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Abstract: The SARS-CoV-2 virus has caused a catastrophic impact on the world for the past 3 years.
The virus has now returned with the emergence of the Omicron (B.1.1.529) variant. Within two
months of its first emergence in South Africa, Omicron became the most dominating SARS-CoV-2
variant around the world, being the cause of the majority of new infections at present. Omicron has
presented with the greatest transmission rate of all the previous variants despite the presence of mass
vaccinations and acquired immunity. Several monoclonal antibodies and mRNA vaccines have failed
to produce desired effects owing to a large number of mutations present in the Omicron variant. The
introduction of the booster dose of the present mRNA vaccines has proven to be a great addition to the
therapeutic armamentarium against the Omicron variant. Inmunocompromised patients including
the elderly, cancer patients, organ transplant recipients, and those with multiple comorbidities have
been at a greater risk of developing severe diseases since the pre-Omicron era. The emergence
of Omicron again raised a threat against this population. The protection from severe disease and
mortality rates through the utilization of multiple immunizations and monoclonal antibodies has
been controversial in this subgroup of patients. Thus, designing large-scale studies to evaluate the
effectiveness of monoclonal antibodies and vaccines in these patients can provide evidence-based
recommendations to improve survival in this population. This article attempts to discuss the different
subvariants of Omicron, differences in the mutational aspects along with the particular focus on the
consequences of the Omicron infection in the elderly population with diverse comorbidities.

Keywords: Omicron; SARS-CoV-2; variant; mutations; immunocompromised; organ transplant;
elderly; vaccines

1. Introduction

In the past three years, the COVID-19 pandemic has affected nearly every part of the
world and remains a major public health concern to date. As reported by the World Health
Organization (WHO) statistics, the COVID-19 pandemic has been the cause of 662 million
cases and 6.7 million deaths (as of 15 January 2023). Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is the culprit behind this deadly global pandemic. This
pandemic has left an impact on people that will last for many generations. The SARS-CoV-2
virus infects humans in three clinical phases, which are mostly overlapped. The first phase
is termed the nasal phase, in which the virus binds to the angiotensin-converting enzyme 2
(ACE2) receptors present on the cell surface. Following this binding, the virus enters the
host cells and starts replicating by taking over the intracellular organelles [1]. In the second
phase, also called the pulmonary phase, the virus invades the lung tissues, and the levels of
inflammatory markers increase. Individuals who have progressed to this stage encounter
increased myalgia, lethargy, and dyspnea [2]. Of all the patients infected with the virus,
only a few patients progress to the third phase. In this phase, a rapid deterioration is seen in
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the patient’s condition including multiple organ dysfunction and acute respiratory distress
syndrome (ARDS). This necessitates intensive care unit admission and invasive ventilation.
However, mortality remains high in the patients who have progressed to this stage, despite
maximal intensive care efforts [3,4]. Since its emergence, the SARS-CoV-2 virus has evolved,
resulting in the development of numerous variants. WHO classifies the variants further
into three classes: variants of concern (VOCs), variants of interest (VOIs), and variants
under monitoring (VUMSs). For any novel variant to be characterized as VOC, it has to
exhibit higher transmissibility, a difference in clinical presentation, a worse prognosis, and
reduced effectiveness of previous immunization and treatment modalities. The former
VOCs include Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta (B.1.617.2) [5]. On
24 November 2021, another novel variant namely Omicron (B.1.1.529) was reported by
South Africa. Soon, on 26 November 2021, the WHO declared it as VOC, replacing the
Delta (B.1.617.2) variant [6]. The exceptionally higher transmissibility of this variant led
to its rapid spread all around the world, to at least 185+ countries [7]. At present, it is
thought to be the cause of more than 99% of new infections. Compared with the Delta
variant, the Omicron variant is 10 times more contagious and twice as infectious [8]. The
multiplication of Omicron in the human bronchus is 70 times quicker compared with the
classic SARS-CoV-2 variant and the Delta variant [9].

Since the early phase of the pandemic, the case—fatality rates were observed to be
increasing in an age-dependent manner. Additionally, the severity of the disease and
mortality rates were observed to be higher in those having multiple comorbid conditions,
specifically hypertension, cardiovascular diseases, metabolic disorders, and kidney dis-
eases [10]. The Omicron variant is associated with less severe overall disease than the earlier
variants [11]. The mechanisms leading to severe diseases and overall dismal outcomes in
these patients are not entirely clear yet.

In this review, we attempt to shed light on the emergence and mutations of the
Omicron variant and the impact of the same on the immunodeficient population. Moreover,
a brief discussion has been added regarding the efficacy of current vaccination strategies,
as well as future directions.

2. Mutations in the Omicron Variant

The prime reason behind increased concerns of a deadlier wave of pandemic following
the emergence of the Omicron variant was the presence of a substantial number of muta-
tions in the spike protein [12]. The Omicron variant exhibited increased transmissibility
and higher odds of reinfection even in the fully vaccinated population and in those who
were previously infected by other variants [13]. However, identical to the previous VOCs,
the Omicron variant relies on angiotensin-converting enzyme 2 (ACE2) receptors for entry
into the host cells [14]. Omicron exhibited a combination of all the concerning mutations
from the previous VOCs with several exclusive mutations in the spike, as well as non-spike
proteins [15]. The non-spike proteins harboring mutations in the Omicron variant include
viral envelope proteins, membrane proteins, nucleocapsid proteins, nonstructural proteins,
and the furin cleavage site [16]. The Omicron variant has almost 60 mutations in total,
from which 50 are amino-acid-altering mutations and the other 10 are non-amino-acid
mutations. The spike protein of the Omicron variant includes 32 mutations, and 15 of
them are localized in the receptor-binding domain (RBD) [17]. The previous VOC Delta
(B.1.617.2) had barely two mutations in the RBD. RBD is present on the spike protein and
plays a critical role in the binding of SARS-CoV-2 with the host cells, initiating the entry
of the virus and subsequent replication processes. Moreover, it is a primary target for
neutralizing antibodies (Nabs), as well as vaccines against SARS-CoV-2 [18]. Hence, these
mutations have rendered the Omicron variant resistant to the virus targeting monoclonal
antibodies, as well as the vaccines. The mutations in the spike protein improve the affinity
of the virus to the ACE-2 receptor, increasing transmissibility [19]. P681H, N679K, and
H655Y mutations are present in the furin cleavage site, which impacts the entry of the
virus into cells and increases the transmissibility of the virus [20]. Additionally, viral
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transmissibility and infectivity of Omicron are also improved by the N501Y, D6146, N440K,
and T478K mutations [21]. The nucleocapsid protein of the Omicron includes R203K and
G204R mutations [22]. The amino terminal domain (NTD) has T95I and G142D mutations,
which prolong the infection and aid in the escape from NTD-targeted antibodies [23]. To
strengthen these claims, Planas et al. conducted an in vitro study on the serum of patients
infected with the Omicron variant and reported that Omicron was not neutralized by
sera collected from COVID-19 patients after more than 6 months of recovery [24]. These
characteristics of the Omicron led to the rapid transmission of the virus into many countries
despite successful mass vaccinations and immunization from infections with previous
variants [25]. Hence, this led to concerns over the reliability of the acquired immunity of
the population from previous infections against the Omicron. The evolution of the SARS-
CoV-2 did not cease after the appearance of the Omicron variant. Numerous sublineages
of Omicron have emerged, namely BA.1/B.1.1.529.1 (the initial Omicron variant), BA.1.1,
and BA.2/B.1.1.529.2, BA.3/BA.1.1.529.3, BA.4, BA.5, BA.2.12.1, and BA.2.11 [26]. All of
these sublineages vary in their viral mutations, clinical presentation, and pathological char-
acteristics. Out of the listed subvariants, BA.1, BA.1.1, and BA.2 are found to be the most
encountered in circulation [27]. The BA.1/B.1.1.529.1 is the original form of the Omicron
variant and is usually determined by the presence of S-gene target failure (SGTF) [28].
BA.1.1 is a subvariant of BA.1 exhibiting R346K mutation in the spike protein [14]. The
BA.2 lineage has 8 unique alterations, which are not present in other subvariants, and
lacks 13 mutations found in the BA.1. BA.2 has shown a higher binding affinity for ACE-2,
providing it with a selection advantage over other variants [29]. Following its emergence,
BA.2 rapidly became prevalent in countries including India, Denmark, Singapore, and
Norway [30]. The BA.4 and BA.5 variants were first detected in South Africa in January and
February of 2022 and resulted in a fifth wave of SARS-CoV-2, accounting for nearly 50% of
reported cases in South Africa [31]. BA.4/5 has additional R493Q), Del69-70, F486V, and
L452R mutations on the spike protein compared with BA.1. The BA.4/5 variants are found
to have higher transmissibility than the other Omicron sublineages and higher odds of
reinfection [32]. The capability of BA.4/5 to evade the neutralizing antibodies produced by
the BA.1 infection is a potential reason behind these observations. Furthermore, compared
with BA.2, BA.4/5 is 4.2-fold resistant to the sera obtained from vaccinated and boosted
individuals [33]. Various variants and subvariants of SARS-CoV-2 with their time of first
occurrence are graphically represented in Figure 1.

The WHO used the Greek alphabet to label key SARS-CoV-2 variants, e.g., Alpha, Beta,
Gamma, and Delta. The Pango dynamic nomenclature is now a globally used method for
the classification of SARS-CoV-2. Pango lineages are fine-scaled phylogenetic labels created
to be appropriate for outbreak investigations at a regional or national scale. As a result,
Pango nomenclature comprises a significant number of lineages that cover the complete
genetic diversity of SARS-CoV-2, with many of them being genetically quite similar to
each other.
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Figure 1. Periodically identified variants of SARS COV-2 and subvariants of Omicron.

3. The Severity and Clinical Presentation

However, on the bright side, the Omicron variant has shown a reduced risk of hospi-
talization, intensive care, and mortality compared with preceding variants. Research by
Wolter et al. reported that in South Africa, individuals with Omicron infections had 80%
lower odds of being hospitalized compared with those with non-Omicron infections [34].
Even among those hospitalized, the need for intensive care and mortality were 18.5% vs.
29.9% and 2.7% vs. 28.1% for the Omicron and Delta variants, respectively [35]. Another
analysis by the U.K. Health security agencies reported that the need for emergency care
with the Omicron variant was 50-57% less compared with the Delta variant [14]. Moreover,
a lesser involvement of the lower respiratory tract is seen along with quick recovery from
the illness. The common symptoms of the Omicron variant include cough, fever, sore
throat, and tiredness, accompanied by myalgia [36]. These symptoms are very common
health issues that are mostly ignored by the patients, providing the virus an abundant
amount of incubation time to invade other parts of the body. Unlike the earlier SARS-CoV-2
variants, the Omicron variant does not impair the olfactory function owing to its lower
alkalinity and hydrophobicity. This results in the lower solubility of the virus in mucus
and a reduction in olfactory epithelial infections [37]. A study by Menni et al. reported
that anosmia was found to be unusual in the patients infected with the Omicron variant
when compared with the Delta variant (16-7% vs. 52-7%) [38]. Additionally, in the case
of a computed tomography (CT) scan, the patients infected with the Omicron variant
exhibited increased thickening of bronchial walls but less severe disease compared with
earlier variants [39]. Gastrointestinal symptoms such as diarrhea and vomiting are found
to be extremely common in patients infected with the Omicron variant [4].

Despite the lower rates of hospital admissions and mortality, elderly patients were
more prone to be infected with the Omicron variant owing to high comorbidity burdens [40].
Moreover, the severity of the disease in Omicron-infected elderly individuals and those with
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comorbidities such as cardiovascular diseases, diabetes, and chronic respiratory diseases
was increased as well [41]. Several studies have reported that old age and chronic illnesses
have a significant influence on Ct values/viral loads. As elderly patients are more likely to
have comorbidities, lower Ct values and higher viral loads are commonly observed in these
patients. The higher odds of severe illness in patients with comorbidities can be attributed
to hyperinflammation and delayed viral clearance. Additionally, it was observed that the
patients with comorbidities had higher levels of C-reactive protein (CRP), neutrophils,
white blood cells (WBCs), and procalcitonin, indicating the potential correlation between
inflammation and a higher number of comorbidities, impacting the immune response to
the COVID-19 virus. It was observed that in patients with a high burden of comorbidities,
the severity of the disease was significantly associated with lower Ct values compared with
those with a lower burden of comorbidities [42].

A study from Sweden by Kahn et al. reported that among vaccinated populations,
the risk of severe disease caused by the Omicron variant was significantly low. The
results from this study were adjusted for age, sex, vaccinations, and comorbidities. It was
highlighted that despite having a low risk of severe disease in the general population,
elderly individuals and middle-aged men with two or more comorbidities were at higher
risk for progressing toward severe disease from the Omicron variant. Additionally, when
comparing the vaccinated population with comorbidities above and below 65 years of
age, it was found that the risk of severe disease was higher in the population greater than
65 years of age [43]. These revelations point toward the impact of old age on the severity of
the disease.

A comparison of critically ill patients between the Delta and Omicron variants reported
that the mortality rates were higher in the Omicron variant subgroup (52.94% compared
with 41.9% in the Delta group). However, the patients in the Omicron subgroup were associ-
ated with a higher number of comorbidities including pre-existing pulmonary diseases and
acute kidney injury (AKI) [44]. Thus, the higher rates of mortality in critically ill patients
from the Omicron variant in this study can be linked to the presence of comorbidities
in this population. Nevertheless, the reason behind the presence of a higher number of
comorbidities in the Omicron-infected individuals is not clear.

In the case of unvaccinated individuals and in those who were naive from the infections
with previous SARS-CoV-2 variants, the odds of being hospitalized from the Omicron
variant was 75% similar to the Delta variant [45]. This implies that the reduced mortality
and morbidity observed during the Omicron wave might be largely due to the presence of
acquired immunity from previous infections and mass vaccination instead of the structural
properties of the virus. The 69-70 deletion mutation in the Omicron, which results in
the modification of the structure of the spike protein, allows it to escape detection by the
polymerase chain reaction (PCR) test [28]. Thus, the PCR test results for the Omicron variant
are highly uncertain. However, due to the lack of alternative efficient diagnostic techniques,
PCR tests remain the current standard for the detection of COVID-19 [46]. Researchers must
work towards identifying sections in the viral genome that are not rapidly modified over
time and have recognizable features. The characteristics of different Omicron subvariants
along with their mutations and transmission rates are presented in Figure 2.
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Figure 2. Various subvariants of Omicron and their mutations (adapted from [47] under a Creative
Commons Attribution 4.0 International License). (a) Prevalence of Omicron subvariants BA.1, BA.2
and BA.3 worldwide. (b) Venn diagram of various mutations present in the RBD of Omicron
subvariants BA.1, BA.2 and BA.3. (c) Transmission rates of SARS-CoV-2- wild-type, Delta, and
Omicron variants.
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4. Impact of Omicron on the Immunocompromised Population

Old age represents one of the prime risk factors for the clinical vulnerability of human
beings, with the highest impact seen in the cardiovascular and immune systems. More-
over, the elderly population is more prone to developing viral infections, resulting in a
dismal prognosis [48]. Since the early phase of the pandemic, the case—fatality rates were
observed to be increasing in an age-dependent manner, with considerably higher mortality
rates observed in patients aged more than 80 years [49]. Additionally, individuals with
comorbidities such as diabetes mellitus, hypertension, obesity, coronary artery disease,
and pulmonary and renal diseases suffered dismal outcomes after being infected with the
SARS-CoV-2 [50]. The ACE2 receptor, responsible for the entry of SARS-CoV-2, is not only
present in the lungs but also in the endothelium and heart, which leads to microvascular
dysfunction in patients with severe disease [51]. The incidence of myocardial damage
was found to be two times greater in patients of more than 60 years of age, compared
with younger individuals [52]. A study by Ward et al. evaluated the risk of death due to
COVID-19 in patients infected with the Delta versus the Omicron variants in England. In
this study, it was highlighted that the risk of COVID-19-related death with Omicron was
reduced in people aged 18-59 years (number of deaths: Delta—46, Omicron—11; Hazard
ratio = 0.14) than in people aged >70 years (number of deaths: Delta—113, Omicron—135;
Hazard ratio = 0.44) [53]. Another study in Hong Kong by Mefsin et al. analyzed the
epidemiology of infections with the BA.2 variant. In this study, it was observed that in
the study population, out of all deaths due to BA.2 subvariant, 92.7% (8482/9146) were
reported in individuals of age >65 years and 71.1% (6500/9146) in those with more than
80 years of age. These results can be attributed to the absence of complete vaccination in
older adults, as only 20% of people >80 years of age were primarily vaccinated in Hong
Kong during the study duration [54].

The physiological deterioration due to the aging process can significantly dysregulate
the immune system, leading to a decline in the activation of adaptive and innate immune re-
sponses in elderly individuals. The term used to describe this age-associated remodeling of
the immune system is immunosenescence. These processes can give rise to an exacerbated
inflammatory response and can increase the susceptibility to various infections [55]. These
physiological changes lead to a reduction in innate as well as adaptive immune responses,
making the elderly population more susceptible to catching various infections [56]. Another
term, called inflamm-aging, refers to a latent proinflammatory state, as a result of alterations
in the intracellular communication mechanism. This condition leads to higher levels of
inflammatory mediators such as interleukin-1, interleukin-6, CRP, and TNF-« in serum.
This immune system dysregulation aids in the pathogenesis of SARS-CoV-2, leading to
severe infections and higher mortality in elderly individuals [57]. The age-induced atrophy
of the thymus gland in older individuals renders them unable to fight newer pathogens,
due to a reduction in the naive T-cell population [58].

In elderly individuals, the main pathological feature that leads to mortality from
SARS-CoV-2 is the presence of a cytokine storm in the lungs [59]. The uncontrolled immune
responses in the elderly following the pathogen insult result in higher rates of tissue
damage that compromise lung function [60]. This is generally seen in individuals with
severe COVID-19 infection [59]. More than half of the patients who have progressed to
the fatal stages of COVID-19 experience a cytokine storm, of which, almost 82% of the
cases are more than 60 years old [61]. Thus, elderly patients require early clinical attention
and interventions to prevent deterioration and to reduce the mortality rates from the
Omicron variants.

4.1. Renal Diseases

When discussing the potential correlation between severe COVID-19 disease and the
presence of comorbidities, the prime focus is commonly set on cardiac and metabolic condi-
tions such as hypertension, diabetes, and ischemic heart diseases. However, several studies
have highlighted renal disease as an independent risk factor for COVID-19-associated
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mortality [62]. A ten-fold increase in mortality rates was observed in patients with chronic
kidney disease (CKD) and COVID-19 compared with CKD patients without COVID-19. The
higher exposure rates to healthcare facilities in patients undergoing maintenance dialysis
treatment is a potential factor contributing to the higher incidence of COVID-19 infec-
tions in these patients [63]. A study by Chen et al. focused on identifying the higher-risk
comorbidities and fragile populations among Omicron patients, who were hospitalized.
The results from this study concluded that viral shedding time was prolonged in patients
aged >70 years old and in those with stage 4-5 CKD, cancer, and cardiac diseases. Even
between these risk factors, cancer, CKD stage 4-5, and long-term bedridden status led
to more severe diseases compared with those with metabolic and heart conditions and
the elderly [64]. On the other hand, full immunization/booster vaccination resulted in
significant protection and reduced viral shedding time. Patients with severe CKD are at
the highest risk of mortality even when compared with lung disease, hypertension, and
chronic heart diseases. The impairment of innate immunity along with a dysfunctional
immune system leading to a higher inflammatory state is found to be the potential reason
for such outcomes [65].

4.2. Cancer

Cancer is a highly prevalent comorbid condition commonly observed in patients with
old age. Dysregulation of the immune system in these patients renders them susceptible
to developing severe disease when infected with SARS-CoV-2. Since the early phase of
the pandemic, several studies have reported the dismal impact of COVID-19 infection on
cancer patients and survivors, resulting in higher mortality rates. Patients with cancer or
cancer survivors were found to have 2-3-fold higher odds of developing severe disease and
death compared with the general population [66]. Even in these patients, mortality rates
were notably high in patients aged >65 years old and those with metastatic disease [67]. The
development of cancer itself is integrally associated with the downregulation of immune re-
sponses. Moreover, patients with solid or hematological malignancies are inherently prone
to developing frequent infections as they have lymphopenia, neutropenia, and concurrent
administration of cytotoxic or immunosuppressive treatments [68,69]. A specific type of
immune system targeting treatment called immune checkpoint inhibitors (ICIs) is utilized
to direct the body’s inherent immune responses toward growing cancer cells. These agents
tend to upregulate the general immune responses that may harm the body’s healthy tissues,
resulting in numerous adverse events. One of the frequently encountered adverse events
includes pneumonitis, which can overlap with COVID-19-related pneumonia in these
patients and can lead to higher mortality rates [70]. Additionally, the overactivation of the
immune system due to these therapies can potentiate the cytokine storm, resulting in signifi-
cant tissue damage [71]. Hence, compared with the general population, higher prophylactic
measures should be utilized in patients with solid and hematological malignancies to avoid
severe consequences and to reduce mortality rates. The neutralizing response against the
Omicron variant was found to be significantly weak in patients with hematological cancers,
compared with the earlier VOCs [72]. Several reports suggest that administering the fourth
dose of the COVID-19 vaccine can be beneficial for immunocompromised patients with
cancer [73].

4.3. Solid Organ Transplant Recipients (SOTRs)

Solid organ transplant recipients (SOTRs) are susceptible to severe COVID-19 infec-
tions owing to the ongoing exogenous immunosuppression in these patients [74]. Addition-
ally, preventive strategies against COVID-19 including booster vaccinations have failed to
produce sufficient immunogenic response in this population [75]. Despite the development
and implementation of mass vaccination programs worldwide, the rate of breakthrough
infections in the SOTRs is 82-fold higher [76]. The administration of booster doses can
provide some degree of protection, but the data are insufficient to strengthen these claims.
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The potential risk factors for severe disease in SOTRs include the use of corticosteroids,
African American race, and a history of coronary artery diseases [77].

Compared with the general population, higher morbidity and mortality rates were
found to be present in the liver transplant recipients (LTRs) owing to the immunosup-
pression and higher number of comorbidities in these patients [78]. Even after the basic
immunization and booster vaccination, sufficient protection against the Omicron variant
was absent in these patients. The lack of protection from immunization in LTRs is mainly
due to weaker cellular and humoral responses resulting in lower T-cell reactions, lower me-
dian antibody titers, and low seroconversion rates [79]. A study by Herting et al. reported
that during the Omicron wave, the majority of LTRs with breakthrough infections suffered
from mild disease, which demonstrates the high real-world efficacy of vaccines in this
population. In this study, nearly 90% of the LTR population who required hospitalization
were of either more than 60 years of age or had multiple co-morbid conditions [80].

The BA.4 and BA.5 subvariants of Omicron are the highly transmissible variants,
showcasing a greater ability to evade the Nab responses, including those induced by
previous natural infections [81]. However, the mechanism of this immune evasion in
immunocompromised individuals is not entirely known. Compared with the BA.1 variant,
the neutralizing antibody response was 17-fold lower against the BA.4/5. The risk of Ba.4/5
remains high in SOTRs regardless of previous infections or immunization status [75]. A
study by Wong et al. evaluated the impact of the Omicron variant in pancreas and kidney
transplant recipients and reported that the hospitalization rates remained high even in
the presence of triple-dose vaccinations in this population [82]. The research studies
evaluating the outcomes of the Omicron in elderly individuals with diverse comorbidities
are summarized in Table 1.

Despite numerous studies reporting the dismal outcomes from COVID-19 infection
in the elderly multimorbid population, the standard evidence-based therapeutic strate-
gies for treating these individuals are lacking, as the majority of treatment guidelines
focus on the severity of the disease instead of the host immunity status [83]. This lack
of knowledge can be attributed to the exclusion of immunocompromised patients from
randomized trials due to safety concerns [84]. To fill these knowledge gaps and to de-
velop evidence-based treatment recommendations for these patients, ongoing trials should
focus on recruiting these patients. Innovative trial designs combined with well-studied
primary and secondary endpoints should be implemented to justify the heterogenicity of
immunodeficient populations.

Table 1. Clinical outcomes following the Omicron infection in immunocompromised patients.

Reference Study Name Parlji(c)i;:nts Patient Condition Study Outcome
The results from this study
reported a prolonged viral
P shedding time in patients aged
é‘:g?:éféiﬁlﬁir; t%i}?i?& Omicron infected >70 years old, those with
cancer as higher-risk patients x./vi.th stage 4-5 chronic kidney d.isease
comorbidities and their com-morbidities (CKD), cancer and cardiac
Chen et al. [65] impact on the prognosis 847 (heart condition, diseases. Even between these
of }}:ospi talized Omicron metabolic disease, CKD risk factors, cancer, CKD
K ] lti-center stage 4-5, isolated stage 4-5, and long-term
patients: a multi-cen hypertension, cancer) bedridden status led to more

cohort study

severe diseases compared with
those with metabolic and heart
conditions and the elderly.
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Table 1. Cont.

Reference Study Name

Risk of severe COVID-19
from the Delta and
Omicron variants about
vaccination status, sex,
age, and comorbidities—
surveillance results from
southern Sweden, July
2021 to January 2022

Kahn et al. [43]

Clinical characteristics
and analysis of risk
factors for disease
progression of patients
with SARS-CoV-2
Omicron variant
infection: A retrospective
study of 25,207 cases in a
Fangcang hospital

Hao et al. [42]

COVID-19 Variants in
Critically Ill Patients: A
Comparison of the Delta
and Omicron
Variant Profiles

Corriero et al. [44]

Parlji(c)i;:nts Patient Condition Study Outcome
The data from the study
Patients with Omicron concluded that patients more
infection and with than >65 years, unvaccinated,
29,539 co-morbiditv and and having more than 2 risk
without co—mg]rbi dit factors are at higher risk as
Y compared with the
vaccinated population.
This study illustrates that a
Patients age higher than higher no. of elderly patients
1952 65, COVID-19-positive with severe infection indicates
;n q co-morbf)dities that Omicron causes severe
infection due to patient age
and co-morbidities
This study suggests that if a
Omicron and Delta patient is infected with Omicron
65 variant infection patients but vaccinated and has any

co-morbidities, then vaccination
provides better protection to the
patient against
Omicron infection.

with existing
co-morbidities

Rapid Selection of

Monoclonal antibodies

Sotrovimab Escape
Variants in Severe Acute
Respiratory Syndrome
Coronavirus 2
Omicron-Infected
Immunocompromised
Patients

Gliga et al. [85]

Omicron-infected Combination therapy of at least

Tixagevimab/Cilgavimab
for Prevention of
COVID-19 during the
Omicron Surge:
Retrospective Analysis of
National VA
Electronic Data

Young-xu et al. [86]

Sotrovimab Resistance
and Viral Persistence
After Treatment of
Immunocompromised
Patients Infected With the
Severe Acute Respiratory
Syndrome Coronavirus 2
Omicron Variant

Huygens et al. [87]

. . >2 mAbs is mandatory to treat
57 patients with : . .
. . . 1mmun0c0mpr0mlsed patients
immunodeficiency . : . .
with Omicron infection.
The result of the study illustrates
Immunocompromised that T/C reduces the rate of
1848 patient with SARS CoV-2 Omicron infection and
infection hospitalization rate in a patient
more than 50 age.
This work demonstrates how
immuno-compromised
individuals who are unable to
. clear SARS-CoV-2 infection
Immunocompromised despite antiviral medication
47 patients with SARS mi }}:t act as a source of novel
CoV-2 Positivity &

variations in the viral genome.
These patients need to be closely
monitored until complete viral
clearance is confirmed.

Antiviral therapy
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Table 1. Cont.

Reference Study Name N.OZ of Patient Condition Study Outcome
Participants
The Impact of
Nlrmfatrelwr-R.ltonaVlr Vacc.:mated anf:l The statistic of the study
in Reducing unvaccinated patients
o c . . demonstrates that the NR
g Hospitalizations Among with infection of Omicron .
Al-obaidi et al. [88] - - . . 3621 L regimen helps to prevent
High-Risk Patients With and co-morbidities, and o
. hospitalization and reduces the
SARS-CoV-2 During the some of them were : o
. . . risk of any further complication.
Omicron immunocompromised
Predominant Era
The efficacy of paxlovid This study concluded that in
in elderly patients patients who had received
infected with An elderly patient paxlovid during Omicron
Zhong et al. [89] SARS-CoV-2 omicron 142 infected with infection, a reduction in the

variants: Results of a
non-randomized
clinical trial

SARS-CoV-2 Omicron

nucleic acid shedding time was
observed compared with the
control group.

Impacts of vaccination

Clinical severity of
COVID-19 with omicron
variant predominance

The presence of various
comorbidities was

The severity of COVID-19 was
found to be potentially increased
with age, in the presence of

Tan et al. [90] about vaccination status, 2279 assessed in the comorbid conditions, as well as
age, comorbidities—a COVID-19-positive among unvaccinated people,
single center in Selangor, patients. according to this
Malaysia study’s findings.
. SARS CoV-2 Elderly, immur}ocompromised,
COVID ammon Deltvariant-and ol
Hospitalized Patier%tS' Omicron-variant- and hospit%llization rate becausye
. . . ' positive patients were . - . .
Nevgmetal D1 Opienfemansa 1080 PG ofOmron nieionbu
. without any -omp P
Immunocompromised immunocompromised were vaccinated, then reduce the
Hosts condi tiI:)n hospitalization and
mortality rate.
A cohort study of The study found that South
y y
P s the Beta, Dels, Patients infeced with e TR et
and Omicron w’aves irll Beta, Delta, and Omicron ersis%ent sym P’zoms at 6 months
Jassat et al. [92] . 842 having existing p ymp .
South Africa: 6-month immunocompromised but that those who were infected
follow-up of hospitalized con ditﬁ)n during the Omicron BA.1 wave

and nonhospitalized

had a lower risk of

participants developing PCC.
Cancer patients
In the study, during the Omicron
ower sk of death fom An ederly patent with "0 e e
Nuemann et al. [93] . 477 Omicron variant . . .
COVID-19 in the positivity and CLL severity and illness of the patient
Omicron era

along with reduced
hospitalization

Impact of COVID-19 on
case fatality rate of
Patients with Cancer
during the
Omicron Wave

Lee et al. [67]

Patients with cancer and
285 co-morbidities and
Omicron positivity

This study demonstrates that
elderly patients with cancer and
other co-morbidities were at
higher risk of severe diseases
and showed higher
mortality rates.
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Table 1. Cont.

Reference

Study Name

No. of

. . Patient Condition
Participants

Study Outcome

Organ transplant recipients

Clinical Characteristics
and Outcomes of
Immunocompromised
Patients with

Organ transplant patient

This study concluded that
decreased mortality rate and
hospitalization rates were

Malahe et al. [40] Coronavirus Disease 2019 114 with Omicron infection . observeq n .
. immunocompromised patients
Caused by the Omicron . !
. - who were infected with the
Variant: A Prospective, Omicron variant
Observational Study '
This study indicates that SOTRs
who recovered from BA.1
Impact 9f Omicron BA.1 Organ transplant patient infection acquire BA.4/5
. infection on BA.4/5 . . cross-neutralizing responses,
Ferreira et al. [75] . .. 75 with Omicron BA.1 and .
immunity in transplant . . although at a noticeably lower
. BA4/5 infection . .
recipients frequency and lower titer, with
levels fading over time in the
majority of patients.
COVID-19 Infection with
the Omicron SARS-CoV-2 Transplanted patients are at a
Variant in a Cohort of Kidney- or high risk of developing severe
Wong et al. [82] Kidney and Kidney a1 panc%‘eas—tra'msplanted mfec.tlon with the Orr}lcron
Pancreas Transplant patients diagnosed variant; early sortovimab
Recipients: Clinical with Omicron therapy was found to decrease
Features, Risk Factors, the hospitalization rate
and Outcomes
Impact of Vaccination Early monoclonal antibody
and Early Monoclonal therapy and earlier receipt of
Cononavirus Diseaee 2019 Consecutive SOT 40 e e wth.
Solera et al. [94] 300 recipient with P y

(COVID-19) Outcomes in
Organ Transplant
Recipients During the
Omicron Wave

Omicron infection

considerably lowered disease
severity in a group of SOT
patients with Omicron
variant infection.

5. Effect of Monoclonal Antibodies and Vaccines against the Omicron Variant

Monoclonal antibodies (mAbs) are a class of biological therapies that are utilized to

treat a wide range of diseases, including infectious diseases such as COVID-19. [95]. mAbs
exert their mechanism by targeting the spike protein of the COVID-19 virus, which is
essential for virus entry into human cells. Therefore, they have the potential to reduce
the severity of the COVID-19 infection in humans [96]. mAbs have been integral in the
treatment of COVID-19, especially in high-risk patients. Combinations of antibodies, such
as bamlanivimab /etesevimab or casirivimab/imdevimab, have been available since late
2020 and have succeeded in halting the disease progression [97]. Additionally, these
therapies may have a prophylactic effect on individuals at risk who have recently been
exposed to the SARS-CoV-2 virus [95]. Three authorized mAb regimens, including casiriv-
imab/imdevimab, bamlanivimab, and bamlanivimab/etesevimab, have shown remarkable
efficacy in treating the SARS-CoV-2 infection [98].

However, the emergence of the Omicron variant in November 2021 led to a signifi-
cant increase in infection rates, and the effectiveness of casirivimab/imdevimab against
Omicron was compromised due to mutations in the spike protein [99]. Specifically, the
neutralizing activity of casirivimab was found to be diminished against Omicron variants
BA.2.12.1, BA 4, and BA.5, while imdevimab retained its neutralizing activity. The com-
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bination of casirivimab and imdevimab showed reduced neutralizing activity against the
Omicron variants compared with the original strain. Different mAbs, such as tixagevimab,
cilgavimab, and bebtelovimab, demonstrated varying levels of neutralizing activity against
the Omicron variants. Bebtelovimab showed effectiveness in combating the BA.2.12.1, BA 4,
and BA.5 variants of the Omicron variant. However, it is important to consider that these
variants may exhibit reduced susceptibility to combination therapies involving tixagevimab
and cilgavimab [100].

Nine monoclonal antibodies in development or approved for clinical use have failed
to neutralize Omicron, including COV2-2196, 5309, COV2-2130, REGN10987, REGN10933,
LY-CoV016, LY-CoV555, and Celltrion (CT-P59) [101]. Two mAbs have been identified as
efficient neutralizing agents against Omicron, including sotrovimab and DXP-604 [101].

To address the challenges posed by the Omicron variant, a new monoclonal antibody
called sotrovimab was introduced in January 2022. Sotrovimab demonstrated efficacy
against Omicron in vitro, making it a promising treatment option for early SARS-CoV-2
infection [102]. However, concerns were raised about the use of single mAbs in immuno-
compromised patients, as it was suggested that this approach could promote the emergence
of escape mutations in the spike protein.

Recent reports have indicated the occurrence of mutations after sotrovimab therapy in
Omicron-infected patients, particularly in immunocompromised individuals [103]. How-
ever, the risk factors and longitudinal development of resistance in these patients are still
not well understood. Notably, immunocompromised patients show a substantial rate
of prolonged viral shedding even after receiving sotrovimab, which was considered the
standard therapy for high-risk patients at the time. A majority of the high-risk patients
who exhibited sotrovimab-specific escape mutations were infected with the BA.1 variant,
while a smaller proportion were infected with the BA.2 variant [103].

Studies have shown that a significant proportion of immunodeficient patients (32.6%)
who experienced prolonged viral replication also exhibited sotrovimab escape mutations.
This highlights the potential for viral mutations to occur in immunocompromised individu-
als and underscores the need for caution when using single mAbs or antiviral agents such
as remdesivir in this patient population [85]. New SARS-CoV-2 variants tend to emerge
more frequently in immunocompromised patients with persistent infections.

Based on available studies, the administration of a single mAb or antiviral drug
should be avoided in immunocompromised patients due to the risk of emergent mutations.
Instead, combination therapies involving at least two mAbs or other antivirals such as
remdesivir, molnupiravir, and nirmatrelvir/ritonavir should be considered when treating
immunodeficient patients with SARS-CoV-2 infection.

The introduction of messenger RNA (mRNA) vaccines to combat SARS-CoV-2 and
the implementation of mass vaccination programs globally provided significant protection
against the ongoing pandemic. Despite that, many fully vaccinated individuals suffered
from reinfections during the Delta wave. However, the severity of the infection was found
to be remarkably low in these patients. The emergence of a highly mutated Omicron variant
raised concerns regarding the efficacy of present immunization strategies. The highest
number of mutations in the Omicron variant is present in the spike protein, which is the
core target of vaccine design. One research study indicated that the present neutralizing
antibodies (Nab) might still attach to the mutated spike protein of the Omicron, but with
low affinity compared with previous variants. This indicates that up to some extent, the
antibodies generated due to past infection and vaccinations may protect against Omicron.
Even low Nab concentrations were capable of protection against severe illness and death.
The efficacy of vaccines is typically measured immediately after vaccination and six months
after the first dose. Numerous studies indicated that a decline in the Nab levels was seen
following 3-8 months of vaccination. David Khoury et al. reported that after six months
of immunization, the efficacy of vaccines against Omicron had dropped to 7.5%, 28.1%,
and 40.4% for the Covishield, BNT16262, and Moderna vaccines, respectively. This implied
the addition of a booster dose of existing vaccines to strengthen the protection against
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Omicron. It was found that booster doses increased the efficacy of mRNA vaccines to
86.2% and 98.2% against symptomatic infections and severe disease, respectively [104,105].
One more study reported that there was an 81% lesser risk of hospitalization in Omicron
patients who received three doses of vaccines compared with unvaccinated cases [106].
Thus, to diminish the impact of Omicron and to prevent the worsening of the pandemic,
the Technical Advisory Group on COVID-19 vaccines composition (TAG-Co--VAC) widely
encouraged the implementation of booster dose vaccination programs, globally [16]. The
quest for improved protection against SARS-Cov-2 did not end after the introduction of
one booster dose. To further enhance the protection and to restore the fading protection
from initial vaccinations, a second booster/fourth dose of mRNA vaccines was introduced.
It was primarily studied in the elderly population, as young and healthy individuals had
already acquired sufficient protection from previous vaccinations and infections. Hence, the
potential benefits of a second booster in young people did not outweigh the socioeconomic
costs. Moreover, it was studied that in individuals with high pre-booster immunity, minimal
to no benefits were observed following the administration of the second booster, owing
to the immune ceiling effects [107]. In older adults, the benefits of a second booster dose
were encouraging. According to the US Center for Disease Control and Prevention data,
the administration of a second booster in individuals of age >50 years reduced the risk
of mortality by three times compared with people with only one booster dose [108]. A
study in Israel demonstrated that although the second booster provided higher protection
against Omicron, a decrease in protection was observed following the fourth week of
vaccination [109,110]. A study by Nissimov et al. evaluated the benefits of the fourth
dose in patients having a mean age of 80 years who were hospitalized for SARS-CoV-
2 infection. It was reported that the administration of the fourth dose was related to
higher protection against mechanical ventilation and death (OR 0.51; 95% CI 0.3-0.87) [111].
Another study evaluating the impact of the fourth dose of vaccine on residents of long-term
care facilities reported that even though it protected the elderly against hospitalization and
mortality, the protection against infection was found to be moderate [112]. Even though the
protection provided by the second booster dose is highly beneficial to the elderly against the
Omicron variant, the sustainability of this protection is not certain. The researchers must
work towards identifying the frequency of repetition of these vaccines, which is of higher
importance in the older population, as they have a dysfunctional immune system [113].
Additionally, the reduction in the efficacy of current vaccines against Omicron has obligated
the development of more potent vaccination strategies while keeping the viral evolution in
mind [95].

6. Conclusions

Owing to the constant evolution of SARS-CoV-2, many variants have emerged since
the initial outbreak. Most recently, the Omicron variant has dominated the pandemic on
a global scale due to its rapid transmission worldwide. It has become the most prevalent
SARS-CoV-2 variant replacing the Delta variant as the VOC. The emergence of the Omicron
variant was followed by many challenges as well as some silver linings. The Omicron
variant was found to be highly mutated, resulting in higher transmission rates. Moreover,
these mutations enabled the Omicron to escape the Nabs from previous vaccinations and
infections with other variants. The disease severity from the Omicron variant was found
to be significantly less severe compared with other variants, providing some solace in
the fear of a deadlier pandemic. Immunocompromised individuals, including the elderly,
cancer patients, multimorbid patients, and organ transplant recipients are at higher risk
of progressing to severe disease and COVID-19-related mortality. Several studies have
concluded that even in elderly patients, the presence of comorbidities including CKD and
cardiovascular diseases were prime risk factors for the development of severe disease.
The impairment of innate, as well as adaptive, immune responses in this population
leads to prolonged viral shedding time and exaggerated response, resulting in cytokine
storm in the lungs. Thus, these patients should be prioritized in the clinical settings
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and should be given early attention to prevent deterioration. The present immunization
strategies including booster vaccinations have failed to produce a sufficient response in
these patients. Additionally, single therapy with monoclonal antibodies has found to be
ineffective in reducing the severity of the disease. The use of Sotrovimab, a mAb introduced
specifically for the immunodeficient population, was associated with escape variants and
viral persistence as well. The lack of concrete evidence regarding the management of
immunodeficient patients infected with the Omicron variant is largely due to the exclusion
of these patients from routine clinical trials. Designing large-scale studies to evaluate and
understand the clinical outcomes and long-term effects of various treatment strategies
and vaccination can provide more critical insights for the future. The emergence of the
Omicron variant is a reminder that the threat of the emergence of novel, more fatal, and
highly mutated variants can never be disregarded. Thus, remaining vigilant and ensuring
that every eligible individual is vaccinated with booster doses is essential.
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