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ABSTRAK

Coronavirus disease 2019 (COVID-19) telah membawa dampak bencana global dalam bidang kesehatan,
ekonomi dan sosial. Indonesia memikul beban yang berat, di mana angka kejadian infeksi dan mortalitas akibat
COVID-19 merupakan yang tertinggi di Asia Tenggara. Salah satu harapan terbesar untuk menghentikan
pandemi COVID-19 adalah vaksin. Upaya pengembangan vaksin terhadap virus etiologi SARS-CoV-2 sejauh
ini menjadi kesuksesan yang luar biasa, menghasilkan berbagai modalitas vaksin dalam waktu yang sangat
singkat. Kandidat yang terdekat menyelesaikan uji klinis fase 3 adalah model vaksin mRNA (buatan BioNTech/
Pfizer, Moderna), virus inaktif (Sinovac, Sinopharm), vektor virus (Oxford/ AstraZeneca, Gamaleya, Janssen/
Johnson&Johnson, CanSino) dan subunit protein (Novavax). Vaksin yang diproduksi oleh BioNTech/ Pfizer
sudah mulai digunakan secara luas sebagai vaksin COVID-19 pertama yang dilisensi. Dalam artikel ini, akan
dibahas mengenai keempat modalitas vaksin ini, serta keamanan dan imunogenisitas dari setiap kandidat
vaksin. Berikutnya akan dibahas hasil uji klinis fase 2/3 dari Sembilan kandidat vaksin dan kondisi terakhir
sampai 29 Desember 2020, serta implikasi terhadap penggunaan dan distribusi vaksin di Indonesia. Situasi
vaksin COVID-19 berjalan sangat cepat dengan perkembangan baru dalam hitungan hari, sehingga diharapkan
tulisan ini dapat diperbaharui kembali pada awal 2021.

Kata kunci: vaksin, COVID-19, Indonesia.

ABSTRACT

The coronavirus disease 2019 (COVID-19) has inflicted catastrophic damages in public health, economic
and social stability—putting life globally on hold in 2020 and presumably a year more. Indonesia bears a heavy
burden of the pandemic, counting the highest case prevalence and fatality rate in all of Southeast Asia. One hope
remains in the groundbreaking universal effort in search of a vaccine against the causative virus SARS-CoV-2,
which has shown success unparalleled in human vaccine development thus far. An array of modalities including
novel techniques are being utilized as vaccine platforms, with the closest to phase Il clinical trial completion
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being mRNA (manufactured by Moderna and BioNTech/Pfizer), inactivated virus (Sinovac, Sinopharm), viral

vector (Oxford/AstraZeneca, Gamaleya, Janssen/Johnson&Johnson, CanSino), and protein subunit (Novavax).
The vaccine produced by BioNTech/Pfizer has been deployed to the public as the first ever licensed COVID-19
vaccine. In this review, we will review all of these modalities on their safety and immunogenicity, phase Il/I11 trial

results of the nine vaccine candidates and current situation as of 29 December 2020, as well as the implication

Jfor use and distribution in Indonesia. COVID-19 vaccine progress, however, is moving exceedingly fast and new

advances are unfolding on a daily basis, to which we hope an update to this review can be published in early 2021.

Keywords: vaccine, COVID-19, Indonesia.

INTRODUCTION

The world changed on the eve of the new
year—a cluster of pneumonia cases of unknown
origin was reported out of a street market on 31
December 2019 in Wuhan, China.' Nine days
later, the causative agent was identified as a
coronavirus subsequently named SARS-CoV-2,
and the clinical spectrum as the coronavirus
disease 2019 (COVID-19).2 The virus is airborne,
highly transmissible between humans with a long
and insidious incubation period, and outbreaks
rapidly escalated out of China to the world,
pushing the World Health Organization (WHO)
to declare a pandemic on 11 March 2020.3 As of
20 December 2020, the number of COVID-19
cases has reached more than 75 million people
with over 1.6 million deaths globally. In
Indonesia, total cases are reaching 650 thousand
with active cases of almost 100 thousand—the
most in Southeast Asia—with 19,390 total deaths
or case fatality rate (CFR) of 3.0%.* At least 100
doctors died, making the death toll of health care
workers in Indonesia as one of the highest in the
world.>® The national index case was announced
on 2 March, traced from a restaurant in South
Jakarta.” Nine months later, over 7,000 new
cases and over 150 daily deaths are reported
as a seven days rolling average in the country,
without once having any signs of slowing down
or bending the curve.*

As a novel zoonotic pathogen that recently
crosses the interspecies barrier, humans have no
reliable pre-existing immunity against SARS-
CoV-2. Prior infection of human coronaviruses
(hCoVs)—particularly the four ubiquitous,
common cold hCoVs—has been proposed to
induce cross-reactive immunity in humoral®® and
CD4+ T cell responses,'®!* but their specificity

to SARS-CoV-2 is poorly defined. Non-
neutralizing immunity may instead create an
erroneous primary immune response.'>'® Indeed,
inept and faulty coordination between adaptive
immune cells and innate response, as typified by
the devastating cytokine storm,'”!® is the main
pathogenesis that leads to severe disease.'**
Defective innate (type I interferon)?! and cellular
(T cells) immunity®**? are the hallmarks of
COVID-19, and both have been suggested as the
culprit for severity among the elderly,” people
with comorbidities,?* and men.?

Studies, however, have shown that people
that survived SARS-CoV-2 infection can achieve
enduring immunity, in the form of sufficiently
high titer of neutralizing immunoglobulin G
(IgG). Antibody titer in the plasma has been
found to be stable until at least five? to eight
months?’ after infection, albeit with marked
variation between persons (as discussed later).
More recently, infection has also been found to
induce SARS-CoV-2-specific long-lived memory
CD4+ and CD8+ T cells,”® memory B cells,”
and mucosal-homing IgA plasmablasts.’® This
suggests the presence of strongly immunogenic
antigen held by the virus, that can be exploited
as an epitope to elicit neutralizing antibodies
(NAbs). These NAbs can both bind the virion
and physically block viral fusion to target
cells, and interact with immune components to
unleash effector actions leading to antibody-
mediated pathogen clearance.’'*> In SARS-
CoV-2, these NAD epitopes are all parts of the
Spike (S) protein: the receptor binding domain
(RBD),* the N-terminal domain (NTD),** and
the conserved parts of S2 subunit.?

Studies in SARS-CoV?*' and MERS-CoV*
have pinpointed the highly neutralizing epitopes
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ofthe S glycoprotein—the outermost crown-like
projections that mediates viral attachment to the
human receptor ACE2.** This was confirmed
to be true as well for SARS-CoV-2 early on in
the pandemic,***"3® allowing for a head start in
COVID-19 vaccine production. The first genetic
sequence of the virus (Wuhan-Hu-1 isolate) was
posted to virological.org on 10 January?*’, and
vaccine-makers the world over started to work on
the S epitope on the very next day. The presence
of furin-cleavage site (FCS)—a tiny stretch of
four amino acids RRAR—in between the S1
and S2 subunits of SARS-CoV-2 S protein was
discovered as the unique yet determining factor
of its greater infectivity, compared to previous
coronaviruses.**** Fortunately, the strongest
neutralizing epitope, i.e. the RBD of S, is
relatively highly conserved and vaccine directed
towards this epitope may cover all circulating
SARS-CoV-2 strains.’®* Thus, the Achilles
heel was located and vaccine construction
commenced using the S epitope blueprint. This
is a galvanized global effort; COVID-19 vaccine
development has set a record speed in the history
of human vaccines. As of 28 December 2020,
WHO has listed 222 vaccine candidates in
development, 56 of them in clinical trials and
most of which are protein subunit designs.*
Vaccine development was further accelerated by
overlapping clinical trial phases (1/2 or 2/3) and
running several phase 3 trials in parallel, without
sacrificing methodological integrity.*

RATIONALE FOR VACCINE-INDUCED
IMMUNITY

The adage that ‘natural infection gives better
immunity than vaccination’ have been held as
a long-standing belief, including among health
professionals. Nevertheless, vaccine technology
has progressed so much in the last two decades
that this outcome should be the exception rather
than the norm. Recent vaccines for human
papillomavirus* and varicella zoster virus*’ are
two examples where vaccine-induced immunity
is vastly superior to primary infection. As for
SARS-CoV-2, the superiority of vaccine-based
immunity has been proven in immunogenicity
studies of frontier vaccine candidates: post-
vaccination antibody assays showed higher
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neutralizing anti-S-IgG compared to that of
convalescent plasma (will be discussed more
later).*® Analyzing the mean IgG titer revealed
how vaccines triggered consistently high
levels of NAb across subjects, while natural
infection brought about a widely varied immune
response.*!

The divergence in immune response
corresponds to the multifaceted clinical picture
of COVID-19. Up to 45% infections were
asymptomatic®* yet 20% of older people were
hospitalized, and two-thirds of people aged
>70 were at risk of respiratory distress and
multi-organ failure.>* The host-virus interplay
is exceedingly complex for SARS-CoV-2. The
virus itself is capable to evade immune detection
(see bulleted points below) and attack multiple
organs (e.g. heart, kidney,* and gut’) through
the ubiquitous ACE-2 receptor,’® with added
tropism via coreceptors such as neuropilin®
to attack neurons.®® As for host, genome-wide
association studies (GWAS) have uncovered
subtle genetic nuances affecting COVID-19
severity such as the ABO blood type (higher
risk in non-O)°', viral coreceptor TMPRSS2,%
gene relating to intracellular viral detection
(0AS1/2/3). innate response (interferon receptor
gene, IFNAR, tyrosine kinase TYK?2),* and
trafficking of immune cells (CCR2, CXCR6).%
The sheer amount of determinants to the arms
race between host and the virus therefore implies
the unreliability of immune response toward
natural infection, and the peril of depending on
it to achieve herd immunity in the population.®

Another proof is reinfection cases. As of 28
December 2020, 30 reinfection cases have been
reported worldwide, with one death and mostly
mild first infection.®® This number is severely
underreported—because the second infection
can be mild,*” and whole genome sequencing
is necessary to distinguish reinfection from
persistent non-infectious viral shedding, which
can last for 80 days.® Antibodies naturally wane
over time® and people with weak initial response
may eventually seroreverted, especially in mild
symptoms—US Centers for Disease Control
and Prevention (CDC) reported 28% IgG
seroreversion after two months among people
with mild COVID-19.7%"" While the durability
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of vaccine-induced antibodies is not known yet,
most vaccine candidates have shown strong
initial IgG induction from the first dose.* !
Early functional antibody response within 14
days of symptoms correlates with disease severity
and chance of recovery,” and delayed humoral
immunity is evident in lethal COVID-19%,
highlighting the importance of achieving strong
pre-immunity via vaccine priming. Two-dose
vaccination also presents a higher chance to
develop enduring immune memory via memory

T and B cells as well as long-lived plasma

cells, as compared to one-time exposure to the

pathogen (Figure 1).”* Other immunological
reasonings in support of vaccines over naturally
induced immunity are given as follows:

- Whole virus particle presents a variety
of multivalent antigens for B and T cell
recognition. A wide breadth of antibodies is
beneficial in some infections e.g. HIV-1,
but not necessarily in SARS-CoV-2—a virus
with narrow diversity and an awfully slow
mutational rate.”®”’ Antibodies against the
nucleoprotein (N), open reading frame 3b
(ORF3b) and ORF8 are dominantly produced
after natural infection,”® which is useful for
diagnostic purposes but do not aid as much
in viral neutralization.” ORF8 is specifically
linked with non-neutralization and immune
evasion via MHC I downregulation.®
Conversely, vaccines with partial epitope
design, e.g. protein subunit and nucleic
acid, enable the introduction of specific and
best selection of antigen to elicit immune
response, which do exist in SARS-CoV-2:
the S antigen.

- The S protein nonetheless has an element
of plasticity that may modify recognition
by the host immunity. The upper part of
spike protein (S1) consists of three identical
peptides that can exist in either “up” or
“down” configuration, affecting its RBD
area.’! At least two of the three peptides
need to be open for the RBD to fuse with
the ACE2 receptor, and thus the “up”
(or open) shape is preferred to infect the
target cell. Coincidentally, this “up” shape
also leaves the S1 vulnerable to antibody
binding.?? On the other hand, “down”

(or closed) conformation may lessen the
antibody detection of RBD, necessitating
immune recognition via non-RBD sites, i.e.
the NTD and S2 epitopes.®'** The D614G
mutation—currently accounts for >99% of
globally circulating SARS-CoV-2—Iloosens
the connections between peptides and more
functionally supports the “up” orientation.®*
In regard to vaccine design, studies in
previous coronaviruses have discovered that
the addition of two prolines (2P) in the central
helix of S2 stabilizes the RBD in the “up”
conformation.’ Thus, introduction of this
synthetic S-2P optimizes antibody response
toward infectious virion, which may not be
achieved via the natural structure of S. This
S-2P motif is now used by BNT/Pfizer,*
Moderna,* Novavax,? and Janssen/J&J.%’
Similarly, synthetic production may permit
enhancing non-epitope modifications that
support the longevity of the S protein, that
otherwise do not exist in the natural antigen.
For example, changing the FCS residues in the
S1-S2 junction from RRAR to QQAQ renders
the protein to become protease resistant. This
3Q motif'is used by Novavax.®

The flexibility of S protein also enables it to
change shapes before and after fusion with
its cognate target receptor.®® The distinctive
crown-like coronaviruses’ spike is the pre-
fusion S. The post-fusion S is needle-like,
rigid and coated with glycans, which allow
it to survive a harsher environment and also
hide the RBD epitope, thus evading immune
response by inducing non-neutralizing
antibodies (non-NAb).* Therefore, the pre-
fusion S—especially with “up” RBD—is
the prime immunogen. While pre-fusion S
construction is easily achieved in nucleic
acid and subunit vaccine designs, chemical
inactivation of virus may alter the S structure
into the post-fusion shape. The electron
immunograph of the pilot version of
inactivated vaccine by Sinovac, for example,
showed needle-like projections on the viral
surface.”

Coronaviruses naturally excel at evading
innate detection by pattern recognition
receptors (PRRs), especially Toll-like
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receptors (TLRs)’' and retinoid acid-
inducible gene T (RIG-I) receptors,’>** by
hiding their RNAs and pathogen-associated
molecular patterns (PAMPs). Failed early
detection by innate immunity leads to poor
initiation of type I and type III interferon
responses, which are the hallmarks of severe
COVID-19. Innate immunity stimulation
by several types of vaccine such as the
immunogenic adenoviral vector,”* as well
as vaccine adjuvants,” facilitates strong
induction of the more specific adaptive
immune response. Adjuvants used in SARS-
CoV-2 vaccines are CpG (TLR9 agonist)®® by
Sinovac, Matrix-M (saponin)’’ by Novavax,

and Advax (delta inulin)®® by Janssen/
Johnson & Johnson.”

VACCINE MODALITIES AND THEIR
COMPARISON

Inactivated Virus

Viral inactivation is one of the oldest, tried-
and-true methods to create vaccines, and have
been applied to various bacterial and viral diseases
such as typhoid, influenza, and human papilloma
virus.'” Viruses are first grown in mammalian
cell culture before inactivated with chemicals
of either formaldehyde or B-propiolactone. The
method is straightforward and relatively easy,
but is time-consuming and the yield depends on
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Figure 1. Immunogenesis in the natural infection of SARS-CoV-2. SARS-CoV-2 infects target cells in the lung tissue via ACE-
2 receptor and coreceptors (not shown), where the virus hijacks host ribosomal process to transcribed its viral RNA (yRNA)
into viral proteins, shown as spike (S, red), matrix (M, green), envelope (E, purple), nucleoprotein (N, blue) and one of the six
non-structural proteins (ORF8, orange). Expression of viral proteins from infected cells leads to cell killing by cytotoxic T or
natural killer cells. Antigen presenting cells (APC) such as dendritic cells (DC) and macrophages engulf either viral proteins
from killed cells or the whole virion, before trafficking to the lymph node (LN). In the LN, viral antigens are presented by APC
via the major histocompatibility complex (MHC) molecule class | and Il to the T cell receptors of naive CD8 and CD4 T cells,
respectively, to initiate activation and differentiation into effector or memory T cells. Naive B cells presenting viral antigens via
MHC Il are activated by CD4 T cells in the LN, initiating differentiation into memory B cells and antibody-producing plasma
cells. Immune induction from a single infection also results in short-lived plasma cells in the bone marrow. Produced antibodies
are multivalent and may be neutralizing, which is the anti-S antibody, or non-neutralizing to the virus. Disease outcome is
determined by the arms race between viral replication against humoral and cellular immunity induction.
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culture scale, viral replication in vitro, and the
requirement of biosafety level 3 facilities.'”! The
whole virion is presented, which might induce
non-NAb (discussed above) and introduces risk
of antibody-dependent enhancement (ADE).!*

Inactivated viral vaccines manufactured by
two companies in China, Sinovac and Sinopharm,
have now reached phase 3 trials (Table 1).

CoronaVac (formerly PiCoVacc) by Sinovac
is an inactivated viral vaccine with alum adjuvant.
SARS-CoV-2 strain CN2 was extracted from
bronchoalveolar lavage (BAL) of a hospitalized
patient in Wuhan, cultured in Vero cells, harvested,
inactivated using B-propiolactone, and purified
before finally absorbed into aluminium hydroxide.*
Phase 1 study involved 144 healthy adults aged 18-
59 years old and yielded antibody seroconversion
of slightly over 75% out of all subjects. Better
purification improved the results in the phase 2
study, where seroconversion was achieved >95%
out of 600 subjects.!” While the highest antibody
return resulted from 2 doses (day 0 and 28) of the 6
ug vaccine, the 3 ug was chosen for phase 3 study
considering production capacity (seroconversion
was 100% and 97%, respectively).

Concerns were raised, however, regarding
the level of antibodies produced: geometric
mean titer (GMT) of neutralizing S 1gG
were lower than that of human convalescent
serum (HCS), i.e., antibodies resulting from
natural infection (average GMT of 23.8-65.4
vs. 163.7). Meanwhile, results from other
vaccine candidates showed superior GMT S
IgG compared to HCS. CoronaVac’s inferior

immunogenicity might reflect the disadvantage
of inactivated viral vaccine, such as antigen
multivalency and alteration of S due to chemicals
(as explained above). To address this, Sinovac
referred to their immunogenicity results of their
enterovirus 71 vaccine!'® also inactivated using
similar processes—where vaccination was
proven to be protective with GMT IgG levels
of 8-24. Pre-clinical study on rhesus macaque
also showed protective effect to SARS-CoV-2
infection with antibody titer of 1/24.'"

The BBIBP-CorV by Sinopharm is almost
a carbon copy: viruses cultured in Vero cells,
inactivated with B-propiolactone and absorbed
into alum. Virus strain used was HB02, obtained
from a BAL sample of a hospitalized patient in
Wuhan.'” Phase 1 study recruited 192 subjects,
including people over 60 years old, reporting no
serious adverse effect. Phase 2 study showed a more
promising immunogenicity compared to Sinovac,
with 100% seroconversion achieved out of 448
subjects. NAb GMT was reported to be 282.7,
but there was no comparison to that of HCS. Two
doses (day 0 and 28) of the 4ug vaccine showed
the highest NAb titer out of all dosing conditions
tested,'” but the clinical trial registry for phase 3
indicated 21 days interval between doses. !

Viral Vector

Viral vector, either replicating or non-
replicating, can be used as a vehicle to introduce
viral genes into cells, transcribed into viral
proteins and presented to the immune system via
MHC I (Figure 2).'"” Replicating vectors have
been approved for widespread use for Ebola

Table 1. Basic Information of COVID-19 Vaccine Candidates Reaching Phase 3 Clinical Trials.

Manufacturer Vaccine name Antigen Delivery platform Ref.
BioNTech/Pfizer BNT162b2 S mRNA 50,103
Moderna mRNA-1273 S mRNA 491‘2)24_
University of Oxford/ . .

Astra Zeneca ChAdOx1 nCov-19 (AZD1222) S Chimpanzee adenoviral vector 107-111
Gamaleya Sputnik V S Human adenoviral vector 112
Janssen/Johnson & Johnson  Ad26.COV2.S S Human adenoviral vector 87,113,114
CanSino Ad5-nCoV S Human adenoviral vector 115,116
Sinovac CoronaVac S Inactivated virus 90,117
Sinopharm BBIBP-CorV S Inactivated virus 117
Novavax NVX-CoV2373 S Protein subunit 51,86
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(rVSV-ZEBOV, a vesicular stomatitis virus)'* and
dengue virus (Dengvaxia, a chimeric yellow fever
virus).'?* One non-replicating vector (Ad26)'> is
approved for Ebola virus in the European Union.
Handling of live SARS-CoV-2 is not needed to
assemble viral vectors, which may speed up the
development process. The vast majority of vector
vaccines in development for COVID-19 are
non-replicating, with only one replicating vector
design (using measles virus) has reached phase 1
study,* and thus non-replicating viral vectors are
the focus in this review.

The non-replicating adenovirus (AdV) is a
popular choice for vaccine design. AdV is easily
grown, easily rendered replication-defective,
non-pathogenic yet still causes mild inflammation
necessary to generate immune response (unlike
adeno-associated virus), has spacious gene
capacity, broad tropism in even nondividing cells,
good thermostability, and induces strong cellular
immunity response. Human AdV consists of 59
serotypes and Ad5 is the first and most-widely
studied for vaccine use.” However, AdV infection
is widespread in humans, causing mild common
cold at any age, and thus most people already have
immunity toward the virus. Global seroprevalence
of AdV antibodies is estimated to be 36-92%, with
the highest in Africa (~70-100%).'2® Pre-existing
immunity against the AdV vector is a major
problem, as shown in the failed HIV-1 vaccine
by Merck in 2008.'*” Some designs circumvent
this by using the less common Ad26 or animal
adenoviruses. Other issues with AdV include
vector sequestering in the liver and spleen, and
the dominance of vector genes over the actual
antigenic genes.'?

The four non-replicating vector vaccines
reaching phase 3 are all adenoviral-based: Oxford/
AstraZeneca (chimpanzee Ad), Gamaleya (Ad5/
Ad26), Janssen/Johnson&Johnson (Ad26), and
CanSino (Ad5). One vaccine in phase 1 uses gorilla
Ad' and one in pre-clinical phase uses intranasal
chimpanzee Ad."* Apart from adenoviruses, other
non-replicating viral approaches for COVID-19
vaccine include modified vaccinia Ankara'®!,
influenza'*?, human parainfluenza, adeno-
associated, and Sendai virus.**

ChAdOx1 nCoV19 (or AZD1222) is an
adenoviral vector-based vaccine developed by
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University of Oxford in the United Kingdom,
in collaboration with the Sweden-based
pharmaceutical company AstraZeneca. The
design is based on their previous MERS-
CoV vaccine'**—the vector backbone is a
replication-deficient chimpanzee adenovirus,
which has human seroprevalence of 0-9%.!3*
The vector contains genes encoding full length
S protein with an adjuvant sequence (tissue
plasminogen activator, tPA).'"”” The phase 1/2
study recruited 1,077 participants aged 18-55,
with a meningococcal vaccine as a control
group to mask local injection reactions. Fever
is more common in the ChAdOx1 group which
was tolerated with prophylactic paracetamol,
and no severe reactions were reported. Highest
immunogenicity achieved in two-dose regimens,
with anti-S IgG titer of up to median of 639
ELISA units (EU) at day 56 post-vaccination—it
was not higher than HCS, however. S-specific
effector T cell responses based on IFN-y were
strong, rising as early as day 7 and maintained
until day 56, but not necessarily increased
by the second dose.'” The phase 2/3 study
further recruited 240 people aged >70 years,
which exhibited better toleration of side effects
compared to younger subjects. Immunogenicity
was consistent across all age groups after the
second dose. The study, however, excluded
people with comorbidities. Curiously, vector
antibody anti-ChAdOx increases after the first
dose but not the second. Two full-dose regimens
were then decided for the next phase, but some
implementation errors occurred (see phase 3
results below).

Sputnik V (previously Gam-COVID-Vac)
was developed by Gamaleya, designed from
2 different adenoviral vectors: recombinant
Ad26 and AdS, both carrying the gene for S.
Heterologous Ad vector system was chosen
to circumvent the possibility of pre-existing
immunity toward the vector from the first dose.
In the phase 1/2 trial, 76 participants aged 18-60
years were enrolled. A single dose of rAd26-S
was given on day 0 and one dose of rAd5-S was
given on day 21. At day 42, NAb was 49,25
GMT with a seroconversion rate of 100%. All
reported adverse reactions were mostly mild
without any serious adverse events. The titres of
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NAb were lower in comparison to those reported
mRNA vaccines and Oxford/AstraZeneca, but
the report stated that the NAb was the same as
convalescent plasma from people recovered from
COVID-19.'2

Ad26.COV2.S is an Ad26-vector vaccine
designed by the Belgian pharma Janssen under the
American medical company Johnson & Johnson.
The transgene contained in the vector encodes
for full length S with addition of gene encoding
tPA for adjuvant. Pre-clinical trials in mice and
macaques showed robust immunogenicity in
both humoral and cellular, particularly of the
pre-fusion stabilized S immunogen (S-2P).57!13
In the phase 1/2 trial, Ad26.COV2.S was

Inactivated virus
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single dose or as a two-dose schedule spaced
by 56 days in healthy 18-55 years old and >
65 years. There are 3 cohorts observed (1a, 1b
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cellular infection and APC presentation, produces wide variation of immunogenicity with multivalent antibodies—shown as
red for anti-S, blue for anti-N, and yellow for anti-ORF8; the latter two are less neutralizing. Inactivated virus enters APC via
phagocytosis, mostly utilizes MHC Il presentation and also produces multivalent antibodies. Vaccine by Sinovac and Sinopharm
uses alum adjuvant. While MHC | only presents small peptides of 8-9 amino acids, whole viral proteins are shown for simplicity.
Protein subunit vaccine produces monovalent anti-S antibodies. Vaccine by Novavax uses saponin adjuvant to help recruit
immune cells and stimulate innate pattern recognition receptors (PRR, not shown), and the S proteins are delivered embedded
on nanoparticles. Adenoviral vector via episomal DNA expression and mRNA produced stronger cellular expression of S via
MHC | presentation and may theoretically lead to more robust cellularimmunity e.g. CD8 T cells. Vaccination with booster dose
may better induce long-lived plasma cells (LLPC). Comparisons (e.g. number of antibodies, memory cells) are figurative and
not quantitative. S, spike; N, nucleoprotein; ORF8, open reading frame 8; vVRNA, viral RNA; RBD, receptor binding domain;
MHC, major histocompatibility complex; APC, antigen presenting cells; NP, nanoparticle; Ad, adenovirus; mRNA, messenger

RNA; LNP, lipid nanoparticle.
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cohort 1a and 3, for both dose levels. The most
frequent adverse event was local injection site
pain. '

The Ad5-nCoV was developed by the
Beijing Institute of Biotechnology and CanSino
Biologics in China, where an Ad5 vector is used
to express the full-length S DNA. In the phase 2
trial as published in the Lancet,''® 603 participants
aged 18 or older received either the vaccine—at
a dose of 1x10" or 5x10' viral particles per
mL—or a placebo. Vaccines were given in a
single shot as a homologous booster was deemed
non-beneficial for the AS vector. Both doses of
the vaccine induced significant NAb responses
to authentic SARS-CoV-2, with GMTs of 19.5
(95% CI 16.8-22.7) and 18.3 (14.4-23.3) for
respective doses. Seroconversion rates achieved
96% and 97%, respectively, on day 28. Robust
T cell response is the best selling point of viral
vector vaccine, and interferon-y ELISA showed
90% and 88% positive responses for respective
doses. Reactogenicity was mild to moderate.
However, to circumvent pre-existing anti-Ad>5
immunity, an additional dose was proposed to be
given well after the first dose (between months 3
and 6) to boost immune endurance; similar to the
previous experience with an AdS vector-based
Ebola vaccine.

Nucleic Acid

In nucleic acid vaccine, the concept is
to deliver genetic information instead of the
antigen—host cellular transcriptional and
translational machinery is used to construct the
antigen intracellularly before expressed via the
MHC I presentation. The technology is fairly
recent, and no nucleic acid vaccines have been
approved outside COVID-19. The nucleic acid
can be DNA or RNA. DNA vaccines are similar
to plasmids that are widely used for biomolecular
works, which can be produced large scale in
bacteria and are highly stable, but have to be
administered via special devices, such as the
electroporator.'** DNA vaccines for COVID-19
have only reached phase 1 trial so far, while two
RNA vaccine candidates have finished phase 3
study.* This review will focus only on these
two RNA-based vaccines by BioNTech/Pfizer
and Moderna.
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The advantage of nucleic acid vaccine is
that all assembly can be done in vitro without
any living culture, and the freedom to construct
the prime antigen expected to be the most
immunogenic. The latter is similar to the
benefit of recombinant protein vaccine, but
oligonucleotides assembly is much faster and
easier with much less cost. RNA, however,
is prone to degradation to RNAse—which
exists virtually everywhere—and thus RNA
needs to be encapsulated with protective lipid
nanoparticle (LNP). Its degradability, however,
opens the possibility of fine dosing adjustment
if toxicity occurs—this reason and the sheer
simplicity of its structure elevates RNA vaccine
as theoretically the safest method to introduce
nucleic acid." Further disadvantages are the
need for frozen storage at -20°C, -80°C or liquid
nitrogen to prevent degradation,'”” and can only
be administered via injection.

The mRNA-1273 was manufactured by
Moderna with support from the US National
Institute of Allergy and Infectious Diseases
(NIAID). The vaccine was completed within 45
days, with production starting one day after the
first identification of SARS-CoV-2 sequence on
10 January. The mRNA encodes the full length
S antigen, with a transmembrane anchor and
an intact S1-S2 cleavage site, and two proline
modification in the S2 (S-2P) stabilizes the
produced S in its prefusion conformation. The
latter is important to improve immunogenicity,
as explained above. mRNA-1273 induces potent
NADb and T cell responses in mice, including
against both wild-type and the D614G mutant
virus.!” The phase 1 study was the first to
put a COVID-19 vaccine into humans, which
recruited 45 subjects aged 18-55 years, receiving
two doses at 28 days apart. Excellent antibody
response was evident after the second dose, with
anti-S IgG GMT reaching 782,719 for 100 ug
dose at day 57 post-vaccination. The vaccine
also induced robust Thl-skewed CD4 T cell
response and interferon-y from CD8 T cells. No
serious adverse event was noted, and the 100 pg
is selected for phase 3 study.*’ The phase 1 study
was later extended to recruit 40 older adults,
stratified to age 56-70 and >70 years. Anti-S
GMT was excellent in both subgroups (1,183,066
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and 3,638,533, respectively), with strong CD4
Th1-skewed cytokine responses.!®

BNT162b2 was manufactured by German
biotech company BioNTech, in collaboration
with the US-based pharmaceutical giant Pfizer.
The mRNA encodes a pre-fusion membrane
bound stabilized full-length S-2P encapsulated
with LNP. A previous design, BNT162bl,
encodes a secreted trimerized RBD, but the
vaccine displayed higher reactogenicity in
phase 1 trial and thus the b2 design was selected
for later phases.'”® The b2 mRNA elicited
exceedingly high neutralizing GMT in rhesus
macaques, up to 18 times of that of HCS.'*® The
phase 1/2 result that was published in Nature,
however, was based on the bl design. Phase 1
study recruited 45 subjects aged 18-55 years,
who were randomized to receive 2 doses at 21
days apart. Local and systemic adverse events
were dose-dependent, but no severe reactions
were reported. As for immunogenicity, the 30
ug dose elicited excellent humoral immunity,
with neutralizing GMT of 1.9-4.6-fold over that
of HCS at day 28 post-vaccination. Similar to
Moderna, strong Thl-skewed CD4 and CD8 T
cell responses are confirmed as well at day 29.%°

Protein Subunit

Recombinant protein vaccines can be
produced from various expression systems
using yeast, insect, or mammalian cells, without
handling the actual pathogen. The flexibility
of amino acid construction enables thorough
modification of the peptide, and memory
immunity induced depends on proper peptide
selection and optimization, to ensure effective
antigen presentation by MHC molecules across
diverse demographics.'** However, in case of
SARS-CoV-2, the spike protein is relatively
difficult to express in cellular expression system
and may affect production yield and speed.'*
While the RBD is easier to express, full length
S protein is preferred for its immunogenicity
as multiple epitopes exist throughout the S1
and S2,** and design by BioNTech/Pfizer,
for example, abandoned the RBD mRNA.!%
While subunit vaccines may elicit strong
humoral immunity with the help of adjuvant,
the durability and cellular-mediated immune
memory is doubtful as in the case of hepatitis

B,'"! thus necessitate booster doses.

NVX-CoV2372 produced by Novavax, a
small US-based vaccine company,'*> contains
recombinant SARS-CoV-2 S protein with
matrix-M1 saponin adjuvant packaged in a
nanoparticle. The protein was expressed using
the Baculovirus system. In the pre-clinical trial,
low-dose NVX-CoV2372 elicited excellent
humoral and cellular immunity profile in mice
and baboon.'** Phase 1/2 clinical trial was
conducted on 131 subjects aged 18-59 years and
published in NEJM in December. Dosing was 2
injections of 3 weeks apart, which resulted in a
robust humoral response as shown by the level
of anti-S IgG. IgG GMT reached 3,906 after the
second dose, exceeding the GMT of convalescent
sera from symptomatic individuals (837) but not
hospitalized patients (7,457). Th1 phenotype of
CD4 T cellular response was detected as well.
Adverse reactions were generally mild without
any serious events.’!

CURRENT STATUS OF VACCINE CANDIDATES
AT PHASE IIl TRIAL, AS OF 20 DECEMBER
2020

SINOVAC (CoronaVac)

Sinovac is currently running phase 3 clinical
trials in Indonesia, Turkey, Brazil, and Chile,
with a target total of at least 30,000 participants
(see Table 2 for details on phase 3 trials). In
Indonesia, Sinovac—in collaboration with
state-owned pharmaceutical company Biofarma
and Padjajaran University—has recruited 1,620
subjects aged 18-59 years in Bandung, West Java.
Interim analysis may be done when a certain
number of positive cases have arisen in the subject
pool, which is estimated to be reached in January
2021."* Independent analysis is conducted by the
Indonesian Food and Drug Monitoring Agency
(Badan Pengawasan Obat dan Makanan, BPOM)
and will grant the Emergency Use Authorization
(EUA) if approved. The vaccine is administered
in two doses at two weeks apart. Last blood tests
to subjects are expected in December, but may
be extended until March to review longer term
efficacy and side effects.'*> According to interim
data from the trial in Turkey, CoronaVac showed
91.25% efficacy, as only 3 of the 29 people who
were infected during the trial were given the
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vaccine as oppose to 26 in placebo group. This
data must be interpreted with caution, however,
due to the relatively small number of subjects
included in interim analysis (n=1,322). The trial
in Brazil reportedly reached a higher number of
infected subjects (74 cases), giving an efficacy of
“over 50%”, but the detailed result was delayed
at the company’s request.'#

Sinovac will be the main vaccine to be used
by the Indonesian government, with the cost
fully covered.'*” The first batch of 1.2 million
doses of Sinovac vaccines has been delivered
into Indonesia on 6 December, with the second
batch of 1.8 million doses expected to arrive
in early January.'*® The vaccine itself has been
approved for limited use in China.!** Similar to

other inactivated vaccines, CoronaVac is stable at
4°C storage. The vaccine is slated to cost US$30
per dose (see Table 3 for complete list of real-life
efficiency characteristics).

SINOPHARM (BBIBP-CorV)

Phase 3 trials have included 31,000 volunteers
across 125 nationalities in the UAE alone. In
December, the UAE’s Ministry of Health and
Prevention reviewed Sinopharm interim analysis
of the phase 3 trials, which shows Sinopharm
inactivated vaccine to have 86% efficacy against
COVID-19 infection. The analysis also shows
the vaccine to have a 99% seroconversion rate
of NADb and 100% effectiveness in preventing
moderate and severe cases of the disease. No

Table 2. Efficacy Characteristic and Details on Phase 3 Trial of Each Vaccine Candidate.

. . . r
Current Phase 3 trial Sample Subject Vaccine Sub.g oup Safety
Manufacturer . - . X efficacy
trial phase location size age efficacy ; concern
analysis
US, Germany, 16 years 16-55 years:95,6% Anaphviactoid
) . Turkey, South or older 95% (all > 55 years:93,7% p v
BioNTech/Pfizer 3 (completed) Afri . 43,548 ) . . reaction
rica, Brazil, (including participants) 2 65 years: 94,7% (postlicensure)
Argentina >55 years) > 75 years: 100% P
18 years
or older 94.5% (all 18-<65: 93,4%
Mod 3 leted) US >30,000 ND
oderna (completed) ’ (including participants) =65 :100%
>55 years)
University UK, US, South 18 years 90.0% (LD/
Africa, Colombia, Id SD T
of Oxford/ 3(interim) oA 40000 Orocer ) ND ransverse
’ . 0 -
AstraZeneca eru, Argentina (including 62.1% (SD/ myelitis (n=1)
>55 years) SD)
Russia, UAE,
Gamaleya 3 (interim) Belarusia, India, >20,000  18-60 years 91.4% N/A ND
Venezuela
N 3 . UK, India, South 15,000 18.59 . ND ND ND
ovavax (ongoing) Africa, Mexico (UK) -59 years
US, Argentina, 18
Janssen/ Chile, Colombia, or c))/IZZ:S
Johnson & 3 (ongoing)  Mexico, 60,000 . . ND ND ND
. (including
Johnson South Africa, ~55 .
Philippines years)
China,
. Indonesia, 91.25%
i > 18- * N/A ND
Sinovac 3 (ongoing) Brazil, Turkey, 30,000 8-59 years (Turkey) /
Chile
China, UAE,
Morocco, Egypt,
Sinopharm 3 (ongoing)  Bahrain, Jordan, 31,000 18-59 years*  86% (UAE) N/A ND
Pakistan, Peru,
Argentina
China, Pakistan, 18 years
) . Argentina, Chile, or older
CanSino 3 (ongoing) Mexico, Russia 40,000 (including ND ND ND

>55 years)*

* Based on phase 2 clinical trials; LD/SD, low dose/standard dose; SD/SD, standard dose/standard dose; N/A, not available; ND, no data.
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serious safety concerns were reported. This
vaccine was granted EUA in the UAE since
September and Bahrain since November, to
protect frontline healthcare workers at the most
risk of infection.!® Elsewhere, Sinopharm also
started phase 3 testing in Morocco, Egypt,
Bahrain, Jordan, Pakistan, Peru, and Argentina.!'*!

Similar to the Sinovac vaccine, BBIBP-CorV
can also be stored at 4°C. As for cost, the vaccine
is priced at a staggering US$145 for two doses.'?!

MODERNA (mRNA-1273)

Moderna’s phase 3 COVE trial, in
collaboration with NIAID, enrolled more than
30,000 participants in the US. The first interim
analysis was based on 95 cases, of which 90
cases of COVID-19 were observed in the placebo
group versus 5 cases observed in the mRNA-
1273 group, resulting in a point estimate of
vaccine efficacy 0f 90-5/90 = 94.5%. A secondary
endpoint analyzed severe cases of COVID-19
and included 11 severe cases in this first interim
analysis. All 11 cases occurred in the placebo
group and none in the mRNA-1273 vaccinated
group, giving 100% efficacy in preventing
severe disease. No significant safety concerns
were reported as confirmed by the independent
review board."> On 3 December, the durability
of immune responses from the phase 1 trial was
published in NEJM, where the neutralizing GMT

Table 3. Efficiency Characteristics of Each Vaccine Candidate.

at day 119 in vaccinated individuals exceeded the
median GMT in convalescent sera, confirming
more robust antibody longevity compared to
natural infection.!® Moderna has also registered
a trial to test mRNA-1273 on adolescents aged
12-18 years.' Based on its excellent efficacy
and safety profile, as outlined in the Vaccines and
Related Biological Products Advisory Committee
(VRBPAC) briefing, the US FDA authorized the
EUA for the Moderna vaccine on 18 December.'**

While mRNA generally is most stable at
-80°C, the special concoction of mRNA-1273
and its LNP coating enable storage at -20°C,
with possibility for -4°C for 30 days and at
room temperature for 12 hours.'*> The vaccine,
however, is one of the most expensive out of
all with pricing at US$ 37 per dose. Moderna
vaccine has been granted EUA by the US FDA
on 18 December.'** Moderna has also made deals
to supply the vaccine to the European Union,
Canada, Japan, and Qatar, while the Indonesian
Ministry of Health granted the permission of use
but any plan to purchase doses by the government
is unclear.

BIONTECH/PFIZER (BNT162b2)
BioNTech/Pfizer has published their phase 3
trial in NEJM."7 A total of 43,548 participants
aged 16 years and older, including elderly aged
>55 years, were assigned to receive injection

Production capacity

Dosi Pri lobal pre-
Manufacturer Doses Storage sc:::jr:f:e errtli?se eGst?r::tep:zilTiT:sr) target/year, by end
P of 2021 (billions)
BioNTech/Pfizer 30u 10C 0.21 days $19.5 1.1 1.3
9 2-8°C (5 days) <1 day : : :
Moderna 100 ug** 200 0.28 days*™* $37 0.8 0.5
9 2-8°C (1 month) =6 day : :
University of Oxford/ ~ 0.22 ml or 0.5
niverstty of Bxdon m o 2-8°C 0.28 days™  $2-$5 3.2 3
AstraZeneca ml**
0.5ml or 1.0 -18°C (frozen type);
| .21 ** 1 . .
Gamaleya - 2.8°C (lyophilized) 0.21 days $10 0.5 0.5
Novavax 5 ug or 25 ug* 2-8°C 0.21 days* $16 1.4 2
Janssen/Johnson & 1 i -20°C 0 (single shot) $10 13 1
Johnson 2-8°C (3 months) or 0.56 days*
Sinovac 3 ug or 6ug* 2-8°C 0.14 or 0.28* $30 0.2 0.6
Sinopharm 4 ug or 8 ug* 2-8°C 0.21 days $72.5 0.1 1
Cansino 1 mi* ND 0 day (single ND ND ND
shot)*

* Based on phase 2 clinical trials. ** Based on phase 3 clinical trials interim report. ND, no data.
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with 30 pg dose or placebo. Injections were
given in two doses of 30 pg at day 0 and 21.
Phase 3 was finished in late November—eight
positive cases were observed in the vaccinated
group and 162 cases in the placebo group, giving
VE of 95.0% (95%CrI 90.3-97.6%), making
it the first ever report on vaccine efficacy for
COVID-19. Adverse events were reported more
in the vaccine group than placebo (27% vs. 12%),
but most were local and minimal reactions.
Encouragingly, protection was consistent among
all age groups including the elderly, across all
racial groups and in people with comorbidities,
such as obesity and diabetes, as shown in the
FDA VRBPAC report.'*® The trial did not include
subjects younger than 16 years, pregnant women,
and the immunocompromised.

The vaccine storage requires a temperature of
-70°C—which is regarded as the main drawback
compared to the Moderna vaccine—but can last
up to 5 days at 2-8°C. Pfizer has developed a
special 10-inch cold box for thermal shipping.'*
As for pricing, the BNT162b2 was set at US$20.

BNT162b2 has now been fully approved
in Canada, Bahrain, and Saudi Arabia. EUA
approval was given in the UK on 2 December,'®°
then the US on 11 December,'® as well as in
Singapore, Kuwait, Chile, Costa Rica, Ecuador,
and Mexico. Pfizer has also made a deal with
Japan and China, making it the first Western
vaccine to be used in the latter. BNT162b2 was
used as the first ever COVID-19 vaccination
to the general public, delivered in the UK to
a 91-year old female.!! However, news of
adverse effects came out soon after rollout
two healthcare workers in UK—both with a
history of anaphylaxis—reported anaphylactoid
reaction soon after vaccine injection.!®? Three
Alaskan healthcare workers without any
known allergy also reported anaphylactoid
reaction 10 minutes after injection, prompting
epinephrine.'® Polyethylene glycol (PEG2000)
is one component in the vaccine assumed to be
the allergen,'>® which may be not detected in
phase 3 as the trial excluded volunteers with a
history of anaphylaxis. Bell’s palsy cases have
also been reported but any link to the vaccine is
inconclusive as the rare prevalence is similar to
that of the general population.'®*
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OXFORD/ASTRAZENECA (ChAdOx1 nCoV-
19)

Phase 3 trials began initially in the UK
and India, and soon followed by Brazil, South
Africa, and the United States, totalling 23,848
participants. Interim analysis was conducted
and published in November in The Lancet, when
131 COVID-19 cases were reached.'"! While the
original plan was to administer two full doses in
28 days apart (standard doses, SD/SD), a subset
of subjects in the UK received half dose as their
first dose (low dose/standard dose, LD/SD) due
to an error in the dose preparation. Surprisingly,
the LD/SD dosing led to 90% VE, while the SD/
SD only achieved 62%, thus averaging 70% for
the two subgroups. Several hypotheses were
given, including better mimicry of SARS-CoV-2
infection or the lower possibility of inciting anti-
vector immunity in the LD group, but nothing
was conclusive. This was regarded as good
news nonetheless as lower dosing allows for
more vaccine supplies, and the LD/SD dosing
is expected for future rollout.

The phase 3 trial was temporarily halted
twice due to the same adverse effects found in
two subjects: transverse myelitis. The first one
in July was concluded to be unrelated to the
vaccine, while the other occurred 14 days after
the second dose in a participant in the UK.!> A
transparency issue was raised as AstraZeneca
failed to report the case to the US FDA.!%

Owing to the thermostability of Ad vector,
ChAdOx]1 is stable at 4°C for at least six months.
Astrazeneca also priced the vaccine at mere
US$4, making it the cheapest vaccine announced
to date. Such prospect of cost efficiency enticed
global interest to the vaccine. Out of 10 billions
global pre-order from 10 vaccine-makers (Table
3), AstraZeneca has received the most with over
3 billion doses.'*” British government ordered
100 million doses,'*®® and the company joined
the Operation Warp Speed in exchange for
300 million doses (covering ~60% of the US
population). Outside analytics estimated that
AstraZeneca is on track to account for 43%
coverage in low- and middle-income countries
(LMICs). The company itself has announced that
the vaccines will be sold not-for-profit for until at
least July 2021, and poorer countries indefinitely.
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The vaccine rollout will be started first in the UK
on 4 January 2021.'%

GAMALEYA (Sputnik V)

The efficacy of the Sputnik V vaccine was
91.4%, based on the second interim analysis of
data obtained 28 days after administering the
first dose. Calculation was based on the analysis
of data on volunteers (n = 18,794) who received
both doses of the Sputnik V vaccine or placebo
at the second control point. In November, the
interim result was announced with 39 confirmed
cases, 8 cases in the vaccinated group and 38
cases in the placebo group. The efficacy result
thus was criticized as only based on a small and
unspecified group of volunteers. Some had short-
term minor adverse events such as pain at the
injection point and flu-like symptoms.'”

Sputnik V can be stored at 4°C and priced
relatively low, at US$10. On 11 August, the
Russian regulator has conditionally approved
the vaccine before phase 3 trials even begun,
becoming the first country to approve a
COVID-19 vaccine.'” Gamaleya is now
negotiating supplies to India and several South
American countries, and also announced a plan
to do a joint clinical trial with AstraZeneca to
explore heterologous human-chimpanzee Ad-
based vaccine regimen.'”

JANSSEN/JOHNSON & JOHNSON

The Phase 3 ENSEMBLE clinical trial
observed single dose vaccine versus placebo
in up to 60,000 adults aged 18 years or older,
including representation from those aged 60
or over. The trial will include those with and
without comorbidities associated with an
increased risk of severe COVID-19, and will aim
to enroll participants in Argentina, Brazil, Chile,
Colombia, Mexico, South Africa and The United
States.!”® The trial was halted in October due to
unexplained illness in one subject;'™ the trial
continued 11 days later but the cause remains
unannounced.!”

CANSINO

CanSino’s phase 3 trial is still ongoing
with a total of 40,000 volunteers aged 18 years
or older targeted, with around 10,000 of them
from Pakistan. Other sites are Argentina, Chile,
Mexico, and Russia.'”

NOVAVAX (NVX-CoV2373)

Phase 2 trial was launched in South Africa
in August. For the phase 3, Novavax completed
enrollment of 15,000 participants in a pivotal trial
in the UK. In the United States and Mexico, 100
trial sites have been selected to recruit 30,000
participants, and slated to start on 28 December.'”
Novavax said that over 25% of participants in
this trial are over the age of 65, with a ‘large
proportion’ of volunteers also having underlying
medical conditions.!””!'”® There are no details on
storage temperature or pricing yet.

HURDLES FOR VACCINE DISTRIBUTION

Production deals between the original
manufacturer and the local biopharma factory
would determine an efficient distribution in
said country. For example, India has secured
2 billion doses by leveraging the production
at their institute in Pune, the world’s largest
vaccine factory. In Indonesia, Biofarma as the
local vaccine manufacturer has set a target to
have more than 250 millions doses production
capacity in 2021, although this ultimately
depends on material supply from Sinovac.!”
No other phase 3 manufacturers are tied in any
production deal with Indonesian laboratory.

Equity in worldwide vaccine distribution
remains a concern. Driven by high efficacy
results in interim reports, most high-income
countries have already pounced on a deal with
multiple vaccine makers, potentially leaving
LMICs with mere excess supply. Canada leads
as the best supplied countries by having readied
almost nine doses per person, followed by the US
(seven per person) and UK (five). Indonesia sits
at eleventh place by securing at least one dose
per person—half of the necessities.'”” LMICs
will most likely need to rely on COVAX, a joint
initiative for equitable distribution of vaccines
led by GAVI, CEPI and the WHO. COVAX offers
doses for at least 20% of countries’ populations,
and has enrolled more than 189 countries with
mostly LMICs, and has secured ~700 million
doses and aiming of up to 2 billion by the end
of 2021.180.181

Another important issue is thermostability.
Cold chain distribution commonly used in
Indonesia uses 2-8°C, which is in line with
other commonly used inactivated vaccines
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such as polio. As the government has endorsed
inactivated viral vaccine as the main supply,
then cold chain will not become a significant
problem.'®? However, this will be a challenge
to distribute vaccines that must be stored at
-20°C (Moderna) or or -70°C (Pfizer). Pfizer
has developed a special delivery coolbox but
this will become added cost. It is possible that
mRNA vaccines will become limited in places
with the necessary infrastructures in the big cities
in Indonesia, while inactivated viral and vector
vaccines (especially AstraZeneca) will be sent
to peripheral communities. It may also be worth
learning from the experience of Sierra Leone,
where rapid establishment of a -60° cold chain
distribution needed for the Ebola viral vector
vaccine (rVSV-ZEBOV) successfully controlled
the Ebola epidemic in 2017.'%

Lastly, public acceptance to the vaccine
largely determines coverage—skepticism and
the anti-vaccine movement remains a looming
threat, especially in this internet age where
misinformation spread faster than scientific
articles. In Indonesia, a survey conducted by the
Ministry of Health together with UNICEF on
115 thousands respondents from all provinces
showed that around two-thirds of respondents
are willing to vaccinate themselves, and around
35% are willing to pay if the price is around 50
thousands rupiah (US$3.5). However, if the price
went up to 300 thousands rupiah (US$14), only
about 6% were willing to pay. The main concerns
among respondents who refused were vaccines
safety, effectiveness, and whether the vaccines
considered halal or not.'® Another survey in
Indonesia also reported 93.3% public acceptance
if the vaccine has at least 95% VE, but this
acceptance dropped to 67.0% if the vaccine only
has 50% VE.'" It is hoped that strengthening
the bonds between science and society through
better scientific mass communication, as well
as transparent and scientific evidence-based
government policies may help improve public
trust in the vaccine.

VACCINE SUPPLIES IN INDONESIA

It is widely assumed that Indonesia needs
to reach herd immunity of ~67% nationwide in
order to stop the pandemic (as discussed next).
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This translates to 175 million people and a
necessary supply of 350 million vaccines. The
latest figure of vaccine pre-order done by the
Indonesian government (as of 10 December
2020) is 271 million doses, with the following
listing: 125.5 million from Sinovac, 50 million
from Oxford/AstraZeneca, 50 million from
BioNTech/Pfizer, 30 million from Novavax, and
16 million from the country’s participation in the
COVAX initiative—which brand of vaccine will
be distributed by COVAX is still unannounced.
It is reported that the Indonesian government
will also make a deal with Moderna; the amount
is undisclosed. The Minister of Research and
Technology has galvanized the construction of
the domestic-made ‘Merah Putih’ vaccine—a
subunit S vaccine—involving Biofarma, Eijkman
Institute, Indonesian Institute of Sciences (LIPI)
and four major universities.'® The vaccine is still
in pre-clinical development; phase 3 target is far
away in 2022 and how many domestic supplies
can be prepared is still a blur.

The government will cover 30% of
vaccination through the national vaccination
program and make the vaccine (Sinovac)
free for certain groups of people, while 70%
is expected to be covered via independent
vaccination programs by private sectors.
This regulation, however, may change in the
future as Indonesian government plans to
cover 100% of the vaccination. Government-
supported distribution will be facilitated by
Biofarma and deployed to Provincial Health
Offices (Dinas Kesehatan Provinsi) and then to
District/City Health Offices (Dinas Kesehatan
Kabupaten/Kota). Then, District/City Health
Offices will distribute to primary health centers
(Puskesmas) and government hospitals. As for
independent vaccination programs, vaccines will
be distributed through Biofarma corporation and
handed over to distributors to be deployed to
private parties—hospitals and clinics throughout
Indonesia—while still coordinating with the
Provincial and District/City Health Offices.'®!
A rigorous post-licensure trial and surveillance
should be maintained to examine long-term
safety i.e. vaccine-related adverse events,
including potential of disease enhancement,
as well as efficacy as signified by duration of
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protection.

REACHING THE HERD IMMUNITY WITH
VACCINE

When an outbreak occurs in a defenseless
population, the number of new cases increases
exponentially until the trajectory hits an
inflection point, where sufficient people have
become immune. This point is called the herd
immunity threshold (HIT). HIT is reached
when an infected individual on average spreads
the infection to fewer than one other person, or
mathematically written as HIT=1-1/R0, where
RO is the basic reproduction number. 87188

Given that the estimate of COVID-19 RO
in Indonesia is 2 to 3.5,'% nationwide herd
immunity is regarded as ~50-70% or 135-175
million people. This HIT formula, however,
rests on the assumption that immunity (and
thus, infection) is distributed evenly among
members of the population, that are also mixing
at random."® Such homogenous example is in
the sentinel population in the Brazilian Amazon,
where unmitigated COVID-19 spread caused
an attack rate of over 70% before hitting the
inflection point.'*! Homogeneity is of course
not expected in the Indonesian archipelago—
outbreaks start and progress differently in each
island, and the SIR model among others has
largely failed to predict case trajectory in the
country.'*>!* Most importantly, epidemiological
data have unveiled the true nature of COVID-19
pandemic as a cluster spread, i.e. breaking in
big bursts of stochastic superspreader events'*
especially via indoor airborne transmission.
This fact is best illustrated from the case of
Patient 31 in South Korea, who initiated a mega-
cluster event in a church, infected in downstream
a total of over 5,000 people.'®
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While RO is reliable to estimate average
contagiousness in outbreaks with a deterministic
pattern e.g. influenza, RO varies wildly in
COVID-19."7 The overdispersion parameter
K may be more relevant, where K<1 indicates
overdispersion, i.e. one person infects many at
a single time."* Early in the pandemic, K was
estimated to be 0.06 in Jakarta and 0.2 in Batam,
indicating that 10-15% of infected people are
responsible for 80% of onward transmission.'”®

Factoring in the stochastic nature of transmission
and variation coefficients, HIT estimates may be
reduced downward to 20-50%. Nevertheless,
long-term protection must be taken into account,
where heterogeneity in a population may in the
end average out into a well-mixed model,"”’
and antibody (particularly naturally-induced)
wanes over time. More important factor that may
affect HIT is the ongoing mitigation program.
Inconsistencies in mitigation programs across
provinces in Indonesia further introduces
fluctuation in the effective reproduction number
(Rt). Large-scale social restriction (PSBB),
although once successful to suppress Rt for
example in West Java?® and Bali,'® was lifted
prematurely in many provinces, leading to rising
infection cases. These factors again highlight the
importance of reaching sufficiently high herd
immunity via vaccination coverage.

WHO NEEDS TO BE VACCINATED?

The priority groups to be immunized,
according to the WHO Strategic Advisory Group
of Experts on Immunization (SAGE) Roadmap,
are as follows: (1) health care workers with high
risk for infection and transmitting SARS-CoV-2
in community, (2) groups with high risk of death
or serious disease, and (3) groups with high risk
of contracting and transmitting SARS-CoV-2
because they are unable to effectively distance
themselves, e.g. public service officers.?! In
terms of point (2), the elderly constitutes the
highest risk of death followed by those with
comorbidities. Vaccination program in the
UK reflects this, where the highest priority is
residents in elderly care homes and their carers,
followed by age >80 and fronlinte health/social
care workers, then continue to the next tier in
descending order of age.?"?

In Indonesia, the groups that are targeted by
the government vaccination program are: health
workers, military/police officers and other public
service officers; community leaders, central
and local government officials, teachers; some
groups who receive National Health Insurance
(BPJS).2% Number of the elderly in Indonesia is
huge considering the nation’s population, but it is
unfortunate that the main vaccine candidate from
Sinovac only recruited subjects aged 18-59 years
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in their phase 3 trial, leaving the government
with no choice but to deter vaccination to the
elderly subgroup due to lack of evidence. The
consequence is paramount; subpopulation at
most risk is not protected and it will certainly
undermine the effort to achieve herd immunity
via vaccination.

Protection to Indonesia’s healthcare workers
is also urgently needed. The number of health
workers in Indonesia is around 700 thousands,
consisting of 164 thousands doctors, 36 thousands
dentists, as well as 350 thousands nurses,
midwives and community health workers.?%2%
As of December 2020, the number of infected
health personnels reached more than 6,000 and
363 have died.?”” EUA grant for Sinovac vaccine
will allow vaccination in healthcare workers.
While being a healthcare worker was associated
with higher vaccine acceptance,'® actual reception
from health workers to COVID-19 vaccines and
specifically the Sinovac one is unknown. Since
24 November 2020, training for health workers
have been promoted by the government to increase
knowledge about vaccines and their deployment
programs. Judging from the feedback out of this
training, as well as realistic conditions in the
healthcare services, the attitudes of healthcare
workers are still divided—some of them want
to undergo vaccination after EUA as per the
government’s recommendation, but some others
are waiting for phase 3 trial completion and
published, peer-reviewed data. At one side, the
government is hopeful for healthcare workers
to take advantage of the COVID-19 vaccination
program following the EUA, but the acceptance
of healthcare workers keeps changing based on
the available data and news circulation. Better and
transparent communication between policymakers
and healthcare stakeholders is crucial, using the
latest scientific data as evidence, to improve
understanding and trust in the vaccination
program.

CONCLUSION

The development of COVID-19 vaccines
is moving at a warp speed. The sheer pace, the
abundance of vaccine modalities, and the proven
efficacy so far proved the scientific capability
we have achieved to combat an infectious
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disease pandemic. We also have to take into
account the real-world efficiency, especially
in Indonesia with its enormous population
and limited infrastructure. Logistic feasibility,
distribution, cost, supply availability, and vaccine
acceptance are the crucial factors for a successful
rollout. Governing bodies also hold a massive
responsibility to ensure protection to those at
most risk, including the elderly and healthcare
workers, and approach closer to vaccine-induced
herd immunity.

An effective and efficient vaccine will surely
be a silver bullet to end the pandemic. In the
meantime, we need to maintain public health
mitigation efforts: distancing, masks, avoiding
indoor congregation, and prioritizing good air
ventilation. Current trials were designed to
measure disease prevention; whether vaccines
are effective to prevent innocuous SARS-
CoV-2 transmission is unknown. We have to
keep vigilant until population immunity can be
achieved.
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