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Background: Although the SARS-CoV-2 Omicron variant is considered to induce less severe disease, there

have been no consistent results on the extent of the decrease in severity.

Objectives: To compare the clinical outcomes of COVID-19—positive patients with Omicron and Delta

variant infection.

Data sources: Searches were implemented up to 8 November 2022 in PubMed, Web of Science, BioRvix,

and MedRvix.

Study eligibility criteria: Eligible studies were cohort studies reporting the clinical outcomes of COVID-19

—positive patients with Omicron and Delta variant infection, including hospitalization, intensive care

unit (ICU) admission, receiving invasive mechanical ventilation (IMV), and death.

Participants: COVID-19—positive patients with Omicron and Delta variant infection.

Assessment of risk of bias: Risk of bias was assessed employing the Newcastle-Ottawa Scale.

Methods of data synthesis: Random-effect models were employed to pool the ORs and 95% Cls to compare

the risk of clinical outcome. I*> was employed to evaluate the heterogeneity between studies.

Results: A total of 33 studies with 6 037 144 COVID-19—positive patients were included in this meta-

analysis. In the general population of COVID-19—positive patients, compared with Delta, Omicron

variant infection resulted in a decreased risk of hospitalization (10.24% vs. 4.14%, OR = 2.91, 95% Cl = 2.35

—3.60), ICU admission (3.67% vs. 0.48%, OR = 3.64, 95% CI = 2.63—5.04), receiving IMV (3.93% vs. 0.34%,

OR = 3.11, 95% CI = 1.76—5.50), and death (2.40% vs. 0.46%, OR = 2.97, 95% Cl = 2.17—4.08). In the

hospitalized patients with COVID-19, compared with Delta, Omicron variant infection resulted in a

decreased risk of ICU admission (20.70% vs. 12.90%, OR = 1.63, 95% CI = 1.32—2.02), receiving IMV (10.90%

vs. 5.80%, OR = 1.65, 95% CI = 1.28—2.14), and death (10.72% vs. 7.10%, OR = 1.44, 95% CI = 1.22—1.71).

Conclusions: Compared with Delta, the severity of Omicron variant infection decreased. Fei-Hong Hu,
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Introduction

Like any other virus, the SARS-CoV-2 virus has the ability to
evolve. Since its inception, many variants of SARS-CoV-2 have
emerged in succession throughout the world, with different
transmissibility and severity [1].
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In December 2020, the Delta variant was first detected in India
[2,3], characterized by a high viral load, a long duration of infection,
and a high rate of reinfection [4]. Compared with previous variants
of COVID-19, the Delta variant also has high transmissibility, asso-
ciated with a mass of immune escape [5]. In November 2021, the
Omicron SARS-CoV-2 variant of concern was initially detected in
South Africa [6]. Subsequently, the Omicron variant replaced the
Delta variant as the novel mainstream variant globally because of
high transmissibility [6]. The transmissibility of the Omicron
variant has been reported to vary from 3.31 to 100 times that of the
Delta variant [7,8]. In addition, the resistance of Omicron to anti-
viral immunity has also increased [9]. However, a decrease in the
severity and pathogenicity of the Omicron variant has been re-
ported in many studies [10—12]. Therefore, there may be differ-
ences in clinical outcomes between patients who tested positive for
the Omicron and Delta variants.

Several studies have shown that the Omicron variant caused
significantly lower disease severity than the Delta variant,
including hospitalization, oxygen requirements, mechanical venti-
lation, and death [13—15]. However, a review [16] came to the
opposite conclusion about hospitalization and death, namely that
the Omicron variant significantly affected the increase in daily
hospitalization and death. Furthermore, although the current
Omicron epidemic lasts less than the Delta epidemic, the absolute
number of patients requiring hospitalization and death was larger
in some countries [17,18].

Taking into account inconsistent reports on hospitalization,
intensive care unit (ICU) admissions, receiving invasive mechanical
ventilation (IMV), and death from the SARS-CoV-2 Omicron and
Delta variants, this meta-analysis comprehensively summarized
the available evidence and compared the clinical outcomes of the
SARS-CoV-2 Omicron and Delta variants. This information is critical
to systematically compare differences in clinical outcomes between
Omicron and Delta variants to provide a reference for the formu-
lation and adjustment of epidemic prevention and control policies.

Methods

This systematic review and meta-analysis was implemented in
accordance with the statement of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses [19]. The protocol for this
meta-analysis was registered at PROSPERO (registration number:
CRD42022371240).

Search strategy

Four databases (PubMed, Web of Science, BioRvix, and MedRvix)
were systematically searched. This search included all relevant
published or preprinted articles from December 2020 to 8
November 2022. In addition, we screened the references of po-
tential included studies for additional studies that may be relevant.
Endnote software was employed for literature management and
deduplication. Specific search strategies and selection criteria are
provided in the Supplementary Material.

Selection criteria

The eligible articles for this review and meta-analysis met the
following criteria: (a) the study was designed as a cohort study in
which both Delta and Omicron patients were included; (b) partic-
ipants had a definitive diagnosis of Omicron or Delta SARS-CoV-2
variant infection by PCR, gene sequencing, and other laboratory
tests; and (c) studies reported the outcomes of infection, including
hospitalization, ICU admission, and receiving IMV. The exclusion
criteria were as follows: (a) the study design was not a cohort such

as cross-sectional, case report, case-control, or randomized
controlled trail; (b) participants of the study were diagnosed with
infections caused by variants other than Omicron or Delta; (c) the
variant was identified in the study because it was predominant in
the area; and (d) the study reported only one of the Omicron and
Delta variants.

Risk-of-bias assessment

The quality of identified studies was evaluated employing the
Newcastle-Ottawa Scale independently by two researchers. This
tool assessed the quality of the studies from three main dimensions
(selection, comparability, and exposure), which are formed from
eight items (the highest quality score is 9), a higher score indicating
higher quality. Divergences of opinion were solved through nego-
tiation and consensus with a third senior researcher.

Data extraction

Two researchers independently extracted and included the data
in a standardized form to ensure consistency, and conflicts over the
points were resolved by negotiation with a third senior researcher.
The following data were extracted: author name, published year,
location of study, study design, age, gender distribution, vaccina-
tion status, number of hospitalizations, ICU admission, receiving
IMV, or death from Omicron and Delta infection.

Outcome indicators

The outcome indicators were the comparison of the risks of
hospitalization, ICU admission, receiving IMV, and death associated
with SARS-CoV-2 Omicron and Delta variants. We defined hospi-
talization as hospital admission resulting from 2 days before the
date of positive laboratory acquisition to 14 days after diagnosis, as
others rating the severity of SARS-CoV-2 do [20,21]; ICU admission
was defined as meeting the criteria of hospitalization and having a
record of ICU admission; receiving IMV was defined as positive
pressure ventilation of intratracheal or tracheostomy intubation;
death was defined as demise occurring within 28 days of a positive
test for COVID-19, in line with the proposal of the National Health
Service [22].

Statistical analysis

Studies eligible for meta-analysis were divided into two cate-
gories: (a) the general population of COVID-19—positive patients as
participants (not recruited in hospitals, with all severities, from
mild to critical) and (b) the hospitalized patients with COVID-
19—positive diagnosis as participants. We used pooled OR with 95%
CI as the outcome measure. A random-effects model was adopted,
considering the underlying heterogeneity of the included studies.
The underlying heterogeneity between different studies was eval-
uated using the I? statistics. Subgroup analyses were performed
according to different study sites, and we classified the study sites
by continent. Visual inspection of the funnel plot and the p value of
Egger's test were employed to assess publication bias. Sensitivity
analysis was carried out by excluding studies one by one to examine
the uniformity of the consequences of meta-analyses. Furthermore,
meta-regression analyses were implemented to quantify the cor-
relation between outcome measures and other covariates,
including available mean age, gender distribution, and the ratio of
Omicron to Delta vaccination percentage. All statistical analyses
were implemented using the Stata software package (version 17.0
for Windows).
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Results
Study selection and characteristics

In total, 3034 unique publications were initially yielded using
the search strategy; of them, 615 studies were duplicates. Further,
2289 studies were excluded because of irrelevant content via
screening for titles and abstracts. The remaining 130 studies were
retrieved, and the full text was browsed. An additional 96 studies
were excluded because of the fact that hospitalization, ICU
admission, IMV, or death data were not reported or could not be
extracted separately. Ultimately, 33 studies comprising 3 367 207
patients who tested positive for Omicron and 2 672 353 for Delta
from 13 countries were included in the meta-analyses, summarized
in Fig. 1 and Table S1.

Of the 33 identified studies, the literature quality evaluation
showed that 31 studies were considered high quality and two
studies moderate quality via Newcastle-Ottawa Scale (six studies
scored 8, 15 studies scored 7, ten studies scored 6, and two studies
scored 5), summarized in Table S2.

The general population of COVID-19—positive patients

We identified 25 eligible studies [23—47] that included a general
population of COVID-19—positive patients as participants and re-
ported the number of hospitalizations, ICU admission, IMV, or
death for Omicron and Delta infections.

Hospitalization

Of 25 identified studies, 21 studies [23—30,33—38,40—43,
45—47] reported the hospitalization of positive patients, with
2 499 830 cases who tested positive for Delta and 3 236 005 for
Omicron. Hospitalization rates because of Delta were 10.24% (95%
Cl = 8.41-12.07%) and Omicron were 4.14% (95% Cl = 3.35—4.93%).
The pooled estimates presented that the hospitalization for Delta
infection was higher than that for Omicron infection (OR = 2.91,
95% CI = 2.35—-3.60, p < 0.05), with a significant statistical het-
erogeneity (1 = 99.7%), as shown in Fig. 2. Our analyses of subgroup
by continent, the funnel plots, and the meta-regression as well as
the sensitivity analysis failed to fully detect the source of hetero-
geneity. Details are given in Supplementary Materials.

ICU admission

Of 25 identified studies, 13 studies [23,26,28—32,36,37,
39,41—-43] reported the ICU admission of positive patients, with
1 574 082 cases who tested positive for Delta and 1 403 795 for
Omicron. ICU admission rates because of Delta variant were 3.67%
(95% ClI = 3.17—4.17%) and Omicron variant were 0.48% (95%
Cl = 0.31-0.65%). The pooled estimates showed that the ICU
admission for Delta infection was higher than that for Omicron
infection (OR = 3.64, 95% CI = 2.63—5.04, p < 0.05), with a signif-
icant statistical heterogeneity (1> = 97.4%), as shown in Fig. 3. Our
analyses of subgroup by continent, the funnel plots, and the meta-
regression as well as the sensitivity analysis failed to fully detect the
source of heterogeneity. Details are given in Supplementary
Materials.

Invasive mechanical ventilation

Of 25 identified studies, 9 studies [23,27,28,31,32,38,41-43]
reported IMV in positive patients, with 238 610 cases who tested
positive for Delta and 246 107 for Omicron. IMV rates because of
Delta were 3.93% (95% CI = 3.14—4.71%) and Omicron were 0.34%
(95% CI = 0.22—0.46%). The pooled estimates presented that pa-
tients with Delta infection had a higher risk of receiving IMV than
those with Omicron infection (OR = 3.11, 95% CI = 1.76—5.50,

p < 0.05), with a significant statistical heterogeneity (I = 95.8%), as
shown in Fig. 4. Our analyses of subgroup by continent, the funnel
plots, and the meta-regression as well as the sensitivity analysis
failed to fully detect the source of heterogeneity. Details are given in
Supplementary Materials.

Death

Of 25 identified studies, 13 studies [23,27—32,34,36—38,44,46]
reported death in positive patients, with 2 251 829 cases who tested
positive for Delta and 3 119 565 for Omicron. Mortality due to Delta
was 2.40% (95% Cl = 1.85—2.95%) and Omicron was 0.46% (95%
Cl=0.33—-0.60%). The pooled estimates showed that Delta infection
had a higher mortality risk than Omicron infection (OR = 2.97, 95%
Cl =2.17—-4.08, p < 0.05), with a significant statistical heterogeneity
(> = 98.5%), as shown in Fig. 5. Our analyses of subgroup by
continent, the funnel plots, and the meta-regression, as well as the
sensitivity analysis failed to fully detect the source of heterogeneity.
Details are given in Supplementary Materials.

The hospitalized patients with COVID-1—positive diagnosis

We identified eight eligible studies [48—55] that included hos-
pitalized patients with a COVID-19—positive diagnosis as partici-
pants and reported the number of ICU admission, IMV, or death
from Omicron and Delta infections.

ICU admission

The eight studies [48—55] reported ICU admission among hos-
pitalized patients with COVID-19, with 171 663 cases infected with
Delta and 129 646 infected with Omicron. In hospitalized patients
with COVID-19, ICU admission rates because of Delta were 20.70%
(95% CI = 13.30—28.20%) and Omicron were 12.90% (95%
Cl = 6.30—19.50%). The pooled estimates presented that the ICU
admission for Delta infection was higher than that for Omicron
infection (OR = 1.63, 95% CI = 1.32—2.02, p < 0.05), with a signif-
icant statistical heterogeneity (1> = 86.0%), as shown in Fig. 6. Our
analyses of subgroup by continent, the funnel plots, and the meta-
regression, as well as the sensitivity analysis failed to fully detect
the source of heterogeneity. Details are given in Supplementary
Materials.

Invasive mechanical ventilation

Seven studies [48—52,54,55] reported receiving IMV among
hospitalized patients with COVID-19, with 170 997 cases infected
with Delta and 129 237 infected with Omicron. In hospitalized
patients with COVID-19, ICU admission rates because of Delta were
10.90% (95% CI = 6.50—15.40%) and Omicron were 5.80% (95%
Cl = 0.06—10.90%). The pooled estimates presented that Delta
infection had a higher risk of receiving IMV than Omicron infection
(OR = 1.65, 95% CI = 1.28—2.14, p < 0.05), with significant hetero-
geneity of the statistics (I = 74.2%), as shown in Fig. 7. Our analyses
of subgroup by continent, the funnel plots, and the meta-regression
as well as the sensitivity analysis failed to fully detect the source of
heterogeneity. Details are given in Supplementary Materials.

Death

Eight studies [48—55] reported death in hospitalized patients
with COVID-19, with 171 663 cases infected with Delta and 129 646
with Omicron. In hospitalized patients with COVID-19, mortality
rates because of Delta were 10.72% (95% Cl = 4.28—17.17%) and
Omicron were 7.10% (95% Cl = 1.74—12.45%). The pooled estimates
presented that Delta infection had a higher risk of death than
Omicron infection (OR = 1.44, 95% CI = 1.22—-1.71, p < 0.05), with
significant heterogeneity of statistics (I> = 55.5%), as shown in
Fig. 8. Our analyses of subgroup by continent, the funnel plots, and
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PubMed (n=408)
Web of Science (n=537)
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MedRvix (1,358)
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A4

(n=2,419)

Records after duplicates removed

v
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Studies identified in the meta-
analysis
(n=33)

-Irrelevant title (n = 1327)
-Irrelevant abstract (n = 962)
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admission, IMV, or death was

A4

not reported or could not be
extracted separately (n = 97)

A

A4

Studies reported general
COVID-19-positive
population
(n=25)

Studies reported
hospitalized COVID-
19-positive patients (n = 8)

Fig. 1. Flowchart of the study selection process. ICU, intensive care unit; IMV, invasive mechanical ventilation.

the meta-regression, as well as the sensitivity analysis failed to fully
detect the source of heterogeneity. Details are given in Supple-
mentary Materials.

The incidence of clinical outcome and 95% CI of the general
population and hospitalized patients who tested positive for
COVID-19 are shown in Table S3.

Discussion

Our meta-analysis found that the risk of hospitalization for
Omicron variant infection was low compared with Delta infection,
as well as ICU admission, receiving IMV, and death. Similarly, in
hospitalized patients, the risk of ICU admission, receiving IMV, and
death from Omicron variant infection decreased compared with
Delta variant.

In this meta-analysis, a lower inherent severity of infection was
found in Omicron than in Delta, which is consistent with the vast
majority of studies published elsewhere [56—59]. COVID-19 is
considered to be associated with respiratory diseases, and patients
may experience symptoms ranging from asymptomatic to critical
and even death [60,61]. According to Hui et al. [62], the high repli-
cation of Omicron in human bronchi may cause an increase in the
amount of Omicron variant released when breathing or speaking,
which, accordingly, explains the increase in its transmissibility.
However, novel mutations created by evolution may have weakened
the virulence of Omicron. This may explain the increased trans-
missibility and decreased severity of Omicron compared with Delta.

Our meta-regression analyses showed that the ratio of Omicron
to Delta vaccination percentage had an insignificant effect on
comparing Omicron and Delta severity, which may be associated
with the increased ability of the Omicron variant to escape im-
munity [27,28]. This ability to escape makes it easier for Omicron to
exempt the immune system from its defences, reducing the effec-
tiveness of previous vaccinations. In addition, we found that
neither the proportion of men nor the mean age had a significant
effect on the comparison of the severity of the Omicron and Delta
variants. This indicated that the reduction in the severity of Omi-
cron infection was significant across age groups and that there was
no significant gender difference.

Compared with the general infected population, the severity of
hospitalized patients who tested positive for Omicron variant
infection showed a relatively reduced decline, suggesting that the
overall threat of Omicron had not declined as much as its severity.
Studies have suggested that the absolute number of Omicron cases
resulted in more hospitalization and other serious outcomes than
what was observed in the previous variants of SARS-CoV-2,
including Delta [15,29,63]. Despite the decreased severity, the
Omicron variant infection has had a significant impact on COVID-19
patients and the health systems. The general threat from the Om-
icron variant could be grave.

The vast majority of health facilities test all individuals for SARS-
CoV-2 infection upon admission, so it is unlikely that a person
hospitalized with a SARS-CoV-2 infection will be undiagnosed or
unreported. However, SARS-CoV-2 infection may occur in the
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Study %
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Overall (I-squared = 99.7%, p = 0.000) <> 2.91(2.35,360)  100.00
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Fig. 2. Meta-analysis of the association of Delta or Omicron SASR-CoV-2 with hospitalization in the general population of COVID-19 positive.
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Fig. 3. Meta-analysis of the association of Delta or Omicron SASR-CoV-2 with ICU admission in the general population of COVID-19 positive. ICU, intensive care unit.
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Fig. 4. Meta-analysis of the association of Delta or Omicron SASR-CoV-2 with receiving IMV in the general population of COVID-19 positive. IMV, invasive mechanical ventilation.
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Fig. 5. Meta-analysis of the association of Delta or Omicron SASR-CoV-2 with mortality risk in the general population of COVID-19 positive.
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Fig. 6. Meta-analysis of the association of Delta or Omicron SASR-CoV-2 with ICU admission in the hospitalized patients with COVID-19 positive. ICU, intensive care unit.

Study

Adjei, 2022

Beraud, 2022

Marks, 2022

Modes, 2022

N

Shoji, 2022
Taylor, 2022
Van Goethem, 2022

Overall (l-squared =74.2%, p = 0.001)

NOTE: Weights are from random effects analysis

i 1

\

OR (95% ClI)

1.42 (1.39, 1.45)
2.74 (1.86, 4.04)
1.00 (0.61, 1.63)
1.47 (0.99, 2.18)
0.17 (0.01, 3.55)
1.53 (1.18, 1.98)
4.37 (2.02, 9.44)

1.65 (1.28, 2.14)

%

Weight

25.67
16.17
13.29
15.97
0.69

20.43
7.77

100.00

T
.01

10

Fig. 7. Meta-analysis of the association of Delta or Omicron SARS-CoV-2 with receiving IMV in the hospitalized patients with COVID-19 positive. IMV, invasive mechanical

ventilation.

general population but is not reported. Hence, the proportion of
hospitalized patients with a COVID-19—positive could be higher
than the actual proportion of hospitalization due to infection.
Analogously, the sheer risk of severe clinical outcomes in patients

with SARS-CoV-2 infection may be correspondingly lower than that
reported in the included studies [38].

There are several limitations associated with this review. First,
some studies included in this meta-analysis had access to publicly
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Fig. 8. Meta-analysis of the association of Delta or Omicron SASR-CoV-2 with mortality risk in the hospitalized patients with COVID-19 positive.

available data, which possibly resulted in repetitive computing in
the pooled estimates. Second, for the Omicron era, many patients
have been infected with previous variants and produced some
antibodies, which may result in a survival bias. Third, Omicron and
Delta have multiple subtypes, which may result in different clinical
outcomes. We combine them for the analysis, which might have
biased the results. Finally, it is difficult to extract data on the pa-
tient's underlying disease, immune system function, vaccine
product, number of vaccinations, and whether they are reinfected
from the included studies, making these variables difficult to
include in the analysis.

In conclusion, among the general population of COVID-
19—positive patients, Omicron variant infection was found to have a
lower clinical severity than Delta variant infection, including lower
hospitalization, ICU admission, receiving IMV, and death. In the
hospitalized patients with COVID-19—positive diagnosis, the risk of
ICU admission, receiving IMV, and death from Omicron variant
infection decreased. Although the severity of Omicron infection has
decreased, the overall threat of the Omicron variant could be severe
owing to its high transmissibility. In the future, effective vaccines
and treatments are needed to alleviate the harm caused by COVID-
19 to public health.
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