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Abstract

Background During the pandemic period, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) mutated,
leading to changes in the disease’s severity and the therapeutic effect of drugs accordingly. This study aimed to pre-
sent the actual use of therapeutics and clinical outcomes based on the prevalence of each variant using real-world
data.

Methods We analyzed the electronic medical records of adult patients admitted to Busan Medical Center after con-
firming coronavirus disease 2019 (COVID-19) from February 1, 2020, to June 30, 2022. Patients with mild-to-moderate
COVID-19 who were at a high risk of disease progression were selected as study subjects, and the time period

was classified according to the variants as ancestral strain, Delta variant, or Omicron variant. We compared drug use
status and clinical outcomes by time period.

Results Among all 3,091 patients, corticosteroids were the most commonly used therapy (56.0%), being used most
frequently in the Delta variant (93.0%), followed by the Omicron variant (42.9%) and ancestral strain (21.2%). Regdan-
vimab accounted for the majority of therapeutic use in the Delta variant (82.9%) and ancestral strain (76.8%), whereas
remdesivir was most frequently used during the Omicron variant period (68.9%). The composite outcomes of death
or disease aggravation were ranked in the order of the Delta variant, Omicron variant, and ancestral strain (14.5,11.9,
and 6.0%, respectively, P<0.001).

Conclusion Regdanvimab was primarily used during the ancestral strain period, regdanvimab plus corticosteroids
during the Delta variant period, and remdesivir during the Omicron variant period. The rate of death or disease aggra-
vation was highest in the Delta variant, followed by the Omicron variant and the ancestral strain.
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Background

Since the initial report of coronavirus disease 2019
(COVID-19) in Wuhan, Hubei Province, China, in late
December 2019 [1], the world has witnessed nearly 775
million cumulative confirmed cases and over 7 mil-
lion deaths by the end of February 2024 [2]. In South
Korea, the first confirmed case was reported on Janu-
ary 20, 2020, and by February 25, 2024, the country has
recorded a total of 34.57 million confirmed cases [2, 3].
Of these, 35,934 individuals have died, yielding a fatality
rate of 0.10% [2]. Throughout the four-year span of the
pandemic, severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has undergone numerous mutations,
leading to variations in viral transmission and disease
severity [4, 5]. Additionally, advancements in treatments
and vaccines have played a significant role in shaping the
pattern of the disease [6-8].

According to the recently revised COVID-19 treatment
guidelines, ritonavir-boosted nirmatrelvir, molnupiravir,
and remdesivir are recommended for patients with mild-
to-moderate COVID-19 at high risk of progressing to
severe disease [7, 9]. Previously, anti-SARS-CoV-2 mono-
clonal antibodies (mAbs) were recommended for these
patients [10—12], but since it was reported that their neu-
tralizing ability was lost or decreased for Omicron vari-
ants [13, 14], the recommended pharmacotherapies for
patients with mild-to-moderate COVID-19 have changed
significantly [7].

In South Korea, remdesivir became the first COVID-19
treatment to be conditionally approved on July 24, 2020,
for patients with severe conditions requiring hospitaliza-
tion [15]. On January 20, 2022, its use was expanded to
include patients with mild-to-moderate symptoms [16].
Regdanvimab received conditional approval as the initial
treatment for mild-to-moderate COVID-19 on Febru-
ary 5, 2021 [17], and was officially approved on Septem-
ber 17, 2021, following the results of Phase 2/3 clinical
trials [18]. The effectiveness and safety of regdanvimab
have been corroborated by several real-world studies
[19-22]. Nevertheless, its distribution was suspended as
of February 18, 2022, due to diminished efficacy against
SARS-CoV-2 mutations [23]. On December 27, 2021,
ritonavir-boosted nirmatrelvir and, on March 23, 2022,
molnupiravir were authorized for emergency use as oral
treatments for patients with mild-to-moderate COVID-
19 [24, 25]. Tixagevimab/cilgavimab received emergency
use authorization on June 30, 2022, as pre-exposure
prophylaxis for immunocompromised patients, and
remains the only mAb treatment currently used in South
Korea [26].

Vaccination against SARS-CoV-2 commenced in sev-
eral countries starting mid-December 2020, and as of
March 23, 2024, 70.6% of the global population has
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received at least one dose of a COVID-19 vaccine [6]. In
South Korea, vaccination began on February 26, 2021,
44.78 million individuals having received a total of 129.65
million doses [6]. Although the bivalent vaccine did not
exhibit a significant difference in immune response to the
Omicron subvariants BA.4/BA.5 compared to the mono-
valent vaccine [27, 28], vaccinations have been reported
to prevent severe disease progression regardless of the
variant type [29, 30].

The collected data provide insights into variables such
as prevalence, vaccination rates, and mortality [2, 3, 6];
however, there is a lack of information on the current
status of actual drug usage and clinical outcomes rela-
tive to the time periods dominated by each mutant strain
and the disease’s severity. While several prior studies
have explored treatment patterns and clinical outcomes,
they primarily cover the era before the development of
COVID-19-specific treatments or focus on periods dom-
inated by certain mutant strains [31, 32]. Therefore, in
this study, utilizing real-world data, we aimed to compre-
hensively analyze the actual use of drugs and their effec-
tiveness over time during periods when specific variants
were dominant.

Methods

Study design and participants

In this observational study, we retrospectively analyzed
the electronic medical records (EMRs) of adult patients
aged 18 years or older who were admitted to Busan Med-
ical Center (BMC) after a confirmed COVID-19 diag-
nosis through reverse transcriptase-polymerase chain
reaction (RT-PCR) from February 1, 2020, to June 30,
2022. Pregnant and lactating women were excluded from
the study. Additionally, patients were categorized based
on disease severity as mild, moderate, or severe. Severe
cases were those presenting with oxygen saturation <94%
at admission, requiring supplemental oxygen, or showing
a respiratory rate > 30/minute [33, 34]. Among those not
identified as severe, patients with pneumonia were classi-
fied as moderate, while all others were classified as mild
[33, 34].

Patients with mild-to-moderate COVID-19 at high risk
of disease progression were selected as study subjects,
comparing their medication use and clinical outcomes
across different time periods. Risk factors for disease
progression included age>50 years, body mass index
(BMI)>25 kg/m? immunosuppressed state (antican-
cer treatment, bone marrow or organ transplant status,
autoimmune disease, or human immunodeficiency virus
[HIV] infection), and underlying comorbidities (cardio-
vascular disease, chronic lung disease, diabetes mellitus,
hypertension, chronic kidney disease, or chronic liver
disease) [35, 36].
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Classification of time periods by SARS-CoV-2 variants

The classification of time period according to the domi-
nance of SARS-CoV-2 variants was determined by
the intervals in which a dominant variant accounted
for >90% of the variant proportions monitored biweekly
[3]. Figure 1 shows the distribution of variants in South
Korea by period. Supplementary Table 1 provides the
specific data figures. The period before the Delta variant
became dominant was referred to as the ancestral strain
period. The period after February 19, 2021, when reg-
danvimab was approved and began its actual use as the
first COVID-19 treatment in Korea, was designated as
the comparative analysis period. Consequently, the time
periods were classified as follows: from February 19, 2021
to May 31, 2021, as the ancestral strain period; from Sep-
tember 1, 2021 to December 31, 2021, as the Delta vari-
ant period; and from February 1, 2022 to June 30, 2022,
as the Omicron variant period. This method of period
classification is similar to that used in previous studies
[31, 37], but we allowed for longer intervals to further
minimize errors in variant classification.

Data collection

Baseline characteristics, including age, sex, height, body
weight, comorbidities, co-medications, vaccination
details (doses and dates), and diagnosis dates, were col-
lected from EMRs. Comorbidities comprised hyperten-
sion, coronary artery disease, congestive heart failure,
cerebrovascular disease, diabetes mellitus, chronic lung
disease, asthma, chronic kidney disease, dialysis,
chronic liver disease, an immunosuppressed state, and
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pneumonia. Co-medications encompassed those previ-
ously presumed to affect COVID-19 treatment, as well as
those administered to treat comorbidities. These medica-
tions were categorized as angiotensin-converting enzyme
inhibitors (ACEIs)/angiotensin receptor blockers (ARBs)
[38, 39], statins [40, 41], oral anticoagulants [42, 43],
aspirin [44, 45], and immunomodulators [46, 47], with
immunomodulators including immunosuppressants and
corticosteroids.

Regarding the use of COVID-19 therapeutics, we
investigated the administration status and duration of
regdanvimab, remdesivir, ritonavir-boosted nirmatrelvir,
corticosteroids (dexamethasone, prednisolone, and meth-
ylprednisolone), hydroxychloroquine, and azithromycin.

Clinical outcomes
The primary outcome was defined as a composite of in-
hospital death or disease aggravation. Indicators of dis-
ease aggravation included the need for oxygen therapy
(either low- or high-flow oxygen therapy, or mechani-
cal ventilation) in BMC, or transfer to a tertiary hospital
for further invasive treatment. The secondary outcome
focused on the length of hospital stay, measured in days.
All study participants were followed up until dis-
charge or death, with the study period concluding on
July 4, 2022, which was the last discharge date for all
participants.

Statistical analysis

Descriptive statistics are presented as medians with
interquartile ranges (IQRs) for continuous variables and
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Fig. 1 Distributions of variants in South Korea
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numbers with percentages for categorical variables. For
differences among the three groups, analysis of vari-
ance (ANOVA) and chi-square tests were used for con-
tinuous and categorical variables, respectively. Normality
was assessed using the Shapiro—Wilk Test; if normality
assumptions were not met, the Kruskal-Wallis test was
utilized in place of ANOVA. When cells with an expected
frequency of less than 5 exceeded 20%, Fisher’s exact test
was used instead of chi-square tests.

All statistical analyses were performed using R (version
4.2.2; R Foundation for Statistical Computing, Vienna,
Austria), and the significance level was set at P<0.05.

Results

Characteristics of study participants

A total of 7,738 adult patients were admitted to BMC
with COVID-19 between February 1, 2020, and June 30,
2022. Among these, 13 pregnant and lactating women
were excluded. After excluding severe cases and mild
cases without risk factors, 5,658 patients were identi-
fied as being at high risk of progressing to severe disease.
Following the refinement of the analysis to the specified
periods, the total number of study subjects included was
3,091. Patients corresponding to each time period were
distributed as follows: the ancestral strain, Delta variant,
and Omicron variant accounted for 799 (25.8%), 1,155
(37.4%), and 1,137 (36.8%) of the patients, respectively
(Fig. 2). Patients in the intervals between these periods
were excluded from the analysis. Supplementary Tables
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S2, S3, and S4 present detailed breakdowns of patient
numbers by period and severity, outlining each step of
the study subject extraction process.

Table 1 shows the demographic and clinical character-
istics of the 3,091 patients. Patients in the Omicron vari-
ant period were older (median age 70 [IQR, 61-81] years,
P<0.001), had a higher proportion of women (60.5%,
P<0.001), and had a lower BMI (23.2 [20.7-25.7] kg/m?,
P<0.001) compared to patients in the other two peri-
ods. Moreover, the proportion of patients with moderate
COVID-19 (with pneumonia) was highest in the Delta
variant (60.9%), followed by the Omicron variant (41.4%)
and ancestral strain (32.2%). The prevalence of comorbid-
ities, excluding chronic liver disease, and the use of co-
medications, with the exception of ACEIs or ARBs, were
highest in the Omicron variant. No significant difference
was observed in the prevalence of chronic liver disease
among the three groups; however, the use of ACEIs/
ARBs was most prevalent in the ancestral strain (10.8%,
P=0.049). The proportion of vaccinated patients was
highest in the Omicron variant (79.3%, P<0.001), and
most had completed the second vaccination. The time
from the last vaccination to the COVID-19 diagnosis was
also significantly longer in the Omicron variant (median
158 [112-212] days, P<0.001).

In calculating vaccination rates, individuals with miss-
ing vaccination status were categorized as unvacci-
nated. Additionally, cases with missing vaccination dates
were omitted from the analysis of the period between
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Fig. 2 Flow chart of the study cohort. COVID-19 = coronavirus disease 2019, BMC=Busan Medical Center
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Table 1 Baseline characteristics of study participants
Characteristics Total Ancestral strain Delta variant Omicron variant P value
(n=3,091) (n=799, 25.8%) (n=1,155,37.4%) (n=1,137,36.8%)
Demographics
Age, yr 65 (52-74) 60 (50-67) 63 (47-72) 70 (61-81) <0.001°2
Sex <0.001
Male 1,405 (45.5%) 397 (49.7%) 559 (48.4%) 449 (39.5%)
Female 1,686 (54.5%) 402 (50.3%) 596 (51.6%) 688 (60.5%)
BMI, kg/m2 240 (21.6-26.4) 24.5 (22.5-26.6) 244 (21.7-26.9) 232 (20.7-25.7) <0.001°
Comorbidities
Hypertension 1,188 (38.4%) 243 (30.4%) 417 (36.1%) 528 (46.4%) <0.001
Coronary artery disease 177 (5.7%) 27 (3.4%) 64 (5.5%) 86 (7.6%) <0.001
Congestive heart failure 19 (0.6%) 0 (0.0%) 7 (0.6%) 12 (1.1%) 0.014
Cerebrovascular disease 247 (8.0%) 39 (4.9%) 65 (5.6%) 143 (12.6%) <0.001
Diabetes mellitus 628 (20.3%) 135 (16.9%) 214 (18.5%) 279 (24.5%) <0.001
Chronic lung disease 23 (0.7%) 0 (0.0%) 6 (0.5%) 17 (1.5%) <0.001
Asthma 117 (3.8%) 16 (2.0%) 36 (3.1%) 65 (5.7%) <0.001
Chronic kidney disease 75 (2.4%) 2 (0.3%) 19 (1.6%) 54 (4.7%) <0.001
Dialysis 45 (1.5%) 0 (0.0%) 10 (0.9%) 35 (3.1%) <0.001
Chronic liver disease 151 (4.9%) 37 (4.6%) 49 (4.2%) 65 (5.7%) 0.243
Immunosuppressed state 79 (2.6%) 3 (0.4%) 19 (1.6%) 57 (5.0%) <0.001
Pneumonia 1,431 (46.3%) 257 (32.2%) 703 (60.9%) 471 (41.4%) <0.001
Co-medications
ACEIs/ARBs 270 (8.7%) 86 (10.8%) 88 (7.6%) 96 (8.4%) 0.049
Statins 630 (20.4%) 127 (15.9%) 208 (18.0%) 295 (25.9%) <0.001
Oral anticoagulants 154 (5.0%) 28 (3.5%) 43 (3.7%) 83 (7.3%) <0.001
Aspirin 220 (7.1%) 48 (6.0%) 61 (5.3%) m (9.8%) <0.001
Immunomodulators 22 (0.7%) 0 (0.0%) 8 (0.7%) 14 (1.2%) 0.006
Vaccination 1,662 (53.8%) 8 (1.0%) 752 (65.1%) 902 (79.3%) <0.001
1 dose 167 (5.4%) 7 (0.9%) 130 (11.3%) 30 (2.6%)
2 doses 1,495 (48. 4%) 1 (0.19%) 622 (53. 9%) 872 (76.7%)
From last vaccination to diagnosis, day 100 (41-150) 19 (12-21) 79 (33-120) 158 (112-212) <0.001°

Data are presented as number (%) or median (interquartile range). Continuous and categorical variables were analyzed using analysis of variance (ANOVA) and x>

tests, respectively

BMIBody mass index, ACEI Angiotensin-converting enzyme inhibitor, ARB Angiotensin receptor blocker

2 Kruskal-Wallis test

vaccination and COVID-19 diagnosis. Details of missing
values are provided in Supplemental Table S5.

Therapeutics use and clinical outcomes

The therapeutic uses and clinical outcomes of study
participants are shown in Table 2. The most commonly
administered therapy for all patients was corticoster-
oids (56.0%), with the highest usage in the Delta variant
(93.0%), followed by the Omicron variant (42.9%) and
ancestral strain (21.2%). Regdanvimab was the predomi-
nant therapy for the Delta variant (82.9%) and the ances-
tral strain (76.8%) but it constituted only a small fraction
of treatments for the Omicron variant (9.5%). Remdesivir
was most frequently used in treating the Omicron variant

(68.9%), followed by the Delta variant (14.8%) and ances-
tral strain (4.0%). Finally, ritonavir-boosted nirmatrelvir
was administered only for Omicron variants (13.1%).

The composite outcomes, including death or disease
aggravation, occurred in the following order: Delta vari-
ant, Omicron variant, and ancestral strain (14.5, 11.9, and
6.0%, respectively, P<0.001). Disease aggravation in BMC
was most pronounced in the Delta variant (13.9%), fol-
lowed by the Omicron variant (10.3%) and the ancestral
strain (6.0%). The rates of transfer to a tertiary hospital
and mortality were highest in patients with the Omicron
variant, followed by those with the Delta and ancestral
strains. The length of hospital stay was the shortest for
the Omicron variant, at 6 [5-7] days (P<0.001).
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Table 2 Therapeutics use and clinical outcomes of study participants
Total Ancestral strain Delta variant Omicron variant P value
(n=3,091) (n=799, 25.8%) (n=1,155, 37.4%) (n=1,137,36.8%)
Therapeutic drug
Regdanvimab 1,680 (54.4%) 614 (76.8%) 958 (82.9%) 108 (9.5%) <0.001
Remdesivir 986 (31.9%) 32 (4.0%) 171 (14.8%) 783 (68.9%) <0.001
Ritonavir-boosted nirmatrelvir 149 (4.8%) 0 (0.0%) 0 (0.0%) 149 (13.1%) <0.001
Corticosteroids 1,731 (56.0%) 169 (21.2%) 1,074 (93.0%) 488 (42.9%) <0.001
Dexamethasone 1,150 (37.2%) 1M1 (13.9%) 882 (76.4%) 157 (13.8%) <0.001
Prednisolone 223 (7.2%) 35 (4.4%) 158 (13.7%) 30 (2.6%) <0.001
Methylprednisolone 1,167 (37.8%) 51 (6.4%) 723 (62.6%) 393 (34.6%) <0.001
Hydroxychloroquine 7 (0.2%) 2 (0.3%) 0 (0.0%) 5 (0.4%) 0.065°
Azithromycin 19 (0.6%) 17 (2.1%) 1 (0.1%) 1 (0.1%) <0.001
Clinical outcomes
Composite outcome of death 351 (11.4%) 48 (6.0%) 168 (14.5%) 135 (11.9%) <0.001
or disease aggravation
Disease aggravation in BMC 326 (10.5%) 48 (6.0%) 161 (13.9%) 17 (10.3%) <0.001
Transfer to a tertiary hospital 28 (0.9%) 2 (0.3%) 11 (1.0%) 15 (1.3%) 0.004
Death 37 (1.2%) 0 (0.0%) 14 (1.2%) 23 (2.0%) <0.001
Length of hospital stay, day 9 (6-10) 10 (10-10) 10 (8-10) 6 (5-7) <0.001

BMCBusan Medical Center
2 Fisher exact test

Discussion

In this retrospective observational study, we investigated
the actual drug use and clinical outcomes over time in
adult in-patients with mild-to-moderate COVID-19 at
a single institution. During the ancestral strain, Delta
variant, and Omicron variant periods, regdanvimab,
regdanvimab plus corticosteroids, and remdesivir were
primarily used, respectively. Clinical outcomes showed
that the death or disease aggravation rate was the highest
during the Delta variant period, followed by the Omicron
variant and the ancestral strain periods.

Our study’s time-based classification approach aligns
with similar methodologies in the literature. Noh et al.
and Ryu et al. used time periods to classify patients and
evaluate the clinical outcomes associated with differ-
ent SARS-CoV-2 variants [31, 37]. These studies also
reported increased severity and worse clinical outcomes
during the Delta variant period compared to earlier
strains, but did not include the Omicron variant period.

According to the COVID-19 Treatment Guidelines, the
recommended therapeutics have continued to change
depending on the epidemic period and the development
of new therapeutics [7, 48]. Specifically, anti-SARS-CoV-2
mAbs were recommended for patients with mild-to-
moderate COVID-19 who were at high risk of disease
progression during the ancestral strain and Delta vari-
ant epidemics, but antiviral agents were recommended
as preferred therapies during the Omicron epidemic [7,
48]. Furthermore, the mAbs recommended by the NIH

guidelines differed between the ancestral strain and Delta
variant epidemic period. Bamlanivimab and casirivimab
plus imdevimab were recommended for the ancestral
strain, and bamlanivimab plus etesevimab, casirivimab
plus imdevimab, and sotrovimab were recommended for
the Delta variant [49].

However, in South Korea, regdanvimab was the only
available mAb in both periods. Notably, it has been
reported that the neutralizing ability of regdanvimab
against the Delta variant was reduced in cells, but the
efficacy of symptom remission remained in vivo [50].
Nonetheless, as evidenced by the drug usage data in this
study, the real-world effectiveness of regdanvimab on the
Delta variant appeared to be significantly diminished.
Consequently, corticosteroids had to be administered to
most patients.

During the Omicron outbreak, the antiviral agents
ritonavir-boosted nirmatrelvir and remdesivir were rec-
ommended as the preferred therapies, in that order [7].
However, since ritonavir-boosted nirmatrelvir, which
started to be introduced sequentially from January 13,
2022, was not available in sufficient quantities in South
Korea, remdesivir played a significant role as an acces-
sible recommended treatment [51-53]. This significantly
differs from the findings of a retrospective cohort study
conducted in Wales, UK, around the same time. Accord-
ing to the study by Andrew Evans et al., the treatments
administered to higher-risk COVID-19 patients were
sotrovimab  (52.9%), ritonavir-boosted nirmatrelvir



Park et al. BMC Infectious Diseases (2024) 24:871

(29.5%), and molnupiravir (17.6%) [54]. Unlike in Wales,
sotrovimab was not introduced in Korea, and molnupira-
vir was approved for emergency use on March 23, 2022
[24]. Furthermore, it took additional time for molnupira-
vir to be supplied in sufficient quantities. Additionally,
our study focused solely on hospitalized patients, lead-
ing to a presumption that the calculated usage rate of
oral antivirals is lower than the actual usage rate in South
Korea. This discrepancy is due to the availability of the
oral drugs ritonavir-boosted nirmatrelvir and molnupira-
vir for outpatients.

In South Korea, after the first COVID-19 vaccina-
tion began on February 26, 2021 [55], 70% of the popu-
lation was fully vaccinated by October 23, 2021 [56]. It
was found that repeated vaccinations were less effective
in preventing infections with the Omicron variant and
the duration of effectiveness was shorter. However, they
were effective in preventing hospitalization or death due
to disease worsening [57]. The results of this study also
indicated that although the vaccination rate was signifi-
cantly higher among patients infected during the period
of Omicron dominance, the time elapsed since vaccina-
tion was also significantly longer. This suggests that the
vaccine’s duration of effectiveness was shorter and its
efficacy in preventing infection was reduced. However,
due to a significant amount of missing data on the date
of the last vaccination, further research is needed on the
treatment outcomes according to the time elapsed since
vaccination.

The finding that the Delta variant, Omicron variant,
and ancestral strain follow a specific order in terms of
death or disease aggravation rates is partially consistent
with previous studies. Xue et al. and Choe et al., found
the Omicron variant to be less fatal than the Delta variant
[58, 59], a finding supported by Lin et al., who showed
the Delta variant had a higher risk than other variants
[60]. However, while the study by Xue et al. and Choe
et al. indicated a lower risk associated with the Omi-
cron variant compared to all other variants, our study
revealed a higher risk than that of the ancestral strain.
Understanding this discrepancy requires considering
the hospitalization policies for COVID-19 patients in
Korea. Specifically, in the early stages of the COVID-
19 pandemic in South Korea, all confirmed cases were
hospitalized or admitted to care centers regardless of
the severity of the disease. However, as the number of
patients surged, the policy shifted on November 26, 2021,
to primarily home treatment for all confirmed cases, with
hospitalization reserved for those with specific reasons,
such as the presence of factors necessitating inpatient
care [61]. Consequently, inpatients during the Omicron
variant epidemic are likely to have a significantly elevated
risk of disease exacerbation compared to those during
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the ancestral strain period, rendering a straightforward
comparison between the two notably challenging. In the
same context, the fact that the mortality of inpatients was
the highest in the Omicron variant in our study does not
mean that the Omicron variant has the highest severity
and should be interpreted considering that the patient’s
age and comorbidity rate were the highest in the Omi-
cron variant. The fact that the mortality of the Omi-
cron variant was higher than that of the ancestral strain
in relation to the hospitalization policy in South Korea
showed the same result as the official data collection did
[3].

Our study has several limitations. First, because we
analyzed inpatient data from a single institution, the
results were greatly influenced by regional circumstances
and hospitalization policies, making it difficult to general-
ize the results. Second, the drugs that could be used dur-
ing the epidemic period for each variant were limited and
the criteria for drug use also changed, making it difficult
to compare the effects of drugs on each variant directly.
Additionally, because the characteristics of the patients
admitted to the BMC at each time period were signifi-
cantly different owing to the aforementioned circum-
stances, it was impossible to match and compare them
accurately. Furthermore, since we used a time-based
classification method rather than individual test results,
some patients might have been infected with a different
variant than the one assigned to their time period. Given
these potential sources of error and the aforementioned
heterogeneity of hospitalized patients across different
time periods, caution is warranted when directly apply-
ing the observed results of this study to estimate the dis-
ease risk or drug effectiveness for each variant.

Nevertheless, this study has several implications. Based
on real-world data, we analyzed the actual drug utiliza-
tion status and clinical outcomes for the period domi-
nated by each variant. In addition, it was possible to
measure the impact of changes in drug use standards and
hospitalization policies. Generally, the Omicron variant
is known to have the lowest risk of progressing to severe
disease, but in this study, the Omicron variant showed
a higher risk of severe progression following the Delta
variant. This is presumed to be due to the policy shift
to hospitalize only patients with risk factors for disease
progression, as mentioned earlier. Additionally, while
other studies have tracked deaths up to post-discharge,
this study was only able to observe in-hospital deaths. To
compensate for this, transfers to tertiary hospitals due to
worsening of the disease were included in the composite
outcome. Nevertheless, the overall clinical outcomes may
have been underestimated due to missing results, such as
deaths among patients treated at home. Moreover, it is
presumed that the policy of hospitalizing most confirmed
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cases in South Korea by the end of 2021 contributed to
lowering the rates of severe progression and death, as it
allowed for close observation and prompt action. Future
studies are needed that use data on patients infected
with the same variant virus but treated with different
therapeutics, or the same therapeutic used on patients
infected with different variant viruses. These studies
should compare the real-world effectiveness and side
effects of treatments while controlling for confounders
through propensity score matching. We also hope that
future research will include variant-specific comparisons
based on individual test results to enhance the accuracy
of the findings.

Conclusion

Regdanvimab was primarily used during the ancestral
strain period, regdanvimab plus corticosteroids during
the Delta variant period, and remdesivir during the Omi-
cron variant period. The death or disease aggravation rate
was highest during the Delta variant period, followed by
the Omicron variant and the ancestral strain periods.
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