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Changes in the intrinsic severity of severe =

acute respiratory syndrome coronavirus 2
according to the emerging variant: a nationwide
study from February 2020 to June 2022,
including comparison with vaccinated
populations
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Abstract

Background As the population acquires immunity through vaccination and natural infection of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), understanding the intrinsic severity of coronavirus disease (COVID-19)

is becoming challenging. We aimed to evaluate the intrinsic severity regarding circulating variants of SARS-CoV-2

and to compare this between vaccinated and unvaccinated individuals.

Methods With unvaccinated and initially infected confirmed cases of COVID-19, we estimated the case severity

rate (CSR); case fatality rate (CFR); and mortality rate (MR), including severe/critical cases and deaths, stratified by age
and compared by vaccination status according to the period regarding the variants of COVID-19 and vaccination. The
overall rate was directly standardized with age.

Results The age-standardized CSRs (aCSRs) of the unvaccinated group were 2.12%, 5.51%, and 0.94% in the pre-delta,
delta, and omicron period, respectively, and the age-standardized CFRs (@CFRs) were 0.60%, 2.49%, and 0.63% in each
period, respectively. The complete vaccination group had lower severity than the unvaccinated group over the entire
period showing under 1% for the aCSR and 0.5% for the aCFR. The age-standardized MR of the unvaccinated group
was 448 per million people per month people in the omicron period, which was 11 times higher than that of the vac-
cinated group. In terms of age groups, the CSR and CFR sharply increased with age from the 60 s and showed lower
risk reduction in the 80 s when the period changed to the omicron period.

Conclusions The intrinsic severity of COVID-19 was the highest in the delta period, with over 5% for the aCSR,
whereas the completely vaccinated group maintained below 1%. This implies that when the population is vaccinated,
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the impact of COVID-19 will be limited, even if a new mutation appears. Moreover, considering the decreasing intrin-
sic severity, the response to COVID-19 should prioritize older individuals at a higher risk of severe disease.

Keywords SARS-CoV-2, Intrinsic severity, Case severity rate, Case fatality rate, Variant

Background

Coronavirus disease (COVID-19) has various phenotypes
of severity ranging from asymptomatic and mild-to-mod-
erate infection to severe and critical condition [1-3]. As
the COVID-19 pandemic has continued since 2020 and
circulated globally, variants of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) have been con-
tinuously reported since December 2020 [4, 5], showing
differences in characteristics including transmissibility,
disease severity, and immune escape [6]. Among the vari-
ants of concern designated by the World Health Organi-
zation (WHO), delta and omicron have been reported in
more than 200 countries, and their phenotypic impacts
are different from those of previous viruses, affecting the
response to COVID-19 [7].

The delta variant was first reported in South Korea in
April 2021 and was detected in more than 50% of cases
by July 2021, causing a major epidemic in the winter of
2021 [8]. Several studies have reported that the delta var-
iant had higher transmissibility and clinical severity than
the previous circulating viruses [9, 10]. During the delta
epidemic, the omicron variant was initially reported in
December 2021 and was detected in more than 50% of
cases in the 6 weeks since the first report [8]. Globally, the
transmissibility of the omicron variant has increased and
severity has decreased [11-15]. Despite a lower severity
than the previous circulating virus, high transmissibility
caused the highest number of infections, leading to the
highest number of deaths in South Korea [16].

Despite new variants of SARS-CoV-2, acquired immu-
nity from vaccination and natural infection has reduced
the severity of COVID-19. Vaccination is very efficient in
preventing severe outcomes and it has been reported that
the waning of effectiveness over time is lower than that of
infection prevention [12, 17, 18]. Previous studies, where
booster doses were evaluated, also showed prevention
effects on severe or critical outcomes of COVID-19 [19,
20]. In addition, there are reports that previous infections
also affect the severity of COVID-19 infections [12]. With
features of substantial escape from immune responses
elicited by vaccination or prior infections [21, 22], many
countries reported increased cases of reinfection during
the omicron period [23, 24].

As the population’s immunity has become heteroge-
neous owing to vaccination and previous infections, it
is more challenging to measure the severity of newly
emerged variants of SARS-CoV-2. Although there are

limitations as the population’s immunity improves, esti-
mating the intrinsic severity is vital in determining the
cause of the change in severity and evaluating its effects
on the community [25]. In some studies, intrinsic severity
was previously measured among unvaccinated confirmed
cases of COVID-19, decreasing the severity of the omi-
cron compared to delta [14, 15]. However, to establish an
appropriate and targeted COVID-19 policy consistent
with changes in intrinsic severity, a detailed assessment is
needed on the difference in age groups, comparison with
those vaccinated, and how it affected the community.

South Korea has monitored all confirmed cases using
the same indicator since the start of COVID-19 and has
measured their severity to identify consistent, repre-
sentative, and timely COVID-19-specific severity. There-
fore, we aimed to evaluate the intrinsic severity trend
of COVID-19 among unvaccinated and initial infection
cases, according to the variant circulating period, from
the early stage of COVID-19. Additionally, we compared
the impact of changes in intrinsic severity by age groups
and with vaccination status based on the period.

Methods

Data sources

We conducted a prospective cohort analysis of the severe,
critical cases and deaths-related COVID-19 monitoring
in South Korea. Data were collected from the COVID-
19 surveillance system and the National Immunization
Registry of the Korea Disease Control and Prevention
Agency (KDCA). The study included confirmed cases of
COVID-19 from February 1, 2020, to June 30, 2022, and
monitored their clinical progress until July 23, 2022. Sus-
pected and confirmed cases of reinfection were excluded
to calculate the intrinsic severity of non-immunized
patients with COVID-19.

Case definition

A confirmed case was defined as a positive polymerase
chain reaction (PCR) test, irrespective of symptoms, or
rapid antigen test (from March 14, 2022) with symptoms.
All confirmed cases were reported through the KDCA
surveillance system according to the Infectious Disease
Control and Prevention Act [26]. A severe/critical case
was a patient who was treated with high flow oxygena-
tion, non-invasive or invasive ventilation, extracorporeal
membrane oxygenation, or continuous renal replacement
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treatment during hospitalization with COVID-19 isola-
tion, based on the ordinal scale for clinical improvement
by the WHO [27]. KDCA monitored all reported severe
cases of COVID-19 through its dedicated case manage-
ment online system and the healthcare resources man-
agement system, managed by Ministry of Health and
Welfare. Community healthcare centers that managed
cases of isolation and hospitals designated for hospitali-
zation of patients with COVID-19 inputted the clinical
status of cases in each system. The follow-up of clinical
outcomes was implemented during isolation.

Death cases were defined as death reports related to
COVID-19, according to the Infectious Disease Control
and Prevention Act [26]. The death outcomes were fol-
lowed up through data reported by the clinician’s state-
ment, regardless of the time point. Deaths may have
occurred among those patients who did not meet the cri-
teria for a severe/critical case; that is, if the patients died
suddenly before hospitalization or in the long-term care
facilities where a high volume of oxygen therapy was not
available. Among COVID-19 deaths in Korea, sudden
deaths accounted for 24.0% and the proportion of those
aged 60 years or above was over 90% [28, 29].

Reinfection was defined as a positive test after 90 days
from the initial confirmation of COVID-19, regardless
of symptoms, or between 45 and 90 days after the initial
confirmation with one of the relevant criteria, such as
symptomatic exposure to confirmed patients or overseas
travel history.

Vaccination was classified according to the last vac-
cination status 14 days before the COVID-19 confirma-
tion date. A vaccinated case with one dose of Jcovden
(COVID-19 Vaccine from Janssen; Johnson & Johnson
Innovative Medicine, Beerse, Belgium) was regarded as
complete vaccination.

The period was determined regarding national vac-
cination initiation and the variants of SARS-CoV-2 cir-
culating. We categorized the period from 14 days after
the initiation of nationwide vaccination on February 26,
2021, into pre-vaccination and vaccination before the
delta-dominant period (delta period’ hearafter). SARS-
CoV-2 variants were identified through genomic surveil-
lance performed by the KDCA [30]. According to the
confirmed date of the sample, the delta period began on
July 11, 2021, which was the first day of the week that
the delta variant was detected in more than 50% of test
samples. The omicron dominant period (‘omicron period’
hearafter) began on January 9, 2022, which was the first
day of the week that the omicron variant was detected
in more than 50% of test samples in the same week. To
ensure the continuity of severity assessment through-
out the pandemic, we defined the epidemic period as
the duration when a variant was detected in over 50% of
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test samples. To assess differences in estimations due to
overlapping circulating variants, we further analyzed the
severity of the weeks in which the variant was detected in
over 90% of samples, minimizing the impact of overlap-
ping periods. The delta period was from August 8, 2021
to December 25, 2021, and the omicron period was from
January 23, 2022 to end of the study period.

Statistical analysis

The direct age-standardized case severity rate (aCSR)
and age-standardized case fatality rate (aCFR) were cal-
culated by vaccination status and month, with 95% con-
fidence intervals (Cls) based on the gamma distribution.
The standard population was the total number of con-
firmed cases by age group from 0 to 79 years, divided
by 10-year intervals, and another group aged >80 years
and over during the entire study period. The severity was
evaluated using two distinct indicators: case severity rate
(CSR) including severe/critical cases and deaths, and
case fatality rate (CFR) including only deaths. As some
patients died without meeting treatment criteria for
severe/critical cases, severity may be underestimated by
including only severe/critical cases. Therefore, the CSR
was calculated as the number of severe/critical cases and
deaths divided by the number of confirmed cases, and
the CER was calculated only with deaths as the numera-
tor. The CSR and CER were presented by vaccination sta-
tus, period, and months. The monthly age-standardized
mortality rate (aMR) was calculated as the monthly aver-
age number of deaths during each period divided by the
population in December 2021. We obtained the vacci-
nated population for each period by taking the average
of the number of vaccinated people at the start and end
dates of the period. The statistical analysis was conducted
using Excel 2016 (Microsoft Corp., Redmond, WA, USA)
and R (version 4.2.1; R Core team, Vienna, Austria).

Results
From February 1, 2020, to June 30, 2022, 18,359,208
COVID-19 cases were confirmed, and 72,473 cases of
reinfection were excluded. Among the 18,286,735 cases,
23,258 severe/critical cases and 24,611 deaths were
reported in the COVID-19 monitoring system in South
Korea (Additional file 1). Among the 24,611 deaths, only
6,755 (27.5%) were included as severe/critical cases,
and other deaths were not included as they were sud-
den deaths and deaths in places including long-term
care facilities where treatment of severe/critical care we
defined is not available; described in the methods section.
Table 1 shows the basic characteristics of COVID-19
cases by period. Most of the cases and deaths occurred
during the omicron period (96.4% and 72.5% respec-
tively). The mean age of confirmed cases decreased in the
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Table 1 Characteristics of COVID-19 confirmed cases by period regarding vaccination and circulating variants of SARS-CoV-2

Class Total Pre-vaccination After-vaccination
Pre- delta dominant  Delta dominant Omicron
dominant
Total 18,286,735  (100.0) 94,179 (1000) 72,518 (100.0) 493,557 (100.0) 17,626,481 (100.0)
Sex
Male 8,597,627 (47.0) 46,617 (49.5) 37,622 (51.9) 258,770 (52.4) 8,254,618 (46.8)
Female 9,689,108 53.0) 47,562 (50.5) 34,896 (48.1) 234,787 (47.6) 9,371,863 (53.2)
Age (years)
Mean + SD 3731217 4574206 415+£19.2 40.2+21.7 3711217
0-9 2,184,409 (11.9) 3,894 4.1) 3,712 (5.1 45,512 (9.2) 2,131,291 (12.1)
10-19 2,390,072 (13.1) 6,398 6.8) 5,941 (8.2) 54,157 (11.0) 2,323,576 (13.2)
20-29 2,667,693 (14.6) 14,191 (15.1) 12,362 (17.0) 71,844 (14.6) 2,569,296 (14.6)
30-39 2,691,201 (14.7) 12,453 (13.2) 11,297 (15.6) 72,573 (14.7) 2,594,878 (14.7)
40-49 2,823,960 (154) 13,572 (14.4) 12,467 (17.2) 70,814 (14.3) 2,727,107 (15.5)
50-59 2,261,051 (12.4) 17,431 (18.5) 12,930 (17.8) 65,012 (13.2) 2,165,678 (123)
60-69 1,855,102 (10.1) 14,642 (15.5) 8,979 (12.4) 69,436 (14.1) 1,762,045 (10.0)
70-79 879,645 (4.8) 7,084 (7.5) 3,380 4.7) 29,042 (5.9 840,139 (4.8)
>80 533,602 (29 4,514 (4.8) 1,450 (2.0 15,167 (3.1 512,471 (2.9)
Vaccination
None 4,124,629 (22.6) 94,178 (100.0) 70,160 (96.7) 246,166 (49.9) 3,714,125 (21.1)
Partial 209,788 (1.1) 1 ©.0) 1,990 (2.7) 39,389 (8.0 168,408 (1.0)
Complete 5,441,223 (29.8) (0.0) 368 (0.5) 201,809 (40.9) 5,239,046 (29.7)
Booster 8,511,095 (46.5) 0.0 0 0.0 6,193 (13) 8,504,902 (48.3)
Outcome
Severe/critical® 23,258 0.1 2,774 (29 1447 (2.0 8525 (1.7) 10,512 .1
Average per day 264 6.9 12.0 46.8 60.4
Mean age (years+ SD)  69.3+15.5 71.1£122 65.1+14.1 654+154 726+157
>60 18,170 (78.1) 2,354 (84.9) 987 (68.2) 5,898 (69.2) 8,931 (85.0)
>80 6,560 (28.2) 703 (25.3) 225 (15.5) 1,583 (18.6) 4,049 (38.5)
Death 24,611 .m 1,749 (1.9 348 (0.5) 4,672 0.9 17,842 0.1)
Average per day 279 43 29 257 102.5
Mean age (yearst SD)  79.6+12.1 79.3+£106 767121 770£12.3 80.3+12.1
>60 23,063 (93.7) 1,665 (95.2) 318 (914) 4,303 (92.1) 16,777 (94.0)
>80 14,492 (58.9) 964 (55.1) 159 (45.7) 2,226 (47.6) 11,143 (62.5)

COVID-19 coronavirus disease, SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2, SD Standard deviation

"<0.1

@ Severe/critical case: Patients who were treated with non-invasive ventilation, high flow oxygenation, invasive ventilation, extracorporeal membrane oxygenation, or

continuous renal replacement treatment during isolation from COVID-19

omicron period compared to the delta period (37.1 vs.
40.2 years). In contrast, the proportions of older people
aged >80 years among severe/critical cases and deaths
increased in the omicron period compared to the delta
period (18.6% to 38.5% for severe/critical cases;47.6% to
62.5% for deaths). The vaccination rates increased sub-
stantially with the booster from 1.3% in the delta period
to 48.3% in the omicron period.

Intrinsic severity by period

Over the entire period, the aCSR and aCFR were high-
est at 5.51% (95% CI 5.37-5.65) and 2.49% (95% CI 2.40—
2.59) in the unvaccinated group during the delta period
(Table 2). Before the delta variant emerged, the intrinsic
severity of COVID-19 decreased from 2.49% (95% CI
2.41-2.57) to 2.12% (95% CI 2.01-2.24) for the aCSR and
from 1.17% (95% CI 0.12—1.23) to 0.60% (95% CI 0.54—
0.67) for the aCFR from the pre- to post-vaccination
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period. After the delta period, the severity decreased to
0.94 (95% CI 0.92-0.97) for the aCSR and 0.63% (95%
CI 0.61-0.64) for aCFR during the omicron period.
Although the intrinsic severity of the delta period was
the highest, the overall aCSR decreased from 2.06% to
1.93%, and the aCFR increased to a low level from 0.56%
to 0.83% (Additional file 2). When assessing epidemic
periods with over 90% variant detection, both the delta
and omicron periods showed no significant differences in
intrinsic severity. In the delta period, the aCSR was 5.50
(95% CI 5.34, 5.66) and the aCFR was 2.55 (95% CI 2.44,
2.66). In the omicron circulating period, the aCSR was
0.92 (95% CI 0.90, 0.94) and the aCFR was 0.61 (95% CI
0.60, 0.63) (Additional file 3).
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The monthly aCSR and aCFR changed as the vari-
ant circulated, as presented in Fig. 1 and Additional
file 4. As delta variants were initially reported in April
2021 in South Korea, the aCSR and aCFR of unvac-
cinated individuals began to increase. However, when
omicron variants were first reported in December 2021
in South Korea, the aCSR began to decrease, and the
aCFR decreased a month later in the unvaccinated group.
There was a clear risk difference between the vaccinated
and unvaccinated groups, with the highest risk difference
being an aCSR of 3.62% and aCFR of 1.59% in Decem-
ber (aCSR: 5.50% for unvaccinated and 1.88% for partially
vaccinated; aCFR: 2.82% for unvaccinated and 1.23% for
partially vaccinated).
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Fig. 1 Monthly age-standardized case severity rate (A) and case fatality rate (B) with the proportion of SARS-CoV-2 variant. aCSR: age-standardized
case severity rate; aCFR: age-standardized case fatality rate. A Case severity rate: (number of severe/critical cases and deaths among confirmed
cases in a specific period)/number of confirmed cases in a specific period *100 (standard population: total number of confirmed cases in the whole
period). B Case fatality rate: (number of deaths among confirmed cases in a specific period)/number of confirmed cases in a specific period *100

(standard population: total number of confirmed cases in the whole period)
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Comparison of intrinsic severity with risk of the vaccinated
group according to the period

When comparing the unvaccinated group to the vac-
cinated group, disparities of risk by vaccination status
and risk reduction during the omicron and delta peri-
ods were observed (Fig. 2, Additional file 2). From the
pre-delta to the delta period after vaccination, the aCSR
increased from 0.64% (95% CI 0.10-2.12) to 0.89% (95%
CI 0.86—0.92) in the completed vaccination group with a
lower degree of change than in the unvaccinated group.
Similarly, from the delta to the omicron period, the
aCSR decreased to 0.32% (95% CI 0.31-0.33) in the vac-
cinated group with a lower risk ratio than in the unvac-
cinated group. Only the booster group showed a higher
risk ratio of 0.13 times for the aCSR and 0.20 times for
the aCFR than in the unvaccinated group from the
delta to the omicron period. The risk of the omicron
period in the unvaccinated group (aCSR 0.94%, 95% CI
0.92-0.97; aCFR 0.63%, 95% CI 0.61-0.64) was higher
than that of the delta period in the completed vaccina-
tion group (aCSR 0.89%, 95% CI 0.86-0.92; aCFR 0.45%,
95% CI 0.43—-0.47). At the population level, although the

A. Age - standardized case severity rate
6.0 51
5.0
= 40
é
g 30 -
s 212163 0.6

0.94
07

. E 032

G222,

Omicron

(1Tt

0.0 Z

Pre-delta

Delta

m Intrinsic severity (Unvaccinated group) = Severity of partial vaccination group

& Severity of complete vaccination group = Severity of booster vaccination group

B. Age - standardized case fataliity rate
3.0
25

2.0

249
0.82
os 060 o5, 18 %0.45
- 025
ol e Vm

Delta

aCFR (%)

0.63
0.5
0.23
W 0.05
2

Pre-delta Omicron

m Intrinsic severity (Unvaccinated group) & Severity of partial vaccination group

7 Severity of complete vaccination group

& Severity of booster vaccination group

Page 7 of 12

intrinsic severity rapidly decreased during the omicron
period, the drastic increase in COVID-19 cases related to
the high transmissibility of the omicron variant resulted
in a six times higher aMR (448) per million people per
month than the delta variant (69), and 11 times higher in
the unvaccinated group than in the vaccinated group (40)
during the same period (Fig. 3).

Intrinsic severity of COVID-19 by age group

and vaccination status

The CSR and CFR by age group and vaccination status
during the four periods are summarized in Table 2. The
risk of COVID-19, including both the aCSR and aCFR,
was the highest during the delta period and the lowest
during the omicron period, regardless of vaccination
status and age group, except for the 10-19 years and
unvaccinated groups. During the delta period, the CSR
exceeded 10% in the age group of>60 years, and the
CER was higher than 10% in the age group of > 70 years.
The risk difference of the CSR in the unvaccinated
group between the delta and omicron period was the
highest at -33.76% (95% CI -35.45 to -32.07) in those

After - vaccination period
Risk ratio (95% CI)

Class
Pre-delta VS Pre-delta VS Delta VS
Delta period Omicron period Omicron period
Intrinsic severity 2.60 0.45 0.17
(Unvaccinated group) (2.54, 2.66) (0.39, 0.50) (0.14,0.21)
Severity of partial 1.03 0.43 0.42
vaccination group (0.78,1.28) (0.18, 0.68) (0.31,0.53)
Severity of complete 138 0.50 0.36
vaccination group (0.11, 2.65) (NA, 1.77) (0.31,0.41)
Severity of booster R } 0.13
vaccination group (NA, 0.39)
CI Confidence intervals
After - vaccination period
Risk ratio (95% CI)
Class
Pre-delta VS Pre-delta VS Delta VS
Delta period Omicron period Omicron period
Intrinsic severity 4.16 1.05 0.25
(Unvaccinated group) (4.04,4.28) (0.93,1.16) (0.20, 0.30)
Severity of partial 3.03 1.85 0.61
vaccination group (2.48,3.58) (1.32,2.39) (0.45,0.77)
Severity of completed 2.50 1.30 0.52
vaccination group (1.09,3.91) (NA, 2.71) (0.46, 0.58)
Severity of booster ~ ~ 0.20
vaccination group (NA, 0.55)

CI Confidence intervals

Fig. 2 Age-standardized case severity rate (A) and case fatality rate (B) by period after vaccination. aCSR: age-standardized case severity rate; aCFR:
age-standardized case fatality rate. A Case severity rate: (number of severe/critical cases and deaths among confirmed cases in a specific period)/
number of confirmed cases in a specific period *100 (standard population: total number of confirmed cases in the whole period). B Case fatality
rate: (number of deaths among confirmed cases in a specific period)/number of confirmed cases in a specific period *100 (standard population:

total number of confirmed cases in the whole period)
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Unvaccinated
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Omicron

Fig. 3 Monthly age-standardized mortality rate per 1,000,000 by period regarding vaccination and circulating variants of SARS-CoV-2. Monthly
age-standardized mortality rate: (number of deaths among confirmed cases in a specific period/population of December 2021 *1,000,000)/months

(standard population: whole population)

aged >80 years, and the risk ratio was highest at 0.06
(95% CI 0.05-0.08) for those aged in their 30 s. For the
CER of the unvaccinated group, the risk difference was
the highest at -25.97% (95% CI -27.59 to -24.36) for
those aged >80 years, and the risk ratio was the high-
est at 0.22 times (95% CI 0.19-0.24) for those aged in
their 60 s and 0.22 (95% CI 0.14—0.36 for those in their
30 s. In the vaccinated group, a similar trend of sever-
ity change as in the unvaccinated group was observed.
However, the amount of change was low in terms of the
risk difference and high in terms of the risk ratio in all
age groups.

Discussion

We assessed how the intrinsic severity of COVID-
19 has changed from its emergence to the present,
regarding circulating variants of SARS-CoV-2 using
nationwide data from South Korea. The results indi-
cated that the intrinsic severity of COVID-19 in the
delta period was the highest over the entire period. In
contrast, the omicron period had the lowest intrinsic
severity and had an 83% lower risk of severe/critical
cases with deaths and 75% lower risk of death than that
of the delta period. The results of this study are con-
sistent with those found in previous studies in several
countries, including South Africa and England [12-15].
However, the decrease was slightly larger than that of a
study in England, which demonstrated a 69% decrease
[14]. Despite the rapid decrease in the severity of the
omicron variant, the severity of the unvaccinated group
during the omicron period was slightly higher than that
of the fully vaccinated group during the delta period.
These results enabled us to compare the intrinsic

severity of COVID-19 over the entire period with the
overall confirmed cases through consistent measure-
ments of the nationwide cases of COVID-19 in South
Korea.

After the vaccination of COVID-19 began, the vacci-
nation group showed less risk fluctuation when the cir-
culating variant changed compared to the unvaccinated
group. Although the aCSR in the unvaccinated group
increased by 2.6 times when the delta variant emerged
and decreased by 1/6 when the omicron variant
emerged, the aCSR in the completely vaccinated group
increased by 1.4 times and showed a 1/3 decrease in
the aCSR, showing a similar trend to the aCFR. A study
in Southern California stated that the risk of mechani-
cal ventilation and death related to COVID-19 in the
unvaccinated group was significantly reduced during
the omicron period than during the delta period and
the vaccinated group showed a significant decrease
only in deaths, not mechanical ventilation [31]. How-
ever, in our study, the vaccinated groups had higher
risk reduction in all severe outcomes including severe/
critical cases and deaths. This result implies that if the
population sustains high levels of immunity from vac-
cination, even if new variants occur, the community
will be less affected by COVID-19. In fact, the intrinsic
aCSR and aCER sharply increased during the pre-delta
and delta periods, but the overall aCSR decreased and
the aCFR increased to a low level.

In terms of age, intrinsic severity increased with
increasing age, especially from the age of 60 years, show-
ing a sharp rise. In previous studies, age has been demon-
strated to be the strongest risk factor for severe outcome
of COVID-19 [32, 33]. In this study, as the intrinsic
severity decreased and the vaccination rate increased, the
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impact of COVID-19 was concentrated in older people.
When the omicron variant emerged, the absolute risk
of severe/critical cases and death decreased the most in
older people (the high-risk group for COVID-19 in pre-
vious studies) [31, 34]. However, the risk ratio of CSR
between the omicron and delta periods was the lowest
in individuals aged in their 80 s and the highest in those
in their 30 s, followed by those in their 40 s. Meanwhile,
the risk ratio of CFR, with the risk only for death, did not
show a minimum decrease in individuals aged > 80 years,
showing a minimum decrease only in those aged in their
40-50 s. The vaccination group was observed to have the
lowest risk reduction in those aged >80 years in both the
CSR and CFR among adults aged >20 years. This result
was consistent with that of a study conducted in Eng-
land, which showed that the magnitude of risk reduction
for death during the omicron period compared with the
delta period was lower for individuals aged >80 years
than that of other age groups [11]. This disproportionate
change was also observed among the>80 years group,
with the proportion of severe/critical cases increasing
from 18.6% to 38.5%, despite a decrease in confirmed
cases from 3.1% to 2.9% from the delta period to the
omicron period. These results imply that as the intrin-
sic severity of COVID-19 decreases, the response to
COVID-19 should focus on the older population with a
high risk of severe disease.

Vaccine acceptance may vary by age groups and
COVID-19 periods. In one early study, younger gen-
erations were more likely to receive vaccination against
COVID-19 [35]. In a more recent multinational survey,
booster vaccine hesitancy was associated with younger
age [36]. However, even in those aged > 60 years, a sub-
stantial proportion (24.6%) was less likely to get vac-
cinated considering the reduced disease severity [36].
COVID-19 vaccination is a critical tool to protect high-
risk groups from severe COVID-19 outcomes [37, 38].
While the response against COVID-19 continues as it is
an endemic disease, vaccination campaigns for the older
age groups should be maintained based on their vulner-
ability to COVID-19.

Regarding the population, despite a significant decrease
in severity during the omicron period, the monthly aMR
increased by more than six-fold from 69/million to 448/
million in the unvaccinated group due to the high trans-
missibility of the omicron variant, resulting in an exceed-
ingly high number of confirmed cases. The monthly aMR
of the vaccinated group was 8/million and 40/million in
the delta and omicron periods, respectively, showing an
absolute difference of 61/million and 408/million com-
pared to the unvaccinated group, respectively. With a
higher proportion of deaths among those aged >80 years
in the omicron period, this result suggests that even if
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intrinsic severity is reduced, as the number of confirmed
cases increases, the disease burden from COVID-19
could increase particularly among the older people in the
community with a low vaccination rate.

As vaccination rates in the country increase and con-
sidering the omicron variant’s capacity of high immune
escape [17, 18, 39], risk measurements in the overall pop-
ulation tend to represent the immunized population by
vaccination and previous infections. Therefore, it is dif-
ficult to estimate the intrinsic severity as the outbreak
continues [26]. In our study, overall the aCSR and aCFR
were compared between those with complete vaccina-
tion and the booster group. In South Korea, more than
90% of patients aged > 60 years are vaccinated with one
booster; thus, the overall risk reflects that of the booster-
vaccinated group [40]. Among those who tested positive
for COVID-19, the clinical severity and mortality varied
by multiple factors including the vaccination history and
patients’ age and health status [19, 32, 33]. Therefore,
the intrinsic severity of virus variants should be moni-
tored differentially in the unvaccinated group by patients’
characteristics.

Since our study included overall confirmed cases in
South Korea and monitored the clinical status with the
same indicators over the entire period, the severity of
COVID-19 could be compared consistently. Addition-
ally, extensive tests through the rapid scaling of diag-
nostic capacity from central laboratories to regional
laboratories; free-of-charge tests; fast and high accessibil-
ity of testing, including drive-through and walk-through
screening centers; large and periodic screening tests in
high-risk groups; and proactive contact tracing enabled
the enhanced understanding of infection severity and
fatality rates [41].

However, our study had some limitations. First, con-
firmation tests, including the PCR and rapid antibody
test, could have false positive and false negative results,
especially among those with underlying medical condi-
tions. A comprehensive review of the potential sources
of errors has been described in previous studies [42,
43]. Second, the number of cases was not adjusted to
the COVID-19 test coverage. According to a sero-epi-
demiological study in Korea, the estimated prevalence
of previous SARS-CoV-2 infection was 57.65% com-
pared to the reported cumulative incidence of 38.15%,
implying that approximately a third of infected cases
were not identified, and thus that our estimates of the
CSR and CFR may have been overestimated [44]. Spe-
cifically by the age group, the proportion of unreported
infections was highest in the 50 s age group (47.9%) fol-
lowed by the 60 s (45.0%) and 70 s (40.5%), and lowest
in the 80 s (12.9%). This findings suggests that the over-
estimation of observed severity of our study in the 50 s,
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60 s, and 70 s age groups was more pronounced, while
the 80 s showed a comparatively lower degree of over-
estimation. Consequently, these results imply that dis-
parities in severity between 80 s and other age groups
could be more extensive than observed in our study.
Third, we may have included unidentified reinfections
in the analysis. Assessing the exact number of reinfec-
tions is difficult and requires a different study design,
such as repeated follow-up testing regardless of symp-
toms. According to the studies of reinfection in Korea,
most reinfection cases were reported in the omicron
period, showing under 0.5% until week 14, 2022 and
0.5%—3.0% until week 26, 2022 of confirmed cases [45,
46]. Although the prevention of severe outcomes by
past infection showed a varing spectrum, more reports
indicated that reinfection prevented severe outcomes
or showed similar severity with primary infection [45—
54]. Therefore, in our study, we assumed a higher pos-
sibility of including unknown reinfection cases during
the omicron period, and as a result, the CSR and CFR
in this period could be underestimated or remain the
same. Lastly, the time from vaccination to confirmed
COVID-19 was not considered; therefore, the waning
efficacy of vaccination may have affected the overesti-
mation of the risk of vaccinated groups.

Conclusion

Although the intrinsic severity of COVID-19 fluctu-
ated with the emergence of new variants, vaccination
can mitigate the severity of COVID-19. Additionally, as
the severity decreased according to the characteristics
of the circulating virus and vaccination status, response
to COVID-19 should focus on older adults, who are at
a high-risk of severe disease. With the increasing diver-
sity of the immunized status of the population, the
intrinsic severity of our study can be considered a base-
line risk for comparison with changing severity, which
may be vital for determining attributable factors when
monitoring changes in severity.
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