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a b s t r a c t 

Objectives: We aimed to investigate nationwide trends in respiratory infections during and after the 

COVID-19 pandemic and to evaluate the risk according to the COVID-19 vaccine dose. 

Methods: Using the database, which integrates the insurance claims and vaccination records for the en- 

tire Korean population ( N = 51,6 45,56 4), trends were assessed using SARIMAX models. We assessed as- 

sociations between the doses that have been received until June 1, 2023, and the onset of respiratory 

infections, using Cox hazard and Fine-Gray models. 

Results: Compared with pre-pandemic levels (2017-2019), inuenza like illness (ILI) and pneumonia in- 

cidences dropped by over 90% during 2020-2021, followed by a resurgence of upper respiratory tract 

infection (URI) and common cold in 2023-2024. Pertussis incidence rose 46-fold above expected levels 

in late 2023. Individuals ( ≥4th dose) had lower risks of ILI (adjusted hazard ratio: 0.55 [95% CI: 0.54- 

0.57]) and pertussis (0.06 [0.04-0.08]), but higher risks of URI (1.32 [1.32-1.33]) and common cold (1.63 

[1.62-1.64]), compared with unvaccinated or partially vaccinated. 

Conclusion: With changes in respiratory infection patterns, COVID-19 vaccination may be differentially 

associated with respiratory infections in the post-pandemic era, reecting shifts in population-level im- 

munity and highlighting the need for adaptive public health strategies. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

1. Introduction 

Since the COVID-19 pandemic waves (2020-2022), numerous 

countries have witnessed substantial alterations of public health 

infrastructure, individual hygiene practices, healthcare accessibility, 

and patterns of diseases [ 1–4 ]. As our society has gradually transi- 

tioned into the end of the pandemic, often referred to as the "Post-

COVID," "New Normal," or ‘With-COVID’ (2023-2024), total change 

has lasting implications not only on the healthcare system but also 

on the epidemiology of respiratory infectious diseases. 

∗ Corresponding author: Sang Min Park, Department of Family Medicine, Seoul 

National University Hospital 101, Daehak-ro, Jongno-gu, Seoul, Republic of Korea. 

E-mail address: smpark.snuh@gmail.com (S.M. Park) . 

During the start and height of the pandemic, non- 

pharmaceutical interventions (NPIs) such as mask-wearing, social 

distancing, remote work, and school closures may reduce the 

transmission of various respiratory pathogens such as inuenza 

virus, human rhinovirus, human adenovirus, human respiratory 

syncytial virus , and SARS-CoV-2 [ 5–7 ]. Additionally, restrictions on 

healthcare services and reduced diagnostic tests for non-SARS- 

CoV-2 respiratory infections [ 8 ] contributed to an underreporting 

of cases, resulting in an unprecedented decline in the incidence 

of u, etc. during 2020 and 2021 [ 9–11 ]. Nevertheless, as public 

vigilance against several infections waned in Mid-2022, a notable 

resurgence of respiratory infections was expected. For instance, the 

re-emergence of non-SARS-CoV-2 respiratory infections after Mid- 

2022 has alarmed potential rebound effects following prolonged 
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suppression of pathogen circulation [ 12 , 13 ]. Immune responses 

and pulmonary tissue damage following SARS-CoV-2 infection may 

render individuals more susceptible to other respiratory infections 

[ 14 ]. Furthermore, structural and behavioral changes in the Post- 

COVID era, including improved indoor ventilation standards, early 

surveillance systems, adjustments in border controls, and updated 

governmental policies for infectious disease preparedness, have 

continued to change the pattern and seasonal trend of respira- 

tory diseases after the pandemic. Amid these changes, concerns 

regarding unidentied viral interference and increased population 

susceptibility emerged. An immunity debt, referring to reduced 

population immunity due to decreased exposure to common 

pathogens during the pandemic, is especially relevant to children 

and older adults who may face increased risk of infection or more 

severe clinical outcomes [ 15 ]. Moreover, the administration of 

COVID-19 vaccines may also have altered the seasonality of infec-

tion outbreaks and modulated population-level susceptibility to 

other pathogens than SARS-CoV-2 . Therefore, it is time for studies 

to be carried out to analyze new trends and evaluate the impact 

of vaccines on other respiratory diseases. Understanding this new 

epidemiology of respiratory infectious diseases is essential for 

informing future public health strategies, resource allocation, and 

clinical preparedness against ongoing respiratory disease threats. 

Here, with the entire national cohort ( N = 51,6 45,56 4), our 

study aims to analyze the trends and characteristics of major res- 

piratory infections in the Republic of Korea during the Pandemic 

(2020-2022) and the Post-pandemic (2023-2024) and to assess the 

association between the dose of the COVID-19 vaccine and the on- 

set of major respiratory infections. 

2. Methods 

2.1. Data source and study population 

This retrospective cohort study included the entire Korean pop- 

ulation, utilizing national health insurance data provided by the 

National Health Insurance Service (NHIS; database number: NHIS- 

2024-10-1-045). To facilitate COVID-19 research, the Korea Disease 

Control and Prevention Agency (KDCA), in collaboration with the 

NHIS, developed the K-CoV-N database. Nationwide polymerase 

chain reaction testing for SARS-CoV-2 was conducted across hos- 

pitals and medical centers under KDCA supervision between Jan- 

uary 2020 and May 2023, establishing comprehensive epidemio- 

logical data, including daily SARS-CoV-2-infected cases [ 16 ]. The K- 

CoV-N database integrates epidemiological surveillance data, com- 

plete vaccination records, and health insurance claims data, en- 

abling longitudinal monitoring of clinical outcomes, including res- 

piratory infections, alongside detailed sociodemographic informa- 

tion such as age, sex, and household income [ 17 ]. 

To investigate the incidence of seven major respiratory infec- 

tions, this study analyzed insurance claims for the entire Korean 

population ( N = 51,6 45,56 4) from the K-CoV-N database, with ap- 

proval from the Institutional Review Board (IRB exemption num- 

ber: E-2405-013-1534). Additionally, to assess the association be- 

tween total received dose of COVID-19 vaccine and respiratory in- 

fectious diseases, an analytic cohort ( N = 39,447,030) was con- 

structed, excluding individuals with events of infection within 3 

months prior to the start of observation (June 1, 2023). 

2.2. COVID-19 pandemic and inoculation of COVID-19 vaccine 

(exposure) 

The COVID-19 pandemic was categorized into distinct phases 

based on dominant SARS-CoV-2 variants and corresponding epi- 

demic waves: Origin (January 2020-December 2020), Alpha/Beta 

(January 2020-June 2021), Delta (July 2021-December 2021), and 

Omicron and Sub-variant (January 2022-December 2022) [ 18 , 19 ]. 

The Post-pandemic phase was dened as the years of 2023 and 

2024, coinciding with the termination of national quarantine poli- 

cies and formal COVID-19 patient management programs (June 

2023; Post-COVID). Severity of COVID-19 was operationally de- 

ned by incorporating indicators such as admission to the inten- 

sive care unit, oxygen supplementation, cardiopulmonary resusci- 

tation, and use of extracorporeal membrane oxygenation, based on 

the World Health Organization (WHO) criteria [ 20 , 21 ]. The pre- 

scription of COVID-19-specic therapeutics, including regdanvimab, 

nirmatrelvir, and Paxlovid, along with comorbidities known to im- 

pact disease severity, was also considered to determine the sever- 

ity. 

COVID-19 Vaccines included ChAdOx1 nCov-19, BNT162b2, 

mRNA-1273, Ad26.COV2.S, Novavax, and SKYCovione, as well as 

updated formulations (BNT162b2-BA.1, BNT162b5, and mRNA-

1273.214). Based on the history of the vaccine in the K-COV-N 

database, all participants were classied by the nal received dose 

of COVID-19 vaccine status on June 1, 2023: no and rst dose, sec- 

ond dose, third dose (rst boost shot), and ≥fourth dose. Partici- 

pants were followed up from June 1, 2023, to the end of observa- 

tion (September 30, 2024) or the date of death or events. 

2.3. Outcome: major respiratory infectious diseases 

Outcome was operationally dened with the International Clas- 

sication of Diseases, Tenth Revision (ICD-10) codes: Ⅰ . upper res- 
piratory tract infection (URI, "J00-J06") [ 22 ], Ⅱ . hospitalized pneu- 
monia ("J10-J18," requiring more than 2 days of hospitalization; 

accuracy = ∼96%) [ 23 ], Ⅲ . inuenza like illness (ILI, "J09-J11") [ 24 ], 

Ⅳ . acute nasopharyngitis (common cold, "J00") [ 25 ], Ⅴ . scarlet 

fever ("A38") [ 26 ], Ⅵ . pertussis ("A37") [ 27 ], Ⅶ . tuberculosis 

("A15-A19," "B90," "U84.3," and "U88") [ 28 ], and Ⅷ . COVID-19 

("U07.1" and "U07.2" with the KDCA’s reports) [ 29 ]. Based on the 

operational denition, claims for the above infection from hospi- 

tals were extracted from insurance claim data between January 

2016 and September 2024. If 91 days had elapsed from the pre- 

vious infection (URI, pneumonia, ILI, common cold, scarlet fever, 

pertussis, and COVID-19), it was determined as the new infection 

(re-infection), and if not, the existing infection would continue. The 

time gap to determine a new onset of tuberculosis was used as a 

standard of 182 days. 

2.4. Statistical analysis 

Variables that were considered and included in the regression 

models were selected based on their clinical relevance and statis- 

tical signicance: age (continuous), sex (male or female), income 

level (quartiles), Charlson comorbidity index (continuous), sever- 

ity of COVID-19 (mild or severe among patients with COVID-19), 

phase of initial SARS-CoV-2 infection (origin, alpha/beta, delta, or 

omicron), and intervals between date of last inoculation and start 

date of observation (year, continuous). All citizens in Korea were 

stratied into four age groups for subgroup analyses: children and 

adolescents (0-19 years), young adults (20-39 years), middle-aged 

adults (40-64 years), and older adults ( ≥65 years). 

All statistical analyses were performed using SAS software, ver- 

sion 9.4 (SAS Institute Inc., Cary, NC, USA). Statistics were re- 

ported as frequencies with percentages for categorical variables 

and means with standard deviations for continuous variables. The 

chi-square test and one-way analysis of variance (ANOVA) were 

employed to evaluate differences between groups for categorical 

and continuous variables, respectively. To estimate the pattern or 

seasonal trend during the Pandemic or Post-pandemic, autoregres- 

sive integrated moving average exogenous (ARIMAX) models for 

pertussis and tuberculosis or seasonal ARIMAX (SARIMAX) models 
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Figure 1. Monthly incidence of respiratory infectious diseases in Korea. From January 2016 to September 2024, monthly incidence of respiratory infectious diseases (ICD-10 

codes): upper respiratory tract infection (URI, J00-J06), pneumonia (J10-J18), inuenza like illness (J09-J11), acute nasopharyngitis (common cold, J00), scarlet fever (A38), 

pertussis (A37), tuberculosis (A15-A19, B90, U84.3, and U88), and COVID-19 (U07.1 and U07.2). While the black solid line is the observed incidence, the blue dashed line 

indicates an estimated incidence using autoregressive integrated moving average exogenous (ARIMAX) or seasonal autoregressive integrated moving average exogenous 

(SRIMAX) models with a trend of 2017-2019 and inputs of age, sex, income levels, and Charlson comorbidity index. 

for URI, pneumonia, ILI, common cold, and scarlet fever calculated 

an estimated or expected monthly incidence of each infectious 

diseases, based on the previous incidence (2017-2019) and inputs 

(age, sex, income level, and Charlson comorbidity index). Then, 

comparisons between the monthly observed and estimated inci- 

dence during the periods or phases were performed. Furthermore, 

multivariable Cox proportional hazard regression or Fine-Gray sub- 

distribution hazards model (competing events: all-cause mortal- 

ity) was used to estimate adjusted hazard ratio (aHR) or adjusted 

sub-distribution hazard ratio (aSHR) with corresponding 95% con- 

dence intervals (CIs) and to evaluate the association between the 

dose of vaccine and major respiratory infectious diseases. Statisti- 

cal signicance thresholds ( P -value, two-tailed) were set at ∗< 0.05, 
∗∗< 0.01, and # < 0.001. As one of the solutions for the error of mul- 

tiple comparisons, the Benjamini-Hochberg method was used to 

calculate the adjusted P -value. 

3. Results 

3.1. New trends of respiratory infectious diseases during and after the 

COVID-19 pandemic 

Figure 1 illustrates the monthly observed (black solid line) 

and estimated (blue dashed line) incidence of major respiratory 

infectious diseases during the Pandemic (2020-2022) and Post- 

pandemic periods (2023-2024). During the early COVID-19 pan- 

demic (2020-2021), the monthly incidence of pneumonia, ILI, and 

scarlet fever markedly declined compared to the pre-pandemic 

periods (2017-2019). Especially, the monthly incidence of ILI de- 

creased by more than 90% during the winter season of 2020-2021, 

relative to the expected level that was estimated from SARIMAX 

models ( Table 1 ). During the Post-pandemic period, a resurgence 

of respiratory infections was observed. Notably, infectious cases 

of URI and common cold increased during the winter season of 

2023 and 2024; the ratio of observed and estimated values of com- 

mon cold between January 2023 and September 2024 was approx- 

imately 2.2-fold. While tuberculosis incidence remained stably de- 

creasing throughout the overall period, that of pertussis, initially 

low (N of monthly cases < 100), began rising notably after mid- 

2023. ARIMAX models estimated a 46.1-fold (95% CIs, 2.04-90.2) 

increase in the incidence of pertussis, compared to the expected 

values. Similarly, stratied time series by age groups show that the 

dynamics and seasonality of major respiratory infections such as 

URI, hospitalized pneumonia, and common cold in Korea have sub- 

stantially changed, with lower incidence and re-emerging (Supple- 

mentary Figure 1). Notably, the proportion of the middle-aged (or- 

ange) and older (red) adults increased in pneumonia and ILI during 

the Pandemic (Supplementary Figure 2). Conversely, the proportion 

of children (sky blue) and adolescents (blue) in the ILI increased 

after the COVID-19 pandemic (2023-2024). Supplementary Figure 

3 illustrates the monthly sex ratio of infected cases. 

3.2. Association of the dose of the vaccine and major respiratory 

infections after the pandemic 

Among 39,447,030 individuals included in the analytic cohort, 

the association between the total dose of COVID-19 vaccine on 

June 1, 2023, and the onset of subsequent major respiratory infec- 

tions was evaluated ( Table 2 ). The mean of age ± SD in those who 

were unvaccinated or received only the rst dose (No and 1st dose; 

N = 7,933,859), those who have received with two doses (2nd dose; 

N = 7,551,773), those who have inoculated with the rst boost 

shoot (3rd dose; N = 16,662,259), and those who have received 

four and more doses ( ≥4th dose; N = 7,299,139) were 37.0 ± 24.2, 

38.0 ± 15.0, 47.3 ± 15.9, and 67.1 ± 13.2 years, respectively, with 

substantial differences in age distribution across the groups (Sup- 

plementary Table 1). The number (%) of patients with COVID-19 

was 3,824,829 (48.2%) in No and 1st , 4,423,939 (58.6%) in 2nd dose, 

8,723,256 (52.4%) in 3rd dose, and 3,169,059 (43.4%) in 4th dose. 

Sex ratio (male to female) in No and 1st , 2nd dose, 3rd dose, and 

≥4th dose was 1.18, 1.13, 0.99, and 0.99, in order. Individuals who 

received the four or more doses of COVID-19 vaccine ( ≥4th dose) 

showed a signicantly lower risk of ILI, compared to those who 

were unvaccinated or only partially vaccinated (no and 1st ): the 

aHR in Model 3 = 0.55 (0.54-0.57, adjusted P < 0.001) and aSHR 

for ILI was 0.56 (0.54-0.97, P < 0.001). Similarly, an inverse asso- 

ciation was observed for pertussis. Participants in ≥4th dose had 

a 94% lower risk of pertussis (aHR in Model 3 = 0.06 (0.04-0.08, 

adjusted P < 0.001) and aSHR = 0.06 (0.04-0.08, P < 0.001) com- 

pared to those in No and 1st dose . Conversely, the aHRs for URI 

and common cold in the ≥4th dose were higher than those in 

the 2nd dose; after adjustment (Model 3), the aHRs for URI and 

common cold were 1.32 (1.32-1.33, P < 0.001) and 1.63 (1.62-1.64, 

P < 0.001) in the ≥4th group, respectively. The aHRs for pneumo- 
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Table 1 

Ratio of observed to estimated incidence of respiratory infections. 

Obs. Est. Difference (Obs. - Est.) Ratio (Obs. per Est.) 

Upper respiratory tract infection 

COVID-19 pandemic (January 2020-December 2022) 28,318,005 33,243,495 −4,925,490 0.98 (0.55, 1.42) 

In Delta phase (July 2021-December 2021) 1,797,941 6124,186 −4,326,245 0.41 (0.25, 0.57) 

In Omicron/sub-variant phase (January-December 2022) 18,669,363 11510,037 7,159,326 1.90 (0.68, 3.11) 

Post-pandemic (January 2023-September 2024) 32,908,366 19319,903 13,588,463 1.92 (1.42, 2.43) 

Pneumonia 

COVID-19 pandemic (January 2020-December 2022) 682,927 1730,273 −1,047,346 0.41 (0.34, 0.47) 

In Delta phase (July 2021-December 2021) 92,064 280,976 −188,912 0.36 (0.26, 0.46) 

In Omicron/sub-variant phase (January-December 2022) 272,136 589,805 −317,669 0.49 (0.38, 0.60) 

Post-Pandemic (January 2023-September 2024) 857,140 1019,019 −161,879 0.92 (0.75, 1.08) 

Inuenza Like Illness 

COVID-19 pandemic (January 2020-December 2022) 1,692,345 9019,560 −7,327,215 0.08 (0.01, 0.15) 

In Delta phase (July 2021-December 2021) 5367 1117,027 −1,111,660 0.01 (0.00, 0.01) 

In Omicron/sub-variant phase (January-December 2022) 931,294 3387,157 −2,455,863 0.15 (0.03, 0.33) 

Post-Pandemic (January 2023-September 2024) 4,970,983 5928,136 −957,153 0.88 (0.36, 1.41) 

Common cold 

COVID-19 pandemic (January 2020-December 2022) 9,778,720 9534,016 244,704 1.54 (1.03, 2.05) 

In Delta phase (July 2021-December 2021) 811,241 1274,436 −463,195 1.23 (0.54, 1.92) 

In Omicron/sub-variant phase (January-December 2022) 6,379,630 3531,585 2,848,045 2.68 (1.34, 4.01) 

Post-Pandemic (January 2023-September 2024) 10,721,067 6327,289 4,393,778 2.24 (1.76, 2.72) 

Pertussis 

COVID-19 pandemic (January 2020-December 2022) 227 4835 −4608 0.05 (0.01, 0.09) 

In Delta phase (July 2021-December 2021) 23 827 −804 0.03 (0.01, 0.04) 

In Omicron/sub-variant phase (January-December 2022) 45 1847 −1802 0.02 (0.02, 0.03) 

Post-pandemic (January 2023-September 2024) 191,591 3847 187,744 46.1 (2.04, 90.2) 

Tuberculosis 

COVID-19 pandemic (January 2020-December 2022) 90,843 90,744 99 1.01 (0.98, 1.04) 

In Delta phase (July 2021-December 2021) 14,975 14,482 493 1.03 (0.95, 1.11) 

In Omicron/sub-variant phase (January-December 2022) 26,924 25,115 1809 1.08 (1.01, 1.14) 

Post-pandemic (January 2023-September 2024) 45,682 31,606 14,076 1.47 (1.38, 1.55) 

Estimated (or expected) values were calculated using ARIMAX or SRIMAX models, based on monthly incidences before the COVID-19 pandemic (2017-2019; 3-year. 

Ratio > 1: excess events occurred. 

Abbreviation: Observed (Obs.); Estimate (Est.); Autoregressive integrated moving average exogenous (ARIMAX); Seasonal autoregressive integrated moving average exogenous 

(SRIMAX). 

nia among children and adolescents (0-19 years) and older adults 

( ≥65 years) were 0.46 (0.44-0.49, P < 0.001) and 0.75 (0.73-0.76, 

P < 0.001) in ≥4th dose, respectively, compared to those in 2nd 

dose (Supplementary Table 3) Additionally, the risk of tuberculo- 

sis was reduced by 12% in ≥4th dose; the aHR was 0.88 (0.79-0.98, 

P < 0.05) compared in 2nd dose. Among patients with COVID-19, 

the risk of common cold gradually increased according to more 

dose of vaccine; the aHRs in 2nd , 3rd , and ≥4th dose were 1.05 

(1.03-1.06, P < 0.001), 1.12 (1.10-1.14, P < 0.001), and 1.36 (1.34- 

1.39, P < 0.001), in order, compared to that in No and 1st (Supple- 

mentary Table 2). Notably, regardless of the history of SARS-CoV-2 

infection, the risk of ILI and pertussis gradually reduced when in- 

dividuals received more doses of the vaccine. 

4. Discussion 

Through the retrospective cohort study, a temporary decline fol- 

lowed by a resurgence of URI and common cold was observed dur- 

ing and after the COVID-19 pandemic. In the Post-pandemic period 

(January 2023-September 2024), the risk of URI and common cold 

increased with higher COVID-19 vaccine doses, while ILI and per- 

tussis showed an inverse association, indicating a protective effect. 

These key ndings highlight the divergent trajectories of respira- 

tory infections and their varying associations with vaccination sta- 

tus. 

Our ndings reveal the distinct pattern of respiratory infection 

incidence, including the short-term suppression of URI, pneumo- 

nia, ILI, and pertussis (2020-2022) and the following rise of URI, 

common cold, pertussis, and tuberculosis (2023-2024). The initial 

sharp decline in respiratory infections observed during the early 

phase of the COVID-19 pandemic is consistent with previous in- 

ternational reports [ 30 , 31 ]. Previous studies documented signi- 

cant reductions in inuenza virus and other common respiratory 

viruses during the Pandemic, due to strict NPIs and an abnor- 

mal monitoring system [ 32 , 33 ]. Hidden and undetected infection 

cases may be one of the reasons to decline due to the restric- 

tions on hospital visits and the allocation of medical resources for 

COVID-19 management [ 34 ]. Another important distinction lies in 

the timing and magnitude of resurgence after the Pandemic. While 

some countries would experience immediate rebounds of respi- 

ratory infections following the relaxation (early 2022), our study 

shows a more gradual increase, with pronounced peaks emerging 

during late 2023 and early 2024, potentially reecting differences 

in public health policies, healthcare access, population immunity, 

and spread of SARS-CoV-2 infection. This difference could be par- 

tially explained by Korea’s own national health programs, includ- 

ing mandatory reporting and a national-level vaccination system, 

which persisted despite pandemic disruptions. The relaxation of 

NPIs and immunity debt (reduced population immunity) has cre- 

ated conditions favorable for other respiratory infections [ 35 , 36 ], 

such as damage to mucous membranes and lung tissues caused by 

SARS-CoV-2 infection, the prognosis of excess antibiotic prescrip- 

tion to prevent other infections during treatment for COVID-19, 

and disturbance of or exhaustion of the immune system. Especially, 

disruption of immune homeostasis due to prior SARS-CoV-2 in- 

fection may increase vulnerability to secondary infections [ 37 , 38 ]. 

Thus, these socio- and biological factors together contribute to al- 

tered transmission dynamics of the pathogens and heightened in- 

fection risk during the Post-pandemic era. 

In terms of varying vaccine-associated outcomes, some studies 

have suggested that COVID-19 vaccines may exert indirect protec- 

tive effects against some respiratory pathogens [ 39 , 40 ] by modu- 

lating the host immune response or through behavioral changes 

such as refraining from outdoor activities after the inoculation. Our 
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Table 2 

Association of vaccine history of SARS-CoV-2 with respiratory infections during the post-pandemic periods (2023-2024). 

Vaccine status on June 01, 2023, [dose] 

Pfor trend No and 1st 2nd 3rd ≥4th

Study population, N 7,933,859 7,551,773 16,662,259 7,299,139 

Upper respiratory tract infection 

Events, N (%) 3,678,488 (46.4) 3,692,666 (48.9) 7,830,605 (47.0) 3,145,640 (43.1) 

PY [Year] 7,367,938.0 7,014,610.8 15,824,024.5 7,131,273.0 

Crude HR (95% CIs) 1.00 (Reference) 1.05 (1.05, 1.05) ∗∗∗ 0.99 (0.99, 0.99) ∗∗∗ 0.88 (0.88, 0.89) ∗∗∗

aHR (95% CIs) 

Model 1 1.00 (Reference) 1.09 (1.09, 1.09) ∗∗∗ 1.16 (1.15, 1.16) ∗∗∗ 1.32 (1.32, 1.33) ∗∗∗

Model 2 1.00 (Reference) 1.04 (1.03, 1.04) ∗∗∗ 1.11 (1.10, 1.11) ∗∗∗ 1.28 (1.27, 1.28) ∗∗∗

Model 3 1.00 (Reference) 1.25 (1.24, 1.26) ∗∗∗ 1.36 (1.35, 1.37) ∗∗∗ 1.65 (1.64, 1.67) ∗∗∗ < 0.001 

1.00 (Reference) 1.09 (1.09, 1.09) ∗∗∗ 1.32 (1.32, 1.33) ∗∗∗

Adjusted P -value Reference < 0.001 < 0.001 < 0.001 

aSHR (95% CIs) in Model 3 1.00 (Reference) 1.26 (1.25, 1.27) ∗∗∗ 1.38 (1.37, 1.38) ∗∗∗ 1.68 (1.66, 1.69) ∗∗∗

Pneumonia 

Events, N (%) 996,832 (12.6) 573,188 (7.6) 883,776 (5.3) 342,199 (4.7) 

PY [Year] 9,778,049.3 9,604,102.3 21,496,359.6 9,417,705.1 

Crude HR (95% CIs) 1.00 (Reference) 0.59 (0.58, 0.59) ∗∗∗ 0.40 (0.40, 0.41) ∗∗∗ 0.36 (0.36, 0.36) ∗∗∗

aHR (95% CIs) 

Model 1 1.00 (Reference) 0.71 (0.71, 0.71) ∗∗∗ 0.62 (0.61, 0.62) ∗∗∗ 0.85 (0.84, 0.85) ∗∗∗

Model 2 1.00 (Reference) 0.66 (0.65, 0.66) ∗∗∗ 0.58 (0.58, 0.58) ∗∗∗ 0.82 (0.81, 0.82) ∗∗∗

Model 3 1.00 (Reference) 0.85 (0.84, 0.87) ∗∗∗ 0.78 (0.77, 0.79) ∗∗∗ 1.18 (1.16, 1.21) ∗∗∗ < 0.001 

1.00 (Reference) 0.92 (0.91, 0.92) ∗∗∗ 1.39 (1.38, 1.40) ∗∗∗

Adjusted P -value Reference < 0.001 < 0.001 < 0.001 

aSHR (95% CIs) in Model 3 1.00 (Reference) 0.86 (0.84, 0.87) ∗∗∗ 0.79 (0.77, 0.80) ∗∗∗ 1.20 (1.17, 1.22) ∗∗∗

Inuenza Like Illness 

Events, N (%) 777,053 (9.8) 535,361 (7.1) 743,054 (4.5) 141,548 (1.9) 

PY [Year] 9,876,113.4 9,612,599.6 21,562,774.8 9,533,754.3 

Crude HR (95% CIs) 1.00 (Reference) 0.71 (0.70, 0.71) ∗∗∗ 0.4 4 (0.4 4, 0.4 4) ∗∗∗ 0.19 (0.19, 0.19) ∗∗∗

aHR (95% CIs) 

Model 1 1.00 (Reference) 0.96 (0.96, 0.96) ∗∗∗ 0.83 (0.83, 0.83) ∗∗∗ 0.76 (0.75, 0.76) ∗∗∗

Model 2 1.00 (Reference) 0.87 (0.87, 0.87) ∗∗∗ 0.77 (0.77, 0.77) ∗∗∗ 0.72 (0.72, 0.73) ∗∗∗

Model 3 1.00 (Reference) 0.72 (0.71, 0.73) ∗∗∗ 0.62 (0.61, 0.63) ∗∗∗ 0.55 (0.54, 0.57) ∗∗∗ < 0.001 

1.00 (Reference) 0.86 (0.86, 0.87) ∗∗∗ 0.77 (0.76, 0.78) ∗∗∗

Adjusted P -value Reference < 0.001 < 0.001 < 0.001 

aSHR (95% CIs) in Model 3 1.00 (Reference) 0.72 (0.71, 0.73) ∗∗∗ 0.62 (0.61, 0.63) ∗∗∗ 0.56 (0.54, 0.57) ∗∗∗

Common cold 

Events, N (%) 993,934 (12.5) 819,428 (10.8) 1,735,891 (10.4) 750,674 (10.3) 

PY [Year] 9,780,153.2 9,445,667.6 20,884,470.7 9,092,919.1 

Crude HR (95% CIs) 1.00 (Reference) 0.85 (0.85, 0.86) ∗∗∗ 0.82 (0.82, 0.82) ∗∗∗ 0.81 (0.81, 0.82) ∗∗∗

aHR (95% CIs) 

Model 1 1.00 (Reference) 0.91 (0.91, 0.92) ∗∗∗ 0.99 (0.98, 0.99) ∗∗∗ 1.25 (1.24, 1.25) ∗∗∗

Model 2 1.00 (Reference) 0.89 (0.89, 0.89) ∗∗∗ 0.97 (0.96, 0.97) ∗∗∗ 1.23 (1.22, 1.23) ∗∗∗

Model 3 1.00 (Reference) 1.36 (1.34, 1.38) ∗∗∗ 1.55 (1.53, 1.57) ∗∗∗ 2.22 (2.18, 2.25) ∗∗∗ < 0.001 

1.00 (Reference) 1.14 (1.14, 1.15) ∗∗∗ 1.63 (1.62, 1.64) ∗∗∗

Adjusted P -value Reference < 0.001 < 0.001 < 0.001 

aSHR (95% CIs) in Model 3 1.00 (Reference) 1.37 (1.35, 1.38) ∗∗∗ 1.57 (1.55, 1.59) ∗∗∗ 2.24 (2.20, 2.28) ∗∗∗

Pertussis 

Events, N (%) 7,296 (0.09) 3,007 (0.04) 1,759 (0.01) 428 (0.01) 

PY [Year] 10,542,860.5 10,053,110.8 22,167,825.7 9,648,262.7 

Crude HR (95% CIs) 1.00 (Reference) 0.43 (0.41, 0.45) ∗∗∗ 0.12 (0.11, 0.12) ∗∗∗ 0.06 (0.06, 0.07) ∗∗∗

aHR (95% CIs) 

Model 1 1.00 (Reference) 0.91 (0.87, 0.95) ∗∗∗ 0.42 (0.40, 0.45) ∗∗∗ 0.84 (0.75, 0.94) ∗∗∗

Model 2 1.00 (Reference) 0.81 (0.77, 0.85) ∗∗∗ 0.40 (0.37, 0.42) ∗∗∗ 0.85 (0.76, 0.95) ∗∗∗

Model 3 1.00 (Reference) 0.12 (0.10, 0.16) ∗∗∗ 0.05 (0.04, 0.06) ∗∗∗ 0.06 (0.04, 0.08) ∗∗∗ < 0.001 

1.00 (Reference) 0.39 (0.36, 0.41) ∗∗∗ 0.46 (0.40, 0.53) ∗∗∗

Adjusted P -value Reference < 0.001 < 0.001 < 0.001 

aSHR (95% CIs) in Model 3 1.00 (Reference) 0.12 (0.11, 0.15) ∗∗∗ 0.05 (0.04, 0.06) ∗∗∗ 0.06 (0.04, 0.08) ∗∗∗

Tuberculosis 

Events, N (%) 4,368 (0.06) 3,067 (0.04) 9,736 (0.06) 11,100 (0.15) 

PY [Year] 10,541,496.4 10,051,637.6 22,161,372.4 9,640,946.1 

Crude HR (95% CIs) 1.00 (Reference) 0.74 (0.70, 0.77) ∗∗∗ 1.06 (1.02, 1.10) ∗∗ 2.78 (2.68, 2.88) ∗∗∗

aHR (95% CIs) 

Model 1 1.00 (Reference) 1.07 (1.02, 1.13) ∗∗ 1.00 (0.96, 1.03) 1.01 (0.97, 1.05) 

Model 2 1.00 (Reference) 1.08 (1.03, 1.13) ∗∗ 1.00 (0.96, 1.03) 1.01 (0.97, 1.05) 

Model 3 1.00 (Reference) 1.12 (0.97, 1.29) 1.04 (0.89, 1.21) 1.06 (0.88, 1.28) 0.049 

1.00 (Reference) 0.93 (0.89, 0.97) ∗∗ 0.95 (0.89, 1.02) 

Adjusted P -value Reference 0.190 0.668 0.650 

aSHR (95% CIs) in Model 3 1.00 (Reference) 1.16 (1.01, 1.33) ∗ 1.09 (0.93, 1.27) 1.14 (0.94, 1.37) 

HRs (95% CIs) and P -value were calculated, using the Cox proportional hazards model, with the following adjustments. 

Model 1: age, sex, income level, and Charlson comorbidity index. 

Model 2: Model 1 + COVID-19. 

Model 3: Model 2 + severity, phase of infection, interval between last inoculation and May 31, 2023. 

SHRs (95% CIs) and P -value were calculated, using the Fine-Gray sub-distribution hazards model (mortality as competing event), with the adjustments (Model 3). 

Abbreviation: number (N); Person year (PY); hazard ratio (HR); adjusted hazard ratio (aHR); condence intervals (CIs); adjusted sub-distribution hazard ratio (aSHR). 
∗ Unadjusted P -value: < 0.05/Adjusted P -value, using Benjamini-Hochberg method. 
∗∗ Unadjusted P -value: < 0.01/Adjusted P -value, using Benjamini-Hochberg method. 
∗∗∗ Unadjusted P -value: < 0.001/Adjusted P -value, using Benjamini-Hochberg method. 
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results align with these observations, potentially showing an in- 

verse association between the number of COVID-19 vaccine doses 

and the onset of ILI and pertussis. The inverse association of 

COVID-19 vaccination with ILI and pertussis might be explained by 

immune system priming. COVID-19 vaccines, particularly platforms 

of mRNA, virus-driven materials, or adjuvants, have been shown to 

stimulate innate immune responses, potentially enhancing antiviral 

and antibacterial defenses [ 41 ]. Additionally, individuals who ad- 

here to vaccination schedules may also engage more rigorously in 

other protective health behaviors, such as inoculation for seasonal 

inuenza vaccination [ 42–44 ]. Despite these similarities, however, 

our study also revealed notable deviations from prior ndings. In- 

terestingly, we observed that the risk of URI and common cold in- 

creased in proportion to the number of COVID-19 vaccine doses 

received. This nding contrasts with earlier hypotheses proposing 

that COVID-19 vaccination might confer broad nonspecic protec-

tion against other respiratory viruses. Since the demographic na- 

ture of vaccinated individuals, such as age and the interests of in- 

dividual health care, greatly differed, the positive relationship be- 

tween higher vaccine doses and increased risk of URI and common 

cold may reect age-related confounding. Older adults, who were 

more likely to receive booster doses, are inherently at higher risk 

for respiratory infections due to immune-senescence and underly- 

ing comorbidities. Although multivariable adjustments and strat- 

ied analysis were done, residual confounding cannot be com- 

pletely solved. Nevertheless, several biological mechanisms may 

underlie the observed associations between COVID-19 vaccination 

status and respiratory infection risk. Pandemic-driven changes in 

pathogen circulation patterns and viral interference may have con- 

tributed. Suppression of one respiratory virus can sometimes fa- 

cilitate the spread of others through the ecological niche model. 

For example, suppression of the inuenza virus during the pan- 

demic may have altered competitive dynamics among respiratory 

pathogens. Furthermore, alterations in mucosal immunity due to 

prolonged periods of reduced pathogen exposure may have ren- 

dered populations more susceptible to certain infections once pub- 

lic health restrictions were lifted [ 45 ]. This mechanism likely con- 

tributed to the observed rebound in URI and common cold inci- 

dence, particularly among younger individuals who had limited ex- 

posure to common pathogens during the pandemic. 

This study has several limitations. First, although this retrospec- 

tive cohort study provides novel evidence on the potential asso- 

ciations of COVID-19 vaccine doses with the onset of several res- 

piratory infections, our ndings should be interpreted as associa- 

tive in the absence of immunologic and clinical biomarkers. Since 

the mechanisms underlying these heterogeneous results remain 

unclear, further immunologic, epidemiologic, and laboratory-based 

investigations are warranted to clarify and conrm these associa- 

tions among different populations. Next, as we utilized a nation- 

wide cohort encompassing all insurance claims data in Korea, di- 

agnostic accuracy may be affected by potential miscoding or lim- 

itations inherent to claims-based operational denitions. Notably, 

young and middle-aged adults may be less likely to visit the hospi- 

tals for mild symptoms of common cold or ILI, which could lead to 

an underestimation of the incidence of URI, common cold, and ILI 

due to unrecorded claims. Moreover, despite adjusting for multiple 

covariates, residual confounding effects, particularly related to age 

and behavioral factors, may persist. While both crude and adjusted 

risks were presented across population groups, further methods 

to solve the heterogeneity, such as matching or weighting, could 

not be feasibly implemented due to substantial differences in de- 

mographic and clinical characteristics between vaccination groups. 

Additionally, vaccination status was classied solely based on the 

number of doses received, without accounting for vaccine type, in- 

tervals between doses, or episodes of inoculation and SARS-CoV-2 

infection, all of which may inuence susceptibility to other infec- 

tions. Finally, as this was an observational study, causal inferences 

between COVID-19 vaccination and the risk of subsequent respira- 

tory infections cannot be denitively established. 

In conclusion, this retrospective cohort study provides robust 

evidence of dynamic changes in respiratory infection patterns dur- 

ing and after the COVID-19 pandemic in Korea. While COVID-19 

vaccination appears to confer partial protection against certain res- 

piratory infections, such as ILI and pertussis, a paradoxical increase 

in the risk of URI and common cold with higher vaccine doses 

was noted. These ndings identify the complex interplay between 

vaccination, immunity, and pathogen ecology in the post-COVID 

era and highlight the need for tailored public health strategies to 

manage respiratory infections in a transitioning global health land- 

scape. 
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