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As the COVID-19 pandemic evolves, its substantial toll
on health and the economy continues to unfold. The
pandemic has challenged and overstretched health
systems beyond capacities and the response to the
pandemic has required difficult and unprecedented
decisions. Pharmacological and non-pharmacological
interventions have had limited success in curtailing
the spread of the virus and natural herd immunity
has proven to be precarious. With all of this in hand, a
vaccine appeared to be the only solution to curb the
pandemic and the most promising means of restoring
some semblance of normalcy to our lives.

This document intends to describe the journey to

a COVID-19 vaccine from the expedited production
process to distribution at the country level, passing
through public acceptance and ethical disputes. This
document also provides an overview of considerations
for COVID-19 vaccine deployment in Lebanon.

SELECTION PROCESS

A comprehensive search of the literature was undertaken to identify articles -systematic reviews and single studies-
focusing on the topic of COVID-19 vaccines. Search strategy consisted of reviewing the following databases: Medline/
Pubmed (MeSH term: Coronavirus Infections and Viral Vaccines; keywords: COVID-19 vaccine, coronavirus vaccine, and
SARS-COV-2 vaccine), IMEMR (keywords: COVID-19 vaccine, coronavirus vaccine, and SARS-COV-2 vaccine), ProQuest Health
Management (keywords: COVID-19 vaccine, coronavirus vaccine, and SARS-COV-2 vaccine), Health Evidence (keywords:
COVID-19 vaccine, coronavirus vaccine, and SARS-COV-2 vaccine), Health Systems Evidence (keywords: COVID-19 vaccine,
coronavirus vaccine, and SARS-COV-2 vaccine), WHO global health library (keywords: COVID-19 vaccine, coronavirus vaccine,
and SARS-COV-2 vaccine), Cochrane Library (keywords: COVID-19 vaccine, coronavirus vaccine, and SARS-COV-2 vaccine),
and Embase (keywords: COVID-19 vaccine, coronavirus vaccine, and SARS-COV-2 vaccine). In addition, data retrieved from
grey literature websites including WHO, MOPH, FDA, CDC, Gavi, and others were included. Last search was done on January
5, 2021. Only articles published in English and with a focus on humans were included. Articles with purely clinical scope,
such as those assessing the mode of action of a vaccine, were excluded. Articles were segregated into themes (the need for
a vaccine, vaccine development process, country preparedness and regulation, public perception, ethical considerations,
and the Lebanese context) and presented accordingly in the document. Handsearching was consequently performed with
two objectives: 1) search for supporting data and 2) conduct fine searches for the retrieved themes. As a result of this
methodology, 108 articles were eventually included in this Evidence Summary.
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The Imperative Need for a Vaccine

Several factors have rendered a COVID-19 vaccine the only opportunity to control
the pandemic and a necessity for limiting the adverse consequences of the infection

on health, health systems, and the economy.

High Disease Burden

As the COVID-19 pandemic evolves,
substantial toll on health and the
economy continues to unfold. As of
January 4th, 2021, there have been
almost 84 million cases of COVID-19 and
over 1.8 million deaths due to the disease
worldwide, reported to the World Health
Organization. In Lebanon, on January
4th 2021, the cumulative number of
COVID-19 cases was 192,136 cases since
the advent of the epidemic in the country
on February 21, 2020, with 1499 total
recorded deaths recorded to date.

Limited Success of Pharmacological
Interventions

No cure has been identified for COVID-19
to date. Interventions including
Remdesivir,  steroids,  convalescent
plasma, anti-malarials, IL-6 inhibitors and
other biological treatments and small
molecules have been used in practice
with varying clinical responses.

Challenged Implementation of Non-
pharmacological Interventions

Non-pharmacological interventions
(including travel restrictions, isolation
and quarantine, physical distancing, use
of face masks, and hand hygiene) have
been the mainstay of the response to
COVID-19 and the only resort to flatten
the epidemiologic curve. Despite the
proven success of non-pharmacological
interventions, implementation is

challenged by impediments related to
feasibility, acceptability, and compliance
in many settings.

High Virus Infectivity

COVID-19 is a global concern because
of its high infectivity and transmission
capacity with a reproduction rate of
around 3 and epidemic doubling time of
about 3-7 days. A new COVID-19 variant
that was recently discovered in London
on November 2020 and is predicted to be
around 70% more rapidly transmissible
than previously circulating strains of
COVID-19.

Difficult to Attain and Costly Herd
Immunity

It is estimated that herd immunity
to COVID-19 will be achieved when
around 67% of the population develops
immunity to the virus either naturally
through infection or with the help of a
vaccine, after which the incidence of the
infection will start to decline.

Relying on natural infection to achieve
herd immunity is associated with 1)
uncertainty regarding the duration of
the acquired immunity; 2) strain on the
health system due to increased number
of cases requiring hospitalization and
intensive care; and most importantly 3)
high cost in terms of human lives lost. As
a result, an effective vaccine presents the
safest way for achieving herd immunity.




K2P COVID-19 Series : Countdown to a COVID-19 Vaccine: Spotlight on Lebanon

The Path to COVID-19 Vaccine

Progressing at Pandemic Pace through Trials

Typically, vaccine development is a long and complex process, often lasting 10-15 years. During
a pandemic, the development process may be atypical or expedited. Governmental agencies,
international counterparts, academia, nonprofit organizations and pharmaceutical companies
developed a coordinated strategy for prioritizing and speeding the development of the most
promising treatments and vaccines for COVID-19. In addition, the Food and Drug Administration
(FDA) provided clear communication to the pharmaceutical industry pertaining to the scientific
data and information needed for safe and effective vaccines. Provided certain criteria are met,
manufacturers may submit a request for Emergency Use Authorization (EUA) to facilitate the
availability and use of their vaccine.

Characteristics of an Ideal COVID-19 Vaccine
According to ‘WHO Target Product Profiles for COVID-19 vaccines’, an ideal or ‘preferred’
COVID-19 vaccine is a vaccine that is:

Safe in different age
groups (children
pregnant, elderly)

Able to protect at Safe in short term
least 70% of people and long term

Higher storage
temperatures
and higher
thermostability (to
facilitate storage
and distribution)

Provide immunity
for as long as

ldesailrlw)é%vs?qr:yl[n . possible (confers

protection for at
least 1 year)
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Vaccines Under Investigation and Production

Until December 29, 2020, 60 candidate vaccines are undergoing clinical evaluation with 172
other candidate vaccines in the preclinical evaluation phase.

Only two COVID-19 vaccines, one produced by Pfizer/BioNTech and another by Moderna, have
been authorized by FDA for use under EUA to date. Both vaccines have also been authorized by
the European Medicines Agency for conditional marketing authorization. Key characteristics of

the two vaccines are presented in the table below:

Vaccine

Technology

Efficacy

Common
Side Effects

Age
indications

Number of
Doses

Storage

Approximate
Price

Pfizer/
BioNTech

RNA

95% (even
in adults
over 65
years where
efficacy was
more than
94%)

Pain at the
injection
site,
tiredness,
headache,
muscle
pain, chills,
joint pain,
and fever

16 years
of age and
older

2 doses
series
separated
by 21 days

-70°Cfor 6
months and
2-5°C for up
to 5 days

20$% per dose

Moderna

RNA

94%

Pain at the
injection
site,
tiredness,
headache,
muscle
pain, chills,
joint pain,
swollen
lymph
nodes in
the same
arm as the
injection,
nausea and
vomiting,

and fever

18 years
of age and
older

2 doses
separated
by 28 days

-20°Cfor 6
months and
2-8°C for 30
days

38% per dose

Note: There is no evidence yet to suggest that the new variant of COVID-19
affects vaccine efficacy. The reason is that vaccines are polyclonal, thereby
producing antibodies that target several parts of the spike protein. As a
result, the virus would likely need to accumulate multiple mutations in
the spike protein to evade immunity induced by vaccines or by natural
infection.
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Safety Assurance Measures

Counterstrategies adopted by scientists to ensure the safety of vaccines include safety
investigation at every stage of vaccine development, serious adverse events monitoring after
clinical trials, development of a consensus on how to adequately assess adverse events, active
surveillance at the country level, and development of vaccine safety profiles. FDA notes that
there should be an adequate plan for safety data collection among individuals vaccinated under
an EUA vaccine.
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Global Solidarity and Coordination

In April 2020, the ACT-Accelerator partnership was initiated with an aim to support fast,
coordinated, and successful global efforts to develop tools to fight COVID-19. COVAX is the
vaccines pillar of the ACT-Accelerator that was found with the purpose of speeding up the
search for an effective vaccine. Concomitantly, COVAX is supporting manufacturing and buying
capabilities so that 2 billion vaccine doses can be fairly distributed by the end of 2021. By joining
COVAX, both self-financing countries and funded countries will gain access to the available
portfolio of COVID-19 vaccines.




Country Readiness and Regulation

Preparation Requirements for a COVID-19 Vaccine

Numerous considerations need to be factored in for an effective country deployment of a
COVID-19 vaccine. On November 16th 2020, WHO issued a document ‘Guidance on developing
a national deployment and vaccination plan for COVID-19 vaccines’' directed at national
authorities who are responsible for managing deployment, implementation and monitoring of
COVID-19 vaccines, as well as partners who provide the required support. Key considerations
for any country preparing for COVID-19 vaccine deployment and distribution include:

Regulatory
Preparedness

Human Resource
Management and
Training

Vaccine Acceptance
and Uptake

Evaluation of
COVID-19 Vaccine
Introduction
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Public Perception of COVID-19 Vaccine

Public perception regarding COVID-19
vaccines have spanned over the whole
spectrum from utmost enthusiasm and
support to extreme criticism and rejection,
particularly on social media posts. However,
when assessed formally in a research
study, positive results regarding public
vaccine acceptance were predominantly

revealed. Factors such as vaccine or patient
characteristics, trust in research, medical
and official endorsement, and political
affiliation were associated with public vaccine
acceptance. On the other hand, creating an
enabling environment, harnessing social
influences, and increasing motivation have
been shown to enhance vaccine uptake.

Ethical Considerations

With a sense of urgency to develop a COVID-19 vaccine, trade-offs in scientific and social
value have surfaced. Severalissues such as those pertaining to the use of healthy volunteers
in trials, the equitable distribution of the vaccine at the inter and intra country level, as well
as the principle of autonomy in the context of a COVID-19 vaccine have been persistently
a matter of debate.
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Deploying a COVID-19 Vaccine in Lebanon

In Lebanon, the pandemic struck the country at a time of political, economic, and
social disruption.

* The country was hit hard by the August 4 explosion which killed at least 200 people, left
several hospitals with substantial damage, and accelerated the immigration of doctors and
nurses, all of which resulted in over burdening an already worn-out health system

+ The pandemic hits on a background political laxity, corruption, revolution, and eroded public
trust.

* The pandemic arrives at the brink of an impending economic breakdown, banking sector
collapse, diminished buying capacity, and threats of withholding subsidies on commodities
and medicines.

+ The availability of basic resources such as uninterrupted electricity, which is a must for the
optimal storage of vaccines, is threatened as a result of possible withholding of subsidies on

fuel.

However, efforts were made to secure the country’s
share of the vaccine. On November 23rd 2020, the
Ministry of Public Health announced that Pfizer/
BioNTech vaccine will arrive in Lebanon by mid
February 2021, after conducting early negotiations
with the company. According to the MOPH, 15% of the
population will receive the vaccine for free (covered
by the MOPH), while 20% will be hopefully covered by
COVAX.

Autonomy will be respected as vaccination will be a
voluntarily process, offered initially to pre-determined
priority groups. Vaccination plans for the remaining
population have not been announced yet. However, it
is expected that COVID-19 vaccines produced by other
companies will eventually reach the Lebanese market.

In addition, the National Committee for COVID-19
Vaccine was convened, with the objectives of:

* Prepare a mechanism for approval, purchase,
registration, receipt and distribution of the vaccine
Monitor vaccine side effects
Monitor the cold chain and other issues related to
maintaining the quality of the vaccine
Identify and prioritize target groups
Ensure that the vaccine reaches the target groups
in a practical and equitable manner

The awaited Pfizer/BioNTech
vaccine is estimated to
cost around 20$ per dose,
which sums up to 40% for
the full course (Observer,
2020). For an average
household of 5 persons,
the vaccination cost will be
200%. Knowing that MOPH
and COVAX will cover only
a limited proportion of the
population, and if subsidies
were withheld, the majority
of the population will be
left to pay more than twice
their minimum monthly
wage of 675,000 L.L. to get
the vaccine, provided that

sufficient amounts of the
vaccine were imported.

In other words, a large
proportion of the population
will go unvaccinated.
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In view of the turbulent state of the country, successful deployment and vaccination
necessitates:

@ Political will and prioritization of public health

@ Transparency and communication

Securing essential pre-requisites for all stages of deployment
Wise use of finite resources

Development of retention plans for health professionals

Control of black market and side deals

Inclusion of marginalized populations such as refugees and immigrant
workers

Minimizing out-of-pocket payments

Commitment to the principles of autonomy and equity

© 0000000
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As the COVID-19 pandemic evolves, its substantial toll on health and the economy
continues to unfold. The COVID-19 pandemic has challenged and overstretched
health systems beyond capacities and the response to the pandemic has required
difficult and unprecedented decisions. As desperately as countries were seeking to
end COVID-19 pandemic, pharmacological and non-pharmacological interventions
were unsuccessful in curtailing the spread of the virus, while natural herd immunity
proved to be far-fetched and precarious. With all of this in hand, a vaccine appeared
to be the only solution to control the pandemic and the most promising means for
restoring a semblance of normalcy to our lives.

This document intends to describe the journey to a COVID-19 vaccine from the
expedited production process to distribution at the country level, passing through
public acceptance and ethical disputes. This document also provides an overview of
considerations for COVID-19 vaccine deployment in Lebanon.
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Several factors have rendered a COVID-19 vaccine an inevitable option and
the only opportunity for counties seeking to stop the extensive spread of
the virus.

HIGH DISEASE BURDEN

As of January 4th, 2021, there have been
83,910,386confirmed cases of COVID-19, including
1,839,660 deaths worldwide, reported to the World
Health Organization (WHO) (WHO, 2020a). At the
economicfront, the cost of this pandemicis estimated
to be at least 1 trillion US dollars for the year 2020,
with global economic growth slowing down to 2%
(United Nations, 2020). Poverty is expected to rise
from 30% in 2019 to 45% or more by the end of
2020, while extreme (food) poverty would more than
double to reach 22% (World Bank, 2020).

In Lebanon, on January 4th 2021, the cumulative
number of COVID-19 cases was 192,136 cases
since the advent of the epidemic in the country on
February 21st 2020 with 1499 deaths recorded due
to the virus (MOPH, 2020a).

LIMITED SUCCESS OF
PHARMACOLOGICAL INTERVENTIONS

Upuntilnow,nocurehasbeenidentifiedfor COVID-19.
Only one medication, known as Remdesivir, despite
its limited clinical effectiveness (Wang et al., 2020;
Beigel et al., 2020), has been FDA-approved for the
treatment of hospitalized patients with COVID-19
regardless of disease severity (FDA, 2020a). The WHO
did not endorse the use of remdesivir for COVID-19
patients due to lack of sufficient evidence on its
efficacy (WHO Solidarity Trial Consortium, 2020).
Only steroids (dexamethasone) are a universally
acknowledged therapy of COVID-19 patients with
hypoxemia (Recovery Collaborative Group, 2020).
Other interventions including convalescent plasma,
anti-malarials, IL-6 inhibitors and other biological
treatments and small molecules have been used in
practice with varying clinical responses (UpToDate,
2020).




K2P COVID-19 Series : Countdown to a COVID-19 Vaccine: Spotlight on Lebanon

CHALLENGED IMPLEMENTATION
OF NON-PHARMACOLOGICAL
INTERVENTIONS

Thus far, non-pharmacological interventions have
been the mainstay of the response to COVID-19
and are being used across the world to flatten the
epidemiologic curve.

Several successful non-pharmacological
interventions have been identified in the literature.
Among such effective interventions are travel
restrictions (Burns er al, 2020), isolation and
quarantine, physical distancing, use of face masks,
and hand hygiene (Odusanya, Odugbemi, Odugbemi,
& Ajisegiri, 2020). Exploring real time incidence data
in Lebanon before the August 4 explosion, one study
revealed that nationwide lockdown was effective in
reducing cases and had been successful in containing
the virus (Kharroubi & Saleh, 2020). However, proper
implementation of such interventions is challenged
by impediments related to feasibility, acceptability,
and compliance in many settings. In this regard,
one study assessing the socio-economic effects of
air travel ban on aviation projected that in the first
quarter of 2020, the impact of aviation losses could
negatively reduce World Gross Domestic Product by
0.02% to 0.12%. By the end of 2020, the loss could be
as high as 1.41-1.67% and job losses may reach the
up to 30 million units (Lacus et al, 2020). With such
massive economic losses, flight restrictions may not
be a feasible long-term option. Aside from travel
restriction, one study from the UK reported that
75.1% of participants were non-adherent to self-
isolation when they or someone in their household
had symptoms of COVID-19 (Smith et al, 2020).
Another study from the US demonstrated that lower
income communities exhibited less social distancing
(Weill, Stigler, Deschenes, & Springborn, 2020).
Such implementation barriers understandably limit
the realization of the pursued impact of strategies
intended to halt the spread of COVID-19.
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HIGH VIRUS INFECTIVITY

COVID-19 is a global concern because of its high
infectivity and transmission capacity. Several
systematic reviews have addressed epidemiologic
characteristics of the virus. Current evidence
suggests that it takes about 3-7 days for the epidemic
to double in size (Park et al, 2020). Two other meta-
analyses estimated the basic reproduction number
(RO) of the virus to be 2.87 (Billah, Miah, & Khan,
2020) and 3.38 (Alimohamadi, Taghdir, & Sepandi,
2020). More recent estimates placed the RO higher
at 5.7 (Sanche et al., 2020). Even asymptomatic cases
are capable of transmitting the infection. According
to one systematic review, 18.8% of close contacts
exposed to asymptomatic index patients were
COVID-19 positive (Yanes-Lane et al, 2020).

Since November 2020, a new variant of COVID-19,
referred to as SARS-CoV-2 VOC 202012/01, has been
identified in England, accounting for 60% of recent
infections in London. This variant contains a series
of mutations and is predicted to potentially be
more rapidly transmissible than other circulating
strains of COVID-19 (CDC, 2020a). As a result, an
estimated increase in RO by 0.4 with an increase
in transmissibility by up to 70% is expected (ECDC,
2020). Fortunately, so far, there is no evidence that
this variant causes more severe illness or increased
risk of death (CDC, 2020a).

DIFFICULT TO ATTAIN AND COSTLY
HERD IMMUNITY

Herd immunity is achieved when
one infected person in a population
generates less than one secondary case
on average (Fontanet & Cauchemez,
2020). Assuming an RO estimate of 3 for
COVID-19, the herd immunity threshold is
approximately 67%. This means that the
incidence of infection will start to decline
once 67% of the population acquire
immunity against COVID-19 (Randolph
& Barreiro, 2020). (For more elaboration
on the transmission and herd immunity,
please refer to Appendix 1).
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Two possible ways exist to build widespread immunity against COVID-19 (Randolph
& Barreiro, 2020):

1. Natural immunity of the population attained through infection with the virus

2. Mass vaccination, which requires the development of an effective and safe vaccine

A number of inherent problems are confronted when relying on natural immunity for

achieving herd immunity:

* It is still not very clear how long naturally acquired immunity against COVID-19
lasts, particularly among those who had mild forms of disease, and whether it
might take several rounds of re-infection before robust immunity is attained
(Fontanet & Cauchemez, 2020). Previous studies in confirmed SARS patients have
demonstrated that neutralizing antibody responses against SARS-CoV persisted
up to 2 years, although all individuals displayed low titers after about 15 months
(Mo et al., 2006). Hence, protection against reinfection with coronavirus species
tends to diminish given sufficient time. If this proves to be also true for COVID-19,
persistent herd immunity may never be attained in the absence of vaccination.

+ Particularly in the context of attaining herd immunity, a regard for finite healthcare
resources cannot be overstated, as natural herd immunity inherently relies on
allowing a large fraction of the population to become infected. Unchecked, the
spread of COVID-19 will rapidly overwhelm healthcare systems. A depletion in
healthcare resources will lead not only to elevated COVID-19 mortality but also to
increased all-cause mortality. This effect will be especially devastating for countries
in which hospitals have limited surge capacity, where minimal public health
infrastructure exists, and among vulnerable communities (Randolph & Barreiro,
2020).

+ Most importantly, the cost - in terms of human lives - of achieving herd immunity
through natural infection is grave, especially in the absence of improved patient
management and without optimal shielding of individuals at risk of severe
complications. If we look at the global population, a case fatality rate of COVID-19
between 0.25-3.0% (Wilson et al., 2020) can add up to a huge number of fatalities
if we allow the virus to run wild and infect people. Assuming an optimistic herd
immunity threshold of 50% for countries such as France and the USA, this would
translate into 100,000-450,000 and 500,000-2,100,000 deaths, respectively. Men,
older individuals and those with comorbidities are disproportionally affected, with
infection fatality ratios of 3.3% for those older than 60 years and increased mortality
in individuals with diabetes, cardiac diseases, chronic respiratory diseases, or
obesity (Salje et al., 2020; Flaxman et al., 2020).

An effective vaccine presents the safest way to reach herd immunity. It can slow
down or halt the spread of infection, without uprising mortality or beating the health
system'’s response capacity. Moreover, given that there are increasing numbers of
reports of long-term complications even after mild COVID-19 infection, vaccines are
likely to provide a safer alternative even for individuals who are not classified as at-
risk (Fontanet & Cauchemez, 2020). As a result, developing and delivering a vaccine
may be the most likely way to end the pandemic.
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The Path to a COVID-19 Vaccine

Progressing at Pandemic Pace through Trials

According to the Food and Drug Administration (FDA), the general stages of the development
cycle of a vaccine are (FDA, 2020b): (For further information related to the stages and phases of
vaccine development, please refer to Appendix 2).

Research and Preclinical Clinical

Discovery Development

Typically, vaccine development is a long, complex process, often lasting 10-15 years (IFPMA,
2019). As shown in the figure below (Fig. 1), the development of many of the well-known vaccines
has spanned over a decade or longer.

Figure 1: The vaccine development process has typically taken a decade or longer. Adopted from (Plotkin,
Orenstein, & Offit, 2018)
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In public health emergencies, such as a pandemic, the development
process may be atypical or expedited. Governmental agencies, international
counterparts, academia, nonprofit organizations and pharmaceutical
companies developed a coordinated strategy for prioritizing and speeding
the development of the most promising treatments and vaccines for
COVID-19 (FDA, 2020b). In addition, FDA provided clear communication to
the pharmaceutical industry pertaining to the scientific data and information
needed for safe and effective vaccines and worked to provide advice on their
proposed development plans and assessment of the data that is generated.
Provided certain criteria are met, manufacturers may submit a request for
Emergency Use Authorization (EUA) to FDA to facilitate the availability and
use of their vaccine (FDA, 2020b). Key considerations for submission for EUA
are summarized below (FDA, 2020c).

Investigational new
dru

A substance that has
been tested in the
laboratory and has
been approved by
the FDA for testing in
people.

Biologics License
Application

Request for permission
to introduce, or deliver
for introduction, a
biologic product into
interstate commerce

CRITERIA.  AND  CONSIDERATIONS
FOR THE ISSUANCE OF AN EUA FOR A

COVID-19 VACCINE COVID-19 VACCINE

KEY LOGISTIC RECOMMENDATIONS
FOR THE REQUEST FOR AN EUA FOR A

* The agent can cause a serious or life-

+ Adetailed description of the chemistry,

threatening disease or condition.

Based on the totality of scientific
evidence available, it is reasonable
to believe that the product may be
effective to prevent, diagnose, or treat
such serious or life-threatening disease
or condition that can be caused by
SARS-CoV-2.

The known and potential benefits of
the product, when used to diagnose,
prevent, or treat the identified serious
or life-threatening disease or condition,
outweigh the known and potential
risks of the product.

There is no adequate, approved, and
available alternative to the product for
diagnosing, preventing, or treating the
disease or condition.

manufacturing, and controls data
should be submitted to a relevant
investigational new drug application
or cross-referenced master file at least
one month prior to submission of an
EUA request.

FDA strongly encourages the vaccine
sponsor to provide FDA with notice
within 24 hours after any interim
analysis has been completed, on the
basis of which submission of an EUA
request is planned.

Following submission of an EUA request and issuance of an EUA, a sponsor would continue
to collect placebo-controlled data in ongoing trials and would work towards submission of a
Biologics License Application as soon as possible. FDA's recommendations regarding safety
and effectiveness data aim to ensure that the clinical development of a COVID-19 vaccine
has progressed far enough that issuance of an EUA for the vaccine would not interfere with
the ability of an ongoing Phase 3 trial to demonstrate effectiveness of the vaccine to support

licensure and to continue safety assessments (FDA, 2020c).
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Characteristics of an Ideal COVID-19 Vaccine

In April 2020, the WHO published 'WHO Target Product Profiles for COVID-19 vaccines’ which
describes the preferred and minimally acceptable profiles for human vaccines for long term
protection of persons at high ongoing risk of COVID-19 such as healthcare workers and for
reactive use in outbreak settings with rapid onset of immunity (WHO, 2020b). In summary,
according to the document, an ideal or ‘preferred’ COVID-19 vaccine is one that is:

Safe in different age
groups (children
pregnant, elderly)

Safe in short term
and long term

Able to protect at
least 70% of people

Higher storage
temperatures
and higher
thermostability (to
facilitate storage
and distribution)

Provide immunity
for as long as
possible (confers
protection for at
least 1 year)

Ideally given in a
single shot

Vaccines Under Investigation and Production

There are four categories of COVID-19 vaccines
in used clinical trials (Gavi, 2020a): whole
virus, protein subunits, nucleic acid, and viral
vectors (For more details related to categories
of COVID-19 vaccine, please refer to Appendix
3). Until December 29th 2020, 60 candidate
vaccines are undergoing clinical evaluation with
172 other candidate vaccines in the preclinical
evaluation phase (WHO, 2020c¢).

Only two COVID-19 vaccines, one produced by
Pfizer/BioNTech (FDA, 2020d) and another by
Moderna (FDA, 2020e), have been authorized
to date by the FDA for use under EUA. Both
vaccines have also been authorized by
the European Medicines Agency (EMA) for
conditional marketing authorization (CMA)
(EMA, 2020a; EMA, 2020b).

Conditional Marketing Authorization

In the European Union, CMAs allow for
the authorisation of medicines that fulfil
an unmet medical need on the basis
of less complete data than normally
required. This happens if the benefit
of a medicine or vaccine’s immediate
availability to patients outweighs the
risk inherent in the fact that not all the
data are yet available. CMAs are being
used in the context of the pandemic to
promptly respond to the public health
threat. Once a CMA has been granted,
companies must provide further data
from ongoing or new studies within pre-
defined deadlines to confirm that the
benefits continue to outweigh the risks.
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Key characteristics of the two vaccines are presented in the table below (WHO, 2020c¢; Gavi, 2020b; CDC,
2020b; Healthline, 2020; FDA, 2020d; FDA, 2020e)

Vaccine

Technology

Efficacy

Common
Side Effects

Age

indications

Number of
Doses

Storage

Approximate
Price

Pfizer/
BioNTech

RNA

95% (even
in adults
over 65
years where
efficacy was
more than
94%)

Pain at the
injection
site,
tiredness,
headache,
muscle
pain, chills,
joint pain,
and fever

16 years
of age and
older

2 doses
series
separated
by 21 days

-70°C for 6
months and
2-5°C for up
to 5 days

20$ per dose

Moderna

RNA

94%

Pain at the
injection
site,
tiredness,
headache,
muscle
pain, chills,
joint pain,
swollen
lymph
nodes in
the same
arm as the
injection,
nausea and
vomiting,
and fever

18 years
of age and
older

2 doses
separated
by 28 days

-20°C for 6
months and
2-8°C for 30
days

38% per dose

Other vaccines under clinical evaluation are in various phases of development. (A summary of
the characteristics of vaccines undergoing Phase 3 trials is presented in Appendix 4).

It is worth mentioning that luckily, there is no evidence yet to suggest that the new variant of
COVID-19 affects vaccine efficacy. The simple reason is that vaccines are “polyclonal”, thereby
producing antibodies that target several parts of the spike protein. As a result, the virus would
likely need to accumulate multiple mutations in the spike protein to evade immunity induced
by vaccines or by natural infection (CDC, 2020a).
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Safety Assurance Measures

Given the expedited process of COVID-19 vaccines development, there remains concerns and
ambiguity regarding long term effects and side effects. Counterstrategies adopted by scientists
to ensure safety of vaccines include safety investigation at every stage of vaccine development,
serious adverse events monitoring after clinical trials, development of a consensus on how
to adequately assess disease enhancement (the so-called “vaccine-mediated enhanced
disease”) and other potential adverse events, active surveillance by countries to determine the
background rates of adverse events, and development of vaccine safety profiles (Gavi, 2020c).
In addition, FDA notes that there should be an adequate plan for safety data collection among
individuals vaccinated under an EUA vaccine (FDA, 2020c).
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Global Solidarity and Coordination

International efforts were mobilized to expedite the production of a COVID-19 vaccine and

to develop a system for equitable global distribution of the vaccine. In April 2020, The ACT-
Accelerator partnership, launched by WHO and partners, was initiated with an aim to support
fast, coordinated, and successful global efforts to develop tools to fight COVID-19. The ACT-
Accelerator is organized into four pillars of work: diagnostics, treatment, vaccines and health
system strengthening (WHO, 2020d). COVAX is the vaccines pillar of the ACT-Accelerator,
convened and coordinated by Gavi, the Coalition for Epidemic Preparedness Innovations
(CEPI), and the WHO. The purpose of COVAX is to speed up the search for an effective vaccine.
Concomitantly, it is supporting manufacturing and purchasing capabilities so that 2 billion
vaccine doses can be fairly distributed by the end of 2021 (Gavi, 2020d).

RN

ACT-Accelerator Partnership
(launched by WHO & partners)

~
PN =S N -

Diagnostic Pillar Treatment Pillar Vaccines Pillar St':;]ag:mesny;rs]tgegﬁar

Also known as COVAX
(coordinated by GAVI, CEPI, &
WHO)

N

By joining COVAX, both self-financing countries and funded countries will gain access to

the portfolio of available COVID-19 vaccines. Self-financing countries can request vaccine
doses sufficient to vaccinate between 10-50% of their populations, depending upon how
much they buy into it. By pooling resources through the facility, participating countries and
economies are essentially helping to increase the world’s chances of bringing about COVID-19
vaccines as quickly as possible, and in the quantities needed. Subject to funding availability,
funded countries will receive enough doses to vaccinate up to 20% of their population in the
longer term. Since demand is initially likely to exceed supply, allocation will be spread across
countries based on the number of doses that are available and increased as availability
increases (Gavi, 2020d).
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Country Readiness and Regulation

Preparation Requirements for a COVID-19 Vaccine

Numerous considerations need to be factored in for an effective country deployment of a
COVID-19 vaccine. On November 16th 2020, WHO issued a document ‘Guidance on developing a
national deployment and vaccination plan for COVID-19 vaccines' directed at national authorities
who are responsible for managing deployment, implementation and monitoring of COVID-19
vaccines, as well as partners who provide the required support. The document covers major
areas key to enabling the successful deployment, implementation and monitoring of COVID-19
vaccines. Key considerations for any country preparing for COVID-19 vaccine deployment and
distribution are summarized below (WHO, 2020e):

Key Area Considerations
Regulatory « Regulatory requirements including importation and customs clearance procedures
Preparedness + Expected challenges or exemptions that may be required regarding importation
and use
+ National regulatory pathways being put in place to expedite vaccine availability
Planning and « COVID-19 coordination mechanism and integrated efforts at country level
Coordination + Consideration on whether the country has adapted an existing national governance

mechanism or established novel channels for coordination and collaboration with
advisory bodies

Costing and + Vaccine costing and funding plan

Funding + Additional costs for vaccine deployment and distribution

Identification « Mechanism for order of priority

of Target + Vaccination strategies for each target group (campaigns, schools, mobile clinics,...)
Population + System adjustments required to build/strengthen the appropriate vaccination
and Delivery platform, including non-conventional vaccine delivery approaches to reach
Strategies identified target groups

* Infection Prevention and Control measures, including adequate PPE to minimize
exposure risk during immunization sessions
* Opportunities for integrating COVID-19 vaccination with other health interventions

Preparation of | » Assessment of potential ports of entry, points of storage, transportation capacity
Supply Cain and and cold chain capacity (categorized at +2°C to +8°C, -20°C, and -60°C to -80°C

Management storage temperatures)
of Healthcare + Assessment of issues, requirements and challenges related to transportation of
Waste vaccines and supplies
+ Estimating cold chain and dry store capacity requirements, issues, challenges and
solutions

+ Description of distribution processes including identified gaps, challenges and
solutions to complete vaccine deployment prior to vaccination start date

« Summary of the volumes, doses, and ancillary items to be distributed by areas/
zones

+ Assessment of current waste management capacity and practices and the changes
or upgrades needed to accommodate additional volume of wastage due to the new
vaccine, and plans for upgrading the waste management system
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Key Area Considerations
Human National overview of human resources by category
Resource Determination of the need for additional human resources, including staff for
Management community mobilization, cold chain and supply chain management, and other
and Training support functions

Training strategy

Supportive supervision system
Vaccine Development of a targeted, multicomponent and costed plan to achieve high

Acceptance and
Uptake

acceptance and uptake

Design of interventions across a range of key areas: national advocacy and
stakeholder engagement, communications and media engagement for public
information, risk communications and community engagement, engagement
and capacity building of frontline health workers to support their role as vaccine
recipients and as vaccinators, and misinformation management

Vaccine Safety
Monitoring

Strategy for post-deployment surveillance

Role of national safety committee (with the participation of scientific societies,
regulatory authorities and immunization programs)

Line of reporting and roles and responsibilities of staff

Immunization

Data needs and monitoring objectives including indicators to be used

Monitoring Determination of the system to be used to record, report, analyse and use
Systems vaccination data and dashboard to be used to monitor COVID-19 vaccination
COVID-19 Assessment of the need for modification or replacement of COVID-19 surveillance

Surveillance

system to respond to the country’s evolving needs
Determination of the objectives and type of surveillance

Evaluation
of COVID-19
Vaccine
Introduction

Evaluation of vaccine effectiveness and the technical support for such evaluation
Plans for post-introduction evaluations, including aspects of vaccine program

to be evaluated (importation, regulatory, supply/cold chain, wastage, coverage
among total population and key risk groups, safety monitoring, and others)
Lessons learned, in addition to a consultative exercise at national and
subnational levels, involving different stakeholders
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Public Perception of COVID-19 Vaccine

Public perception regarding COVID-19
vaccines have spanned over the whole
spectrum from utmost enthusiasm
and support to extreme criticism and
rejection, particularly on social media
platforms. Several conspiracy theories
have recently come to light regarding an
ulterior motive behind COVID-vaccines.
Some anti-vaccination campaigners
have claimed that a woman who took
part in a UK vaccine trial died (Ball,
2020). Other narratives claim that Bill
Gates had himself created the virus,
patented it, and is currently supporting
vaccine manufacture to control people
(Ball & Maxmen, 2020), through the
implantation of microchips (Ball, 2020).
In Pakistan, it has been perpetuated
by some that COVID-19 -including its
treatments and vaccines- is a grand
illusion and a conspiracy against Muslim
countries (Khan et al., 2020).

Social media has a role in disseminating misleading information. One study assessing debates
and discussions surrounding vaccines that emerged from the global pool of around three billion
Facebook users revealed that although smaller in overall size, anti-vaccination clusters manage
to become highly entangled with undecided clusters in the main online network, whereas
pro-vaccination clusters were more peripheral (Johnson et al., 2020). In Twitter, one study
demonstrated that falsehood diffused significantly farther, faster, deeper, and more broadly
than the truth in all categories of information (Vosoughi, Roy & Aral, 2018). Expectedly, beliefs
in COVID-19-related conspiracy theories were inversely related to the (a) perceived threat of
the pandemic, (b) adopting preventive actions (including wearing a face mask), (c) perceived
safety of vaccination, and (d) intention to be vaccinated against COVID-19 (Romer & Jamieson,
2020). In a step forward in the fight against vaccine misinformation, even months before the
onset of COVID-19 pandemic, Facebook announced on September 4, 2019 that user searches
for vaccine-related content will be directed to either the US Centers for Disease Control and
Prevention or the World Health Organization websites for accurate information regarding
vaccines (WHO, 2020f).
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When assessed formally in a research study, positive results regarding public vaccine acceptance
were predominantly revealed. In a study in Italy, 86.1% Italian university students reported
that they would choose to have a vaccination for the COVID-19 virus while 13.9% students
reported that they would not or are hesitant to get the vaccine (Barello, Nania, Dellafiore,
Graffigna, & Caruso, 2020). In an online public survey in France, 26% of respondents stated
that they would not use a vaccine against COVID-19 if it becomes available. The social profile
of reluctant responders is worrying as this attitude was more prevalent among low-income
groups (37%), who are generally more exposed to infectious diseases, among young women
(36%), who typically play a crucial role regarding childhood vaccination, and among people
aged older than 75 years (22%), who are inherently at an increased risk for severe illness from
COVID-19 (Coconel Group, 2020). As for caregivers, 65% of caregivers reported that they intend
to vaccinate their child against COVID-19 once a vaccine is available. The most common reason
reported by caregivers intending to vaccinate was to protect their child (62%), and the most
common reason reported by caregivers refusing vaccination was the vaccine's novelty (52%)
(Goldman et al., 2020).
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Several factors have been associated with vaccine acceptance and uptake:

* An increase in vaccine efficacy, an increase in protection duration, and a decrease in
major adverse events was also associated with a higher vaccine uptake.
+ An FDA emergency use authorization was associated with a lower probability of
" receiving a vaccine, similarly for a vaccine that originated from a non-US country (Kreps
2 et al., 2020).
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One analysis in six high-income countries found that among caregivers, increased
intended uptake was associated with children that were older, children with no chronic
iliness, children up-to-date on their vaccination schedule, recent history of vaccination
" against influenza, and caregivers concerned their child had COVID-19 at the time of
5 survey completion (Goldman et al., 2020).
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Employment within the healthcare sector in a high-income country did not significantly
influence respondents’ acceptance or rejection of a potential COVID-19 vaccine.

Healthcare staff involved in the care of COVID-19 positive patients, and individuals

considering themselves at risk of disease, were more likely to self-report acceptance of
COVID-19 vaccination.

In contrast, parents, nurses, and medical workers not caring for COVID-19 positive
patients expressed higher levels of vaccine hesitancy (Dror et al., 2020).

Healthcare Provider Perceived Risk
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* Inltaly, willingness to COVID-19 vaccine correlated with trustin research and in vaccines,
which decreased between phase 1 and phase 2 of the Italian pandemic (Palamenghi,
Barello, Boccia, & Graffigna, 2020).

Trust in Research and Vaccines

* In the US, participants were more willing to get a COVID-19 vaccine if their healthcare
provider would recommend it (Reiter, Pennell, & Katz, 2020).

Endorsements from the US Centers for Disease Control and Prevention and the World
Health Organization were associated with higher probabilities of choosing to take a
vaccine (Kreps et al., 2020).

Medical and Official Endorsement

In France, participants' acceptance of a vaccine against COVID-19 strongly depended
on their vote at the first round of the 2017 presidential election: those who had voted
for a far left or far right candidate were much more likely to state that they would
refuse the vaccine, as well as those who abstained from voting (Coconel Group, 2020).

Vaccine endorsement by President Trump was associated with a lower probability of
choosing to take a vaccine (Kreps et al., 2020).

Another expressed concernrelated to political interference was that political appointees
may insist on an Emergency Use Authorization for a vaccine over the recommendation
of FDA career scientists. Such interference would both present a direct risk to the US
public and cause incalculable damage to public trust in the federal government’s ability
to make critical scientific decisions (Bauchner, Malani, & Sharfstein, 2020).

Political Affiliation and Interference
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In 2019, the World Health Organization named vaccine hesitancy as one of the top 10 threats to
global health. The call was made amid numerous measles outbreaks, when global uptake rates
for the measles, mumps, and rubella vaccine slipped to 85%, down from the required target of
95% (WHO, 2019). In response to the emerging COVID-19 hesitancy, several interventions were
designed to enhance acceptance and increase uptake. In particular, behavioural research has
shown that vaccine acceptance and uptake can be increased by adopting the three strategies
below (WHO, 2020i).

Creating an Environmental factors include location, cost, time, the experience of being
enabling vaccinated, information, default arrangements, and health regulations or mandates.
environment | Reducing barriers and making it easy to get vaccinated will increase vaccine uptake,
-making especially for people who are not deliberately avoiding vaccination (Schmid et al.,
vaccination 2017).
practical, Examples of enabling environments:
easy, and + Setting as a default vaccinating all students will likely result in a higher vaccination
affordable, in rate than if the default is to provide vaccination only to those who opt in (Giubilini
all relevant etal., 2019)
respects. « Making vaccines easily accessible in safe, familiar and convenient locations, such
as drop-in clinics (Schoch-Spana et al., 2020)
+ Ensuring that proper safety measures are visibly in place (Saso, Skirrow, &
Kampmann, 2020)
« Ensuring that health care and community workers are well trained and well
supported (WHO, 2020g)
Harnessing + Making social norms in favor of vaccination: Communication efforts to promote
social the perception that the majority of people are getting vaccinated are likely to
influences increase vaccination acceptance (Bruine de Bruin, Parker, Galesic, & Vardavas,
- especially 2019).
from people + Highlighting new and emerging norms in favour of vaccination: Allowing people to
who are learn that others are increasingly engaging in certain behaviours will encourage
particularly them to follow similar behaviors (Sparkman & Walton, 2017)
trusted by + Leveraging the role of health professionals: Early priority groups for COVID-19

and identified
with members
of relevant
communities.

vaccines include health professionals, who are often the most trusted source

of advice on vaccination (Dubé et al., 2013). Studies have shown that health
professionals are more likely to recommend vaccination if they themselves have
been vaccinated. As such, targeting efforts to facilitate the vaccination of health
professionals can in turn lead to greater acceptance and uptake by the general
population. Such efforts can include improving health professionals’ knowledge
about the vaccine as well as increasing their co-workers’ support for the vaccine
(Paterson et al., 2016).

+ Supporting health professionals to promote vaccination: Health professionals
should be equipped with tools to effectively encourage people to get vaccinated
against COVID-19 (Leask et al., 2012).

+ Amplifying endorsements from trusted community members: Endorsers that
share similar values and characteristics with the relevant group (such as religious
or ethnic identity) are more likely to be influential (CASS, 2020). Endorsement of a
COVID-19 vaccine by prominent scientists has also been found to increase trust in
the vaccine (Bokemper, Huber, Gerber, James, & Omer, 2020).
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Increasing + Building timely trust in vaccines: Strategies which aim to change people’s
motivation - thoughts and feelings towards vaccination have not always been successful
through open in increasing uptake (Brewer, Chapman, Rothman, Leask, & Kempe, 2017). It
and transparent is therefore important to focus on building trust in COVID-19 vaccines before
dialogue and people form an opinion against them.

communication + Widely rolling out a vaccine followed by announcements of adverse risks
about uncertainty can lead to long-lasting damage in confidence in the vaccine (Mills, Rahal, &
and risks Brazel, 2020). Communicating consistently, transparently, empathetically and

proactively about uncertainty, risks, and vaccine availability will contribute to
building trust.

+ Leveraging anticipated regret in communications: Anticipated regret has been
shown to be a strong predictor of vaccination, and there is potential promise
in evoking it to encourage vaccination (Brown et al., 2010). This can be done
through highlighting the consequences of inaction.

+ Emphasizing the social benefits of vaccination: Communicating the social
benefits of vaccination has been found to increase vaccination intention,
particularly when the risk associated with vaccination is low and getting
vaccinated involves little effort (Betsch, Bohm, & Korn, 2013). In the context of
COVID-19, where there can be prolonged duration of illness, putting emphasis
on the economic benefits, such as being able to stay in the workforce and
provide for one’s family, might encourage vaccine uptake.

Implementation Considerations

Communication strategies about vaccines should consider the following (COVID-19
Global Evaluation Coalition, 2020):
Identify people’s concerns and misconceptions about the disease and the vaccine
Provide information that people regard as trustworthy
Ensure that it is easy to find information about how the vaccine was developed,

its contents, effects and safety, and the background for the decision to
recommend it

Provide information that is transparent; consistent; timely; understandable; and
accessible, including among hard-to-reach groups

Provide practical information about where to get the vaccine and the vaccine
procedure
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Ethical Considerations

With a sense of urgency to develop a COVID-19 vaccine, trade-offs in scientific and social value
have surfaced. Several issues such as those pertaining to the use of healthy volunteers in trials,
the equitable distribution of the vaccine at the inter and intra country level, as well as the
principle of autonomy in the context of a COVID-19 vaccine have been persistently a matter of
debate. A glimpse of the controversies and ethical concerns that have emerged in the past few
months is presented in the section below.

CONTROVERSIES SURROUNDING COVID-19 VACCINE RESEARCH TRIALS

Human challenge | Young, healthy people will be intentionally exposed to the virus responsible for
trials COVID-19 (Callaway, 2020; Cohen, 2020), with over 38,000 people demonstrating
willingness to participate in COVID-19 human challenge studies with 1Day
Sooner, a non-profit organization. In this regard, the UK government has
invested £33.6 million to support such trials (McPartlin et al., 2020).

Human challenge trials may prove beneficial for second and third generation
vaccines and can help to answer essential questions about COVID-19 immunity,
such as correlates of protection and pathogenesis (McPartlin et al., 2020).
Moreover, such trials have been compared to firefighting and living kidney
donation, activities that are permissible and justified despite their risks (Dawson,
Earl, & Livezey, 2020).

On the other hand, human challenge trials have the potential to be exploitative
as there are disparities in power, information, and control between researchers
and volunteers (Dawson, Earl, & Livezey, 2020). The risks to participants in
challenge studies are too uncertain and too great to be permitted (McPartlin

et al., 2020). They are unlikely to accelerate the development of the first
vaccines to hit the market (McPartlin et al., 2020) and may not even result in the
development of a useable vaccine (Richards, 2020). There is also a concern that
people will participate for the money without appreciating the risks (Callaway,
2020). In addition, there is a risk of community spread of the virus from
participants. Participants in human challenge trials might have rightful claim to
prioritization for critical care resources such as ventilators or other treatments
that are in short supply. Such prioritization, which is based on the principle of
reciprocity, might come at the cost of non-participants, with consequent negative
health effects (Schaefer et al., 2020). Moreover, some social groups, including
Black, Asian, and minority ethnic groups, are at higher risk of the virus because
of structural injustice. Selecting people form these groups for participation

in challenge studies would compound unfairness and wrongly increase the
burdens they face (McPartlin et al., 2020). Additionally, conducting these
experiments may damage the reputation of research and researchers and may
lead to long-lasting diminished public trust, in other words ‘the start of a slippery
slope in research’ (Richards, 2020).
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[
Using human Senior Catholic leaders in the U.S. and Canada, along with other antiabortion
fetuses in groups raised ethical objections to COVID-19 vaccine candidates that are
research manufactured using cells derived from human fetuses electively aborted

decades ago. Such fetal cells are used as factories to make adenoviruses that
carry genes for COVID-19 (Wadman, 2020).

Participation of | Care must be taken when testing COVID-19 vaccine in disadvantaged
disadvantaged populations such as prisoners (Strassle et al., 2020; Wang et al., 2020) and
populations certain ethnic groups. In Africa, for example the benefits of testing a coronavirus
vaccine where there are no masks or treatments available is questioned
(Hellmann et al., 2020). However, the exclusion of African populations from
COVID-19 vaccine trials rests on the assumption that an efficacious vaccine
developed and tested elsewhere is effective in African populations which
unfortunately may turn out not to be the case (Singh, 2020).

Selecting the Scientists and researchers must find the most ethical way to proceed when
comparative arm | comparing a purportedly promising vaccine against a purportedly less promising
when testing a one. The same challenge arises when one effective vaccine has been successfully
new vaccine developed against an epidemic disease and researchers seek to test the efficacy
of another vaccine for the same pathogen in clinical trials involving human
subjects. On one hand, it is a firm principle of medical ethics that an effective
treatment or vaccine should not be withheld from patients. On the other hand, it
may be justified to conduct a trial for a candidate vaccine if it is expected to have
certain advantages compared with the existing product (Eyal & Lipsitch, 2020).
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CONTROVERSIES SURROUNDING COVID-19 VACCINE IN REAL LIFE PRACTICE

Prescribing On one hand, insisting on normal practice may delay potentially life-saving
vaccines before |interventions. On the other hand, the trust placed in licensed medicines is a
data is publicly strong reason for insisting on full data transparency and reporting, even in the

available face of a pandemic (Johnson et al., 2020).
Immunity Chile, Germany, and the UK, among others, have indicated they will implement
Passports certifications that a person has contracted and recovered from COVID-19 or

has received a COVID-19 vaccine. Certifications of immunity, also known as
“immunity passports”, raise important questions about fairness, stigma, and
counterproductive incentives. Despite intended for public health benefit,
immunity passports could cause more harm than good by creating a false sense
of immunity and facilitating spread. More seriously, perceived gains of immunity
passports might encourage uninfected people to relax protective measures and
actively seek infection (Persad & Emanuel, 2020). Moreover, positive serology
requirements of immunity passports could encourage forgery, illegal markets, or
fraud by unethical physicians or testing facilities. If equal access to an effective
vaccine cannot be provided, the economic and social disadvantages of being
unvaccinated will create an incentive for people to try and obtain a vaccine or
an immunity status by unlawful means. Black market, fake vaccines, sale of false
vaccination certificates, and crime are all expected to rise then (Cheong, Allotey,
& Reidpath, 2020).

Autonomy Unfair access to vaccines will also create inequalities in rights and freedom.
Those who are unable to obtain the vaccine may find their privacy threatened
with temporary monitoring measures becoming permanent fixtures in their
lives, exposing details of their movements and activities. The unvaccinated

may also find themselves restricted from travel, public areas, and health care
facilities. Their children may be restricted from nurseries and employment
opportunities may be limited for them (Cheong, Allotey, & Reidpath, 2020;
Persad & Emanuel, 2020).
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Equity Organizations globally have affirmed the commitment to fair global access.
Barriers for low-income countries include the inability to afford vaccines as well
as inadequate resources to vaccinate (Liu, Salwi, & Drolet, 2020). In this regard,
recent history is not encouraging, as powerful antiviral drugs revolutionized
HIV treatment in the West in 1996, saving many lives, but it took 7 years for

the drugs to become widely available in Africa, the hardest hit continent by the
disease (Kupferschmidt, 2020).

To secure equity across countries, COVAX is working on accelerating the
development and manufacturing of COVID-19 vaccines and ensuring that there
is fair and equitable access to these vaccines for all countries. This is done
through supporting low-income countries and organizing the process of vaccine
distribution among funded and self-financing countries (Gavi, 2020d).

Within countries, The WHO has also published a guidance document to

inform the prioritization of COVID-19 use during each epidemiological setting
(community transmission, sporadic cases/cluster of cases, and no cases). This
roadmap document takes into account the heightened risk of infection and
complications imposed by COVID-19 virus on specific populations such as
healthcare workers, elderly, those with comorbidities, and those with specific
sociodemographic characteristics (WHO, 2020h).

Politicization Despite being a global public good, it is clear that the vaccine allocation across
of COVID-19 countries would not be an easy process because supply is likely to remain much
Vaccines below the demand, especially during the initial stages. Concerns of 'vaccine
nationalism', where deals are being struck between powerful countries and
manufacturers to garner the initial and major shares possible of doses being
produced, have been heard (Gupta & Baru, 2020).

On another note, in April 2020, a whistle-blower lawsuit was filed alleging
inappropriate pressure from the White House to promote an unproven
treatment (hydroxychloroquine) for COVID-19. Under pressure from President
Donald Trump, the FDA had issued an emergency-use authorization for the
medication in March, only to backtrack weeks later. In addition, In August

2020, the FDA commissioner, Stephen Hahn, stood with the president on the
eve of the Republican National Convention to announce the authorization of
convalescent plasma as treatment for COVID-19. The president made misleading
statements about the evidence supporting this treatment and asserted without
evidence that FDA staff were holding up approvals for political reasons. Such
incidents, which were intended to produce political gains, have undoubtedly
affected the integrity of FDA. Similar political interferences are feared during the
development process of COVID-19 vaccines (Sharfstein, 2020).
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Deploying a COVID-19 Vaccine in Lebanon

The case in Lebanon is like no other country. The
pandemic struck at a time of political, economic,
and social disruption. The country was hit hard

by the August 4 explosion which killed at least
200 people, injured more than 6000, and left
300,000 homeless. Following the explosion,

three hospitals were non-functional and another
two suffered substantial damage. In addition, 17
containers with essential medical supplies and a
shipment of personal protective equipment were
destroyed at the port (Devi, 2020). Emigration of
doctors and nurses accelerated post the explosion
(The National News, 2020a), further adding

strain to an already threatened health system.
The pandemic also arrives at the brink of an
impending economic breakdown, banking sector
collapse, diminished buying capacity, and threats
of withholding subsidies on commodities and
medicines. The availability of basic resources such
as uninterrupted electricity, which is a must for
the optimal storage of the vaccine, is threatened
as a result of possible withholding of subsidies on
fuel. Moreover, the pandemic hits on a background
political laxity, corruption, revolution, and eroded
public trust.

The awaited Pfizer/BioNTech
vaccine is estimated to cost
around 20% per dose, which
sums up to 40$ for the full
course (Observer, 2020). For an
average household of 5 persons,
the vaccination cost will be
200$. Knowing that MOPH and
COVAX will cover only a limited
proportion of the population,
and if subsidies were withheld,
the majority of the population
will be left to pay more than
twice the minimum monthly
wage of 675,000 L.L. to get the
vaccine, provided that sufficient
amounts of the vaccine were
imported. In other words, a large
proportion of the population will
g0 unvaccinated.

However, notwithstanding the ongoing health, political,
and economic crises in Lebanon, efforts were made to
secure the country's share of the vaccine. On November
23rd 2020, the Ministry of Public Health announced
that Pfizer/BioNTech vaccine will arrive in Lebanon by
mid February 2021, after conducting early negotiations
with the company. According to the MOPH, 15% of the
population will receive the vaccine for free (covered

by the MOPH), while 20% will be hopefully covered by
COVAX (MOPH, 2020c). Autonomy will be respected as
vaccination will be a voluntarily process, offered initially
to pre-determined priority groups (Lebanon Debate,
2020). Vaccination plans for the remaining population
have not been announced yet. However, it is expected
that COVID-19 vaccines produced by other companies
will eventually reach the Lebanese market (Lebanon
Debate, 2020).
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Alongside the MOPH efforts to secure Pfizer/BioNTech

vaccine, the National Committee for COVID-19 Vaccine On another note, there exists
was convened. The goal of the committee is to (MOPH, 12 refrigerators in Lebanon
2.020d)1 where the vaccine can be stored

Prepare a mechanism for approval, purchase,

registration, receipt and distribution of the vaccine between minus 80°C and minus

Monitor side effects 60°C. The WHO has promised to
Mo.nito.r t.he cold cha?n and other i§sues related to provide six more (The National
maintaining the quality of the vaccine News, 2020b).

Identify and prioritize target groups
Ensure that the vaccine reaches the target groups in a
practical and equitable manner

Similar to other countries, Lebanon needs to take into account the general considerations
outlined in WHO document “Guidance on developing a national deployment and vaccination
plan for COVID-19 vaccines”. However, in view of the turbulent state of the country, successful
deployment and vaccination necessitates:

+ Political will and prioritization of public health over all other considerations

+ Rebuild of public trust through transparency and communication

+ Securing essential pre-requisites for all stages of deployment

+ Wise use of the finite resources

+ Development of retention plans for health professionals

+ Control of black market and side deals

* Inclusion of marginalized populations such as refugees and immigrant workers

* Minimizing out-of-pocket payments

+ Commitment to the principles of autonomy and equity
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Appendices

Appendix 1: COVID-19 Transmission and the Role of Herd Immunity

Adopted from Randolph & Barreiro, 2020

(A) SIR (susceptible, infectious, recovered) model for a completely immunizing infection with an RO = 4.
The model assumes a closed population in which no people leave and no new cases are introduced.
Following the introduction of a single infected individual, the proportion of infected individuals (red
line) increases rapidly until reaching its peak, which corresponds to the herd immunity threshold.
After this point, newly infected individuals infect fewer than one susceptible individual, as a sufficient
proportion of the population has become resistant, preventing further spread of the pathogen (orange
line).

(B) Schematic depiction of the disease propagation dynamics when one infected individual is
introduced into a completely susceptible population (top panel) versus a situation in which an infected
individual is introduced into a population that has reached the herd immunity threshold (bottom
panel). In the naive population, an outbreak quickly emerges, whereas under the scenario of herd
immunity, the virus fails to spread and persist in the population.
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Appendix 2: Stages of Vaccine Development (FDA, 2020b)

Research and Discovery: Scientists develop a rationale for a vaccine based on how the infectious
organism causes disease. The scientists then conduct laboratory research to test their idea for a

vaccine candidate.

Preclinical: Before a vaccine can be tested in people, a researcher performs additional laboratory
research and testing in animals to obtain information about how the vaccine works and whether it's

likely to be safe in humans.

Clinical Development: When the researcher is ready to begin studies in humans, they compile the
results of their laboratory and other preclinical testing, as well as information pertaining to the
manufacturing technology and the quality of the vaccine and submit these to FDA in the form of an
Investigational New Drug application. Under the oversight of FDA, studies conducted in people typically
cover three phases that may progress sequentially or overlap.

Phase 1 - Emphasis during this
phase is on safety and generally
includes 20-100 volunteers

who haven't been exposed to
the disease being studied and
who are generally otherwise
healthy. These studies are used
to determine whether there are
adverse reactions with increasing
doses and, if possible, to gain
early information about how well
the vaccine works to induce an
immune response in people.

Phase 2 - In the absence of safety
concerns from phase 1 studies,
phase 2 studies include more
people, where various dosages are
tested on hundreds of people with
typically varying health statuses
and from different demographic
groups, in randomized-controlled
studies. These studies provide
additional safety information,
examine the relationship between
the dose administered and the
immune response, and provide
initial information regarding

the effectiveness of the vaccine.
Studies typically also include a
control group consisting of people
who may receive an FDA-approved
vaccine, a placebo or another
substance.

Phase 3 - The vaccine is generally
administered to thousands

of people and the study
generates critical information

on effectiveness and additional
important safety data. This phase
includes additional information
about immune response and
compares those who receive the
vaccine to those who receive a
control. These studies also provide
information about the vaccine’s
safety including the identification
of less common side effects.
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Appendix 3: Categories of COVID-19 Vaccines (Gavi, 2020a)

WHOLE VIRUS Use whole viruses to trigger an immune response. There are
two main approaches. Live attenuated vaccines use a weakened form of the
virus that can still replicate without causing illness. Inactivated vaccines use
viruses whose genetic material has been destroyed so they cannot replicate,
but can still trigger an immune response. Both types use well-established
technology and pathways for regulatory approval, but live attenuated ones
may risk causing disease in people with weak immune systems and often
require careful cold storage, making their use more challenging in low-resource
countries. Inactivated virus vaccines can be given to people with compromised
immune systems but might also need cold storage.

PROTEIN SUBUNIT Subunit vaccines use pieces of the pathogen, often
fragments of protein, to trigger an immune response. Doing so minimises the
risk of side effects, but it also means the immune response may be weaker.
They often require adjuvants, to help boost the immune response.

NUCLEIC ACID Use genetic material, either RNA or DNA, to provide cells with
the instructions to make the antigen. In the case of COVID-19, vaccine uses
the viral spike protein. Once this genetic material gets into human cells, cells'
protein factories make the antigen that will trigger an immune response. RNA
vaccines encode the antigen of interest in messenger RNA. Because of its
transitory nature, there is zero risk of it integrating into patients' own genetic
material.The advantages of such vaccines are that they are easy to make,
cheap, and are able to mount a strong immune response. A downside is that
so far, no DNA or RNA vaccines have been licensed for human use, which
may cause more hurdles with regulatory approval. In addition, RNA vaccines
need to be kept at ultra-cold temperatures, -70C or lower, which could prove
challenging for countries that don't have specialised cold storage equipment,
particularly low- and middle-income countries.

VIRAL VECTOR Viral vector vaccines also work by giving cells genetic
instructions to produce antigens. But they differ from nucleic acid vaccines in
that they use a harmless virus, different from the one the vaccine is targeting,
to deliver these instructions into the cell. One type of virus that has often been
used as a vector is adenovirus, which causes the common cold. As with nucleic
acid vaccines, our own cellular machinery is hijacked to produce the antigen
from those instructions, in order to trigger an immune response. Viral vector
vaccines can mimic natural viral infection and should therefore trigger a strong
immune response. However, since there is a chance that many people may
have already been exposed to the viruses being used as vectors, some may be
immune to it, making the vaccine less effective.
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Appendix 4: COVID-19 Vaccines in

2020c¢)

Phase 3 of Development (WHO,

COVID-19
Vaccine
developer/
manufacturer
(Country)

Vaccine
platform

Type of
candidate
vaccine

Number of
doses

Timing of
doses

Route of
Administration

Sinovac
(China)

Inactivated

Inactivated

0,14 days

Wuhan
Institute of
Biological
Products/
Sinopharm
(China)

Inactivated

Inactivated

0,21 days

Beijing Institute
of Biological
Products/
Sinopharm
(China)

Inactivated

Inactivated

0,21 days

University
of Oxford/
AstraZeneca
(UK)

Non-Replicating
Viral Vector

ChAdOx1-S

0,28 days

CanSino
Biological
Inc./Beijing
Institute of
Biotechnology
(China)

Non-Replicating
Viral Vector

Adenovirus
Type 5 Vector

Gamaleya
Research
Institute
(Russia)

Non-Replicating
Viral Vector

Adeno-based
(rAd26-
S+rAd5-S)

0, 21 days

Janssen
Pharmaceutical
Companies
(US)

Non-Replicating
Viral Vector

Adenovirus
Type 26 vector

—_

0, 56 days

Novavax
(Us)

Protein Subunit

Full length
recombinant
SARS CoV-2
glycoprotein
nanoparticle
vaccine
adjuvanted
with Matrix M

0, 21 days
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Appendix 4: COVID-19 Vaccines in Phase 3 of Development (WHO,
2020c¢) (cont'd)

COVID-19 Vaccine | Vaccine Type of Number of Timing of Route of
developer/ platform candidate doses doses Administration
manufacturer vaccine
(Country)
Moderna/NIAID RNA LNP- 2 0, 28 days M
(USA) encapsulated
MRNA
BioNTech/Fosun RNA 3 LNP-mRNAs |2 0, 28 days M
Pharma/Pfizer
(Germany)
Medicago Inc. VLP Plant-derived 2 0, 21 days M
(Canada) VLP adjuvanted
with AS03

Anhui Zhifei Protein Subunit | Adjuvanted 3 0, 28,56 days |IM
Longcom recombinant
Biopharmaceutical/ protein
Institute of (RBD-Dimer)
Microbiology, expressed in
Chinese Academy CHO cells
of Sciences
(China)
Bharat Biotech Inactivated Whole-Virion 2 0, 28 days M
(India) Inactivated
Inovio DNA based INO- 4800+ 2 0, 28 days ID
Pharmaceuticals vaccine electroporation
+ International
Vaccine Institute
(USs)
CureVac AG RNA based CVvnCoV 2 0+28 IM

vaccine Vaccine

DNA: deoxyribonucleic acid  RNA: ribonucleic acid  VLP: virus like particle  IM: intra-muscular  ID: intra-dermal
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