerge with wider use of the Pfizer
vaccine, this could also impact trust in the national immunisation programme generally.

Indirect child and community impacts

Favouring vaccination: Vaccination also brings wider benefits through the avoidance of isolation,
quarantine, school closures and other indirect harms of lockdowns. School attendance is critical to the
wellbeing and life prospects of children and to parental participation in the economy.[3] Vaccinating
school-aged children may help minimise school disruptions by reducing the number of infections at school
and the number of children required to miss school because of quarantine requirements.[3] In addition,
some children are reliant on meals provided at schools, as food insecurity is increasingly common,
particularly in low decile schools. Allowing schools to remain open will allow these programmes to
continue. In an educational setting, vaccination may mean that other measures which have been
challenging to implement can be reduced, such as social distancing and the wearing of masks. Vaccination
will also help protect teaching staff and their whanau at home who may not be eligible to be vaccinated.
From a wellbeing perspective, vaccination will help maintain normality in the education system and keep
learning in a structured classroom environment. This will help contribute to normal routines and a sense of
stability for children after nearly two years of disruption, will mean a reduced need to subject children to
testing which can be quite invasive, and will help make children feel more involved in the ‘team of five
million” messaging that has underpinned New Zealand’s response to the pandemic.
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Concerns around possible stigmatisation and exclusions could be addressed in other ways, and not
necessarily influence the decision to use. For example, there could be a policy decision that children cannot
be denied access to locations/events on the basis of vaccination status, which could be operationalised by
not issuing vaccine certificates for this age group.

Favouring caution: Vaccination status and the potential for mandates also has inherent risk as it may be
that this is a cause for exclusion (whether vaccinated or unvaccinated), and those who are unvaccinated
may not be able to fully participate in some environments (even if not required by law). This is likely to
inequitably impact communities who are already experiencing disadvantage and where current vaccine
coverage is poor. Given parental consent is required for vaccination in this group, there may be some
reluctance by some parents to vaccinate children who would like to be vaccinated.

Another advantage of vaccinating children is the possibility of decreasing transmission and thus reducing
severe cases in adults and the risk of new virus variants emerging.[35] If vaccinating 5-11-year-olds also
reduces cases in other age groups, this might also lower the likelihood of increased restriction settings and
lockdowns and minimise disruption to young peoples’ lives.

Impact on other vaccination programmes

Favouring vaccination: Whilst there may be some concerns about the effect of extending the vaccination
programme to 5-11-year-olds on other vaccination programmes, this operational consideration could be
better seen as an opportunity to improve the system going forward, rather than a reason to recommend
against vaccinating 5-11-year-olds for SARS-CoV-2. There is potential for a COVID-19 vaccination rollout in
5-11-year-olds to be used to also catch children up on other childhood immunisations, assuming that
coadministration of vaccines can occur.

Further rollout equity considerations
Key conclusions from ACIP included:

“ACIP determined that use of the Pfizer-BioNTech COVID-19 vaccine among children is a reasonable
and efficient allocation of resources. To expand COVID-19 vaccine access, additional considerations
should be given to demographic groups that have experienced disproportionate COVID-19 morbidity
and mortality, as well as those with barriers to routine health care (e.g., members of certain
racial/ethnic groups and those living in a rural or frontier area, experiencing homelessness, with a
disability, or lacking health insurance). Children from racial and ethnic minority groups have
experienced a disproportionally high incidence of COVID-19 as well as secondary impacts of the
COVID-19 pandemic such as reduced in-person learning (12). Providing rapid and equitable access to
COVID-19 vaccines for children will necessitate increasing the enrollment of pediatric health care
providers into the COVID-19 vaccination program, using the broad geographic accessibility of
pharmacies, and expanding school-focused strategies to ensure vaccination opportunities for a
diverse population, as well as engagement with community leaders, pediatric health care providers,
and parents or guardians.”[4]

These comments have high relevance for New Zealand in terms of the need to give additional consideration
to certain groups in planning for the rollout of the paediatric vaccine if it goes ahead.

It is also important to note the te ao Maori view of tamariki is not just as individual entities, as they have
very strong links to whanau and communities and consider them inextricably interlinked. This has
important implications if vaccination was to be offered to this age group. Older family members may be
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more likely to take up the opportunity to get vaccinated as a whanau, in settings familiar to them, such as
those offered by Maori health providers or iwi/hapu-led vaccine initiatives. It is likely that the lower rates of
vaccination in Maori are not due to hesitancy so much as inadequate access to the vaccine and culturally

appropriate care and messaging.

In addition, it is possible that without introducing vaccines to this age group, there may be a series of rolling
outbreaks in Maori and Pacific tamariki, resulting in significant impacts on their whanau and communities
with isolations required for multiple children within families in succession, which could continue for an
extended period. However, it is worth noting that isolation period length does not vary depending on

vaccination status.

Importantly, the mode of delivery for vaccination in this age group will need to be equitable, noting that in-
school models of vaccine delivery have been used in the past and been a success. This will not reach some
children in this age group, and consideration will need to be given to those in isolated communities,
undertaking distance learning, or home-schooled.

A memo based on this RfA and CV-TAG discussions will be written and shared

Next Steps .
with CV TAG for approval.

In the development of this Intelligence and Surveillance team, Science and Insights
work, the following parties CV-TAG and invited guests, including M3ori paediatricians

have been consulted with:

Resources used:

Ministry of Health Policies Yes

and Procedures O No
External Health B Yes
Scientific organisations O No
] B Yes

Existing database of RFAs
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Internal Ministry of Health OYes

Advice [0 No
3 K Yes

External Expert Advice
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Purpose of report

1. To outline the COVID-19 Vaccine Technical Advisory Group's (CV TAG) advice about the
administration of a second dose of the paediatric Pfizer vaccine and the interval between the
first and second doses of the COVID-19 vaccine for 5-11 year-olds.

2. This report also provides an update on international and local safety data.

Background and context

3. Vaccination of 5-11-year-olds in New Zealand is now underway. The approved COVID-19
paediatric Pfizer vaccine being used has a lower dose (10 pg) and a smaller volume (0.2 mL)
than the adult vaccine and is administered using a smaller needle. As at 13 February 2022,
214,857 (45%) of 5-11-year-olds had received their first dose in New Zealand. [1] Only 26%
of Maori 5-11 year-olds and 36% of Pacific 5-11 year-olds have received their first dose. To be
fully immunised against COVID-19, a child needs to receive two doses of the paediatric
vaccine.

4, In December 2021, CV TAG recommended that two doses of the paediatric Pfizer vaccine be
offered to all 5-11 year-olds in Aotearoa New Zealand, with an 8-week interval between
doses (Appendix 1, Decision to Use the Pfizer mRNA COVID-19 vaccine for children aged 5-11
years: COVID-19 Vaccine Technical Advisory Group (CV TAG) recommendations). It was also
indicated that in February 2022, CV TAG would assess the latest data and provide updated
recommendations prior to any second doses being given to this age group in New Zealand.
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Safety data for the Pfizer vaccine in 5-11-year-olds

5.

A randomised clinical trial to assess the safety, immunogenicity, and efficacy of the Pfizer
vaccine in 5-11 year-olds of two doses administered three weeks apart reported more local
reactions and systemic events than placebo recipients. [2] The reactions and events reported
were generally mild to moderate, lasting 1 to 2 days. Injection-site pain was the most
common local reaction, occurring in 71 to 74% of Pfizer recipients. Severe injection-site pain
after the first or second dose was reported in 0.6% of Pfizer recipients and in no placebo
recipients.

In the clinical trial, fatigue and headache were the most frequently reported systemic events
(0.9%), headache (0.3%), chills (0.1%), and muscle pain (0.1%) were also reported after the
first or second dose of Pfizer. [2] Frequencies of fatigue, headache, and chills were similar
among Pfizer and placebo recipients after the first dose and were more frequent among
Pfizer recipients than among placebo recipients after the second dose.

No vaccine-related serious adverse events were noted in the clinical trial; however, the trial
was too small to detect rare side effects such as myocarditis. [2] Three serious adverse events
were reported from two participants (postinjury abdominal pain and pancreatitis in a placebo
recipient and arm fracture in a Pfizer recipient), however, none of these were related to the
vaccine or placebo. No deaths or adverse events leading to withdrawal were reported. There
were no cases of severe COVID-19 or Multisystem Inflammatory Syndrome in Children (MIS-
C)—a condition associated with COVID-19 where body parts can become inflamed.
Lymphadenopathy was reported in ten Pfizer recipients (0.9%) and one placebo recipient
(0.1%). No myocarditis, pericarditis, hypersensitivity, or anaphylaxis in Pfizer recipients was
reported. Rashes in four Pfizer recipients (observed on the arm, torso, face, or body, with no
consistent pattern) were related to vaccination; the rashes were mild and self-limiting, and
onset was typically 7 days or more after vaccination.

Real-world safety data has been collected from over 8 million doses of the Pfizer vaccine
administered to children aged 5-11 years in the United States. These data have been
collected in the Vaccine Adverse Event Reporting System (VAERS), a national passive vaccine
safety surveillance system, and through V-safe, a voluntary smartphone-based safety
surveillance system for adverse events after COVID-19 vaccination. [3] From November 3 to
December 19, 2021, VAERS received and processed 4,249 reports of adverse events for
children aged 5-11 years who received Pfizer COVID-19 vaccine. Overall, among VAERS
reports for children aged 5-11 years who received the Pfizer vaccine, approximately 97%
were non-serious. The most commonly reported conditions among the 100 reports of serious
events were fever (29.0%), vomiting (21.0%), and increased troponin-(15.0%). Among 12
serious reports of seizure, five children experienced new-onset seizures. Among 15
preliminary reports of myocarditis identified during the analytic period, 11 met the case
definition for myocarditis. VAERS received two reports of death both of whom had
complicated medical histories and were in fragile health before vaccination. None of the data
suggested a causal association between death and vaccination. In V-safe, fever was found to
be more frequently reported in 5-11 year-olds after dose 2 (4,001: 13.4%) than dose 1 (3,350;
7.9%) among 42,504 recipients of dose 1 and 29,899 recipients of dose 2. Overall, systemic
reactions after dose 2 among registrants aged 5-11 years were less frequent than among
children aged 12-15 years. Fourteen registrants aged 5-11 years received hospital care after
vaccination. Information regarding reason for hospitalisation was available for five children
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and included appendicitis (two), vomiting and dehydration (one), respiratory infection (one),
and retropharyngeal cellulitis (one).

Reporting of Adverse Events following Vaccination in New Zealand

9.

10.

In New Zealand, preliminary unpublished data from Medsafe indicates that there have been
352 adverse events following immunisation (AEFIs) reported from 17 January to 30 January
2022 in children aged 5-11 who received the approved COVID-19 paediatric Pfizer vaccine. Of
these, 96.9% (341) reports were classified as non-serious. A small number of individuals (10)
reported that an AEFI required emergency care and one AEF| case was admitted to hospital
for observation (no evidence of myocarditis despite reporting chest discomfort). Of these 11
cases, six were reported as recovered or recovering, one was ongoing, and four had an
unknown outcome. Chest discomfort was the most frequently reported reaction (6), followed

.by vasovagal reaction (4), and there was one case of anaphylaxis (Brighton criteria level 4).

Medsafe is in regular contact with other regulators and have noted that to date nothing of
concern has been drawn to their attention regarding the safety profile of the paediatric Pfizer
vaccine.

Rationale for an 8-week interval

11

12

13.

The manufacturer's recommended schedule for the paediatric Pfizer vaccine is 2 doses, 3
weeks apart.

Research conducted in adults into extending the dosing interval (e.g., to 8 weeks or longer)
has shown that longer intervals between the first and second Pfizer dose can lead to higher
humoral and cellular immune responses, improved vaccine effectiveness, and potentially a
longer duration of protection compared with the standard interval. [4-7] In addition, data
from adults show that an extended dosing interval may also reduce the risk of myocarditis
and pericarditis after vaccination. [8]

Extended dosing intervals has not yet been studied in children, but it is expected that similar
effects would be observed to those after extended dosing intervals in adults, such as
improved immunogenicity and the potential for a lower risk of serious side effects. The
recommendation for an 8-week interval between doses is consistent with other international
advisory groups, such as in the UK, Canada, and Australia. [9-11] In addition, a longer interval
between doses would allow more time to continue monitoring international safety data as it
emerges.

Priority groups for children aged 5-11 years

14.

Maori and Pacific children have been disproportionately affected in this pandemic. For
community-acquired cases up to 11 February 2022, Maori made up 45.7% of total cases in 5-
to 11-year-olds, and Pacific children have made up 28.7% of cases among 5- to 11-year-
olds. Of these cases, a total of ten have been hospitalised, with Maori and Pacific children
combined making up 90% of these cases. As noted above, in the vaccine rollout for 5-11-
year-olds, fewer Maori and Pacific children have been vaccinated than other ethnicities.
Prioritisation of Maori and Pacific children remains important, and the emphasis should be to
get the first dose administered to as many as children as possible.
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Children living with pre-existing conditions or comorbidities, from disadvantaged
backgrounds, or those living within a lower socioeconomic status have a greater risk of
severe disease from COVID-19. [12-16]

Starship Child Health has listed risk factors for COVID-19 disease [17] that may be used as
guidance for prioritising children with high-risk pre-existing conditions. The current list of risk
factors includes children with:
e Chronic lung disease including bronchiectasis, cystic fibrosis, BiPAP for OSA
* Non-repaired congenital heart disease, acquired heart disease or congestive heart
failure
» Poorly controlled asthma (regular symptoms occurring in a usual week that affect the
patient's quality of life and includes anyone with an admission in the last 2 years or
anyone with 2 or more courses of steroids in the last two years)
e Obesity (BMI 295th centile for age)
e Diabetes (insulin-dependent)
e Chronic kidney disease (GFR <15 ml/min/1.73m?
e Severe cerebral palsy (or neurodevelopmental disorder)
e Complex genetic, metabolic disease or multiple congenital anomalies.

Children in other recognised clinical risk groups who are at higher risk of severe COVID-19
should also include those who are a household contact of someone who is
immunosuppressed (defined as those who expect to share living accommodation on most
days (and therefore for whom continuing close contact is unavoidable) with individuals of any
age who are immunosuppressed).

Recommendations

18.

19.

CV TAG met on 1, 8, and 15 February 2022 to consider guidance on administering a second
dose of the vaccine and the interval between doses for 5-11-year-olds.

CV TAG noted:

a. The direct and indirect impacts on children. Children who have COVID-19 will
commonly have few or only mild respiratory symptoms. COVID-19 in this age group is
rarely severe or fatal, [18, 19] and the rate of severe COVID-19 disease in this age
group is the lowest of any age group. However, there is a very small but real risk of
MIS-C (described above) at this age which has occurred more frequently among ethnic
minorities in the US. [12, 20] A very small proportion of children also experience
persistent iliness and ongoing symptoms, though evidence about its incidence is
limited.

b. Children living with pre-existing conditions or comorbidities, from disadvantaged
backgrounds, or those living within a lower socioeconomic status have a greater risk of
severe disease from COVID-19. [12-15]

c. Even though the direct effects of infection are generally less severe in children, this
should not diminish the significance for those who have experienced worse outcomes.
[19] Alongside the direct risks and impacts to health and individuals, COVID-19 also
has indirect impacts for children on mental health, wellbeing, education and social
development, and these are worsened by lockdowns and school closures. [12, 21-23]

d. Children do play a role in transmission however it is significantly smaller than for
adults. Transmission within education settings has occurred but is limited and is more
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likely to occur between adults. [24-26] Transmission in households is much more
common. [27, 28] The benefit of vaccination on onward transmission in households
could be lower than in other settings due to the ongoing and close nature of
exposure. [29, 30] but this is not confirmed. The effect of vaccination of children on
household transmission is unknown.

There are a number of equity considerations which are important to consider:

i.  Maori and Pacific children have been disproportionately affected in the current
outbreak. To 11 February 2022, Maori made up 45.7% of cases in 5-11 year-
olds, and Pacific children have made up 28.7% of cases among 5-11 year-olds.

ii.  Maori and Pacific adults are at greater risk of COVID-19 hospitalisation and
severe disease. Maori and Pacific adults have respectively 2.5-fold and 3-fold
higher odds of being hospitalised compared to non-Maori, and Maori are likely
to spend 4.9 days longer in hospital. [31, 32]

ii.  Maori and Pacific children are more likely to live in multigenerational families
housed in overcrowded conditions, increasing the risk of transmission. The
younger age structure of the Maori population also means that a larger
proportion are currently unable to be vaccinated and remain susceptible to
infection and transmission, with a risk of onwards transmission to whanau and
communities, [33, 34] though the risk of transmission from children is lower
than from adults.

The paediatric formulation of the vaccine has been approved for emergency use
and rolled out in the USA, Canada, and Israel. The Advisory Committee on
Immunization Practices (ACIP) made an interim recommendation for the emergency
use of the Pfizer vaccine in children aged 5-11 years in the United States for
prevention of COVID-19. [19, 35] This was unanimously supported by the Committee.
In making this recommendation, ACIP considered the importance of COVID-19 as a
public health problem, as well as benefits and harms, parents’ values and preferences,
acceptability, feasibility, resource use, and equity for use of the vaccine among
children. [19, 35] ACIP additionally stated: “children from racial and ethnic minority
groups have experienced a disproportionately high incidence of COVID-19 as well as
secondary impacts of the COVID-19 pandemic such as reduced in-person learning”.
[19] These comments have high relevance for New Zealand given the similar effects of
the pandemic on Maori and Pacific Peoples as described above.

In Australia, the Therapeutic Goods Administration (TGA) provisionally approved
the Pfizer vaccine as safe and effective for use among this age group on 5 December
2021. [36] ATAGI recommends all 5-11-year-olds be vaccinated with an 8-week interval
between doses, and that those at risk of severe disease, Aboriginal and Torres Strait
Islanders, and children in crowded conditions or outbreak areas be prioritised. [37]

On dosing intervals, there are no data available about extending the interval between
doses of the paediatric formulation of the Pfizer vaccine, however, emerging data in
adults suggests that the immune response is likely improved by extending the dosing
interval. [4-7] This is consistent with basic principles of vaccinology and immunology
which suggests that immune responses are generally better with longer intervals.
There may also be a connection between shorter intervals and increased reactogenicity
or adverse events, and one pre-print paper on individuals aged 12 and over has shown

Page 5 of 17



MINISTRY OF

HEALTH

MANATU HAUORA

a statistically significant increase in myocarditis if the second dose was given at a
shorter interval of less than 30 days. [8] Australia, Canada, and the UK have
recommended an 8-week interval between doses for 5-11 year-olds, noting this may
improve immunogenicity and reduce side effects. Having a longer interval would also
allow more time to monitor international safety data.

On vaccine requirements, there is a significant risk that use of vaccination mandates
or certificates in this age group will result in exclusion and an inability to fully
participate in schooling and extracurricular activities. This is likely to inequitably impact
communities who are already experiencing disadvantage and where current vaccine
coverage is poor. Concerns regarding possible stigmatisation and exclusions could be
addressed in ways that do not necessarily influence the decision to use. For example,
there could be a policy decision that children cannot be denied access to
locations/events on the basis of vaccination status, which could be operationalised by
not issuing vaccine certificates for this age group.

On safety of the paediatric vaccine, real-world data on the rollout of the vaccine to
5-11-year-olds have reported nothing of concern to date.

20. CV TAG recommended that:

a.

b.

A second dose of the paediatric Pfizer vaccine be offered to all 5-11 year-olds in
Aotearoa New Zealand, with a minimum 8-week interval between doses.

Maori and Pacific children, children with high-risk pre-existing conditions, and children
living with vulnerable people should continue to be prioritised for vaccination.

21.  CV TAG will continue to monitor all relevant information (including safety data) and will
update their recommendations as information becomes available.

/m ﬂTau/\

——

Dr lan Town

Chief Science Advisor and
Chair of the COVID-19 Vaccine Technical Advisory Group
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