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Summary of the article: During the COVID-19 epidemic in South Korea, the broad-spectrum 

antibiotic use was reduced by 14–30%, with a larger impact on children. 
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ABSTRACT 

Background: Early in the COVID-19 pandemic, there was a concern over possible increase in 

antibiotic use due to co-infections among COVID-19 patients in the community. Here, we evaluate 

the changes in nationwide use of broad-spectrum antibiotics during the COVID-19 epidemic in South 

Korea. 

Methods: We obtained national reimbursement data on the prescription of antibiotics, including 

penicillin with beta-lactamase inhibitors, cephalosporins, fluoroquinolones, and macrolides. We 

examined the number of antibiotic prescriptions compared with the previous three years in the 

same period from August to July. To quantify the impact of the COVID-19 epidemic on antibiotic use, 

we developed a regression model adjusting for changes of viral acute respiratory tract infections 

(ARTIs) which are an important factor driving antibiotic use. 

Results: During the COVID-19 epidemic in South Korea, the broad-spectrum antibiotic use dropped 

by 15%–55% compared to the previous 3 years. Overall reduction in antibiotic use adjusting for 

ARTIs was estimated to be 14%–30%, with a larger impact in children. 

Conclusions: Our study found that broad-spectrum antibiotic use was substantially reduced during 

the COVID-19 epidemic in South Korea. This reduction can be in part due to reduced ARTIs as a result 

of stringent public health interventions including social distancing measures. 

Keywords: Antibiotic; COVID-19; respiratory virus; Korea; stewardship; public health measure 
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BACKGROUND 

The spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus, the cause of 

coronavirus disease 2019 (COVID-19), has had an enormous health impact worldwide. Beyond the 

direct health impacts of infection and hospitalization with COVID-19, there is also the possibility of 

impact on other health conditions, and on changes in the use of medications such as antibiotics in 

the community [1]. Widespread changes in antibiotic use would have knock-on effects on 

antimicrobial resistance (AMR) which is a global health problem [2-4]. However, to date, there has 

been limited assessment of the impact of the COVID-19 pandemic on antibiotic use.  

 

In South Korea, the first COVID-19 case was identified on 20 January 2020, and the national public 

health alert was raised to the highest level on 23 February 2020 shortly after a localized outbreak in 

Daegu city [5]. Combined public health measures were implemented to control the spread of COVID-

19 [5] and strict social distancing measures were implemented on 22 March and relaxed on 20 April 

2020 [6]. 

 

As public health measures were implemented, reduced respiratory virus activity was observed 

globally which could lead to a slowdown in antibiotic use [7] and potentially AMR in the community 

[8]. Monitoring nationwide patterns of antibiotic use is thus crucial to evaluate antimicrobial 

stewardship during the COVID-19 pandemic [9]. Here, we aimed to quantify the impact of the 

COVID-19 epidemic on the antibiotic use in South Korea in 2020. To achieve this, we analyzed the 

data on usage of broad-spectrum antibiotics that are commonly used to treat acute respiratory tract 

infections (ARTIs), which include bronchitis, rhinitis, and sinusitis, and their sequelae. 
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METHODS 

Antibiotic prescription data 

We obtained nationwide antibiotic prescribing data between August 2016 and July 2020 from the 

Korean Health Insurance Review and Assessment Service based on reimbursement data from over 

80,000 health care providers in South Korea, covering around 95% of the South Korean population. 

The monthly antibiotic prescription data were classified by the Anatomic Therapeutic Chemical (ATC) 

Classification System for penicillin with beta-lactamase inhibitors (J01CR), cephalosporins (J01D), 

fluoroquinolones (J01MA), and macrolides (J01FA). Data were obtained for different age groups (<5, 

5–19, 20–49, 50–65, and ≥65-year-old) and types of medical institutions (primary clinics, secondary 

and tertiary hospitals). Primary clinics were defined as institutions with fewer than 30 beds that 

mainly provided outpatient care, and secondary hospitals were defined as medical institutions with 

more than 30 beds. Tertiary hospitals were defined as hospitals commonly conducting complicated 

treatment for severe illnesses with more than 100 beds designated by the Korean Ministry of Health 

and Welfare [10]. 

 

Data of hospitalization for acute respiratory virus infections 

The number of patients hospitalized for common viral ARTIs was used as a proxy measure for the 

overall activity of ARTIs, which is known as a major driver of antibiotic use in the community [11]. 

Data were collected from weekly sentinel surveillance reports by the Korea Disease Control and 

Prevention Agency obtained from 196 sentinel hospitals [12]. The clinical samples acquired from 

hospitalized patients were tested according to a consistent protocol, using multiplex polymerase 

chain reaction (PCR) or real-time reverse transcription PCR. Respiratory viruses including human 

adenovirus, bocavirus, parainfluenza virus, respiratory syncytial virus, rhinovirus, metapneumovirus, 
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coronavirus, and influenza virus were tested. Using the extracted hospitalization data, we estimated 

the nationwide rate of patients hospitalized for viral ARTIs per 100,000 individuals.  

 

Statistical Methods 

To examine the effect of the COVID-19 epidemic on antibiotic use, we first compared the pattern of 

antibiotic use during 2019/20 with the preceding 3 years (2016/17, 2017/18, and 2018/19). We 

computed weekly antibiotic use from monthly data by interpolating the splines functions keeping 

the monthly counts the same [13].  We then quantified the change in the weekly use of antibiotics 

comparing the pattern during pre- and post-timing of the highest public health alert (23 February 

2020) for COVID-19 in South Korea [5, 14]. To compare the changes in antibiotic use, we used Welch 

two-sample t-test on the weekly antibiotic use for pre- and post- periods of the highest public health 

alert. Furthermore, to identify the excess number of reductions on weekly antibiotic use, we 

measured the weekly difference of the use between 2016/17 – 2018/19 and 2019/20, and compared 

the difference for the pre- and post-periods of the highest public health alert. We also used a paired 

t-test on the weekly antibiotic use during the months March through July in 2020 and the preceding 

3 years.  

To quantify the impact of the COVID-19 epidemic on antibiotic use accounting for potential change 

in ARTIs, we estimated the overall reduction in antibiotic use during the COVID-19 epidemic by 

estimating the difference of each fitted regression model for the weekly antibiotic use, adjusted for 

viral ARTI hospitalizations. 

As antibiotic use is highly correlated with the activity of viral ARTIs (i.e.   , the number of 

hospitalizations for viral ARTIs at time t) [15], and affected by other extrinsic factors such as the 

COVID-19 epidemic (i.e.   , an indicator variable defined as         for the weeks after declaration 

of the national public health alert (23 February – 31 July 2020) and 0 otherwise), the regression 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab208/6226484 by U

niversity of H
ong Kong Libraries user on 27 July 2021



Acc
ep

ted
 M

an
us

cri
pt

 

6 

 

model was defined as      
     . The    decreases (/increases) over time as the    decreases 

(/decreases) and further modified by    accounting for the effects of the public health measures on 

COVID-19.   and   are the regression coefficients that quantify the effect of COVID-19 epidemic on 

antibiotic use (  ). Simplifying, we constructed a log-linear multivariable regression model as 

                           , where   and   were estimated, and the overall reduction in 

   was estimated using these parameters. 

We conducted similar analyses for different age groups and types of medical institutions. All 

analyses were done in R version 3.6.1 software (R Foundation for Statistical Computing, Vienna, 

Austria).  

 

RESULTS 

We identified a clear seasonal pattern in broad-spectrum antibiotic use in South Korea from 2016–

2019, with a large peak around December and a second peak around April (Figure 1). In 2019/20 the 

pattern was similar until emergence of the COVID-19 epidemic, after which the use of all broad-

spectrum antibiotics dropped substantially compared with the previous 3 years (all p-values < 0.001, 

Table 1). The estimated reduction on weekly antibiotic use in 2019/20 was 178 per 1000 persons for 

penicillin with beta-lactamase inhibitors, 106 per 1000 persons for cephalosporins, 72 per 1000 

persons for macrolides, and 35 per 1000 persons for fluoroquinolones (Table 1). Compared to 

March-July in the previous three years, the use of penicillin with beta-lactamase inhibitors, 

cephalosporins, macrolides, and fluoroquinolones in 2020 were reduced by 54%, 32%, 55%, and 

15%, respectively (Figure 1 and Table 1). Antibiotic use rebounded after strict social distancing 

measures were relaxed in April, but still remained below mean use in the prior years for all broad-

spectrum antibiotics except fluoroquinolones (Figure 1). 
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Hospitalizations for viral ARTIs in 2016/17-2018/19 had a similar seasonal pattern as antibiotic use 

(Figure 2). However, the pattern in 2019/20 was significantly reduced compared with the previous 3 

years (p-value < 0.001, Supplementary Table). In the regression analysis, the COVID-19 epidemic in 

South Korea was associated with a reduction of 30% (95% Confidence Interval [CI], 8%–56%) for 

penicillin with beta-lactamase inhibitors use, 14% (95% CI, 4%–26%) for cephalosporins use, and 14% 

(95% CI, 4%–25%) for fluoroquinolones use. For macrolides, the reduction was 24% (95% CI, -3%–

59%), but this was not statistically significant. 

 

For the use of penicillin with beta-lactamase inhibitors, cephalosporins, and macrolides, similar 

effects were estimated across different age groups, including pre-schoolers (0–5 years; 31%–51%), 

school-aged children (6-19 years: 23%–51%), young adults (20–49 years: 16%–36%), and the elderly 

(above 65 years: a 15-30%) (Table 2). However, the effects on the use of fluoroquinolone were not 

statistically significant for children and adults. For the medical institutions, primary clinics and the 

secondary hospital similarly had reduced antibiotic use of around 16%–46% and 10%–45%, 

respectively. However, the decline was lower at tertiary hospitals (7%–16%) and the changes in 

fluoroquinolones use were not statistically significant at tertiary hospitals (Table 3).  

 

DISCUSSION 

After declaration of the highest public health alert on COVID-19 in South Korea, use of penicillin with 

beta-lactamase inhibitors, cephalosporins, macrolides, and fluoroquinolones dropped by 54%, 32%, 

55%, and 15% compared to prior years. Accounting for reduced ARTI hospitalizations during the 

COVID-19 epidemic in South Korea, the estimated overall reduction on antibiotic use was 14%–30%. 

This result was significant across all broad-spectrum antibiotics except macrolides. However, in the 

different age groups and different types of medical institutions, the overall reduction on macrolides 
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was significantly associated with the COVID-19 epidemic, when adjusted for viral ARTI 

hospitalizations. This suggests that macrolides may be used in a more targeted manner and thus 

were less affected by broad reductions in overall use. 

 

For the overall reduction adjusting for viral ARTI hospitalizations by the different age-groups, the 

changes in the use of fluoroquinolones were not significantly associated with the COVID-19 

epidemic. This is likely to be affected by the narrow indication (e.g. genitourinary infections or 

hospital-acquired infections) on the fluoroquinolone prescription for the children as well as adults. 

This also explains to the non-significance of changes in fluoroquinolone use at the tertiary hospitals.  

We also observed a clear rebound in antibiotic use after relaxing strict social distancing measures in 

each of the antibiotics analyzed. This may have been because strict social distancing measures 

reduced use of medical services resulting in fewer prescriptions for viral ARTIs, which are typically 

unnecessary. However, as we estimated hospitalizations with the ARTIs, and these are unlikely to be 

affected by medical seeking behavior, it is more likely that social distancing measures reduced the 

spread of respiratory viruses, and that relaxing restrictions led to an increase in viral transmission, 

ARTIs and subsequently antibiotic use [16].  

Consistent with the latter theory, in which tertiary hospitals generally have a more stringent 

prescription on broad-spectrum antibiotics, the level of reduction of antibiotic use was lower in 

tertiary hospitals than in other types of medical institutions.  

 

Our findings are similar to a previous report that found reductions in the risk of acquiring and 

spreading respiratory infections during the COVID-19 pandemic through implementation of non-

pharmaceutical measures including hand-washing, face masks, physical distancing, and travel 

restrictions [17]. Our findings also suggested that the implementation of public health measures 
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during the COVID-19 pandemic could lead to reductions in AMR in the community [18]. Because 

patients were less likely to seek care in the outpatient setting (e.g., primary physicians), there were 

fewer opportunities for antibiotics to be prescribed, which should reduce the selection pressure that 

drives AMR. Furthermore, there was no observed increase in the prescribing rate per ARTI patient 

visit suggesting that the pandemic did not erode antimicrobial stewardship efforts for ARTIs 

(Supplementary Figure 1). 

 

Our findings have several limitations. First, since February 2020, the Korean government has 

recommended that all ARTI patients be screened for COVID-19 without cost [19]. Furthermore, 

prescribing requirements were loosened to allow prescriptions to be written through telephone 

consultations without the need for patients to visit a medical facility [20].  However, changes in 

health-seeking behavior during the outbreak in South Korea may have reduced the propensity of 

individuals to seek care for symptoms consistent with upper respiratory symptoms that were not 

COVID-19. Therefore, we used admission data as an explanatory variable in our model, which should 

be somewhat resilient to this effect. The nationwide use of chronic-disease medications remained 

stable during the COVID-19 epidemic (Supplementary Figure 2) suggesting transmission of ARTIs, 

rather than care-seeking was the most likely factor in reduced antibiotic use. Second, we used 

weekly data on antibiotic use, estimated by spline approximation, which may affect the accuracy of 

our weekly estimates. Third, population-level data may not represent the individual level. However, 

a previous cohort study showed a significant association between antibiotic prescribing and 

respiratory virus activity in the population and individual levels [21]. Furthermore, a previous study 

conducted in a single hospital demonstrated that overall antibiotic prescriptions decreased by an 

average of 6.1% early in the COVID-19 pandemic [22], which is consistent with our results. Finally, 

social distancing measures were continuously adjusted based on the evolving situations of COVID-19 

by Korean public health authorities in different administrative regions. In this study, we only 
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assessed the overall impact of these interventions on antibiotic use, but were not able to assess the 

impact of their change over the course of the epidemic. 

 

CONCLUSIONS 

In conclusion, we found a substantial decline in the use of broad-spectrum antibiotics after 

declaration of the highest public alert on COVID-19 in South Korea. Our findings suggested that 

public health control measures including social distancing measures for the COVID-19 pandemic 

could have contributed to disrupting the transmission of all respiratory viruses reducing the number 

of viral ARTIs as well as care-seeking behavior and hence reduced the use of broad-spectrum 

antibiotics. 
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Table 1. Reduction of weekly number of antibiotic prescriptions per 1000 persons during 2019/2020 compared to the corresponding period in the previous 

3 years, South Korea. 

 Estimated reduction in antibiotic use, during pre-and post-timing of COVID-19 

epidemic 

 

Estimated reduction (%) 

in antibiotic use, during 

COVID-19 epidemic vs 

corresponding period in 

2017-2019, with p-

value
#
 

Estimated overall reduction in antibiotic use 

associated with COVID-19 epidemic, % (95% 

CI)
 
 

Broad-spectrum 

antibiotics 

Years Before 23 Feb 

median, (IQR) 

After 23 Feb 

median, (IQR) 

Change (%) 

with p-value
$
 

Excess number 

of reduction with 

p-value
$
 

Unadjusted 

(univariate regression 

model) 

Adjusted
 a 

(multi-variable 

regression model) 

Penicillin with beta-

lactamase inhibitors 

2016/17-

2018/19* 

426.9 

(395.0, 492.8) 

399.9 

(360.1, 510.3) 

-5.7 

(p=0.311) 

- - - - 

2019/20 421.5 

(311.3, 481.7) 

205.5 

(156.6, 239.9) 

-51.0 

(p<0.001) 

178.0 

(p<0.001)  

54.1 

(p<0.001) 

52.7 

(46.6 – 58.1) 

29.5 

(7.8 – 55.5) 

Cephalosporins 2016/17-

2018/19* 

325.0 

(309.9, 355.4) 

322.7 

(305.6, 361.7) 

-1.2        

(p=0.678) 

- - - - 

2019/20 352.2 

(296.1,361.7) 

219.7 

(209.9, 262.1) 

-32.8        

(p<0.001) 

106.3 

(p<0.001) 

31.9 

(p<0.001) 

33.1 

(29.5 – 38.2) 

14.2 

(3.5 – 26.1) 

Macrolides 2016/17-

2018/19* 

120.2 

(108.5, 148.4) 

111.1 

(89.1, 143.2) 

-10.4       

(p=0.144) 

- - - - 

2019/20 139.1 

(94.5, 179.6) 

52.4 

(48.1, 59.5) 

-62.0 

(p<0.001) 

71.9 

(p<0.001) 

54.6 

 (p<0.001) 

60.1 

(54.0 – 65.5) 

24.3 

(-2.5 – 58.5) 

Fluoroquinolones 2016/17-

2018/19* 

44.4 

(42,9, 46.7) 

41.7 

(40.1, 43.9) 

-6.3 

(p<0.001) 

- - - - 
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2019/20 43.4 

(40.1, 46.0) 

35.9 

(34.7, 39.1) 

-18.3 

(p<0.001) 

34.7 

(p=0.002) 

14.8 

(p=0.001) 

16.2 

(12.4 – 19.8) 

13.9 

(3.9 – 24.8) 

CI: Confidence Interval
 

*Mean of antibiotic use during 2017-19. 
$
Welch two-sample t-test. 

#
Paired t-test, p = p-value 

a
Estimated from the regression model adjusted on changes of viral ARTI hospitalization. 
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Table 2. Estimated overall reduction in the weekly number of antibiotic prescriptions per 1000 

persons associated with the COVID-19 epidemic by different age-groups in South Korea.a
 

Broad-spectrum 

antibiotics 

Reduction in antibiotic use per 1000 persons, % (95% CI) 

0 – 5 years 6 – 19 years 20 – 49 years 50 – 64 years  65 years 

Penicillin with 

beta-lactamase 

inhibitors 

39.8 

(43.1 – 63.6) 

39.2 

(24.1 – 54.3) 

30.8 

(15.3 – 46.3) 

27.4 

(11.8 – 43.0) 

20.6 

(5.7 – 35.5) 

Cephalosporins 
31.4 

(15.4 – 47.5) 

22.9 

(8.8 – 36.9) 

15.9 

(2.5 – 29.3) 

16.4 

(2.6 – 30.1) 

14.5 

(0.8 – 28.2) 

Macrolides 
50.5 

(30.6 – 70.4) 

51.0 

(30.5 – 71.4) 

35.7 

(19.2 – 52.2) 

35.5 

(17.8 – 53.2) 

29.9 

(12.4 – 47.4) 

Fluoroquinolones 
†
 

5.8 

(-7.4 – 19.1) 

11.0 

(-2.7 – 24.7) 

12.3 

(-1.6 – 26.2) 

14.1 

(0.1 – 28.1) 

CI: Confidence Interval 

 a
Estimated from the regression model adjusting for viral ARTI hospitalization. 

†
Stable estimate was not available due to the low number of antibiotic use. 
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Table 3. Estimated overall reduction in the weekly number of antibiotic prescriptions per 1000 

persons associated with the COVID-19 epidemic in different types of medical institutions in South 

Korea.a
 

Broad-spectrum 

antibiotics 

Reduction in antibiotic use per 1000 persons, % (95% CI) 

Primary clinics Secondary hospitals Tertiary hospitals 

Penicillin with beta-

lactamase inhibitors 

41.7 

(31.6 – 51.8) 

31.7 

(27.6 – 47.8) 

12.1 

(5.8 – 18.5) 

Cephalosporins 
25.7 

(19.4 – 32.0) 

17.9 

(11.4 – 24.4) 

7.1 

(1.6 – 12.6) 

Macrolides 
45.7 

(33.8 – 57.6) 

45.3 

(31.3 – 59.3) 

16.3 

(7.7 – 24.9) 

Fluoroquinolones 
15.9 

(10.0 – 21.9) 

9.5 

(4.0 – 15.1) 

5.7 

(-0.001 – 11.4) 

CI: Confidence Interval 

 a
Estimated from the regression model adjusting for viral ARTI hospitalization. 
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Figure legends 

Figure 1. Monthly antibiotics use, including (A) penicillin with beta-lactamase inhibitors, (B) 

cephalosporins, (C) macrolides, and (D) fluoroquinolones in South Korea. Points indicate monthly use 

by the year 2016/17, 2017/18, 2018/19, and 2019/20. The red vertical lines indicate declaration of 

the highest public health alert for COVID-19 (23 February 2020), and the blue vertical area depicts 

the period of strict social distancing measures. 

 

Figure 2. The estimated number of hospitalizations for acute respiratory tract infections in South 

Korea, 2016-2020. The red vertical bar indicates declaration of the highest public health alert for 

COVID-19 (23 February 2020), and the blue vertical bar indicates the period with strict social 

distancing measures. 
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Figure_1 
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Figure_2 
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