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Abstract

The entire world has been suffering from the coronavirus disease 2019 (COVID‐19)

pandemic since March 11, 2020. More than a year later, the COVID‐19 vaccination

brought hope to control this viral pandemic. Here, we review the unknowns of the

COVID‐19 vaccination, such as its longevity, asymptomatic spread, long‐term side

effects, and its efficacy on immunocompromised patients. In addition, we discuss

challenges associated with the COVID‐19 vaccination, such as the global access and

distribution of vaccine doses, adherence to hygiene guidelines after vaccination, the

emergence of novel severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2)

variants, and vaccine resistance. Despite all these challenges and the fact that the

end of the COVID‐19 pandemic is still unclear, vaccines have brought great hope for

the world, with several reports indicating a significant decline in the risk of

COVID19‐related infection and hospitalizations.

K E YWORD S

COVID‐19, COVID‐19 vaccination, global assessment, global challenges, herd immunity, SARS‐
CoV‐2

1 | INTRODUCTION

The outbreak of coronavirus disease (COVID)‐19, caused by the

severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) was

reported for the first time to the World Health Organization by the

Chinese authorities in late December 2019. On March 11, the

COVID‐19 pandemic was declared.1 By mid‐November 2021, over

254 million SARS‐CoV‐2 infections were identified, with over 5 mil-

lion confirmed fatal cases.2

COVID‐19 has impacted the entire world, which is feeling the full

brunt of the current pandemic. It is negatively affecting the international

economy from the primary sectors such as agriculture, and petroleum,

and oil to the secondary sectors, including the manufacturing industry and

the tertiary sectors like education and finance industry.3

For instance, the social consequences of the pandemic have in-

creased domestic violence, including emotional, physical, and sexual

abuse, prejudice toward individuals of Asian descent, adverse chan-

ges to dietary habits, as well as substance use and abuse since the

beginning of the pandemic.3–6

Furthermore, the COVID19 pandemic has also caused psycho-

logical and physical burnout of healthcare personnel. Significant

changes have also been made in the healthcare facilities to attend to

the substantial number of infected patients.7,8

It is worth mentioning, most countries have taken hygiene

guidelines and travel restrictions as their primary strategy in curbing

this pandemic; however, the effectiveness of this strategy depends

on the governments' strictness of these rules and measures and the

general public's adherence to them.9,10

Consequently, the remaining potential player against this di-

lemma is herd immunity, defined as having 50%–85% of the popu-

lation immunized either by being naturally infected with COVID‐19

or by vaccination.

By November 2021, over twenty vaccines were approved in

different parts of the world, including adenoviral vector vaccines,

mRNA vaccines, subunit vaccines, vaccines based on inactivated

SARS‐CoV‐2, and a DNA vaccine.

Vaccination serves as a two‐edged sword as it is the best tool for

curbing this pandemic and bringing ambiguity, uncertainty, and
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challenges that the world might face during its providence or later

unknown long effects. For instance, the data delivered from vaccine

clinical trials on safety profile, immunogenicity, and efficacy in pre-

venting symptomatic infection are limited to the context of these

trials and not for their massive use.11,12 This review aims to revisit the

unknowns, challenges, and hopes of the COVID‐19 vaccination

program and potential measures to overcome them.

2 | THE ROAD TO COVID‐19 VACCINES

Cases of COVID‐19 were first reported in late December 2019 in the

city of Wuhan in China's Hubei province.13 Till October 2020, there

were 201 Covid‐19 vaccine candidates. However, only 45 of

the known vaccine candidates were in the preclinical phase.14 From

the latest WHO report published in February 2021.

A total of 74 and 184 vaccines are in clinical and preclinical

development, respectively. Among them, 24 (32%) are protein sub-

unit vaccines, and only 1% is live attenuated vaccine.15

Different components of SARS‐Cov2 are potential vaccine tar-

gets. To better understand the road to the COVID‐19 vaccine de-

velopment, we must first define all stages involved in developing a

vaccine. The entire world is experiencing tremendous difficulties

through the challenge of developing vaccines in merely 1–2 years,

whereas a complete cycle of vaccine development requires 10–15

years.16

There are six primary stages in vaccine development: (a) Preclinical;

(b) Clinical‐phase1; (c) Clinical‐phase2; (d) Clinical‐phase3; (e) approval;

and (f) manufacturing postmarketing surveillance.16 For COVID‐19 vac-

cines, some of these phases were merged, and the final step was shor-

tened for the timely provision of the vaccines. Thus, the WHO

Emergency Use Listing (EUL) and the United States Food and Drug (FDA)

Emergency Use Approval (EUA) were established to bridge the gap be-

tween the rapid manufactured unlicensed vaccines and the urgent need

for safe and efficient vaccines against the COVID‐19 pandemic. For

getting a EUL or a EUA, vaccine manufacturers should submit all data

related to their product's trials to the WHO or the FDA for approval. In

December 2020, the first FDA's EUA was issued for the Pfizer‐BioNTech

COVID‐19 vaccine, aka BNT162b2.17

Currently, eight vaccines have the WHO's EUA which their

technologies are as follows; mRNA‐based vaccines using the selected

modified sequences of spike protein gene, for example, mRNA‐1273

(Moderna) and the BNT162b2 (BioNTech/Pfizer)18; then the

non‐replicating adenovirus vector‐based DNA vaccines, for

example, AZD1222/ChAdOx1 (Oxford/AstraZeneca), JNJ‐78436735/

AD26.COV2.S (Janssen/Johnson & Johnson), Ad5‐nCoV (Cansino Bio-

logics), and ChAdOx1_nCoV19 (Covishield)19; finally, the inactivated

virus vaccines, for example, BIBP‐CorV (Sinopharm) and CoronaVac

(Sinovac Biotech).20

In addition, other vaccines are widely used, but they merely have

national approval, like Sputnik V (Gamaleya Research Institute), NVX‐

CoV2373 (Novavax), and Covaxin (Bharat Biotech).15 For more in-

formation on vaccines with either national or EUL approval (Table 1).

All the above‐mentioned COVID‐19 vaccines use the viral spike

protein as their targeted antigen except for the inactivated vaccines

group, which targets the virus as a whole. Likewise, all vaccines

induce both cellular and humoral responses with the exception of

inactivated vaccines.16

3 | THE UNKNOWNS

3.1 | Vaccination longevity

Vaccines are developed to train the immune system for providing

immunity against infections. Many vaccines are primarily targeted to

prevent disease and may not necessarily protect against specific in-

fections.21 Even those that provide “sterilizing immunity” may wane

in the long run. However, protection against disease or disease

progression (severity) may persist due to immune memory.22 The

protective immunity through humoral and cellular response against

SARS‐CoV‐2 in humans in natural and experimental settings has not

been fully understood since most studies were performed in animal

models.23 However, selected leading vaccines have demonstrated

encouraging efficacy rates.

Data suggests that about 95% of subjects retain substantial im-

mune memory fairly stable up to 8 months of natural infection pro-

vided by antigen‐specific antibodies, memory B cells, and T cells then

decline modestly.24 Regardless of type, it takes time to develop ef-

fective immunity after vaccination. Experts say, even a single dose of

any vaccine can provide protection eventually.25 For example, a

study found that the AZD1222 vaccine can provide 76% protection

up to 12 weeks after a single dose and subsequently decline the

transmission rate by 67%.26

A recent study revealed that vaccines should have at least 70%

efficacy to halt an epidemic and for an ongoing epidemic, 80% effi-

cacy is needed without any other measures when vaccination covers

at least 75% of the population.27 Therefore, preventive measures

(social distancing, personal hygiene, handwashing, etc.) and adopting

a policy to ensure vaccination coverage would undoubtedly challenge

the pandemic in time. More across the border, vaccine trials should

be performed to assure the longevity of various vaccines.

3.2 | Asymptomatic spread

The median incubation period for COVID‐19 is approximately five

days, and those who develop symptoms will do so within 11.5 days.

One of the most worrying aspects of this pandemic is the substantial

number of undocumented infections (asymptomatic individuals) that

facilitate the rapid spread of SARS‐CoV‐2. This imposes a significant

public health issue even though it is expected for any pandemic to

show a higher frequency of asymptomatic infections.28 Currently,

hundreds of molecular tests and immunoassays have been rapidly

developed to diagnose the COVID‐19. If the laboratory testing ca-

pacity does not monitor asymptomatic subjects in a given population,
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these individuals can still contribute to the recurrence and disease

spread.29 They might have the same viral load as symptomatic

subjects.29

Vaccination is well‐known to play an essential role in controlling

the spread of infectious diseases. However, the COVID19 is yet

unlikely to end, although vaccine programs have advanced in nu-

merous countries. We are currently facing the challenge of scaling up

production to attend to the global demand for vaccination doses. A

global strategy is still missing to ensure faster affordability and sus-

tainable financing of COVID‐19 vaccines in developing countries that

might lack the resources to buy the required quantities of vaccines.

Thus, still with a high level of asymptomatic and unvaccinated sub-

jects circulating worldwide, this can pose a challenge to the efficacy

of the vaccination in controlling the COVID19 pandemic. In addition,

several questions remain to be answered on several levels, such as

accurate reinfection risk before or after the second dosage, reinfec-

tion possibility regardless of onset yet asymptomatically, and re-

infection possibility with the chance to transmit disease to others.29

COVID‐19 infection is a respiratory disease with viral replication

and shedding starting in the upper respiratory airways. Therefore, all

of its replication and infectivity stages should be targeted via vacci-

nation to control its infectivity and spread. Despite these challenges,

the current COVID‐19 vaccines have been shown to limit viremia and

COVID‐19 related syndromes via IgG response induction. However,

they lack local mucosal IgA response, which is mainly responsible for

the disease transmissibility.30 Hence, until more knowledge is gath-

ered on the mucosal immunity following systemic vaccination, the

virus transmission among asymptomatic vaccinated individuals

through droplets cannot be excluded. Thus, still demanding the

precaution measures started since the beginning of the pandemic.

In December 2020, the clinical trial with the BNT162b2 vaccine

showed 95% protection against infection, and safety was surveilled over

two months with similar results to other viral vaccines.31 This first trial

was followed by several studies evaluating the efficacy and safety of

other candidate vaccines against COVID19, which adopted SARS‐CoV‐2

confirmed symptomatic cases as their primary efficacy endpoint.32

However, these studies did not evaluate asymptomatic individuals,32

posing a great hurdle to scientifically answer whether vaccinated

asymptomatic individuals transmit the disease or not. In this context,

although significantly lower viral load following the inoculation of mRNA

vaccines indicates that vaccination also leads to lower viral transmissi-

bility. However, studies are needed to address this issue. Another critical

question that remains unanswered is whether vaccination will limit re-

infection by SARS‐CoV‐2 with the same or new variants that have re-

cently emerged.33–35 In addition, future studies need to be performed to

determine if the administration of a seasonal vaccine against COVID19

will be required to avoid the outbreak of a new pandemic.

Overall, it is safe to say that vaccines can limit the intensity of the

disease for those who would be severely infected to mild infection or

perhaps asymptomatic and possibly reduce viral load in asympto-

matic individuals to decrease infectiousness. This will contribute to

lowering the pandemic spread but not totally eradicating it as it was

learned from previous pandemics.

3.3 | Long‐term side effects of COVID‐19
vaccination

A study in the United States found that issues related to safety,

efficacy, misleading information, the politicization of scientific

themes, the accelerated timeline for vaccine development, the dis-

trust in scientific and medical communities, and longstanding in-

stitutional racist practices were identified as the reasons for

hesitance and resistance to COVID‐19 vaccines.36 The most defini-

tive source of this hesitancy is vaccine side effects which can be

defined as phenotypic responses of the human organism to drug

treatment or simply adverse drug reactions.37 Side effects are an

indication of vaccine antigenicity and immunogenicity; therefore, il-

lustrating the vaccine's success in provoking immune responses.

Vaccine side effects can be grouped as short and long‐term based on

their time of eruption after vaccination.

On the one hand, currently approved COVID‐19 vaccines re-

ported two types of short‐term side effects: injection site side effects

like pain redness and swelling at the injection site and/or associated

lymph nodes; and systemic side effects like headache, malaise or joint

pain, fever or chills, nausea, and vomiting.38,39

On the other hand, as COVID‐19 vaccines are newly approved and

used, their long‐term side effects are still unknown. However, some im-

munological hypotheses and case reports can provide a possible per-

spective on these long‐term side effects. SARS‐CoV‐2 spike glycoprotein

may mimic some human peptide‐protein sequences; thus, some authors

suggested a probability of cross‐reaction.40 As indicated by Talotta et al.

individuals with strong immune responses, especially young women or

those who already have a genetic background of autoimmunity, are more

vulnerable to autoimmune diseases when being vaccinated with nucleic

acid vaccines than other individuals. Nonetheless, this risk is identical to

other vaccines.31,41

Subsequently, as explained by Goldman et al., taking adenoviral

vector‐based vaccines might induce the production of platelet factor

4 (PF4) autoantibodies resulting in thrombotic thrombocytopenia.

This PF4 immunogenicity is facilitated by heparin sulfate proteogly-

cans released from damaged endothelial cells.42 However, an exact

mechanism via which some COVID‐19 vaccines can induce rare

thrombotic thrombocytopenia events remains to be elucidated ‐

some hypotheses to be tested have been recently put forward. Thus,

it will be essential to perform future studies to monitor if long‐term

side effects of COVID19 vaccination will be developed or not.

3.4 | COVID‐19 vaccines for immunocompromised
patients

According to recent data, immunocompromised individuals, including

subjects with solid organ and hematologic malignancies or under-

going stem cell or solid organ transplantation, as well as patients with

inborn errors of immunity or dermatologic and systemic autoimmune

diseases, have shown no increased susceptibility to the COVID‐19

infection compared to the general population. However, their disease

1340 | MOHAMED ET AL.



severity, the dynamics, and the persistence of seroconversion after

infection might differ. In addition, this group is often characterized by

significantly higher mortality rates.43,44

According to the meta‐analysis of Gresham et al.,45 patients with

dermatologic immune disorders treated with interleukin (IL)‐17 in-

hibitor (brodalumab, ixekizumab, and secukinumab) or IL‐4/13 in-

hibitor (dupilumab), or anti‐CD20 or methotrexate show relatively

normal seroconversion rate after COVID19 vaccination. However,

those treated with TNF alpha inhibitors (adalimumab, certolizumab,

and etanercept) could not efficiently produce antibodies. Azathiopr-

ine and JAK inhibitor‐treated patients also showed a decreased im-

mune response. Moreover, based on Boyarsky and his colleagues,46

most of the renal transplant patients receiving antimetabolites and

alkylating agents (tacrolimus gt; mycophenolate mofetil gt; systemic

steroids gt; sirolimus gt; everolimus) were prone to decline and delay

immune response due to severely disturbed primary and secondary

immune activity.46

In contrast, mTORi everolimus preserves humoral immune re-

sponses. Therefore, patients receiving this therapy would possibly

not experience immune response disturbance after COVID‐19

infection or vaccination. It is worth mentioning that im-

munocompromised patients were excluded from the Phase 3 trials of

vaccinations launched in 2020; thus, no remarkable evidence on the

efficacy of standard vaccination protocols of this group of patients is

currently known.43,44

In this context, it will be a challenge to investigate the impact of

vaccination on this group of patients, and unique vaccination proto-

cols should be designed. Here, regular T and B cell activity and the

antibody response need to be evaluated to assess the longevity of

seroconversion and immunity after vaccination.

4 | THE CHALLENGES

4.1 | Global access and distribution of vaccine
doses

According to Bloomberg et al., seven are now available for public use

out of the most promising vaccines. So far, more than 25% of the

world population is now fully vaccinated, and 3.84 billion doses have

been administered at least across 103 countries at the rate of

33 652 947 doses a day on 25 July, 2021.47–49

Before the market supply of COVID‐19 vaccines, the WHO with

other international organizations such as the Global Alliance for

Vaccines and Immunizations (Gavi) and Coalition for Epidemic Pre-

paredness Innovations (CEPI) have made efforts to establish a system

to regulate the right and equitable distribution of vaccine named the

COVID‐19 Vaccines Global Access (COVAX) Facility. The reports

elaborated that 156 countries came forward to join this plan for

purchasing and distributing vaccines. The process through which this

system decided to distribute the vaccine aimed “to end the acute

phase of the pandemic by the end of 2021” and was disclosed by the

end of 2020.50 COVAX collaborators voluntarily participated in this

campaign according to their resources and risk factors collectively for

investing in vaccine development and preparing the infrastructure

required for vaccine distribution. The most crucial aspect of COVAX

was to ensure the transparency of vaccines' finance allocation.

In September 2020, the WHO, under COVAX, outlined the

vaccine distribution policy.51 A fair proportional distribution of vac-

cines through COVAX was established, trying to guarantee a fair

distribution by avoiding competition among countries, getting the

maximum doses of vaccines for their own citizens. Ethically, this

proportional distribution was considered wrong, especially for

countries that did not contribute to vaccine development. Finally,

global equity ensures that fair vaccine allocation assumes the unique

epidemic risks and the needs of all countries, particularly low and

middle‐income countries.52

In addition, the WHO's Strategic Advisory Group of Experts

(SAGE) on immunization has released an essential document for

vaccine allocation and prioritization based on age (starting with

people over the age of 65) and frontline workers.53

Although these efforts significantly contributed to building a fair

vaccination distribution plan,54 the world has witnessed that income has

been an important factor shaping rates of administration of COVID‐19

vaccine doses, i.e., high‐income countries have achieved the fastest

vaccine roll‐outs to date based on COVID‐19 vaccine doses administered

per 100 people.49 By October 2021, COVAX has accomplished only

15.5% of its annual plan of vaccine distribution. At the same time, de-

veloped countries with high vaccine uptake were already pursuing a

strategy of booster doses (Figure 1). As highlighted recently, optimizing

the immunity level of wealthy populations cannot come at the expense of

low‐income regions that suffer from vaccine unavailability.56 This is be-

cause unvaccinated individuals remain the main drivers of the pandemic,

SARS‐CoV‐2 transmission, and evolution.56

4.2 | Adherence to hygiene guidelines after the
vaccination

Until different types of vaccines induce herd immunity, governmental

authorities have recommended that hygiene guidelines should be

followed to inhibit the spread of SARS‐CoV‐2 infection.

The minimum time needed to induce an optimal level of im-

munity was observed in vaccines produced by Pfizer‐BioNTech and

Novavax companies seven days after the seconnd dose, aka 28 days

from the first dose.31,57 Ad26.COV2.S and Ad5‐nCoV vaccines

mediated immunity after 28 days but with a single dose.55,56

Nevertheless, the maximum time needed for the induction of

immunity was 42 days58,59 (Table 2).

It is worth mentioning, due to the emergence of new COVID‐19

variants or the asymptomatic spread,67 staying strict to hygiene

guidelines is a vital strategy. A study published by Hacisuleyman et al.

showed two individuals infected with COVID‐19 new variants after

vaccination, despite having a considerable level of antibodies. This

effect was not observed due to the dysfunction of the antibodies, but

for their insufficiency.68
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Thus, a sandwich strategy of hygiene guidelines and vaccination

may contribute to better limiting SARS‐CoV‐2 spread.

4.3 | Emergence of novel SARS‐CoV‐2 variants

The coronaviruses belong to RNA viruses that present a high muta-

tion rate, typically exceeding DNA viruses.69 Compared to influenza

viruses, coronaviruses, including SARS‐CoV‐2, as the latter's gen-

omes are replicated by an RNA polymerase that contains a proof-

reading domain, maintaining relatively high accuracy in virus

transcription.70,71 Although the global spread and rapid transmission

of SARS‐CoV‐2 provide the virus with numerous opportunities for

the emergence of favorable mutations and natural selection, most of

the mutations have no impact on pathogenicity. COVID‐19 vaccines

have been focused on the spike protein as the main vaccine antigen

since it mediates the entrance into host cells.72 As reported at the

beginning of 2021, a total of 9654 mutations in spike protein, cor-

responding to 400 distinct mutation sites, have been detected. Of

these, 44 mutations affect the receptor‐binding domain (RBD).73 The

COVID‐19 vaccines are based on or encode the full‐length spike

protein, often (e.g., BNT162b2 by BioNTech/Pfizer, mRNA‐1273 by

Moderna, Ad26.COV2.S by Johnson & Johnson, NVX‐CoV2373 by

Novavax) is stabilized in prefusion conformation in RBD locked in the

“up” position representing a receptor‐accessible state, which is highly

immunogenic.74–76 Therefore, it is likely that single amino acid sub-

stitutions or deletions, also in RBD, will not evade the induced im-

munity to a large extent. Among numerous SARS‐CoV‐2 variants,

only four, B.1.617.2, B.1.1.7, B.1.351, and P.1 lineage, have been

classified so far as variants of concern (Table 3). The third phase

clinical trials of the first COVID‐19 vaccines were unable to evaluate

the efficacy against these three variants as their identification oc-

curred after the authorization.31,58,80 In such a situation, the neu-

tralization assays using sera of vaccinated individuals and pseudotype

virus were employed.81

It has been shown that the highly transmissible B.1.1.7 and P.1

variant pose no risk for vaccine effectiveness.82–86 In agreement, the

third phase clinical trials of novel vaccine candidates seem to confirm

this possibility. B.1.617.2, which has a significantly increased trans-

missibility (with a basic reproduction number of 6–8) and became a

dominant variant in numerous regions by mid‐2021, reveals only the

modest effect on the neutralization function of vaccine‐induced

antibodies.87 Therefore, instead of significant immune evasion,

B.1.617.2 is increasing the risk of breakthrough infections due to

mutations in spike protein that increase its affinity to ACE‐2 receptor

and enhance membrane fusion.88 Importantly, a large post‐

authorization study encompassing 3.5 million individuals has shown

that although the efficacy of mRNA vaccine against infection is lower

for B.1.617.2 variant compared to other SARS‐CoV‐2 variants, and is

also more impacted by the time passing from the second vaccine

dose, the efficacy against hospitalization remains very high during the

6 months at the level of 93%.89 As long as the serum levels of

neutralization antibodies decrease within a few months following the

completion of the initial vaccination regime (Figure 2), the protection

against severe COVID‐19 remains high due to adaptive cellular im-

mune response that is retained and is recognizing B.1.617.2 variant

well.90,91 Moreover, the data shows that administration of the

booster dose of mRNA vaccine at least 5–6 months after the com-

pletion of the initial vaccination regime is inducing a robust antibody

response that neutralizes the B.1.617.2 variant and decreases the risk

of infection.92,93 All in all, these findings show that there is no need to

optimize the mRNA vaccines due to the emergence of more trans-

missible B.1.617.2 variant, but rather invest in booster dosing

strategies.

In turn, B.1.351 variant, first identified in South Africa, has been

evidenced partially escaped monoclonal antibody neutralization. This

phenomenon is mainly linked to the E484K mutation in RBD, which is

strengthened in the presence of K417N and N501Y.94 However,

clinical trials conducted in South Africa when B.1.351 became the

dominant variant in this country indicated that a two‐dose regimen of

AZD1222 (AstraZeneca) vaccination does not protect from the mild‐

to‐moderate COVID‐19 caused by B.1.351.95 In turn, Ad26.COV2.S

vaccination provided lower but still acceptable efficacy.96 The mRNA

vaccines appear to retain high efficacy against this variant, as shown

in the clinical trial of the BNT162b2 vaccine up to 6 months from the

second dose.97 Taken together, this indicates that E484K promotes

at least a partial capacity for viral immune escape. Apart from B.1.351

and P.1., this mutation has emerged in other SARS‐CoV‐2 variants,

for example, B.1.526 lineage (identified in New York state).98 Im-

portantly, however, none of these variants became dominant by mid‐

November 2021. In South Africa, B.1.351 has been dominated by

B.1.617.2. In Europe, B.1.617.2 variant has dominated over B.1.1.7,

including a version of B.1.1.7 possessing E484K mutation, ultimately

leading to de‐escalation of B.1.1.7 lineage.99

It remains unknown whether the variants of concern emerged

due to a longstanding infection in immunocompromised individuals

due to prolonged treatment with convalescent plasma or monoclonal

F IGURE 1 The COVID‐19 vaccine inequity as of November
2021. Only 7% of the African population have received full
vaccination, while developed countries (e.g., the European Union
with 67% of the population fully vaccinated), with high vaccine
uptake, were already recommending booster doses. Based on data by
ref.55 This inequity strongly advocates better support of vaccine aid
in low‐income countries and emphasizes that initial vaccinations over
booster strategies must be prioritized56
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antibodies,83 or/and as a consequence of random mutations due to a

large number of infections in the population. In this context, it seems

reasonable to prioritize immunosuppressed individuals' vaccination to

lower the risk of virus evolution due to its prolonged host persis-

tence.100,101 Furthermore, because prolonged viral shedding was also

observed in children, including asymptomatic cases, it cannot be

excluded that they also may be a good host for novel mutations to

emerge. Currently, no vaccine has been authorized for administration

to children and adolescents, although the first clinical trials targeting

these groups were initiated (e.g., NCT04796896 and NCT04800133).

The prediction of the further trajectory of SARS‐CoV‐2 muta-

tions is challenging. However, considering that current vaccines re-

tain the efficacy against the B.1.1.7 strain, which rapidly became

dominant in various geographical regions,102 it can be speculated that

as the percentage of vaccinated individuals will continuously in-

crease, the B.1.351 and others possessing E484K mutation may be

on the rise. One should note that E484K has also emerged in B.1.1.7

as discovered in February in the UK.103 In the long term, this does not

necessarily indicate an epidemiological threat. Even though antibody

response may be partially evaded, there is no evidence that cellular

responses mediated by cytotoxic T cells) are affected by these new

mutations in the spike protein.

Moreover, the vaccinated individuals also generate non‐

neutralizing antibodies involved in immunological mechanisms such

as antibody‐dependent cell‐mediated cytotoxicity and opsonization,

which are essential for clearance of virus and virus‐infected cells and

stimulation of downstream adaptive immune responses via antigen

presentation and secretion of inflammatory mediators.104,105 As a

result, infections in vaccinated individuals may likely be mild and not

lead to a surge of hospitalizations. Nevertheless, considering the

continuous emergence of new SARS‐CoV‐2 variants, the currently

authorized vaccines may need to be periodically updated to avoid

potential clinical efficacy loss. For vaccines developed using theT
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TABLE 3 Sense mutations in spike protein gene in SARS‐CoV‐2
variants of concern77–79

Lineage
Earliest documented
samples

The most important sense
mutations in spike
protein gene

B.1.1.7 September 2020 N501Y, D614G, P681H

(Alpha) UK

B.1.351 May 2020 K417N, E484K, N501Y,

D614G, A701V

(Beta) South Africa

P.1 November 2020 K417T, E484K, N501Y,
D614G, H655Y

(Gamma) Brazil

B.1.617.2 October 2020 L452R, T478K, D614G, P681R

(Delta) India

Abbreviation: SARS‐CoV‐2, severe acute respiratory syndrome
coronavirus 2.
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mRNA and vector platforms, this can be achieved in a reasonable

time and steps to prepare and test novel versions. Multivalent vac-

cine candidates have also been initiated.96,106 Meanwhile, it is pivotal

to continue tracking the SARS‐CoV‐2 mutations and variants, take

local actions to slow variants transmission, and pursue research on

their potential effects for the COVID‐19 vaccines in use.

4.4 | Vaccine acceptance and resistance:
Challenges to be overcome

Despite solid evidence that vaccination prevents severe disease and

decreases new infections, some gray areas have raised apprehen-

sions. The ambivalence towards COVID‐vaccination seems as pre-

valent as the pandemic itself,107 with their development at

unprecedented speeds108 as a key concern. COVID‐19 vaccines have

only been recently introduced worldwide, in a much faster period of

time compared to a typical vaccine development, which can take

15 years or more.109 Therefore, acceptance of vaccines against

SARS‐CoV‐2 represented a public health challenge due to scientific‐

sounding misinformation such as false information that vaccine trial

participants have died after taking a candidate COVID‐19 vaccine

through social media platforms. Reduced available data of safety and

efficiency also contributed to this scenario.110

Vaccines are used as prophylactic, given before the infection in

an individual, recruiting a more robust immune system to produce

potent multi‐targeted attacks against viruses. Increasing the time

between the vaccine production and the evolving resistance gives a

vaccine a longer time to remain effective and produce higher im-

munity levels against the virus.111

Studies have shown that some viruses and bacteria were able to

evolve resistance over the vaccines such HBV, S. pneumoniae, Bor-

detella pertussis, Yersinia ruckeri, and Marek's Disease Virus, time after

reducing the number of infections.113

Vaccine chances of resistance are low, and they are attrib-

uted to the absence of one of three essential features that vac-

cines possess, that is, the vaccine needs to target multiple virus

epitopes simultaneously, inducing a redundant and evolutionarily

robust immune response; it must suppress pathogen growth and

eliminate transmission, and it should provide protection against

all circulating serotypes of a given pathogen.112 Thus, considering

the current COVID19 pandemic context that we reviewed here, it

will be necessary to develop long‐term studies that monitor the

evolution of the immune protection induced by COVID19 vac-

cines.113 The combination of vaccine and drug development

against COVID19 must be continued.111 One should, however,

note that, as shown in countries dominated by the B.1.617.2

variant, there is a significant negative correlation between fully

vaccinated rate and mutation frequency (Mf), with the highest

values of Mf observed for populations with vaccination rates

below 10%.114 This finding strongly advocates vaccinating the

unvaccinated individuals as a priority in suppressing the mutation

of SARS‐CoV‐2.56

4.5 | Ethical challenges

The COVID‐19 pandemic that has caught the world unawares has

raised various issues regarding pandemic and vaccination ethics.

These concerns cover a wide range of topics, such as testing and trial,

distribution, prioritization, beneficence and maleficence, cultural and

religious differences, politics and diplomacy, surveillance, and life and

death, among others. In addition, the prevalence of misinformation

and the promotion of “alternative” cures or remedies do nothing to

win the fight against anti‐vaxxers.

As a modified iteration of the classic Trolley Problem – one that

fits the existing COVID‐19 vaccination predicament – one can look at

the ethical dilemma as such:

F IGURE 2 An example of dynamics of serum
neutralizing IgG anti‐S1‐RBD antibodies levels
induced by administration of BNT162b2 vaccine
in 36‐years old male with no immune deficiency.
Note the decreasing levels over the course of 8
months after a second dose and a significant rise
(above the upper limit of detection in the assay)
after a third (booster) dose
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COVID‐19 is rampaging (the trolley on the track). There is

one available vaccine shot (the lever). There are two people who

can be vaccinated. One is an elderly person who, if healthy, has a

few more years to live that can be spent to enjoy what life has left

to offer (the one). The other is a 30‐year‐old medical professional

who, if healthy, can potentially help a great number of people in

the next few decades (the many). The side effects of the vaccine

are a risk to both. To whom will you give the vaccine?

Putting this thought experiment in the context of the real world

makes the problem more complicated because then, one would be

presented with more choices. In many instances, some of these

choices would seem to be better choices than others. Some would

say that the benefits of the vaccine outweigh the risks and that the

disadvantaged must be prioritized above everyone else.115 Others

would raise questions on the power of the State to legally compel its

citizens to be vaccinated or to decide to donate a portion of State‐

acquired vaccines to poorer countries despite the fact that some of

its own citizens have yet to be vaccinated.116 There are also those

who would consider the political and diplomatic implications of ex-

ploiting the pandemic and the vaccine race to secure a better position

on the world stage.117 These are just some of the ethical challenges

that confront the ongoing vaccination efforts.

The ethical challenges posed by this pandemic are one that is

often put at the back seat so as to prioritize economic, political,

and health concerns. However, these issues are as important as

any if the aim is to have an effective, efficient, and humane

COVID‐19 vaccination response on a global scale. Ultimately, for

the sake of putting an end to the rampage of COVID‐19, it is

paramount to keep in mind that the scientific and medical issues

and responses relating to vaccine roll‐out must be appreciated

side by side with the equally relevant ethical ones.

5 | THE HOPES AND CONCLUSIONS

Although the road to ending the COVID‐19 pandemic is still un-

certain, vaccines have brought the world hope, with studies

pointing towards a significant decline in the risk of COVID19‐

related infection and hospitalizations. However, there is evidence

that the efficacy of vaccines against infection decrease in time.

Eradication of SARS‐CoV‐2 is unlikely; therefore, one should note

that emphasis must be placed on decreasing COVID‐19 severity

and deaths, while prevention of infection should be seen as a

secondary goal and may also require development and im-

plementation of vaccines based on novel approaches or

optimization of vaccines for novel SARS‐CoV‐2 variants. Never-

theless, the evolution of SARS‐CoV‐2 must remain monitored

globally.

Of note, the pandemic has invoked international goal‐oriented

collaborations. Exceptional efforts by scientists, with years of ad-

vanced research, along with the enormous funding and the faltering

global economy118 are some factors that have led to the emergence

of hundreds of projects within a year.119 These projects bear scope

for improvement in terms of potency, safety, and effectiveness of

novel vaccines, and possibly, development of vaccines better‐suited

for distinct population groups and variations in the viral genome as

well.120 However, understanding vaccine‐hesitancy is imperative for

achieving desired levels of immunization. Addressing the scientific,

medical, and ethical challenges that follow vaccine development (in-

equity, recipient prioritization, etc.) may enable better implementa-

tion. Thus, vaccination can control the spread of the COVID‐19

infection, in parallel to the multiple epidemiologic factors, and the

several social measurements applied during this pandemic.
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