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ABSTRACT
The global surge of Omicron has caused significant concern. Omicron has caused new
wave of infections in nations with adequate vaccine coverage. Omicron has around
30 mutations that are similar to the previous variant of concerns, possibly decreasing
vaccine effectiveness (VE). Hence, the emergence of Omicron is predicted to be a
significant public health challenge and may alter the future of COVID-19 vaccinations.
Furthermore, other issues may affect vaccine policy in the future such as the neverending vaccine inequity, waning immunity of current COVID-19 vaccines, decreasing
VE against new emerging strains, and new findings regarding hybrid immunity. This
literature review aimed to explore the possible steps forward using the most updated
knowledge on COVID-19 vaccines and Omicron.
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Omicron was first detected in South Africa on
November 21st, 2021, with new waves of infection
seen throughout the world.1 Omicron has around 30
mutations that are similarly found in the Alpha, Beta,
and Delta strains.1 In addition to forming new waves
in countries severely impacted by vaccine inequity
such as the African nations, it is interesting to note
that Omicron has also been spread to nations with
good vaccine coverage, such as the UK, Germany, the
US, Singapore, and many other nations. As of March
2022, Omicron BA.1 has been detected in 130 countries.
Meanwhile, Omicron BA.2 has been detected in 57
countries by the end of January.2
Vaccination has been one of the major solutions
in curbing this pandemic. Hence, it is logical to deduce
that decreased vaccine effectiveness (VE) may present
a significant public health problem in the future,
especially when Omicron has made new waves of
infections throughout the world, even in a nation with

adequate vaccine coverage. This is a serious concern
that may be caused by immune escape or/and waning
immunity. This literature review aimed to explore the
possible steps ahead in controlling this pandemic after
the spread of Omicron, considering the possibilities
of immune escape, waning immunity, and booster
vaccinations.1
Vaccine protection against the Alpha, Beta, and Delta
variants
A pre-printed systematic review compiled data
from seven randomized controlled trials, 10 cohort
studies, and 16 case-control studies researching live
neutralization assays of eight coronavirus disease 2019
(COVID-19) vaccines (mRNA-1273, BNT162b2, ChAdOx1,
Ad26.COV2.S, NVX-CoV2373, BBV152, CoronaVac, and
BBIBP-CorV). A significant antibody neutralization
escape was found in the Alpha, Beta, Gamma, and Delta
variants with an average reduction of 1.4 fold, 4.1 fold,
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1.8 fold, and 3.2 fold, respectively. These findings are
consistent with a decrease in VE against the emerging
variants, compared with the original strain.3
Literature has shown significantly waning
antibodies against COVID-19. In Israel, after 6 months
of vaccination with BNT162b2, rapid decrease in IgG
titers and neutralization antibodies were found in
the first few months, continuing with a relatively
consistent decrease afterward. This is a different
finding compared to many published works regarding
measles, mumps, and rubella vaccines, which observed
a slight decrease of neutralization antibodies of 5–10%
per year. Neutralization antibodies work by preventing
virion attachment to the host cell.4 Even though many
studies have suggested that neutralization antibodies
correlate with protection, the complete immune
model has not yet been described as the procedure is
complex.5 It is important to note that antibodies are not
the only component of the humoral immune system.
The exploration of T-cell and B-cell immunity remains
scarce due to the duration of the pandemic. In Middle
East respiratory syndrome coronavirus and severe
acute respiratory syndrome coronavirus (SARS-CoV),
T-cell immunity was observed to last for 10–17 years.
However, it is still unknown whether T-cell immunity
may give efficient protection without antibodies.4
The efficacy of vaccines against the Alpha variants
ranges from 70.4–85.6% for ChAdOx1 and NVXCoV2373. A systematic review concluded that two
doses of any COVID-19 vaccine would give adequate
protection against the Alpha variant. The currently
available vaccines provide greater efficacy against
the Alpha variant, compared with the Delta variant.6
This may explain the mutations that occurred in the
Alpha variant, which has minimal effect in neutralizing
antibody activities, as found in studies using sera of
individuals vaccinated with BNT162b2 and mRNA-1273.7
The Beta variant significantly decreased antibody
neutralization activity. B.1.351 was found 6.5 fold more
resistant to neutralization by sera from the population
that was vaccinated with BNT162b2. In addition,
antibody responses and memory B cells activity were
decreased against COVID-19 in individuals vaccinated
with mRNA-1273 and BNT162b2. This is attributed to the
K417N and E484K mutations.7
A decrease in neutralization activity was also seen
against the Delta variant. A large cohort of 8,690,825
vaccinated adults in New York City observed decreasing
VE against COVID-19 from May to August 2021, when
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the Delta variant predominated.8 Sharp declines in
VE were reported since the Delta variant became
the predominant strain in June 2021, falling from 91%
to 66%.6 A significant waning immunity of ChAdOx1
was observed in retrospective studies in Brazil and
Scotland in the period when the Delta variant was the
predominant strain. The rate ratio of COVID-19 infection
increased to 5.43 in Scotland and 4.71 in Brazil at 18–19
weeks after the second dose of ChAdOx1. VE against
COVID infection of ChAdOx1 in Scotland and Brazil
dropped from 83.7% to 63.7% and from 86.4% to 42.2%,
respectively, at 18–19 weeks after the second dose.9
Real-world data on COVID-19 vaccinations
have consistently presented short-term protection
against severe disease despite emerging variants. A
recent meta-analysis on the real-world effectiveness
of COVID-19 vaccines confirmed the short-term
protection conferred by the vaccines against COVID-19
infection, severe disease, and COVD-19-related death.
From 51 records on BNT162b2, ChAdOx1, CoronaVac
and mRNA-1273 vaccine, and Ad26.COV2.S, pooled
VE of 89.1% against COVID-19 infection, 97.2% against
hospitalization, 97.4% against intensive care unit
admission, and 99.0% from COVID-19-related death
were found. However, the follow-up period was not
feasible to research on long-term protection as most
of the data were taken at <6 weeks after the second
dose.10 VE against COVID-19 infection of the Delta
variant in the UK rapidly increased in the early weeks
after administrating the second dose of BNT162b2 or
ChAdOx1, then significantly decreased to 44.3% and
66.3%, respectively, after 20 weeks. The decrease was
even greater in the elderly population. The decrease
in VE was also observed against hospitalization but
to a lesser extent. VE against hospitalization by the
Delta variant was 80% and 91.7% for the ChAdOx1 and
BNT162b2, respectively, at 20 weeks or more after
the second dose.11 The protection against COVID-19
infection may have significantly waned as time
progresses. However, VE remains durable in protecting
against severe disease, hospitalization, and COVID-19related death from the Alpha, Beta, and Delta variants.
Vaccine protection against Omicron
The rapid spread of Omicron, including in nations
with good vaccine coverage, indicates that Omicron
is potentially more transmissible than the ancestral
strain and previous strains and has greater immune
escape potential. Preprint studies in South Africa,
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the UK, and Scotland have shown unanimous results
that Omicron is more transmissible but less severe
than the Delta variant. Omicron has been associated
with an increased risk of reinfection by 5.4 times.2 By
comparing the presence of S-genes, a preprint study
estimated that Omicron has a reduced hospitalization
risk of 67%, compared with the Delta variant.12 The
reason behind the decreased severity may be caused
by the predilection of Omicron to infect the upper
respiratory airways, compared with the Delta variant
that more often targets the lower respiratory airways.2
A similar preprint study in South Africa found
that S-gene positive infections are 80% less likely
to be hospitalized, compared with S-gene negative
infections.13 These preliminary results indicate an early
picture that Omicron may be more transmissible than
the previous variants but less likely to cause severe
disease. It is important to note that this may be caused
by natural immunity caused by previous COVID-19
infection or completing two doses of vaccination.14
A preliminary study in South Africa compared the VE
of BNT162b2 against COVID-19 in two different periods:
the Omicron surge from the November 15th to December
17th and the pre-Omicron surge from September 1st to
October 30th. The Omicron period observed a fall in VE
to 70%, compared with the pre-Omicron period where
VE was 93%.15 Another South African study observed 41fold lower neutralization antibodies against Omicron
in patients vaccinated with BNT162b2, compared
with the ancestral COVID strain. The UK’s Com-COV2
study observed significantly reduced neutralization
antibodies against Omicron in patients who received
two doses of BNT162b2 or ChAdOx1.16 In addition,
T-cell capacity against Omicron seems to decrease,
compared with the previous strains.17 Studies of longer
duration should be conducted to explore the Omicron’s
immunologic potential accurately.
Despite the reduced neutralization antibodies,
cellular immunity induced by COVID-19 vaccines is
conserved. Spike-specific CD8+ and CD4 T cells in
47 individuals who received the Ad26.COV2.S and
BNT162b2 were durable and cross-reactive against
the Delta variant and Omicron. Around 82–84% of the
CD8+ T cells were cross-reactive against Omicron. In
contrast, neutralizing antibodies increased rapidly in
the first month and declined in the eighth month after
receiving Ad26.COV2.S and BNT162b2. There were also
minimal cross-reactive neutralizing antibodies.18 The
durability of cellular immunity against viral infections
mji.ui.ac.id

and post-vaccination is well documented and should be
relevant against Omicron. This indicates that COVID-19
vaccinations elicit protection against severe disease
despite rapidly decreasing neutralizing antibodies.18
VE against infection in Omicron significantly
waned. Early data at 15 weeks after the second dose of
BNT162b2 in the UK showed that VE against COVID-19
infection dropped to 35%, and a booster with BNT162b2
increased VE against COVID-19 infection to over
70%. This indicates that protection against infection
is severely decreased against Omicron infection.
However, the protection against severe disease and
death remains high. Two doses of BNT162b2 and
ChAdOx1 give protection against hospitalization
against in Omicron cases at 63% and 74%.19
Are boosters required?
Boosters have been free and available for
Indonesians since January 12th, 2022. The Indonesian
Ministry of Health has announced the use of BNT162b2,
mRNA-1273, ChAdOx1, and Sinovac vaccines as
boosters. The Ministry of Health and National Agency
of Food and Drug Control (Badan Pengawas Obat dan
Makanan [BPOM]) in Indonesia have approved the use
of half-dose booster and unmatched booster vaccines
as an effort to curb the pandemic in Indonesia. Citizens
who had primary vaccination with Sinovac may have a
half-dose of BNT162b2 or ChAdOx1 as the booster, while
citizens who had primary vaccination with ChAdOx1
may have a half-dose of mRNA-1273 as the booster.20
The Omicron surge in Indonesia occurred when large
proportions of the population were already vaccinated.
This indicates that waning immunity might be one of
the factors that led to the emergence of a new wave
of COVID-19 infection in Indonesia and other nations.
The efficacy and effectiveness of the COVID-19
vaccine booster remain debated. In Israel, the number
of infections and severe diseases was substantially less
in the boosted group, compared with the unboosted
group in people of over 60 years old.21 The addition
of boosters to the primary vaccinations indicates
increased protection against all COVID-19 variants,
as well as potentially against Omicron. However, the
magnitude of this impact and the durability of the
newfound protection remains unknown because
the defined immunological mechanism of protection
against COVID-19 has not yet been found.17
Research with data of over 44,000 subjects
observed the administration of the third dose of
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BNT162b2 in 6 months after the second dose. Protection
against COVID-19 decreased from 96.2% to 83.7% after
6 months. After the third dose was administered,
protection against COVID-19 was enhanced by 10%.16
Additional vaccine doses correlate with increased
protection against all variants; however, quantifying
the magnitude and length of protection from these
boosters remains an issue.1 This enhanced protection
is beneficial for the recipients. However, we need to
look back to the public health goals of vaccine booster
administrations. A choice should be made whether
enhancing the immunity of the fully vaccinated
population or preventing and reducing severe disease
and mortality in the unvaccinated nations.17 It is a
well-documented concern that new variants will keep
emerging if vaccine inequity persists.22
Is COVID-19 super immunity real?
From recent observations, the magnitude,
breadth, and cross-reactivity of immune response
elicited by vaccination and natural infection from
COVID-19 is different. A recent cohort study in Qatar of
over 1.5 million vaccinated individuals with BNT162b2
(BioNTech) and mRNA-1273 obtained a statistically
significant decreased risk of breakthrough infections
in individuals with prior natural infection to COVID-19.23
In another study of 30 consecutive patients with
autoimmune rheumatic disease, greater antibody
titer against spike proteins and greater neutralization
capacity were observed in patients with prior COVID-19
infection and a single dose of ChAdOx1, compared with
patients with two doses of ChAdOx1 without prior
infection.24
In theory, this concept is called hybrid immunity.
Individuals previously infected with COVID-19 elicited
antibody response with greater cross-reactivity
to various mutant spikes and greater durability,
compared with the immune response purely elicited
by vaccination. It seems that natural infection
presents antigen to the human body with a different
mechanism, compared with vaccination. This
immunologic mechanism may change the perspective
on booster vaccinations, and the way we prime our
immune system against future emerging variants.25
Furthermore, a recent study observed serum-titers
in 104 individuals with breakthrough infections,
compared with the prior infected plus vaccinated
group and the booster plus uninfected group. It was
found that these three groups had similar robust
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neutralizing antibodies with nearly equal breadth
and magnitude. This demonstrates that increased
exposure to the SARS-CoV-2 antigen, whether
naturally or via vaccination, will increase the breadth
and the quality of neutralizing antibodies against
COVID-19.26 This indicates that booster vaccination can
offer additional protection. One of the mechanisms
is increasing the quality of the humoral immune
response. As the pandemic progresses, the decreased
mortality rates of Omicron around the world may
be due to hybrid immunity, as a larger proportion of
the population have been vaccinated more than two
times and may have been infected with COVID-19 at
least once.
In conclusion, the main goal of vaccination where
supply is limited is to prevent severe disease and
mortality. Secondly, it is aimed to decrease the social,
economic, and health burden of the infection and
reduce transmission.1 Despite the decreased VE against
COVID-19 infection, VE against severe disease and
mortality remains high for all variants. Hence, the main
public health goal is presently achieved amidst the
rapid growth of Omicron.
It is recommended that booster vaccinations be
used as necessary by prioritizing on the susceptible
population such as the elderly, immunocompromised,
and healthcare workers. The administration of booster
doses would increase the recipient’s exposure to the
COVID-19 antigen, which should increase the quality
of humoral immune response against COVID-19 and
protection against infection, severe disease, and
COVID-19-related death. Furthermore, vaccination
and booster administration should be accompanied
by public health interventions such as wearing masks,
maintaining distance, and limiting travel options
between nations when necessary.
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