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Abstract

The SARS-CoV-2 pandemic is the most globally impact-
ing health issue our world has faced over the last centu-
ry. As of January 7, 2022, around 300 million cases have
been reported worldwide, with over 5 million deaths. The
SARS-CoV-2 infection causes a hyperactive host immune
response leading to an excessive inflammatory reaction
with the release of many cytokines — cytokine storm —
commonly noticed in acute respiratory distress syn-
drome, sepsis and fulminant multiorgan failure. Since
the beginning of the pandemic, the scientific medical
community has worked on therapeutic procedures that
interfere with the exaggerated immune response. Throm-
boembolic complications are widespread in patients
who are critically ill with COVID-19. Anticoagulant therapy
was initially considered a cornerstone in hospitalized pa-
tients and even in the early post-discharge period; how-
ever, later trials have aborted the clinical benefits except
for suspicion of or confirmed thrombosis. Immunomod-
ulatory therapies are still crucial in moderate to severe
COVID-19. Immunomodulator therapies include various
medications from steroids to hydroxychloroquine, tocili-
zumab and Anakinra. Anti-inflammatory agents, vitamin

Introduction

The world has been facing the most challenging pan-
demic of the modern era. The SARS-CoV-2 infection
causes COVID-19, affecting over 450 million people
worldwide. COVID-19 is characterized by the overex-
pression of inflammatory markers such as interleukins.
The widespread dysregulated host immune response
can result in multiorgan failure, thromboembolism and
death. Immunomodulatory agents and systemic an-
ticoagulation were believed to provide clinical bene-
fits against disease progression and thromboembolic

supplements and antimicrobial therapy had initial en-
couraging evidence, but there are limited data to review.
Convalescent plasma, immunoglobulins, eculizumab,
neutralizing IgGl monoclonal antibodies and remdesivir
have positively impacted inpatient mortality and hos-
pital length of stay. Eventually, wide population vacci-
nation was proven to be the best tool to overcome the
SARS-CoV-2 pandemic and help humanity return to reg-
ular life. Many vaccines and various strategies have been
used since December 2020. This review discusses how
the SARS-CoV-2 pandemic has progressed and surged,
and summarizes the safety and efficacy of the most used
therapies and vaccines in the light of recent evidence.
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complications if started in the selected groups depend-
ing on case severity and hospitalization status!

Review

SARS-CoV-2 mechanism of action

Coronaviruses have been the focus of concern since
the beginning of the twenty-first century due to the out-
breaks of three coronaviruses, with the initial outbreaks
being MERS-CoV in 2012 and SARS-CoV in 20032 The
first genome sequence of SARS-CoV-2 was published
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on January 10, 2020. The outbreak of COVID-19 in Chi-
na peaked in February 20203 SARS-CoV-2 differs from
the other older versions of coronaviruses by the site of
infection transmissibility.? During the initial waves of
the COVID-19 pandemic, ethnic minorities were more
susceptible to infection and demonstrated poorer
outcomes in terms of morbidity and mortality due to so-
ciocultural aspects of the pandemic; however, this ob-
servation was abolished in the later waves. The large
global outbreak of SARS-CoV-2 has seriously endan-
gered healthcare systems worldwide. The sudden surge
of SARS-CoV-2 has revealed the shortage of critical care
medicine resources and intensivists.®

The spike (S) protein is key to the fast spread of SARS-
CoV-2.The virus efficiently binds to the angiotensin-con-
verting enzyme 2 (ACE2) receptor with the S protein.
ACE2 receptors are highly abundant in the bronchi, lung
parenchyma, heart, kidney and gastrointestinal tract,
contributing to the complex and variable presentations
in acute SARS-CoV-2 infection.® Following ACE2-S pro-
tein binding, the cellular transmembrane protease ser-
ine 2 (TMPRSS2) primes the S protein to allow the virus
to enter host cells through clathrin-dependent endo-
cytosis. The virus alters the behaviour of host cells and
tissue, making them unable to fulfil their normal function
by hijacking the endogenous transcriptional machinery.®
In addition, multiorgan failure in severe COVID-19 infec-
tion is directly associated with the cytokine release syn-
drome rather than with active viral replication. Patients
with SARS-CoV-2 have lymphopenia, mainly related to
the significant reduction in absolute T cell counts, par-
ticularly cytotoxic T lymphocytes (CD8*), increased neu-
trophil counts, and elevated levels of pro-inflammatory
cytokines, especially IL-2, IL-6, IL-10 and IFNy. The cytokine
storm is associated with the activation of coagulation
factors predisposing to the hypercoagulable status re-
lated to the considerably worsening multiorgan failure.’”

Compared with previous strains of coronaviruses, SARS-
CoV-2 has significantly worst post-recovery implica-
tions. The mutations in the initial SARS-CoV-2 strain had
been a significant cause of mortality and uncontrolled
virulence. SARS-CoV-2 exhibited deleterious impacts on
systems other than the respiratory system (primary tar-
get organ) such as the central nervous, haematological,
hepatic, renal and endocrinal systems.®

During the initial period of the outbreak of COVID-19, se-
quence-based analyses suggested the horseshoe bat
as the natural reservoir, and primary pieces of evidence
prompt Malayan pangolin as an intermediate host®
The S protein plays a crucial role in determining the
host range. Analysis of the S protein receptor-binding
domain (RBD) has revealed that SARS-CoV-2 and
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Malayan pangolin CoV share identical binding residues
to ACE2° The SARS-CoV-2 virus belongs to lineage B of
betacoronaviruses, demonstrating a robust phyloge-
netic similarity with the BatCoVRaTGI3 type. S glycopro-
tein projections of two subunits, S1/S2, provide a unique
crown-like formation (corona) on the virion surface. Sl
is primarily the RBD, whereas S2 functions in the virus—
cellmembrane fusion mechanism." Mutations in the viral
genome are reported in multiple genomic regions even
though SARS-CoV-2 possesses unique proofreading
activity for nascent RNA. The human antiviral defence
mechanisms, such as adenosine deaminase acting on
RNA (ADAR) and apolipoprotein B mRNA-editing enzyme
(APOBEC), are also suspected of contributing to SARS-
CoV-2 mutations.®

Delta variant

The SARS-CoV-2 B.1.617 variant was identified in Oc-
tober 2020 in India. It includes three subtypes: B1.6171],
B.1.617.2 and B.1.617.3, which have variable mutations
in the N-terminal domain (NTD) and the RBD of SARS-
CoV-2 S protein that facilitate the evasion capabil-
ity of these variants. The Delta variant spreads faster
than other variants and can escape the neutralization
by monoclonal antibodies targeting NTD and RBD such
as bamlanivimab.? Sera collected from convalescent
individuals up to 12 months after symptoms were four-
fold less potent against the Delta variant than the Al-
pha variant (B.1.1.7).2

Sera from individuals who had received a single Pfizer
or AstraZeneca vaccine dose had a barely discernible
inhibitory effect on the Delta variant. However, a second
dose of either has developed a satisfactory neutraliz-
ing response in 95% of individuals, though with lower
effectiveness against the Delta variant than against
the Alpha by three-fold to five-fold. The spread of the
Delta variant is associated with an escape from anti-
bodies that target non-RBD and RBD epitopes of the S
protein.2®

Omicron variant

On November 26, 2021, WHO designated the new SARS-
CoV-2 strain — named Omicron, from the letter ‘Opikpov’
in the Greek alphabet — as a variant of concern (B.11529
variant). This new variant is potentially associated with
high transmissibility, leading to high infectivity and in-
creased reinfection rates!" The SARS-CoV-2 Omicron
variant (BA1/B11529) harbours up to more than 30 mu-
tations in its S protein, the target of neutralizing anti-
bodies. Given its potential to escape vaccine-induced
humoral immunity, Garcio-Beltran et al* measured
the neutralization potency of sera from 88 recipients
of either mRNA-1273, 111 BNTI62b and 40 Ad26.COV2.S
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vaccines against wild-type, Delta and Omicron SARS-
CoV-2 pseudoviruses. They found that individuals boost-
ed with mRNA vaccines exhibited potent neutralization
of Omicron that were four-fold to six-fold lower than the
wild type, suggesting enhanced cross-reactivity of neu-
tralizing antibody responses despite Omicron pseudovi-
rus infecting more efficiently than other variants tested.”
The Omicron variant displays an unusual association of
30 mutations, 3 deletions and 1insertion. Compared with
the Delta variant, the RBD of Omicron has an increased
electrostatic surface potential but a decreased affinity
for the ACE-2 receptor. The NTD has reduced surface
potential and a lower affinity for lipid rafts. The Omicron
variant is less fusogenic and thus less pathogenic than
Delta due to a restructuring of the S1-S2 cleavage site.
These changes suggest that Omicron does not have any
considerable advantage over the Delta variant in terms
of infectivity. However, in Omicron, neutralizing epitopes
are greatly affected, meaning that current vaccines will
probably confer little protection against this variant.”®

To test the potential durability of immunity against SARS-
CoV-2 variants, Wang et al.® evaluated 281 samples from
188 individuals who were administered mRNA vaccines,
mainly Pfizer-BioNTech or Moderna vaccines. The con-
trol group consisted of 170 samples from 97 patients with
COVID-19. The research group created a multiplexed sur-
rogate virus neutralization test (plex-sVNT) that meas-
ures the ability of antibodies in serum to inhibit binding
between ACE2 and seven trimeric S proteins of SARS-
CoV-2 variants, including wild type, B117(a), B.1351(B),
P1(y), B1617.2(8), B16171(x) and B1429(e). The antibody
neutralization ability was significantly decreased for
all SARS-CoV-2 variants compared to the wild type in
both infected and vaccinated individuals. At 5 months
post-infection or vaccination, there was a noticeable
decline in overall antibody neutralization activity, within
both cohorts, with the rate of decrease being more sig-
nificant for vaccinated individuals.®

Therapeutic strategies through the SARS-
CoV-2 pandemic

Since the start of the SARS-CoV-2 pandemic, the focus
of the scientific community has been on how to prevent
mortality. Unfortunately, in many areas, healthcare sys-
tems underwent some degree of collapse. Therefore, at-
tention was on the triage the new patients and defining
the lines of therapy in either inpatient or outpatient set-
tings. However, there are no specific criteria for admis-
sion due to COVID-19, as it varies according to the local
resources and burden of disease. The National Institutes
of Health recommends that those with an oxygen satu-
ration of less than 94% in room air or with a respiratory
rate exceeding 30 breaths/minute, PaO,/FiO, less than
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300 mmHg, should qualify for inpatient management.
The therapeutic agents for COVID-19 treatment general-
ly involve mainly glucocorticoids, remdesivir, baricitinib,
tocilizumalb, and anticoagulation for inpatient treatment
and sotrovimalb, molnupiravir, remdesivir, bebtelovimab
and convalescent plasma for outpatient treatment
(Tables 1and 2).

Monoclonal antibodies (mAb) are mass-produced an-
tibodies obtained from a single B cell clone. They act
upon the target antigen and deactivate and destroy
it and have to ability to recruit other immune systems
like the complement system. mAb is used in COVID-19
because of its ability to target the S protein of SARS-
CoV-23* mAb is a specific therapy utilized in the outpa-
tient setting for patients with mild-to-moderate disease
but significant risk factors that preclude progression to
more severe disease. Although mAbs are expensive
and only considered early in the disease course® with
widely variable effects on the newly emerging strains
(Table 1), they are the treatment of choice for high-risk
populations, including immunocompromised patients
such as those with cancer, transplant recipients or
those taking immunosuppressant medications. In ad-
dition, patients with advanced cardiac, hepatic, or re-
nal diseases are also considered for mAb treatment.
Table 1 summarizes commonly used mAb agents, ad-
verse reactions, and variant resistance.”-2124

Therapies no longer used for SARS-CoV-2
treatment

Convalescent plasma

Convalescent plasma from individuals who have recov-
ered from prior SARS-CoV-2 infection® was previously
indicated in hospitalized patients and is currently not
recommended as indicated by multiple randomized
trials.378

Hydroxychloroquine

Hydroxychloroquine was initially used for the hypoth-
esized in vitro antiviral effects against SARS-CoV-2 by
blocking viral replication. However, due to low effective
extracellular lung concentrations with regular doses, the
in vitro antiviral property was not correlated with in vivo
results. In addition, it has cardiotoxicity and increased
risk of arrhythmias, such as torsade de points, especially
when combined with the antibiotic azithromycin.3%4°

Colchicine

Colchicine has anti-inflammatory effects by inhibit-
ing tubule polymerization. It was previously studied in
mild-to-moderate COVID-19 infection and was associ-
ated with a decreased hospitalization rate with no sig-
nificant effect on mortality reduction.
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Table 1.

Commonly used monoclonal antibody agents, adverse reactions, and variant resistance.

Bamlanivimab-
etesevimab'®

Casirivimab-
imdevimab'®-2

Sotrovimab?

Bebtelovimab® Tixagevimab-

cilgavimab?*

First FDA approval November 9, November 21, 2020 May 26, 2021 February 2022 December 8, 2021
2020
Target antigen SARS-CoV-2 Non-overlapping Conserved Spike protein of Non-overlapping

spike protein

epitopes on the
SARS-CoV-2 spike
protein receptor-
binding domain and
block virus entry??

epitope on the
spike protein
receptor-binding
domain of SARS-
CoV-2

SARS-CoV-2

epitopes of the spike
protein receptor-binding
domain of SARS-CoV-2,
blocking attachment to
the human ACE2 receptor

Adverse reactions Infusion-related = Ecchymoses, Skin rash, Pruritus, skin Dizziness, fatigue,
reaction erythema at the diarrhoeaq, rash, nauseaq, headache, anaphylaxis
injection site anaphylaxis, vomiting
hypersensitivity
reaction
Gamma variant Unlikely to be No change in No change in No change in
resistance active (>511-fold  susceptibility susceptibility susceptibility
decrease in

susceptibility)

Omicron (sub-
lineage BA2)
variant resistance

Up to 597-fold
decreased
susceptibility

Up to 50-fold
decreased
susceptibility

No change in
susceptibility

Minimal change in
susceptibility (5.4-fold
decrease)

Omicron (sub-
lineages BA.l and
BA.11) variant

Inactive (>1013-
fold decrease in
susceptibility)

Inactive (>1013-
fold decrease in
susceptibility)

No change in
susceptibility

No change in
susceptibility

12- to 30-fold decrease
in susceptibility for BAI
and 176-fold decrease

resistance

for BAll

prevalence of the SARS-CoV-2 variants.

Due to varying susceptibilities of certain SARS-CoV-2 variants to different monoclonal antibody agents as shown above. The
United States Food and Drug Administration routinely changes the Emergency Use Authorization of these agents based on the

Enoxaparin

Enoxaparin was suggested to have anti-inflammato-
ry effects by disrupting the hypoxia-inducible factor lo
pathway, mediating apoptosis and inflammation. How-
ever, there was no proven benefit between prophylac-
tic versus therapeutic doses in patients without venous
thromboembolism.#2-44

COVID-19 vaccination

The development of various successful vaccines around
the globe is striving to contain the exponential surge of
COVID-19 cases. Since this pandemic started, the basic
strategy to fight it was obtaining an effective, wide-
ly producible vaccination. SARS-CoV-2-specific RNA
interference in conjunction with systemic delivery of
compstatin was the promising strategy to improve
local and systemic immune responses in patients
with SARS-CoV-2.% The various available vaccines for
COVID-19 are summarized in Table 3. Vaccine hesitan-
cy, especially in the United States, is very prevalent and
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vaccine uptake rates, though improving significantly,
are still not ideal. Vaccine hesitancy can be second-
ary to fear of adverse effects. Although by and large,
most COVID-19 vaccines are well tolerated, there are
some rare complications such as the incidence of my-
ocarditis following vaccination with the mRNA COVID-19
vaccines®5° and an association with increased throm-
bocytopenia cases in an unusual prothrombotic state®®
and cerebral vein thrombotic events® following Jans-
sen and AstraZeneca vaccines.

Goel et alf? examined antibody and memory B cell re-
sponses for 9-10 months in 61 individuals post MRNA
vaccine administration (Pfizer BNTI62b2 or Moderna
MRNA-1273) following the initial two doses and 3 months
after a third dose. Fortunately, Omicron-binding mem-
ory B cells were efficiently reactivated by a third dose
with a significant increase in antibody titres.%? Empha-
sizing the same results, Deshpande et al®® found that
the neutralizing antibody responses were significantly
elevated after a third dose of BBVI52/Covaxin against
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Table 2. Non-monoclonal antibody therapeutic tools for SARS-CoV-2.

Mechanism of Indications Dose Limitations Remarks
action
Steroids/ Broad immune Patients Dexamethasone No benefits for
dexamethasone?® inhibitory effects  requiring oxygen 6 mg once daily, patients not requiring
supplementation intravenous supplemental oxygen
or oral, or an
equivalent
glucocorticoid
dose, for 10 days
Remdesivir?? Nucleotide Hospitalized 200 mg IV as Not recommmended No clear
analogue with patients regardless loading, followed in patients requiring mortality benefits
antiviral activity of supplemental by 100 mg daily ~ mechanical ventilation  but reduce

oxygen
requirement

for 5-10 days

and ECMO

the course of
hospitalization?62’

Baricitinib® JAK (Janna In addition to 4 mg once a day
kinase) inhibitor remdesivir in for 14 days
hypoxic patients
Tocilizumab?2° Blockade of IL-6 Inpatient treatment 8 mg/kg Viral, bacterial and Other agents

receptor with

of COVID-19 in

fungal infections,

acting on the

subsequent patients treated abnormal liver tests, IL-6 pathway:
normalization with corticosteroids hypercholesterolaemia,  sarilumab
of inflammatory  and supplemental neutropenia, and (similar
markers, oxygen, ventilatory anaphylaxis mechanism
improved lung support (invasive of action as
function and and non-invasive), tocilizumab) and
decreased or extracorporeal siltuximab
mortality rate membrane
oxygenation
Favipiravir® RNA-dependent  Moderately ill Loading dose Maculopapular rash, Marketed in
RNA polymerase  patients with signs  ~40 mg/kg for10  two with urticarial rash,  Japan (Avigan),
inhibitor of respiratory days and one with Stevens—  China (Favilavir)
distress and Johnson syndrome?®? and Russia
cytokine storm (AVIFAVIR)
Nirmatrelvir- Inhibitor of the Symptomaiic, 300 mg Gastrointestinal First FDA-
ritonavir SARS-CoV-2 unvaccinated nirmatrelvirand  side effects such approved oral
(Paxlovid) main protease outpatient 100 mg ritonavir  as diarrhoea and antiviral for
involved in viral individuals with distortion of the taste COVID-19
replication; a high risk of sensation, hypertension,
ritonavir progression to musculoskeletal pain,
inhibits hepatic severe disease to hypersensitivity
metabolism decrease the risk of Resistance to Ritonavir if
by CYP3A and hospitalization uncontrolled HIV
increases plasma
concentrations
Molnupiravir Nucleoside Within 5 days after 800 mg twice Diarrhoeaq, bacterial Second oral
analogue symptom onsetin  daily for 5 days pneumonia antiviral
non-hospitalized, authorized
unvaccinated by FDA after
adults with mild- paxlovid

to-moderate
COVID-19
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Table 3. Available vaccinations for COVID-19.

Mechanism of action

Dose

Side effects

Moderna (mRNA-

MRNA vaccine delivered

Two divided doses of 100 mcg each 28

Myalgia, fatigue, injection

1273)% in lipid nanoparticles to days apart, intramuscularly site pain, fevers and chills;
express the spike protein  Booster of 50 mcg 5 months after myocarditis, pericarditis and
primary series myopericarditis have been
Pfizer (BNT 162b2)“¢  mRNA vaccine in lipid Two divided doses of 30 mcg, 21 days SR
nanoparticle apart; booster of 30 mcg 5 months after
primary series
Janssen/Johnson  Replication of 0.5 mL single-dose vaccine Headache, fatigue and injection
and Johnson incompetent adenovirus  Booster: available booster, which is also site pain, tachycardia, dizziness
(Ad26.COV2.S)+ vector vaccine 0.5 mL given 2 months after the primary ~ and syncope, thrombosis
with thrombocytopenia, and
Guillain-Barre syndrome
AztraZeneca Replication of Two divided doses, intramuscularly, 4-12  Fatigue, headache,
(ChAdOxl nCoV-19/ incompetent virus vector weeks apart; unfortunately, there is no fever, thrombosis with
AZD1222)% vaccine booster dose available at this moment thrombocytopenia

Covaxin (BBV 152)4°

Inactivated virus

Two doses 29 days apart

Injection site pain, fatigue,
headache and muscle aches

Novovax (NVX-

Recombinant protein

Two doses (0.5 mL), intramuscularly, at

Headache, fever, fatigue,

cov2373)5° nanoparticle vaccine an interval of 3—4 weeks muscle aches, nausea, pain,
irritation, redness and injection
site swelling

Sinovac® Inactivated vaccine Two doses 28 days apart Nausea and a rare neurological

disorder

Sinopharm (WIvo4
and HB02)s?

Inactivated vaccine

Two doses 28 days apart

Injection site pain, fatigue and
headache

Sputnik V=3

Replication incompetent
adenovirus vector
vaccine (uses two
separate vectors)
developed by Gamaleya
institute in Russia

First dose with the adenovirus 26 vector
dose, second dose with adenovirus 5
vector 21 days to 3 months after the first
dose

Fatigue (70%), headache
(64%), muscle pain (61%), joint
pain (46%), chills, nausea and
vomiting

Cansino biologics
Adb-based
COVID-19 vaccine®

Replication of
incompetent adenovirus
vector

Single intramuscular dose

Redness, fatigue, fever, nauseaq,
headaches and muscle pains

the Delta (17-fold), Beta (15-fold), and Omicron (19-fold)
variants compared with the two-dose protocol® To
assess the immune response in patients at high risk,
Susol et al® studied the effect of the third mRNA Pfiz-
er vaccine in 80 patients with haematological malig-
nancy with poor serological response to the two-dose
protocol. They found that the third dose succeeded in
inducing the desirable serological response.®* Another
vulnerable group to severe COVID-19 infections are the
elderly living in nursing homes. Jeulin et al.®® found that
the third dose induced a more pronounced antibody
titre than the second dose, especially in those without
prior COVID-19 infection exposure. This titre is believed
to provide prolonged protection against severe COV-
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ID-19 in these patients.®® In contrast to the previous re-
sults, Goel et al®? found that the antibody titres before
the third booster dose were inversely correlated with the
subsequent increase in antibodies. In other words, high
levels of circulating antibodies may lessen the expected
additional protection if boostered within a short inter-
val in the general population.®? This finding is not typical
for the immunocompromised population. In May 2022,
CDC announced the recommendations of four doses of
MRNA COVID-19 vaccine for people over 12 years old with
who are moderately or severely immunocompromised.
The four doses include an initial three doses of Pfizer-
BioNTech or Moderna vaccines, followed by one booster
of Pfizer-BioNTech or Moderna COVID-19 vaccine (fourth
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dose). For those between the ages of 12 and 17 years, only
Pfizer-BioNTech COVID-19 vaccine has been studied.5®

Schiffner et al®” enrolled 412 adults, mostly with mild or
moderate disease, to evaluate their acquired B and T
cell immune responses. Both circulating 1gG antibody
levels and IFNy decreased by about half within 300 days
after acute SARS-CoV-2 infection. In other words, immu-
nological reactions after natural infection can be sus-
tained in most patients for at least 10 months.?” Poorer
SARS-CoV-2 antibody response was noticed in those
with 1-year duration long COVID syndrome.®®

Long COVID syndrome

The exact pathophysiology of long COVID syndrome is
still unknown. Hypotheses include possible pulmonary
or neurological tissue damage with or without tissue in-
flammation from direct viral injury or immune-mediated
inflammation. Long COVID is more prevalent in female
gender and patients psychiatric conditions. Varia-
ble percentages of patients recovered from COVID-19
reported fatigue, cognitive dysfunction, headache,
breathing difficulties, chest pain, and smell and taste
dysfunctions. The clinical severity may be correlated
with inflammatory markers such as CRP, D-dimer and
lymphocyte count.®® Other suggested mechanisms are
diffuse endothelial damage and microthrombi forma-
tion’”® Asadi-Pooya et al” studied 2696 patients with
confirmed COVID-19 3 months after the acute illness.
They found that 62.3% of patients reported long COVID
syndrome, with 7.2% reporting brain fog. There were sig-
nificant associations between brain fog and respiratory
symptoms at the onset of disease and the need for in-
tensive care unit level during the initial illness.

drugsincontext.com

Conclusion

The current evidence suggests that vaccines are ef-
fective against SARS-CoV-2 variants. Apart from the
influenza virus, the variants of which have been known
to escape monoclonal antibodies, no virus has been
shown to entirely evade the immune response gen-
erated by vaccines. The influenza virus has a high
mutation rate and needs a new vaccine developed
yearly.”? There are limited data regarding vaccine effi-
cacy in high-risk groups such as patients with cancer,
with a lack of clinical evidence for the guidance of
the vaccination protocols in such patients. High-risk
groups, including those with obesity, chronic obstruc-
tive pulmonary disease, chronic kidney disease, chron-
ic liver disease, diabetes mellitus, and cardiovascular
diseases,’?’* for whom vaccination protection may be
attenuated, now carry a tremendous burden of risk
amongst the population. Multiple potential future sce-
narios exist, ranging from complete protection from
COVID-19 for patients at high risk via herd immunity to
viral evolution for vaccine resistance and increased vir-
ulence. As the pandemic progresses, protecting those
at high risk would avoid complications and may enable
a return to normal for the majority.”> Continued genom-
ic surveillance is needed for early detection of any var-
iants that may escape neutralizing antibodies so that
vaccines can be updated accordingly. To win the battle
against COVID-19, we have to improve the sequencing
capabilities, convalescent plasma and other factors
to study how viruses respond to antibodies. Finally, it is
imperative to follow strict social distancing protocols
to prevent the transmission of the virus whilst the vac-
cines are administered.”
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