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ABSTRACT

Objectives: This study was conducted to assess the efficacy of nirmatrelvir/ritonavir treatment
in patients with coronavirus disease 2019 (COVID-19), particularly those aged 60 years and
older. Using real-world data, the period during which the BN.1 Omicron variant was dominant
was compared to the period dominated by the BA.5 variant.

Methods: In this retrospective cohort study, data were collected regarding 2,665,281 patients
infected with severe acute respiratory syndrome coronavirus 2 between July 24, 2022, and March
31, 2023. Propensity score matching was utilized to match patients who received nirmatrelvir/
ritonavir in a 1:4 ratio between BN.1 and BA.5 variant groups. Multivariable logistic regression
analysis was employed to assess the effects of nirmatrelvir/ritonavir within these groups.
Results: Compared to the prior period, the efficacy of nirmatrelvir/ritonavir did not significantly
differ during the interval of Omicron BN.1 variant dominance in the Republic of Korea. Among
patients treated with nirmatrelvir/ritonavir, a significantly lower risk of mortality was observed
in the BN.1 group (odds ratio [OR], 0.698; 95% confidence interval [CI], 0.557-0.875) compared
to the BA.5 group. However, this treatment did not significantly reduce the risk of severe or
critical illness, including death, for those in the BN.1 group (OR, 0.856; 95% CI, 0.728-1.007).
Conclusion: Nirmatrelvir/ritonavir has maintained its effectiveness against COVID-19, even
with the emergence of the BN.1 Omicron subvariant. Consequently, we strongly recommend
the administration of nirmatrelvir/ritonavir to patients exhibiting COVID-19-related symptoms,
irrespective of the dominant Omicron variant or their vaccination status, to mitigate disease
severity and decrease the risk of mortality.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which causes coronavirus disease 2019 (COVID-19),
was first identified in Wuhan, China, at the end of 2019 [1,2].
Since then, the Omicron variant of SARS-CoV-2 has become
the dominant strain globally, representing over 98% of the
virus samples shared by the Global Initiative on Sharing All
Influenza Data [3]. In the Republic of Korea, the first case of
the Omicron variant was detected on November 30, 2021 [4].
By January 1, 2022, the predominant variant in the country
had shifted from the Delta variant to the Omicron subvariant
BA.1 [5,6]. This was followed by the emergence of BA.2 as the
dominant subvariant on March 20, 2022, and BA.5 on July 24,
2022. More recently, the BN.1 variant became the dominant
subvariant on January 22, 2023, and has spread rapidly in the
Republic of Korea, accounting for 50.4% of newly reported
infections [7]. This has occurred despite high vaccination
coverage and a large portion of the population having been
previously infected with Omicron subvariants BA1, BA.2, or
BA 5. The first oral antiviral agents, nirmatrelvir and ritonavir
(sold under the brand name Paxlovid), were authorized by the
United States Food and Drug Administration on December
22,2021, for the treatment of high-risk patients with mild-
to-moderate COVID-19 [8-10]. Following emergency use
authorization in the Republic of Korea on December 27,2021,
nirmatrelvir/ritonavir was first administered on January 14,
2022, to patients experiencing mild-to-moderate symptoms
of COVID-19 who were at high risk of progressing to severe
disease. The treatment was administered within 5 days of
symptom onset (Figure 1) [11]. To date, this combination has
primarily been used to treat high-risk patients, in line with
the recommendations of the Korea Disease Control and
Prevention Agency (KDCA). In recent research, nirmatrelvir/
ritonavir was associated with significant decreases in
the rates of severe COVID-19 and mortality, with adjusted
hazard ratios of 0.54 (95% confidence interval [CI], 0.39-0.75)
and 0.20 (95% CI, 0.17-0.22), respectively. The treatment
appeared to be more effective in patients who were older,
were immunosuppressed, or had underlying neurological
or cardiovascular disease (interaction p <0.05 for all) [12,13].
However, these studies were conducted when earlier SARS-
CoV-2 variants were more common and may not reflect the
current situation of Omicron variant prevalence. Therefore, it
is necessary to investigate the effectiveness of nirmatrelvir/
ritonavir under the present circumstances, particularly
regarding the prevailing Omicron variant. This analysis was
performed to assess the efficacy of nirmatrelvir/ritonavir
in patients, especially those aged 60 years or older, against
COVID-19. We employed real-world data to compare the
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HIGHLIGHTS

- We assessed the efficacy of nirmatrelvir/ritonavir in
the treatment of COVID-19, particularly among patients
aged 60 years and older, in a comparison of Omicron
subvariants BN.1and BA.5 using real-world data.

« Nirmatrelvir/ritonavir remained effective during the
period of Omicron BA1dominance, significantly reducing
mortality risk. A statistically insignificant decrease in
severe illness was also noted.

* Regardless of Omicron variant or vaccination status,
nirmatrelvir/ritonavir administration is recommended
to reduce the risks of severe illness and death from
COVID-19.

 This study underscores the continued relevance
of nirmatrelvir/ritonavir under Omicron-dominant
conditions, offering essential insights for clinical
practice and patient care.

period of BN.1 Omicron dominance with that of BA.5 Omicron
dominance.

Materials and Methods

Data Sources

This study incorporated data from 4 sources: (1) confirmed
patient information, (2) primary epidemiological investigation
data from the COVID-19 Information Management System
of the KDCA, (3) the Drug Utilization Review (DUR) database,
and (4) COVID-19 Patient Information Management System
data from the Health Insurance Review and Assessment
Service (HIRA). The database managed by the KDCA includes
information regarding SARS-CoV-2 polymerase chain
reaction diagnostic test results, underlying diseases, and
vaccination status. The DUR database contains prescription
information for oral antivirals used in treating COVID-19.
Finally, data from the COVID-19 Patient Information
Management System include medical history details, such
as critical severity and mortality.

Study Design and Population

This retrospective cohort study included 2,665,281 patients
who were infected with SARS-CoV-2 between July 24, 2022,
and March 31, 2023. The dominant periods were delineated
based on the first week in which over 50% of the weekly
SARS-CoV-2 variant tests returned positive results for that
variant, based on KDCA variant analysis reporting dates.

https://doi.org/10.24171/j.phrp.2023.0230
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Figure 1. Epidemic waves corresponding to periods of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant
dominance in the Republic of Korea from January 1, 2022, to March 30, 2023: pre-Delta, Delta, and Omicron. Data sources:
confirmed COVID-19 cases were obtained from the Korea Disease Control and Prevention Agency (KDCA), while the periods of
SARS-CoV-2 variant dominance were determined based on a KDCA press release. FDA, Food and Drug Administration.

Consequently, the study population was categorized into 2
groups: (1) the BA.5 group, consisting of 2,470,529 individuals
infected between July 24, 2022, and January 21, 2023, during
which BA.5 was the prevailing subvariant; and (2) the BN.1
group, comprising 194,752 individuals infected from January
22 to March 31,2023, when BN.1 predominated.

Nirmatrelvir/ritonavir, administered twice daily for 5 days,
is considered for the treatment of patients with mild-to-
moderate COVID-19 who are at high risk of progressing to
severe illness, including hospitalization or death. The KDCA
has recommended the use of nirmatrelvir/ritonavir in its
published COVID-19 treatment guidelines [14], specifying
the following criteria: (1) any patients aged 60 years or
older, (2) patients aged 12 years or older (weighing at least
40 kg) and under 60 years who have underlying disease
and/or immunosuppression, and (3) treatment initiation
within 5 days of symptom onset in patients not requiring
supplemental oxygen.

In the present study, the patient inclusion criteria were
as follows: (1) a diagnosis of COVID-19 between July 24,
2022, and March 31, 2023; (2) an age of 12 years or older; (3)
infection with SARS-CoV-2 and prescription of nirmatrelvir/
ritonavir within 5 days of symptom onset; and (4) those who
met the conditions for nirmatrelvir/ritonavir administration
according to KDCA guidelines. The exclusion criteria were:
(1) incomplete data from the essential epidemiological
investigation; (2) treatment with molnupiravir or remdesivir;
and (3) ineligibility for nirmatrelvir/ritonavir treatment
according to the established KDCA criteria. Follow-up
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monitoring for each patient was conducted for 28 days
following COVID-19 diagnosis.

Study Outcomes
The analysis encompassed cases of severe COVID-19 and
related deaths, adhering to the Korean guidelines for COVID-19
response and management [15]. Severe or critical illness, a
category that included deaths, was defined as including any
patient with a COVID-19 diagnosis who was receiving care in a
medical facility and was considered at risk of mortality. These
patients required therapeutic interventions such as non-
invasive or invasive ventilation, high-flow oxygen therapy,
extracorporeal membrane oxygenation, or continuous renal
replacement therapy. A death was recorded when it was
known or suspected to be caused by COVID-19. Monitoring of
severe or critical illness (including death) and mortality in
COVID-19 patients continued for 28 days following diagnosis.
In this study, we compared the effectiveness of nirmatrelvir/
ritonavir in mitigating the risk of severe or critical illness,
including death, among patients with COVID-19 during
the periods in which the Omicron BN.1 variant and BA.5
variant predominated. Participants were stratified based on
vaccination status (unvaccinated or vaccinated), age group
(=60years, =70 years, or >80 years), and sex (male or female).

Statistical Analysis

Descriptive statistics (expressed as frequencies and
percentages) were used to characterize the study participants
and to compare the groups that were untreated, treated with



phrp

nirmatrelvir/ritonavir, unvaccinated, and vaccinated. The chi-
square test was employed to compare categorical variables
across these groups. To address potential confounders and
establish the appropriate sample size, propensity score
matching was utilized. This method matched patients who
received nirmatrelvir/ritonavir from the BA.5 and BN.1 groups.
Specifically, 62,987 patients in the BN.1 group were matched
with 251,948 patients in the BA.5 group at a 1:4 ratio (Table 1).
The chi-square test was again used to compare categorical
variables between these matched groups. Multivariable
logistic regression analysis was conducted to evaluate the risk
of severe or critical disease, including death, among patients
with COVID-19 based on their nirmatrelvir/ritonavir treatment
status (treated vs. not treated) within both BA.5 and BN.1
groups. Additionally, within the nirmatrelvir/ritonavir-treated
cohort, hierarchical multivariable logistic regression analysis
was employed to determine the treatment’s effect in the

Paxlovid effectiveness in SARS-CoV-2 Omicron surge

BN.1 group relative to the BA.5 cohort. These analyses were
adjusted for age, sex, underlying medical conditions, and
vaccination status. All statistical analyses were carried out
using SAS ver. 9.4 (SAS Institute). The tests were 2-sided, and
p-values below 0.05 were considered to indicate statistical
significance.

Ethics Statement

The study protocol underwent review and received approval
from the institutional review board of the Korea National
Institute of Health (approval no: KDCA-2023-07-02-PE-01).
The requirement for informed consent was waived.

Results

Study Population Characteristics
During the period of this nationwide retrospective cohort

Table 1. Baseline characteristics of patients who received nirmatrelvir/ritonavir treatment during the BA.5 and BN.1

periods before and after 1:4 propensity score matching

Non-matching

Characteristic

1:4 Propensity score matching

BA.5 BN.1 p BA.5 BN.1 p
Participants 610,114 (24.7) 62,987 (32.3) 251,948 (80.0) 62,987 (32.3)
Sex <0.001 1.000
Male 251,109 (41.2) 24,933 (39.6) 99,732 (39.6) 24,933 (39.6)
Female 359,005 (58.8) 38,054 (60.4) 152,216 (60.4) 38,054 (60.4)
Age (y) 69.4+11.2 69.5+11.6 0.911 69.4+11.6 69.5+11.7 0.897
Age group (y) <0.001 0.999
<39 9,584 (1.6) 1,277 (2.0) 5,084 (2.0) 1,277 (2.0)
40-49 14,526 (2.4) 1,569 (2.5) 6,309 (2.5) 1,569 (2.5)
50-59 40,438 (6.6) 3,992 (6.3) 15,984 (6.3) 3,992 (6.3)
60-69 255,996 (42.0) 25,786 (40.9) 103,170 (41.0) 25,786 (40.9)
70-79 173,438 (28.4) 17,972 (28.5) 71,885 (28.5) 17,972 (28.5)
280 116,132 (19.0) 12,391 (19.7) 49,516 (19.7) 12,391 (19.7)
SARS-CoV-2 immunitya) <0.001 0.9150
Unvaccinated 29,858 (4.9) 3,388 (5.4) 13,525 (5.4) 3,388 (5.4)
Vaccinated 580,256 (95.1) 59,599 (94.6) 238,423 (94.6) 59,599 (94.6)
Underlying diseases
Hypertension 245760 (40.3) 25431 (40.4) 0.647 101,358 (40.2) 25431 (40.4)  0.506
Hyperlipidemia 122,472 (20.1) 12,565 (20.0)  0.456 51,204 (20.3) 12,565 (20.0)  0.036
Diabetes 129218 (21.2) 14,143 (22.5) <0.001 51,968 (20.6) 14,143 (22.5)  <0.001
Cardiovascular diseases 28,605 (4.7) 2,828 (4.5) 0.025 12,309 (4.9) 2,828 (4.5) <0.001
Kidney failure 4,036 (0.7) 357 (0.6) 0.005 1,835 (0.7) 357 (0.6) <0.001
Immunosuppression 5416 (0.9) 503 (0.8) 0.023 2,404 (1.0) 503 (0.8) 0.001
Chronic obstructive pulmonary disease 5,403 (0.9) 449 (0.7) <0.001 2,801 (1.1) 449 (0.7) <0.001
Severe illness or death 1,932 (0.3) 183 (0.3) 0.265 835(0.3) 183 (0.3) 0.106
Death 1,111 (0.2) 91 (0.1) 0.033 515 (0.2) 91 (0.1) 0.002

Data are presented n (%) or mean tstandard deviation. Chi-square tests were employed to determine differences between the groups based on
nirmatrelvir/ritonavir treatment history.

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

3(1) Unvaccinated: Individuals who have not been vaccinated or who are within 14 days of receiving their first dose of a vaccine; (2) Vaccinated:
Individuals who are 14 days or more past receiving their second dose of a vaccine. Those who received the Janssen vaccine were considered as having
received the second dose after the first dose was administered.

https://doi.org/10.24171/j.phrp.2023.0230
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Patients with mild-to-moderate COVID-19
Admitted between July 24, 2022 to March 30, 2023
(n=11,674,226)

onset Exclusion (n=9,008,793)
2. With any of the following risk factors for 1. Missing data on basic epidemiological
progression investigation (n=682,356)
(1) Aged 260 years S 2. Patients who had received treatment
(2) Aged >12 years (weighing at least with molnupiravir or remdesivir
40 kg) and <60 years with underlying Total (n=2,665,433) (n=200,734)
diseases and/or immunosuppression 3. Patients who did not meet nirmatrelvir/
(3) No supplemental oxygen ritonavir eligibility criteria (n=8,125,703)
Vv N4
BA.5 group BN.1 group
(July 24, 2022 to January 21, 2023) (January 22, 2023 to March 31, 2023)
(n=2,470,529) (n=194,904)

|
\: A

Nirmatrelvir/ritonavir Non-nirmatrelvir/ritonavir
(n=610,114) (n=1,860,415)

|
\: A

Nirmatrelvir/ritonavir
(n=62,987)

Non-nirmatrelvir/ritonavir
(n=131,917)

1:4 Propensity score matching

\[ Total (n=314,935) 1

BN.1 group
(n=62,987)

BA.5 group
(n=251,948)

Figure 2. Flowchart of patient selection and grouping. Propensity score matching was employed to match patients who received
nirmatrelvir/ritonavir between the BA.5 and BN.1 groups. Specifically, a 1:4 ratio was used to match patients in the BN.1 group

(n=62,987) with those in the BA.5 group (n=251,948).

study, we screened 2,470,529 patients with mild-to-moderate
COVID-19 who were enrolled in the DUR system for patient
care. Following the exclusion of 6,965,801 patients, a total
of 2,665,433 patients who were eligible for nirmatrelvir/
ritonavir treatment were included in the study. The patients
were classified into the BA.5 group (n=2,470,529) and the BN.1
group (n=194,904) (Figure 2).

In the BA.5 period, of the 610,114 patients (24.7%) who
were treated with nirmatrelvir/ritonavir, 545,536 (89.4%)
were at least 60 years old. Within this older demographic,
the 60-69-year age bracket contained the largest number of
patients, with 255,996 individuals (42.0%). The most prevalent
comorbidities among these patients were hypertension
(245,760, 40.3%), hyperlipidemia (129,218, 21.2%), and diabetes
(122,472,201%), as shown in Table 2.

In the BN.1 group, of the 62,987 patients (32.3%) who were
treated with nirmatrelvir/ritonavir, 56,152 (89.1%) were aged 60
years or older. Among these older participants, the largest age
subgroup was those aged 60-69 years, accounting for 25,786
patients (40.9%). The most common comorbid conditions
included hypertension (25,431, 40.4%), hyperlipidemia (14,143,
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22.5%), and diabetes (12,565, 20.0%).

Overall, more than 95% of the patients included in the
analysis were fully vaccinated against SARS-CoV-2. Factors
such as sex, age, presence of underlying diseases (including
multiple underlying conditions), and severe or critical nature
of the illness (including death) differed significantly based on
whether patients received nirmatrelvir/ritonavir treatment
(Table 3).

Effectiveness of Nirmatrelvir/Ritonavir in the BA.5
and BN.1 Groups

Multivariable logistic regression was performed to assess
the effect of nirmatrelvir/ritonavir use on severe or critical
illness (including death) and on death alone. The risk of
these outcomes was lower among patients who received
nirmatrelvir/ ritonavir treatment than among those who did
not, regardless of age, sex, or vaccination status (Table 4).

In the BA.5 group, patients treated with nirmatrelvir/
ritonavir had a significantly lower risk of severe or critical
illness, including death, compared to the untreated group. The
adjusted odds ratio (OR) for receiving nirmatrelvir/ritonavir
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Table 2. Baseline characteristics of patients according to nirmatrelvir/ritonavir treatment status during the BA.5 period

(July 24, 2022-January 21, 2023)

Variable No nirmatrelvir/ritonavir Nirmatrelvir/ritonavir p
Participants 1,860,415 (75.3) 610,114 (24.7)
Sex <0.001
Male 781,055 (42.0) 251,109 (41.2)
Female 1,079,360 (58.0) 359,005 (58.8)
Age (y) 64.4+12.3 69.4+11.2 <0.001
Age group (y) <0.001
<39 36,051 (3.4) 9,584 (1.6)
40-49 130,499 (7.0) 14,526 (2.4)
50-59 300,258 (16.1) 40,438 (6.6)
60-69 773,965 (41.6) 255,996 (42.0)
70-79 393,648 (21.2) 173,438 (28.4)
>80 198,994 (10.7) 116,132 (19.0)
SARS-CoV-2 immunity® <0.0001
Unvaccinated 83,319 (4.5) 29,858 (4.9)
Vaccinated 1,777,096 (95.5) 580,256 (95.1)
Underlying diseases
Hypertension 865,571 (46.5) 245,760 (40.3) <0.001
Diabetes 410,376 (22.1) 122,472 (20.1) <0.001
Hyperlipidemia 469,378 (25.2) 129,218 (21.2) <0.001
Cardiovascular diseases 92,292 (5.0) 28,605 (4.7) <0.001
Immunosuppression 9,318 (0.5) 4,036 (0.7) <0.001
Kidney failure 30,366 (1.6) 5416 (0.9) <0.001
Chronic obstructive pulmonary disease 27,036 (1.5) 5,403 (0.9) <0.001
Severe iliness or death 7,351 (0.4) 1,932 (0.3) <0.001
Death 3,415 (0.2) 1,111 (0.2) 0.8165

Data are presented n (%) or mean t standard deviation. Chi-square tests were employed to determine differences between the groups based on nirmatrelvir/

ritonavir treatment history.
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

(1) Unvaccinated: Individuals who have not been vaccinated or who are within 14 days of receiving their first dose of a vaccine; (2) Vaccinated:
Individuals who are 14 days or more past receiving their second dose of a vaccine. Those who received the Janssen vaccine were considered as having

received the second dose after the first dose was administered.

treatment, with 95% CI, was 0.516 (0490-0.543). Among older
adults, the ORs (95% ClIs) for those aged =60 years, =70 years,
and >80 years were 0494 (0468-0.520), 0496 (0.469-0.524),
and 0.503 (0.472-0.537), respectively. The ORs (95% Cls)
for men and women were 0.503 (0.468-0.541) and 0.527
(0490-0.567), respectively. For unvaccinated and vaccinated
patients, the ORs (95% CIs) were 0.347 (0.312-0.386) and
0.586 (0.553-0.622), respectively (Figure 3A; Table S1).
Comparatively, the risk of death was significantly reduced in
the nirmatrelvir/ritonavir treatment group compared to the
untreated group. The adjusted OR (95% CI) for all nirmatrelvir/
ritonavir-treated patients was 0.610 (0.569-0.653). In older
adults, the ORs (95% ClIs) for those aged =60 years, =70 years,
and >80 years were 0.596 (0.556-0.639), 0.598 (0.556-0.643),
and 0.603 (0.555-0.654), respectively. For men and women,
the ORs (95% CIs) were 0.599 (0.542-0.662) and 0.618
(0.562-0.680), respectively. Similarly, for unvaccinated and
vaccinated patients, the ORs (95% ClIs) were 0.379 (0.328-
0438) and 0714 (0.660-0.772), respectively (Figure 3B; Table S1).

In the BN.1 group, the patients treated with nirmatrelvir/
ritonavir faced a significantly lower risk of severe or critical
illness (including death) than those who did not receive
this treatment. The adjusted OR (95% CI) for receiving
nirmatrelvir/ritonavir treatment was 0.279 (0.237-0.327).
Among older adults, the ORs (95% ClIs) for those aged =60
years, =70 years, and =80 years were 0.262 (0.222-0.309),
0.252 (0.211-0.302), and 0.271 (0.218-0.337), respectively. The
ORs (95% CIs) for men and women were 0.259 (0.207-0.324)
and 0.299 (0.237-0.377), respectively. For unvaccinated and
vaccinated patients, the ORs (95% Cls) were 0.215 (0.157-
0.294) and 0.307 (0.255-0.370), respectively (Figure 4A; Table
S2). Similarly, the risk of death was significantly reduced in
the nirmatrelvir/ritonavir treatment group compared to the
untreated group. The adjusted OR (95% CI) for all patients
treated with nirmatrelvir/ritonavir was 0.373 (0.295-0.471).
In older adults, the ORs (95% CIs) for those aged =60 years,
>70 years, and 280 years were 0.371 (0.293-0.469), 0.278
(0.295-0.484), and 0.401 (0.302-0.532), respectively. The

https://doi.org/10.24171/j.phrp.2023.0230
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Table 3. Baseline characteristics of patients according to nirmatrelvir/ritonavir treatment status during the BN.1 period
(January 22, 2023-March 31, 2023)

Dong-Hwi Kim et al.

Variable No nirmatrelvir/ritonavir Nirmatrelvir/ritonavir p
Participants 131,917 (67.7) 62,987 (32.3)
Sex <0.001
Male 55,009 (41.7) 24,933 (39.6)
Female 76,908 (58.3) 38,054 (60.4)
Age (y) 64.3+12.9 69.5+11.6 <0.001
Age group (y) <0.001
<39 5,170 (3.9) 1,277 (2.0)
40-49 10,206 (7.7) 1,569 (2.5)
50-59 22,205 (16.8) 3,992 (6.3)
60-69 51,273 (38.9) 25,786 (40.9)
70-79 27,239 (20.7) 17,972 (28.5)
>80 15,824 (12.0) 12,391 (19.7)
SARS-CoV-2 immunity® 0.029
Unvaccinated 7,415 (5.6) 3,388 (5.4)
Vaccinated 124,502 (94.4) 59,599 (94.6)
Underlying diseases
Hypertension 63,065 (47.8) 25,431 (40.4) <0.001
Diabetes 29,406 (22.3) 12,565 (20.0) <0.001
Hyperlipidemia 35,319 (26.8) 14,143 (22.5) <0.001
Cardiovascular diseases 6,513 (4.9) 2,828 (4.5) <0.001
Immunosuppression 740 (0.6) 357 (0.6) 0.8723
Kidney failure 2,301 (1.7) 503 (0.8) <0.001
Chronic obstructive pulmonary disease 1,876 (1.4) 449 (0.7) <0.001
Severe illness or death 1,003 (0.8) 183 (0.3) <0.001
Death 360 (0.3) 91 (0.1) <0.001

Data are presented n (%) or mean t standard deviation. Chi-square tests were employed to determine differences between the groups based on nirmatrelvir/

ritonavir treatment history.

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

(1) Unvaccinated: Individuals who have not been vaccinated or who are within 14 days of receiving their first dose of a vaccine; (2) Vaccinated:
Individuals who are 14 days or more past receiving their second dose of a vaccine. Those who received the Janssen vaccine were considered as having
received the second dose after the first dose was administered.

Table 4. Effectiveness of nirmatrelvir/ritonavir in the BA.5 and BN.1 groups

Model Death Severe/critical illness (including death)
oce No nirmatrelvir/ritonavir Nirmatrelvir/ritonavir No nirmatrelvir/ritonavir Nirmatrelvir/ritonavir
BA.5
Model 1 Ref. 0.992 (0.927-1.062) Ref. 0.801 (0.762-0.842)
Model 2 Ref. 0.598 (0.558-0.640) Ref. 0.511 (0.485-0.537)
Model 3 Ref. 0.610 (0.569-0.653) Ref. 0.516 (0.490-0.543)
BN.1
Model 1 Ref. 0.529 (0.420-0.666) Ref. 0.380 (0.325-0.445)
Model 2 Ref. 0.352 (0.279-0.444) Ref. 0.266 (0.226-0.311)
Model 3 Ref. 0.373 (0.295-0.471) Ref. 0.277 (0.236-0.326)

The multivariable logistic regression models were adjusted for age, sex, vaccination status, and underlying diseases. The results are expressed as
odds ratios (95% confidence intervals). Model 1 is unadjusted. Model 2 is adjusted for age and sex. Model 3 builds upon model 2 by also adjusting for
vaccination status and underlying disease.

Ref., reference.

ORs (95% CIs) for men and women were 0.263 (0182-0.379)  Propensity Score Matching for Sample Size

and 0.502 (0.369-0.683), respectively. For unvaccinated and  Determination

vaccinated patients, the ORs (95% CIs) were 0.337 (0.227-0.501)  The proportion of patients who received nirmatrelvir/ritonavir
and 0.394 (0.296-0.526), respectively (Figure 4B; Table S2). was similar between the BA.5 and BN.1 groups, although the
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Figure 3. Impact of nirmatrelvir/ritonavir treatment in the BA.5 group. (A) Severe/critical iliness (including death). (B) Death.
Multivariable logistic regression models were adjusted for age, sex, vaccination status against severe acute respiratory syndrome
coronavirus 2, and underlying diseases. Data are presented as odds ratios (ORs) with 95% confidence intervals (Cls). Ref., reference.

BA.5 group included more cases. We therefore employed
the propensity score matching technique to match patients
who received nirmatrelvir/ritonavir from the BA.5 and BN.1
groups. Specifically, patients from the BN.1 group (n=62,987)
were matched with those from the BA.5 group (n=251,948) at
a 114 ratio. Following propensity score matching, the patient
characteristics were found to be balanced across groups, as
demonstrated by the chi-square test (p>0.1). For both groups,
the percentage of patients aged =60 years and the vaccination
rates were 89.1% and 94.6%, respectively, with chi-square
test p-values of 0.999 and 0.915, respectively (Table 1).

Comparative Effectiveness of Nirmatrelvir/Ritonavir
in the BN.1and BA.5 Groups
Among the patients who received nirmatrelvir/ritonavir

treatment, multivariable logistic regression was performed
to assess the effect of nirmatrelvir/ritonavir in the BN.1
group compared to that in the BA.5 group (Table 5).

In model 1 (unadjusted), the risk of death was significantly
lower for the BN.1 group (OR, 0.707; 95% CI, 0.566-0.883)
compared to the BA.5 group. However, no significant
reduction was observed in the risk of severe or critical illness
(including death) for the BN.1 group (OR, 0.876; 95% CI,
0.747-1.029). In model 2, which was adjusted for age and sex,
the risk of death for the BN.1 group was significantly lower
(OR, 0.699; 95% CI, 0.559-0.874) than for the BA.5 group.
Nonetheless, the risk of severe or critical illness (including
death) for the BN.1 group was not significantly reduced
(OR, 0.871; 95% CI, 0.742-1.023). In model 3, which included
adjustments for vaccination status and underlying disease
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Figure 4. Impact of nirmatrelvir/ritonavir treatment in the BN.1 group. (A) Severe/critical illness (including death). (B) Death.
Multivariable logistic regression models were adjusted for age, sex, vaccination status against severe acute respiratory syndrome
coronavirus 2, and underlying diseases. Data are presented as odds ratios (ORs) with 95% confidence intervals (Cls). Ref., reference.

in addition to the factors in model 2, the risk of death for
the BN.1 group remained significantly lower (OR, 0.698; 95%
CI, 0.557-0.875) compared to the BA.5 group. However, the
risk of severe or critical illness (including death) was again
statistically similar for the BN.1 group relative to the BA.5
group (OR, 0.856; 95% CI, 0.728-1.007).

Discussion

This nationwide study evaluated the effectiveness of
nirmatrelvir/ritonavir throughout the periods dominated
by the BA.5 and BN.1 Omicron variants. The sample size
was sufficiently large to yield a reliable estimation of risk.
Compared to the prior period, the efficacy of nirmatrelvir/
ritonavir did not significantly differ during the interval of

https://doi.org/10.24171/j.phrp.2023.0230

Omicron BN.1 variant predominance in the Republic of
Korea. This was despite initial concerns about a potential
reduction in the drug’s effectiveness following the transition
from BA.5 to BN.1 as the most common viral variant.

Recent studies have indicated that during the Omicron
surge, individuals who received nirmatrelvir/ritonavir
experienced significantly lower rates of hospitalization
and death from COVID-19 compared to those who did not
receive the treatment [16-18]. Additionally, our prior research
demonstrated that nirmatrelvir/ritonavir effectively decreased
the risk of COVID-19 mortality in patients infected with the
Omicron BA.5 variant, particularly in older adults, regardless
of vaccination status [19]. This analysis further revealed that
during periods when each viral variant was predominant,
the likelihood of severe or critical illness, including death, was
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Table 5. Comparative effectiveness of nirmatrelvir/ritonavir in the BN.1 group versus the BA.5 group

Variable Model 1 Model 2 Model 3
Severe/critical illness (including death)
Dominant Omicron subvariant

BA.5 Ref. Ref. Ref.

BN.1 0.876 (0.747-1.029) 0.871(0.742-1.023) 0.856 (0.728-1.007)
Age 1.114 (1.107-1.121) 1.100 (1.093-1.107)
Sex

Male Ref. Ref.

Female 0.575 (0.507-0.652) 0.547 (0.482-0.621)

SARS-CoV-2 immunity
Unvaccinated
Vaccinated
Underlying diseases
No
Yes
Death
Dominant Omicron subvariant
BA.5 Ref.
BN.1 0.707 (0.566-0.883)
Age
Sex
Male
Female
SARS-CoV-2 immunity
Unvaccinated
Vaccinated
Underlying diseases
No
Yes

Ref.
0.248 (0.212-0.209)

Ref.
2.207 (1.836-2.652)

Ref. Ref.
0.699 (0.559-0.874) 0.698 (0.557-0.875)
1.143 (1.132-1.153) 1.127 (1.117-1.137)

Ref. Ref.
0.635 (0.538-0.749) 0.601 (0.509-0.710)

Ref.
0.253 (0.208-0.308)

Ref.
2.068 (1.629-2.624)

The results are expressed as odds ratios (95% confidence intervals). Model 1 is unadjusted. Model 2 is adjusted for age and sex. Model 3 builds upon

model 2 by also adjusting for vaccination status and underlying disease.

Ref., reference; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

significantly reduced in the group treated with nirmatrelvir/
ritonavir compared to the untreated group. Furthermore,
among the patients who received nirmatrelvir/ritonavir,
the risk of death was significantly lower in patients within
the BN.1 cohort than in those within the BA.5 group. We also
observed no significant difference in the risk of severe or
critical illness, including mortality, between the BA.5 and
BN.1 groups. Consequently, our study indicates that the risk
of severe outcomes is either significantly lower or similar
for cases during the BN.1 period compared to the BA.5
interval. These findings align with the results from in vitro
studies conducted during the early stages of the Omicron
surge, which revealed potent inhibition of this variant by
nirmatrelvir [20-23]. Additionally, the antiviral efficacy of
nirmatrelvir against 27 SARS-CoV-2 variants, including BA.5
and BN.1, was sustained, suggesting that these drugs remain
viable treatment options for COVID-19 [24]. Therefore, our
study demonstrates that the use of nirmatrelvir/ritonavir
represented a significant independent predictor of reduced
mortality risk during the periods dominated by the BA.5 and

10

BN.1 Omicron variants.

COVID-19 vaccines, such as the Moderna (mRNA-1273) and
Pfizer-BioNTech (BNT162b2) vaccines, play a crucial role in
reducing the risk of SARS-CoV-2 infection and COVID-19-
related hospitalization [25,26]. In response to the January
2022 surge of the Omicron variant, the KDCA recommended
2 primary defenses—COVID-19 vaccination and antiviral
therapy—to safeguard convalescent hospitals, long-term care
facilities, and high-risk populations from severe COVID-19
[27]. As of July 20, 2023, 86.5% of the Korean population aged
5 years and older had been vaccinated against COVID-19
[28]. However, the present study noted a decrease in vaccine
effectiveness against infection and hospital admission
for Omicron compared to earlier variants [29-31]. This
suggests that the Omicron variant may evade the immune
response elicited by vaccination or previous infection with
other variants, potentially leading to higher transmissibility
[32-34]. In the subgroup analyses of study outcomes based
on vaccination status, the therapeutic effect of nirmatrelvir/
ritonavir was more pronounced among the unvaccinated

https://doi.org/10.24171/j.phrp.2023.0230
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participants than in the vaccinated group during the periods
dominated by the BA.5 and BN.1 Omicron subvariants. Our
analysis only considered whether patients had received
at least 1 vaccine dose prior to the onset of COVID-19, with
95.2% of the study population being vaccinated under this
definition. Consequently, additional research is required to
assess the real-world efficacy of nirmatrelvir/ritonavir in
treating COVID-19, taking into account variations in patient
immunity due to vaccination history and prior infection.

This study had several limitations, given its observational
and retrospective nature. First, we were unable to confirm
whether patients had completed the prescribed 5-day course
of nirmatrelvir/ritonavir treatment. As a result, the treatment
group may have included patients who did not complete the
full course of therapy. Second, factors such as vaccination
history (including booster doses) and prior infection play
key roles in disease severity and mortality. These were
not considered in our study, which could have led to an
underestimation of the effects of nirmatrelvir/ritonavir.
Third, the KDCA recommend initiating nirmatrelvir/ritonavir
therapy within the first 5 days of symptom onset. Our study
did not incorporate the timing of symptom onset relative to
the COVID-19 diagnosis or the prescription of nirmatrelvir/
ritonavir. Fourth, due to the absence of relevant clinical
information, we could not determine whether the observed
preventive effects against severe/critical illness (including
death) and death alone were attributable to nirmatrelvir/
ritonavir or to the effectiveness of other treatments, such as
monoclonal antibodies. Fifth, while this study analyzed the
effectiveness of nirmatrelvir/ritonavir, it did not collect any
data on the drug’s safety. Consequently, further research
into the safety profile of nirmatrelvir/ritonavir is essential
to provide patients with accurate information and support
informed decision-making.

Conclusion

Our study suggests that treatment with nirmatrelvir/ritonavir
remains effective against COVID-19, even with the emergence
of the BN.1 variant supplanting BA.5. In both subvariant
cohorts, nirmatrelvir/ritonavir treatment was associated
with a reduced risk of severe or critical illness, including
death, compared to those who did not receive treatment.
Consequently, we recommend administering nirmatrelvir/
ritonavir to patients exhibiting COVID-19-related symptoms,
irrespective of the dominant Omicron variant or the patient’s
vaccination status. This approach is likely to lower the risk of
severe or critical illness, decrease mortality, and help control
the spread of COVID-19.
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