International Journal of
Environmental Research

and Public Health

Systematic Review

Outcomes of Elderly Patients Hospitalized with the
SARS-CoV-2 Omicron B.1.1.529 Variant: A Systematic Review

Roxana Manuela Fericean 120, Cristian Oancea (7, Akash Reddy Reddyreddy *, Ovidiu Rosca !,
Felix Bratosin 12, Vlad Bloanca >*, Cosmin Citu ¢, Satish Alambaram #, Neeharika Gayatri Vasamsetti 7

and Catalin Dumitru ®

check for
updates

Citation: Fericean, R.M.; Oancea, C.;
Reddyreddy, A.R.; Rosca, O.;
Bratosin, F.; Bloanca, V.; Citu, C.;
Alambaram, S.; Vasamsetti, N.G.;
Dumitru, C. Outcomes of Elderly
Patients Hospitalized with the
SARS-CoV-2 Omicron B.1.1.529
Variant: A Systematic Review. Int. J.
Environ. Res. Public Health 2023, 20,
2150. https://doi.org/10.3390/
ijerph20032150

Academic Editor: Paul B.

Tchounwou

Received: 17 December 2022
Revised: 12 January 2023
Accepted: 24 January 2023
Published: 25 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department XIII, Discipline of Infectious Diseases, “Victor Babes” University of Medicine and Pharmacy
Timisoara, Eftimie Murgu Square 2, 300041 Timisoara, Romania

Doctoral School, “Victor Babes” University of Medicine and Pharmacy Timisoara, Eftimie Murgu Square 2,
300041 Timisoara, Romania

Center for Research and Innovation in Precision Medicine of Respiratory Diseases, “Victor Babes” University
of Medicine and Pharmacy Timisoara, Eftimie Murgu Square 2, 300041 Timisoara, Romania

4 School of General Medicine, Bhaskar Medical College, Amdapur Road 156-162, Hyderabad 500075, India
Department of Plastic Surgery, “Victor Babes” University of Medicine and Pharmacy Timisoara,

Eftimie Murgu Square 2, 300041 Timisoara, Romania

Department of Obstetrics and Gynecology, “Victor Babes” University of Medicine and Pharmacy Timisoara,
Eftimie Murgu Square 2, 300041 Timisoara, Romania

Faculty of General Medicine, Kaloji Narayana Rao University of Health Sciences, Nizampura,

Warangal 506007, India

*  Correspondence: bloanca.vlad@um(ft.ro

Abstract: The Omicron (B.1.1.529) variant of the severe acute respiratory syndrome Coronavirus 2
(SARS-CoV-2) had an increased rate of spreading among the general population. Although this virus
mutation resulted in milder symptoms, those on the vulnerable side of the population are still in
danger of developing severe symptoms. Thus, this systematic review focused on identifying the
clinical outcomes of older age patients (>65) that are hospitalized with the SARS-CoV-2 Omicron
variant. The research was conducted using four electronic databases (PubMed, Scopus, Web of
Science, and ProQuest Central), with a search query in December 2022 that comprised the duration of
the COVID-19 pandemic. The inclusion criteria comprised (1) a population of patients older than
65 years, (2) a history of hospitalization for SARS-CoV-2 infection, and (3) infection with Omicron
B.1.1.529 variant. The initial search generated 295 articles, out of which six were included in the
systematic review, and a total of 7398 patients. The main findings were that when looking at the
elderly population, the mortality and hospitalization rates remained high. This is because older
people are more vulnerable and have more comorbidities that interfere with the virus’s progress.
However, there is inconsistency in mortality rates, since the data reported by the included studies had
different selection criteria based on the severity of the COVID-19 infection. Although no statistically
significant differences were found between the unvaccinated and vaccinated groups, patients who
got booster doses of vaccination had a lower likelihood of developing severe symptoms, serving as a
protective factor for this population.

Keywords: COVID-19; SARS-CoV-2 infection; elderly patients; Omicron variant

1. Introduction

Since it emerged, the Coronavirus disease (COVID-19) has been given the highest
priority on a global scale in the search for appropriate treatment, considering the colossal
impact that it has had on the population. As of 2022, the World Health Organization (WHO)
estimates 643,875,406 cases of people infected with the virus and 6,630,082 deaths [1]. The
severe acute respiratory syndrome Coronavirus 2 (SARS-CoV-2), which is responsible for
causing the infectious disease known as COVID-19, underwent multiple mutations over
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the course of three years, the most common of which was known as the Alpha, Beta, and
Gamma variants, with the Delta and Omicron variants being more contagious than the
other three [2]. Because COVID-19 is an RNA virus, it possesses the ability to undergo
mutations as it duplicates. Because of this, the more times the genome replicates, the more
variants are produced as the virus evolves, making it difficult to inhibit the virus’s ability
to spread [2,3].

Although a number of studies point out that the Omicron variant has a less severe
impact on populations than the Delta version does, it has multiple mutations, thus enabling
it to spread faster and infect a larger population, causing symptoms mostly related to the
upper respiratory tract [4]. The main problem that arises is linked to the effects that this
type of mutation has on the more vulnerable population, which is more susceptible to
its effects [4,5]. It has been found that hospitalized patients, who are a more vulnerable
population, have a lower risk of developing severe symptoms if they have the Omicron
variant. However, the risks that this variant implies are strongly connected to advanced
age as well as other comorbidities such as heart conditions, metabolic disorders, chronic
pulmonary disease, and obesity [5,6].

Recent systematic reviews and meta-analyses have stated that the elderly population
represents the vulnerable sector of the population in the Omicron wave, having the lowest
proportion of non-severe disease and asymptomatic infection [7,8]. One meta-analysis
underlines the negative effect that older age and an immunocompromised system have
on the immune response to COVID-19 vaccines, decreasing their effectiveness rates [7].
The main solution found up to this point is linked to an increased dosage of vaccines,
as the two-dose scheme seems to be insufficient in this segment of the population [7-9].
According to the findings of one systematic review, giving a vulnerable population a third
booster dose of vaccination considerably reduced the risk of hospitalization and prevented
the development of severe symptoms [8]. Even though the vaccine’s efficacy may be lower
for the Omicron form, especially in the vulnerable sector, it still has a high efficacy of over
70% against severe disease, according to the findings of another systematic review, which
did not find differences across the types of vaccines used [9].

It would appear that the progression of the virus is not affected by geographic location,
with each country exhibiting the same characteristics, risk factors, and protective factors.
For instance, a study that was conducted in Sweden [10] found that the risk of severe
disease was lower for unvaccinated people during the Omicron wave in comparison to
the Delta wave, which was more aggressive. However, the risk remained high for the
vulnerable population, which is comprised of elderly people and people who have multiple
medical conditions [10]. Another study that was conducted in the United States came to
the conclusion that the vaccinated cohort that required hospitalization consisted of elderly
people who had a greater chance of having multiple medical conditions, but a third dose
was found to reduce the rate of hospitalization [11]. In a nursing home in Serbia, it has been
observed that although the rapid spreading of the virus could not be stopped, vaccines
were a successful aid in preventing severe symptoms and reducing mortality rates [12].

Although the existing body of research literature indicates the requirement of a booster
dose of vaccine for the older age segment of the population [7-9], there are a number
of obstacles that exist that have the potential to limit this process. For the vulnerable
population, it has been found that the elderly were reluctant to receive a booster vaccine for
the following reasons: they lacked information about how the vaccine interferes with other
comorbidities; they were concerned about its safeness; they had movement limitations;
or they believed booster shots were unnecessary [13]. It is necessary to find a solution
to this issue taking into consideration the emerging literature that calls attention to the
requirement of increasing vaccine dosages in order for the treatment to be effective for the
more susceptible members of the population [7-9,13]. In addition, a study that was carried
out in China came to the conclusion that for hospitalized patients who carried the Omicron
variant, older age made it more difficult for them to recover from the virus, and along with a
depressive status, it constituted a risk factor that could lead to an Omicron re-positivity [14].
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One expert review highlights the need for studies that focus on a vulnerable population,
such as people that have an older age, comorbidities, or are immunocompromised, as this
segment of the population has the highest risk of developing severe outcomes [15].

Taking into consideration the current state of the vulnerable population facing the
COVID-19 Omicron virus, for which the standard scheme seems to not support more
favorable results [16,17], we investigated the outcomes of the elderly population that have
been hospitalized due to Omicron infection, in order to observe the progression of the
disease and find the risk factors that are held accountable for the stagnant recovery rate,
as well as protective factors that can prevent the disease from occurring in the first place.
Thus, this systematic review aims to examine the clinical outcomes of hospitalized patients
aged 65 or above that carry the SARS-CoV-2 Omicron virus based on their COVID-19
vaccination status.

2. Materials and Methods

This systematic review used the Preferred Reporting Items for Systematic Reviews
(PRISMA) guidelines [18], and PROSPERO guidelines, being registered in the Open Sci-
ence Framework (OSF) platform. The phases that have been followed in this review are
illustrated in Figure 1.
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Figure 1. PRISMA Flow Diagram.

When conducting this research, we used the following key terms: elderly OR old OR
geriatric OR senior AND omicron AND hospital* AND outcome OR effect OR consequence.
In order to narrow down the results, terms referring to cohort and virus type had to be
mentioned in the abstract. In order for the studies to be included, they needed to involve
participants over the age of 65 who had been hospitalized. Additionally, the study group
needed to be infected with an Omicron variant infection, and the article needed to record
the clinical outcomes of the virus. Despite the fact that all of the collected articles were
published in English, there were no further search limitations.
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This study was conducted using four electronic databases for the duration of the
COVID-19 pandemic, with a search query from January 2020 to December 2022, namely
PubMed, Scopus, Web of Science, and ProQuest Central. Initial results from the search
yielded 295 articles, of which 37 were duplicates. After eliminating 208 abstract-screened
articles, we evaluated 50 full-text articles, from which we selected six for inclusion in this
systematic review. The main reasons for exclusions were (1) the study cohort had less than
65 years, (2) the data extracted included people that were not hospitalized, and (3) there was
a lack of statistics on clinical outcomes after becoming infected with the Omicron variant.
To analyze the differences between vaccinated and unvaccinated patients, Student’s t-test
was used to compare the duration of hospitalization and the Chi-square test was used to
compare the proportions of patients necessitating mechanical ventilation and the mortality
rate. The level of significance was considered for p-values < 0.05.

Utilizing the NHLBI-published Study Quality Assessment Tools, two researchers (V.B.
and F.B.) evaluated information from published articles and reported results individually.
The tools are unique to research designs and screen for any methodological or operational
problems. The Quality Assessment Tool for Observational Cohort and Cross-Sectional
Investigations was used for the remaining studies [19]. For each of a tool’s 14 questions,
“Yes” replies were worth 1 point, while “No” and “Other” responses were worth 0 points.
The final performance score was then calculated. Therefore, investigations with a rating
between 0 and 4 were deemed to be of low quality, studies with a grade between 5 and
9 were deemed to be of medium quality, and studies with a grade of 10 or more were
evaluated to be of good quality. In order to overcome the underlying biases of the included
publications, two investigators were appointed to evaluate the quality of the chosen studies,
therefore lowering the danger of selection bias, missing data, and measurement bias.

3. Results
3.1. Study Characteristics

Articles included in this systematic review had a multicenter retrospective cohort
study design [20-24] and a multicenter prospective cohort study design [25]. Two of the
studies included took place in the USA [21,22], while the other ones took place in Israel [20],
China [23], Belgium [24], and Australia [25]. The number of patients included was relatively
high, ranging from 3056 [21] to 445 [24], and a total of 7398 patients were identified in all
six studies. The mean age was 65 [21], 68.5 [22], 76 [23], 78 [24], and 80 [20]. Only one study
did not report the mean age, mentioning only the category, specifically older than 65 [25].
There were no significant gender differences, as all included studies had an equal number
of males and females. Apart from the COVID-19 Omicron infection, most of the patients
enrolled in the studies had various comorbidities, such as hypertension, chronic renal
failure, chronic lung disease, cancer, immunosuppression, dementia, and diabetes [20-25].
The main demographic characteristics are included in Table 1.

3.2. Clinical Outcomes

The primary outcomes analyzed were the length of hospital stay, the requirement for
intensive care unit (ICU) admission, the need for mechanical ventilation, and the mortality
rate, which can be seen in Table 2, and Figure 2. Two of the studies had a mean of 6 days
hospitalized [20,21], while the other two had a mean of 8 days [23,24], following the most
extended period, 12.5 means days [25]. One of the studies did not state the mean number
of days hospitalized for the whole cohort [22]. While two studies had the total sample of
the group in the intensive care unit [21,25], other than one study that did not specify the
need for intensive unit care [23], other studies had a part of the sample group being in need
of ICU, specifically 26.5% from the unvaccinated patients and 18.7% for fully vaccinated
patients in one study [22] and 7% in another study [24]. In terms of mechanical ventilation,
the proportion of patients in need was 6.7% [21], 10.6% [22], 11.6% [23], and 1.8% [24]. The
mortality rate ranged from 0.51% to 20.1%, having only one study with a high mortality
rate, 47% from a group sample with severe COVID-19 Omicron type [1].
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Table 1. Demographic characteristics of studies.

Study Country Study Group  Age (Median)  Sex (Men)
1 [20] Brosh-Nissimov, T. et al. Hospitalized Patients with
severe COVID-19 during the Omicron wave in
Israel—Dbenefits of a fourth vaccine dose. Clinical infectious Israel 877 80 51%
diseases: an official publication of the Infectious Diseases Society of
America. 2022. ciac501. Advanced online publication.
2 [21] Tandon, P. et al. The fourth wave: vaccination status
and intensive care unit mortality at a large hospital system in USA 3056 65 49%
New York City. Acute and critical care, 2022 37(3), 339-346.
3 [22] Moffa, M. A. et al. Description of Hospitalizations due
to the Severe Acute Respiratory Syndrome Coronavirus 2 o
Omicron Variant Based on Vaccination Status. Open forum UsA 667 68.5 47.8%
infectious diseases, 2022 9(9), ofac438.
4 [23] Lu, G. et al. Geriatric risk and protective factors for
serious COVID-19 outcomes among older adults in Shanghai . o
Omicron wave. Emerging microbes %nd infections, 2022 11%1), China 1377 76 46.6%
2045-2054.
5 [24] Van Goethem, N. et al. Clinical Severity of
SARS-CoV-2 Omicron Variant Compared with Delta among . o
Hospitalized COVID-19 Patients in Belgium during Autumn Belgium 45 78 62.2%
and Winter Season 2021-2022. Viruses. 2022, 14, 1297.
6 [25] Otto, M. Clinical Characteristics and Outcomes of
Critically Ill Patients with 1, 2, and 3 doses of Vaccination Australia 976 >65 63.8%
against COVID-19 in Australia. Internal medicine journal, 2022
Table 2. Clinical outcomes.
Duration of Mechanical . e
Study Hospitalization (Median) Ventilation Mortality Rate Comorbidities
1120] 6 NR 47% HyPertension, BMI > 30, chronic r?nal
failure, cancer, immunosuppression
2 [21] 6 6.7% 9.9% Diabetes, cardiovascular disease
Immunosuppression, cardiovascular
3[22] NR 10.6% 11.3% disease, chronic kidney disease, chronic
lung disease, cancer, dementia
Cardiovascular disease, chronic
4 23] 8 11.6% 0.51% . .
kidney disease
Cardiovascular disease, chronic renal
5 [24] 8 1.8% 11.6% .disease, chronic C.ognitive c!eficit, chro.nic
immunosuppression, chronic neurological
disease, obesity
Diabetes, obesity, chronic cardiac failure,
6 [25] 125 NR 20.1% chronic pulmonary disease,

immunosuppression, chronic kidney

disease, cancer

NR—Not Reported.

Four of the studies evaluated clinical outcomes by dividing the study group into
unvaccinated and vaccinated patients. One study found that when comparing the unvac-
cinated patients to those who had a three-dose vaccine, there were no differences in the
rates of mortality or the need for mechanical ventilation, with both groups having a similar
risk for a poor outcome [20]. When comparing to a group that had a four-dose vaccine,
the mortality rates went significantly lower for the four-dose patients, having a rate of
34%, compared to the unvaccinated patients, that had a rate of 51%, in this degree is a
protective factor against poor outcomes [20]. Two studies that took place in the USA had
the same results, concluding that there are no differences in mortality rates between the
vaccinated and unvaccinated patients, with mechanical ventilation being the first factor
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that raises the mortality rate [21,22], though one of the studies found that unvaccinated
patients required supplemental oxygen and underlined the fact that patients that have
multiple booster doses are either the oldest ones or the severely immunosuppressed [22].
Given this, even though the mortality rates for each group remain the same, unvaccinated
patients have fewer comorbidities, whereas boosted patients are part of the vulnerable
population when it comes to other conditions.

p-value = 0.002
T L]
31.00%
30.00%
29.00%
28.00%
27.00%
26.00%
25.00%
24.00%
23.00%
Vaccinated (n =1923)  Unvaccinated (n = 2705)
Mortality Rate (%)
(a)
p-value <0.001
10.00
9.50
9.00
8.50
8.00
7.50
7.00
Vaccinated (n = 1923) Unvaccinated (n = 2705)
Duration of hospitalization (days)
(b)
p-value <0.001
r 1
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00%
Vaccinated (n = 878) Unvaccinated (n = 869)
Mechanical Ventilation (%)

(c)

Figure 2. Summary of findings (vaccinated vs. unvaccinated patients); (a) Duration of hospitalization;
(b) Mechanical ventilation; (c) Mortality Rate.
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One study identified that 75.9% of all patients had at least one comorbidity, with
hypertension (57.9%), diabetes (23.5%), and cardiovascular disease (20.7%) being the most
common, with this being one of the factors that progresses the disease’s severe outcomes,
followed by being over 80 years old [23]. Despite this, having the vaccine appeared to act as
a protective factor against severe outcomes, having a critical rate of 2.4%, versus 8.37% for
the unvaccinated patients [23]. A different study indicated the presence of comorbidities
among patients with Omicron and of older age and emphasized that compared to the Delta
variant, the Omicron patients had a lower risk of severe COVID-19 and ICU admission,
although there was not a significant statistical difference for the risk of death [24]. The last
study included found that vaccinated patients had more comorbidities, the most prevalent
being diabetes, chronic cardiac failure, chronic pulmonary disease, and immunosuppression
and that patients who received three doses of immunizations were less likely to need
invasive ventilation and tracheostomy than those who received only one or two doses [25].

Additionally, the vaccinated group had a shorter duration of ventilation and length of
the hospital of ICU stay than the unvaccinated group, although there was no statistically
significant association between vaccination and mortality rate [25]. All studies included
required ICU-level care [20-25]. Considering the need for mechanical ventilation, three
of the studies found that there was not a significant difference between the vaccinated
and unvaccinated groups, with the proportion of patients in need remaining relatively the
same [20-25]. The only noticeable difference was when comparing unvaccinated patients
with patients that have received more than two doses of vaccine, the proportion dropping
from 20% to 16% [20], although another study had a lower proportion of people in need
of mechanical ventilation in the two-dose group (8.6%), compared to the boosted group
(10.3%) [22]. Table 3 summarizes clinical outcomes for vaccinated and unvaccinated patients.

Table 3. Clinical outcomes by vaccination status.

Study Vaccinated Unvaccinated
Required Duration of . . Required Duration of . .
Study Number of ICU-Level Hospital Stay Mec.har.uc Mortality ICU-Level Hospital Stay Mec.har.uc Mortality
Doses Care (Median) Ventilation Rate Care (Median) Ventilation Rate
3 (n=386) Yes 6 22% 44% B
20] 4(n=88) Yes 5 16% 30% Yes 6 (n=394) 20% 4%
[21] 3 (n=88) Yes 13 50% 38% Yes 15 (n = 124) 57% 45%
2 (n=209) Yes 3.6 8.6% 10.5% _ . o
[22] 3 (n=107) Yes 4 10.3% 10.3% Yes 4.2 (n=351) 12% 12.3%
1 (n = 430) Yes 13.6 Yes 21.9%
[25] 2 (n=671) Yes 10.6 Yes 25.3% Yes 13.4 (n = 1836) Yes 16.4%
3 (n=86) Yes 6.6 Yes 27.0%

4. Discussion

The rapid spread of the Omicron variant, along with its exceedingly high infectious-
ness, led to an increased need for hospital admissions, questioning the effectiveness of
the vaccine for certain categories of infected people [7,26]. The present study concluded,
in line with other systematic reviews [7,8], that although the Omicron wave had milder
effects on the population, the hospital admission rates, as well as the mortality rates, re-
mained high, particularly among the elderly population. Although there was a lack of
statistical evidence that could differentiate negative outcomes between waves, all of the
studies that were included in this systematic review highlighted the fact that although it
appeared as though there were no differences between people who were unvaccinated and
vaccinated people, it is extremely important to look at the baseline characteristics of the
patients [20-25]. Vaccinated patients who were either hospitalized or admitted to an ICU
constituted the oldest segment of the population and had a series of comorbidities that
acted as risk factors in developing a severe form of the disease [20,22-25]. In conclusion,
patients that were either hospitalized or admitted to an ICU were given the highest risk
of developing a severe form of the disease, although most were vaccinated up to date.
Every study included in this review had either the whole cohort or a segment of it in the
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ICU [20-25], while four of them stated the need for mechanical ventilation [21-24]. A part
of the studies included found that when using a third or fourth dose as a booster vaccine,
the hospitalization and mortality rates dropped considerably [20,26]. Other studies stress
the effectiveness of a booster dose for the older population, as it has been found to be a
protective factor in developing severe symptoms, although the efficiency isn’t as high as it
should be [11,27]. Aside from vaccination, it remains important to use a series of physical
preventive measures such as mask use, regular ventilation, physical distance, and hand
hygiene [28,29].

An expert review concluded that the efficacy of vaccines continues to prevent severe
illness, hospital admission, and mortality [17]. This conclusion was reached regardless of
the type of vaccine that was used [17]. In order to increase its effectiveness in combating
highly infectious variations such as Omicron, it is essential to decrease the amount of
time that passes between booster shots for the population that is most susceptible to
infection [17,21,30]. Although booster shots appear to be the only protective option that has
been found to be effective, there are a series of impediments when applying this treatment
scheme. For example, low-resource countries do not have vaccines for their population; as
a result, this treatment option could not reach the global population that was found to be at
risk [31].

This study has a number of limitations, despite the fact that the conclusions that were
drawn are consistent with the existing body of research. These conclusions concern the
severe clinical outcomes that the elderly population that is infected with COVID-19 suffers,
as well as the fact that the vaccine is not a powerful enough protective factor. Firstly, there
were fewer publications available, which made it more difficult to extrapolate a general
conclusion. Second, because the research was carried out only in the United States of
Anmerica, Israel, Belgium, Australia, and China [20-25], we are unable to discuss the current
state of events in any other countries. According to the findings of one study, there are
billions of people who have not been vaccinated due to a lack of vaccine doses. As a result,
their clinical outcomes may be more severe than the rates that we have observed [31].
The group sample, although appearing to be high, it is relatively low when compared to
the number of infected people globally; therefore, the study sample size may represent
another limitation.

When it came to the reporting of statistical data on clinical outcomes, only a portion
of the studies had documented clinical outcomes comparing the unvaccinated cohort
with the vaccinated one [20-22,25]. This was done in order to determine whether or not
the vaccine was effective. Although the rates of mortality and hospitalization remain
high between groups, it is important to differentiate between the vaccinated and the
unvaccinated people because the two types of cohorts do not share the same characteristics.
The vaccinated people that are infected are part of the more vulnerable population because
of the comorbidities that interfere with the virus evolution [7]. To the same extent, none
of the studies took into consideration the type of vaccine used. Since there are currently
quite a few vaccines on the market, with the SARS-CoV-2 mRNA vaccines developed by
Moderna and Pfizer/BioNTech proving to be the most effective ones so far [32], research
can concentrate on particular categories of vaccines in an attempt to determine the one
that is most effective on a given population. Another limitation could be linked to the
lack of age stratification, as each study used an age mean when reporting the outcomes.
According to the findings of a number of studies, people who are 80 years old or older have
increased risks of contracting a severe form of the disease and spend a significant amount
of time hospitalized [33]. As a consequence, different results may have been observed if the
targeted group was stratified according to age. However, due to the fact that each of the
included studies had patients who suffered from a variety of comorbidities [20-25], with
the most common being diabetes, cardiovascular diseases, and renal diseases, we cannot
estimate the outcomes of patients that, apart from the Omicron infection, are presented as
clinically healthy and how much the presence of the comorbidities influence the severity of
the virus.
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The current systematic review is valuable because it focuses on a particular population,
namely elderly patients who are hospitalized and, as a result, are at a greater risk of
developing severe symptoms of a severe acute respiratory syndrome caused by Coronavirus
2 (SARS-CoV-2). The high mortality rates that have been reported, along with the various
comorbidities that have been found to be a risk factor for the manifestation of the infection,
highlight the fact that additional research needs to be done on this particular group of
people for whom the conventional vaccine strategy does not appear to be as effective for
the Omicron variant [26,30,31]. According to the findings of one study [34], the use of
Molnupiravir on hospitalized patients aged over 60 was associated with a reduction in the
likelihood of more severe symptoms and a shorter median length of stay in the hospital.
According to the findings of other studies, Paxlovid improves symptoms associated with
the infection and shortens the amount of time it takes to receive negative test results [35,36].

Although some studies suggest that using a booster dose will help in decreasing the
risk of developing severe disease and, therefore, shorten the number of days spent hospital-
ized or in the ICU, it is recommended that results be evaluated carefully, as the effectiveness
of the vaccines decreases in time, especially for the vulnerable population [33,37]. Taking
this into consideration, future research could concentrate on developing other ways of
disease prevention in addition to the already existing vaccines, which have a relatively poor
success rate when applied to an aging population that is afflicted with a variety of illnesses.
In addition to this, potential future research can investigate several types of risk variables,
which have been demonstrated to be highly related to an unfavorable course of the disease,
such as age, the presence of comorbidities, as well as mechanical ventilation [7,8,26,28].
Lastly, more overall research that targets vulnerable groups needs to be addressed, as this
segment requires more mobilization in prevention and treatment [17], which is why it is
essential to have a solid understanding of the disease’s mechanisms, risk, and protective
factors, and the treatment methods that are the most appropriate.

5. Conclusions

The pandemic that has been caused by the spreading of Coronavirus and its muta-
tion has left specialists with a number of challenges to overcome in terms of developing
strategies for the prevention and treatment of the various ways in which viruses manifest.
Despite the fact that a large number of experts have collaborated over the course of the past
few years in order to collect as much information as they possibly could regarding the ori-
gins of the virus, the most effective types of vaccines, prevention, and hospital management,
there are still some aspects that remain unknown. This is because the most recent wave of
the pandemic, which was caused by the Omicron variant of the virus, had the highest rate
of transmission. Furthermore, despite the fact that the symptoms may have seemed to be
less severe, there is still a significant portion of the population that comes into contact with
this virus and experiences severe problems. These problems include increased mortality
rates, admissions to intensive care units, and the requirement for mechanical ventilation.

These findings point to the necessity of finding effective treatments for the vulnerable
population. The use of a series of booster vaccines is not a feasible option because there
has been insufficient research done to evaluate the vaccine’s long-term effectiveness and
because it is unable to reach the global population because it requires a large number of
doses to be distributed all over the world.

Author Contributions: Conceptualization, RM.E. and C.O.; methodology, RM.E. and C.O.; data
curation, EB. and V.B.; writing—original draft preparation, RM.F,, ARR. and O.R,; writing—review
and editing, C.C. and S.A.; visualization, N.G.V.; supervision, C.D. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Int. |. Environ. Res. Public Health 2023, 20, 2150 10 of 11

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organization. Available online: https://covid19.who.int/table (accessed on 10 December 2022).

2. Islam, S, Islam, T.; Islam, R. New Coronavirus Variants are Creating More Challenges to Global Healthcare System: A Brief
Report on the Current Knowledge. Clin. Pathol. 2022, 15, 2632010X221075584. [CrossRef] [PubMed]

3. Mukherjee, R.; Satardekar, R. Why are some coronavirus variants more infectious? J. Biosci. 2022, 46, 101. [CrossRef] [PubMed]

4. Nori, W.; Ghani Zghair, M.A. Omicron targets upper airways in pediatrics, elderly and unvaccinated population. World J. Clin.
Cases 2022, 10, 12062-12065. [CrossRef] [PubMed]

5. Chen, X,; Wang, H.; Ai, ]; Shen, L.; Lin, K,; Yuan, G.; Sheng, X,; Jin, X.; Deng, Z.; Xu, |.; et al. Identification of CKD, bedridden
history and cancer as higher-risk comorbidities and their impact on prognosis of hospitalized Omicron patients: A multicentre
cohort study. Emerg. Microbes Infect. 2022, 11, 2501-2509. [CrossRef]

6. Briko, N.I; Korshunov, V.A.; Krasnova, S.V.; Protsenko, D.N.; Glazovskaya, L.S.; Gostishchev, R.V,; Saltykova, T.S.; Chernyavskaya,
O.P; Pozdnyakov, A.A.; Labanovich, V.V;; et al. Clinical and epidemiological characteristics of hospitalized patients with COVID-
19 during different pandemic periods in Moscow. J. Microbiol. Epidemiol. Immunobiol. 2022, 99, 287-299. [CrossRef]

7. Yu, W.; Guo, Y.; Zhang, S.; Kong, Y.; Shen, Z.; Zhang, J. Proportion of asymptomatic infection and nonsevere disease caused by
SARS-CoV-2 Omicron variant: A systematic review and analysis. J. Med. Virol. 2022, 94, 5790-5801. [CrossRef]

8.  Au, WY Cheung, P.P. Effectiveness of heterologous and homologous covid-19 vaccine regimens: Living systematic review with
network meta-analysis. BM]J Clin. Res. Ed. 2022, 377, €069989. [CrossRef]

9.  Feikin, D.R.; Higdon, M.M.; Abu-Raddad, L.J.; Andrews, N.; Araos, R.; Goldberg, Y.; Groome, M.].; Huppert, A.; O'Brien,
K.L.; Smith, P.G; et al. Duration of effectiveness of vaccines against SARS-CoV-2 infection and COVID-19 disease: Results of a
systematic review and meta-regression. Lancet 2022, 399, 924-944. [CrossRef]

10. Kahn, E; Bonander, C.; Moghaddassi, M.; Rasmussen, M.; Malmgqvist, U.; Inghammar, M.; Bjork, ]. Risk of severe COVID-19 from
the Delta and Omicron variants in relation to vaccination status, sex, age and comorbidities—Surveillance results from southern
Sweden, July 2021 to January 2022. Eur. Commun. Dis. Bull. 2022, 27, 2200121. [CrossRef]

11. Havers, EP.,; Pham, H.; Taylor, C.A.; Whitaker, M.; Patel, K.; Anglin, O.; Kambhampati, A.K.; Milucky, J.; Zell, E.; Moline,
H.L.; et al. COVID-19-Associated Hospitalizations Among Vaccinated and Unvaccinated Adults 18 Years or Older in 13 US States,
January 2021 to April 2022. JAMA Intern. Med. 2022, 182, 1071-1081. [CrossRef]

12.  Cokic, V.,; Popovska, Z.; Lijeski¢, O.; Sabi¢, L.; Djurkovic Djakovic, O. Three Outbreaks of COVID-19 in a Single Nursing Home
over Two Years of the SARS-CoV-2 Pandemic. Aging Dis. 2022, 12. [CrossRef]

13. Qin, C; Yan, W,; Tao, L.; Liu, M.; Liu, J. The Association between Risk Perception and Hesitancy toward the Booster Dose of
COVID-19 Vaccine among People Aged 60 Years and Older in China. Vaccines 2022, 10, 1112. [CrossRef]

14. Li,M.; Peng, H,; Duan, G.; Wang, J.; Yu, Z.; Zhang, Z.; Wu, L.; Du, M.; Zhou, S. Older age and depressive state are risk factors for
re-positivity with SARS-CoV-2 Omicron variant. Front. Public Health 2022, 10, 1014470. [CrossRef] [PubMed]

15. Solante, R.; Alvarez-Moreno, C.; Burhan, E.; Chariyalertsak, S.; Chiu, N.C.; Chuenkitmongkol, S.; Dung, D.V.; Hwang, K.P; Ortiz
Ibarra, J.; Kiertiburanakul, S.; et al. Expert review of global real-world data on COVID-19 vaccine booster effectiveness and safety
during the omicron-dominant phase of the pandemic. Expert Rev. Vaccines 2023, 22, 1-16. [CrossRef]

16. Ameratunga, R.; Leung, E.; Woon, S.T.; Chan, L.; Steele, R.; Lehnert, K.; Longhurst, H. SARS-CoV-2 Omicron: Light at the
End of the Long Pandemic Tunnel or Another False Dawn for Immunodeficient Patients? J. Allergy Clin. Immunol. Pract. 2022,
10, 2267-2273. [CrossRef] [PubMed]

17.  Stowe, ]J.; Andrews, N.; Kirsebom, F.; Ramsay, M.; Lopez Bernal, J. Effectiveness of COVID-19 vaccines against Omicron and Delta
hospitalisation, a test negative case-control study. Nat. Commun. 2022, 13, 5736. [CrossRef]

18.  Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. Ann. Intern. Med. 2009, 151, 264-269. [CrossRef]

19. Tran, L.; Tam, D.N.H.; Elshafay, A.; Dang, T.; Hirayama, K.; Huy, N.T. Quality assessment tools used in systematic reviews of
in vitro studies: A systematic review. BMC Med. Res. Methodol. 2021, 21, 101. [CrossRef]

20. Brosh-Nissimov, T.; Hussein, K.; Wiener-Well, Y.; Orenbuch-Harroch, E.; Elbaz, M.; Lipman-Arens, S.; Maor, Y.; Yagel, Y.; Chazan,
B.; Hershman-Sarafov, M.; et al. Hospitalized patients with severe COVID-19 during the Omicron wave in Israel—Benefits of a
fourth vaccine dose. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2022, ciac501. [CrossRef]

21. Tandon, P; Leibner, E.; Hackett, A.; Maguire, K.; Leonardi, K.; Levin, M. A.; Kohli-Seth, R. The fourth wave: Vaccination status
and intensive care unit mortality at a large hospital system in New York City. Acute Crit. Care 2022, 37, 339-346. [CrossRef]

22. Moffa, M.A,; Shively, N.R.; Carr, D.R.; Bremmer, D.N.; Buchanan, C.; Trienski, T.L.; Jacobs, M.W.; Saini, V.; Walsh, T.L. Description
of Hospitalizations due to the Severe Acute Respiratory Syndrome Coronavirus 2 Omicron Variant Based on Vaccination Status.
Open Forum Infect. Dis. 2022, 9, ofac438. [CrossRef] [PubMed]

23. Lu, G,; Zhang, Y,; Zhang, H.; Ai, J.; He, L.; Yuan, X.; Bao, S.; Chen, X.; Wang, H.; Cai, J.; et al. Geriatric risk and protec-

tive factors for serious COVID-19 outcomes among older adults in Shanghai Omicron wave. Emerg. Microbes Infect. 2022,
11, 2045-2054. [CrossRef]


https://covid19.who.int/table
http://doi.org/10.1177/2632010X221075584
http://www.ncbi.nlm.nih.gov/pubmed/35141522
http://doi.org/10.1007/s12038-021-00221-y
http://www.ncbi.nlm.nih.gov/pubmed/34785628
http://doi.org/10.12998/wjcc.v10.i32.12062
http://www.ncbi.nlm.nih.gov/pubmed/36405264
http://doi.org/10.1080/22221751.2022.2122581
http://doi.org/10.36233/0372-9311-272
http://doi.org/10.1002/jmv.28066
http://doi.org/10.1136/bmj-2022-069989
http://doi.org/10.1016/S0140-6736(22)00152-0
http://doi.org/10.2807/1560-7917.ES.2022.27.9.2200121
http://doi.org/10.1001/jamainternmed.2022.4299
http://doi.org/10.14336/AD.2022.0624
http://doi.org/10.3390/vaccines10071112
http://doi.org/10.3389/fpubh.2022.1014470
http://www.ncbi.nlm.nih.gov/pubmed/36268004
http://doi.org/10.1080/14760584.2023.2143347
http://doi.org/10.1016/j.jaip.2022.06.011
http://www.ncbi.nlm.nih.gov/pubmed/35752434
http://doi.org/10.1038/s41467-022-33378-7
http://doi.org/10.7326/0003-4819-151-4-200908180-00135
http://doi.org/10.1186/s12874-021-01295-w
http://doi.org/10.1093/cid/ciac501
http://doi.org/10.4266/acc.2022.00675
http://doi.org/10.1093/ofid/ofac438
http://www.ncbi.nlm.nih.gov/pubmed/36092825
http://doi.org/10.1080/22221751.2022.2109517

Int. |. Environ. Res. Public Health 2023, 20, 2150 11 of 11

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Van Goethem, N.; Chung, P.Y.J.; Meurisse, M.; Vandromme, M.; De Mot, L.; Brondeel, R.; Stouten, V.; Klamer, S.; Cuypers, L.;
Braeye, T.; et al. Clinical Severity of SARS-CoV-2 Omicron Variant Compared with Delta among Hospitalized COVID-19 Patients
in Belgium during Autumn and Winter Season 2021-2022. Viruses 2022, 14, 1297. [CrossRef] [PubMed]

Otto, M.; Burrell, A.J.C.; Neto, A.S.; Alliegro, P.V.; Trapani, T.; Cheng, A.; Udy, A.A.; SPRINT-SARI Australia Investigators.
Clinical characteristics and outcomes of critically ill patients with one, two and three doses of vaccination against COVID-19 in
Australia. Intern. Med. ]. 2022. advance online publication. [CrossRef] [PubMed]

Ticinesi, A.; Nouvenne, A.; Parise, A.; Prati, B.; Meschi, T. Defining SARS-CoV-2 breakthrough infection needing hospitalization
in mass vaccination era: From disease-centered to patient-centered care. Acta Bio-Med. Atenei Parm. 2022, 93, €2022182. [CrossRef]
Cerqueira-Silva, T.; de Araujo Oliveira, V.; Paixao, E.S.; Junior, ].B.; Penna, G.O.; Werneck, G.L.; Pearce, N.; Barreto, M.L,;
Boaventura, V.S.; Barral-Netto, M. Duration of protection of CoronaVac plus heterologous BNT162b2 booster in the Omicron
period in Brazil. Nat. Commun. 2022, 13, 4154. [CrossRef]

Dhawan, M.; Saied, A.A.; Mitra, S.; Alhumaydhi, FA.; Emran, T.B.; Wilairatana, P. Omicron variant (B.1.1.529) and its sub-
lineages: What do we know so far amid the emergence of recombinant variants of SARS-CoV-2? Biomed. Pharmacother. 2022,
154,113522. [CrossRef]

Dominguez-Ramirez, L.; Solis-Tejeda, I.; Ayon-Aguilar, J.; Mayoral-Ortiz, A.; Sosa-Jurado, F.; Pelayo, R.; Santos-Lépez, G.;
Cortes-Hernandez, P. Decrease in COVID-19 adverse outcomes in adults during the Delta and Omicron SARS-CoV-2 waves, after
vaccination in Mexico. Front. Public Health 2022, 10, 1010256. [CrossRef]

Murari, T.B.; Fonseca, L.M.D.S.; Pereira, H.B.B.; Nascimento Filho, A.S.; Saba, H.; Scorza, FA.; G de Almeida, A.C.; Maciel, E.L.N.;
Mendes, J.EE,; Rocha Filho, T.M.; et al. Retrospective Cohort Study of COVID-19 in Patients of the Brazilian Public Health System
with SARS-CoV-2 Omicron Variant Infection. Vaccines 2022, 10, 1504. [CrossRef]

Kherabi, Y.; Launay, O.; Luong Nguyen, L.B. COVID-19 Vaccines against Omicron Variant: Real-World Data on Effectiveness.
Viruses 2022, 14, 2086. [CrossRef]

Hogan, M.J.; Pardi, N. mRNA Vaccines in the COVID-19 Pandemic and Beyond. Annu. Rev. Med. 2022, 73, 17-39. [CrossRef] [PubMed]
Fabiani, M.; Mateo-Urdiales, A.; Sacco, C.; Rota, M.C.; Petrone, D.; Bressi, M.; Del Manso, M.; Siddu, A.; Proietti, V.; Battilomo,
S.; et al. Relative effectiveness of a 2nd booster dose of COVID-19 mRNA vaccine up to four months post administration in
individuals aged 80 years or more in Italy: A retrospective matched cohort study. Vaccine 2022, 41, 76-84. [CrossRef] [PubMed]
Liu, Y;; Ge, L; Fan, S.; Xu, A.; Wang, X.; Dong, X.; Xu, M.; Fan, W.; Zhong, W.; Liang, X. Disease Progression of Hospitalized
Elderly Patients with Omicron BA.2 Treated with Molnupiravir. Infect. Dis. 2022, 11, 2241-2251. [CrossRef] [PubMed]

Zhang, L.; Zhang, S.; Han, J.; Yi, Y.; Zhou, H.; Li, ]. Paxlovid administration in elderly patient with COVID-19 caused by Omicron
BA.2.0: A case report. Medicine 2022, 101, €31361. [CrossRef]

Zhong, W,; Jiang, X.; Yang, X.; Feng, T.; Duan, Z.; Wang, W.; Sun, Z.; Chen, L.; Nie, X.; Zhu, C.; et al. The efficacy of
paxlovid in elderly patients infected with SARS-CoV-2 omicron variants: Results of a non-randomized clinical trial. Front. Med.
2022, 9. [CrossRef]

Buchan, S.A.; Chung, H.; Brown, K.A.; Austin, P.C.; Fell, D.B.; Gubbay, ].B.; Nasreen, S.; Schwartz, K.L.; Sundaram, M.E.; Tadrous,
M.; et al. Estimated Effectiveness of COVID-19 Vaccines Against Omicron or Delta Symptomatic Infection and Severe Outcomes.
JAMA Netw. Open 2022, 5, €2232760. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3390/v14061297
http://www.ncbi.nlm.nih.gov/pubmed/35746768
http://doi.org/10.1111/imj.15884
http://www.ncbi.nlm.nih.gov/pubmed/35841294
http://doi.org/10.23750/abm.v93i2.12717
http://doi.org/10.1038/s41467-022-31839-7
http://doi.org/10.1016/j.biopha.2022.113522
http://doi.org/10.3389/fpubh.2022.1010256
http://doi.org/10.3390/vaccines10091504
http://doi.org/10.3390/v14102086
http://doi.org/10.1146/annurev-med-042420-112725
http://www.ncbi.nlm.nih.gov/pubmed/34669432
http://doi.org/10.1016/j.vaccine.2022.11.013
http://www.ncbi.nlm.nih.gov/pubmed/36400660
http://doi.org/10.1007/s40121-022-00716-7
http://www.ncbi.nlm.nih.gov/pubmed/36310337
http://doi.org/10.1097/MD.0000000000031361
http://doi.org/10.3389/fmed.2022.980002
http://doi.org/10.1001/jamanetworkopen.2022.32760

	Introduction 
	Materials and Methods 
	Results 
	Study Characteristics 
	Clinical Outcomes 

	Discussion 
	Conclusions 
	References

