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a b s t r a c t 

This study investigated the impact of the COVID-19 pandemic on antimicrobial use (AU) trends in Japan 

in 2020 and explored its potential effects on appropriate AU. Using nationwide antimicrobial sales data, 

we examined the annual and monthly trends in AU from 2016–2020 according to the AWaRe classifica- 

tion (Access and Watch categories) and administration route (oral and injectable). To analyze the possible 

impact of the COVID-19 pandemic on AU, seasonal autoregressive integrated moving average (SARIMA) 

models were used to predict AU in 2020 (based on the trends from 2016–2019) under the assumption 

that the pandemic did not occur. We observed a substantial reduction in AU in 2020 compared with pre- 

ceding years. In addition, the reductions in AU for total antimicrobials and Watch category antimicrobials 

were greater than predicted regardless of administration route. These results suggest that the COVID-19 

pandemic contributed to the observed reductions in AU, but it is also possible that the changes reflect 

recent effort s to improve AU. Continued AU surveillance and research are needed to optimize prescribing 

practices through appropriate antimicrobial stewardship. 

© 2022 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/ ) 
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The COVID-19 outbreak in China at the end of 2019 had spread 

o Japan by early 2020. The surge in infected cases may have pre- 

ipitated behavioral changes among physicians and patients, in- 

luding increased unnecessary antimicrobial use (AU) that could 

romote antimicrobial resistance (AMR). 

The number of new COVID-19 cases per day increased to 

ver 1,600 at the end of July, plateaued for a few months, and 

hen began to increase again until it reached a maximum of ap- 

roximately 8,0 0 0 at the end of 2020 ( Figure 1 ) ( Ministry of

ealth, 2021 ; Global Change Data Lab, 2021 ). During 2020, there 

as a notable reduction in the incidences of other infectious 

iseases ( Ministry of Health and National Institute of Infectious 

iseases, 2020 ; National Institute of Infectious Diseases, 2021a ; 

ational Institute of Infectious Diseases, 2021b ), which may be at- 

ributable to COVID-19-related behavioral restrictions, widespread 
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mplementation of infection control measures (eg, improved hand 

ygiene and increased mask usage), fewer visits to hospitals and 

linics, and a decrease in the number of surgeries ( Shin et al . ,

020 ). This resulted in an expected decline in AU. However, it 

s also possible that the fear of bacterial complications in pa- 

ients with COVID-19 could have induced an increase in indiscrimi- 

ate broad-spectrum AU. AU surveillance has been conducted since 

013, and the use of antimicrobial agents in Japan overall had been 

ecreasing until 2020 (particularly from 2016) ( Government of 

apan, 2016 ; Kusama et al., 2021 ), although there was a slight in-

rease until 2016. In 2016, the National Action Plan on AMR and 

he Manual of Antimicrobial Stewardship were published, which 

ay have changed the AU trend. Thus, although AU in Japan de- 

reased from 2013–2019 owing to the widespread implementation 

f AMR measures, the COVID-19 pandemic may have altered this 

rend. 

This study aimed to descriptively assess the impact of the 

OVID-19 pandemic on AU trends in Japan and to explore its po- 

ential effects on appropriate AU. 
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Figure 1. Monthly changes in total antimicrobial use from 2016 to 2020 and daily new confirmed COVID-19 cases in Japan in 2020. (A) The line graph shows the monthly 

antimicrobial use for each of the 5 years from 2016 to 2020. The lines indicate drug utilization standardized by defined daily dose (DDD) per population and drug or by DID 

(DDDs/1,0 0 0 inhabitants/day). DDD values from January 1, 2021, were used. Population data were based on estimates published every year on October 1 by the Statistics 

Bureau of the Japanese Ministry of Internal Affairs and Communications. (B) The bar graph shows the daily numbers of new confirmed COVID-19 cases in Japan in 2020, 

which were obtained from the Our World in Data website ( Global Change Data Lab, 2021 ). 
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ethods 

ata source 

Systemic antimicrobial sales data for oral and injectable an- 

ibiotics were acquired from IQVIA Japan K.K. (Tokyo, Japan). 

hese data encompass over 99% of wholesale pharmaceutical sales 

hroughout Japan. Data from 2016–2020 were obtained for analy- 

is. IQVIA is a multinational company that collects sales data on 

 national level, covering the ethical pharmaceuticals market with 

igh accuracy since 2016. The data include all of the basic in- 

ormation required for market analysis, from the value of phar- 

aceutical sales to the number of units, market share, and per- 

entage change. We have previously used these sales data to es- 

imate AU because of their wide coverage and ease of acquisition 

 Kusama et al . , 2019 ). Although sales data do not always reflect ac-

ual AU practices in healthcare settings and, therefore, do not dis- 

inguish between inpatient and outpatient settings, their accessi- 

ility and simplicity have led to their widespread use in estimating 

U in high-income and low-income countries alike ( Jackson et al . , 

019 ). 

U estimation 

Antimicrobial drugs were identified using the J01 code of the 

natomical Therapeutic Chemical classification system established 

y the World Health Organization ( WHO Collaborating Centre for 
14 
rug Statistics Methodology, 2019 ). Population-standardized AU 

as estimated using the defined daily dose (DDD) per 10 0 0 in- 

abitants per day (DID). The DDD for each drug was obtained 

rom data published on January 1 st , 2021 ( WHO Collaborating Cen- 

re for Drug Statistics, 2021 ). Population data were based on esti- 

ates published every year on October 1 by the Statistics Bureau 

f the Japanese Ministry of Internal Affairs and Communications 

 Statistics Bureau of Japan and National Statistics Center, 2020 ; 

tatistics Bureau of Japan, 2021 ). 

nalysis 

We evaluated the temporal trends in AU in 2020 and compared 

hese trends with those from 2016–2019. Next, we assessed the 

mpact of the COVID-19 pandemic by comparing the actual AU in 

020 with the corresponding predicted AU under the hypothetical 

ondition that the pandemic did not occur. Predicted values were 

btained using seasonal autoregressive integrated moving average 

SARIMA) models based on data from 2016–2019. We calculated 

0% and 95% confidence intervals for each month of the predicted 

alue for 2020. In the monthly data, we compared the empirical 

alue with the lower limit of the 95% confidence interval of the 

redicted value. An empirical value lower than the lower limit of 

he confidence interval derived from the model was regarded as a 

ubstantial difference. AU was evaluated according to the AWaRe 

lassification system ( Hsia et al., 2019 ) and administration route 

ie, injection and oral) to assess the appropriateness of use. Be- 
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Table 1 

Annual antimicrobial use from 2016 to 2020 according to AWaRe 

classification and administration route 

2016 2017 2018 2019 2020 

Injectable 

Access category 0.29 0.30 0.31 0.28 0.26 

Watch category 0.61 0.61 0.62 0.67 0.56 

Oral 

Access category 1.52 1.57 1.72 1.94 1.88 

Watch category 11.53 10.69 10.08 9.69 7.22 

The values are drug utilization standardized by defined daily dose 

(DDD) per population and drug or by DID (DDDs/1,0 0 0 inhabi- 

tants/day). The Access and Watch categories of the AWaRe classifica- 

tion system were analyzed. DDD values from January 1, 2021, were 

used. Population data were based on estimates published every year 

on October 1 by the Statistics Bureau of the Japanese Ministry of 

Internal Affairs and Communications. 
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ause the Access and Watch categories of the AWaRe system ac- 

ount for more than 95% of the total AU in Japan ( AMR Clinical

eference Center, 2021 ), we analyzed antimicrobials only within 

hese 2 categories and did not include those from other categories 

ie, Reserve, Not Recommended, and Unclassified). All data man- 

gement and statistical analyses were conducted using R version 

.0.0 (R Foundation for Statistical Computing, Vienna, Austria). 

thical considerations 

This study did not require an ethical review owing to the use of 

nonymized sales volume data and the absence of human subjects. 

esults 

nnual and monthly trends in AU 

Table 1 shows the annual AU in Japan from 2016–2020. We ob- 

erved a general decline in the use of oral antimicrobials, especially 

hose classified in the Watch category (9.69 DID in 2019 to 7.22 

ID in 2020). Overall, AU was substantially lower in 2020 than in 

he previous 4 years. In addition to these annual trends, we also 

nalyzed the monthly trends in AU ( Figure 1 ). Notably, there was a

udden drop in AU in May 2020 that was not observed during the 

ame month in previous years. 

The AU trends according to the AWaRe classification and ad- 

inistration route are presented in Figures 2 and 3 . There were 

ecreases in AU for both injectable and oral antimicrobials in 2020: 

njectable antimicrobials decreased from 1.10 DID in April to 0.59 

ID in May, and oral antimicrobials decreased from 10.6 DID in 

pril to 6.62 DID in May. Similarly, there were decreases in AU 

or both Access and Watch category antimicrobials in 2020: Access 

ategory antimicrobials decreased from 2.36 DID in April to 1.56 

ID in May, and Watch category antimicrobials decreased from 

.14 DID in April to 5.52 DID in May. 

omparison of actual AU and predicted AU 

We compared the actual values with the lower limits of the 

5% confidence intervals of the predicted values in the monthly 

ata on the line graph ( Figure 2 ). In 8, 9, and 8 months, the actual

alues were below the lower limit of the predicted values for Ac- 

ess and Watch category antimicrobials among oral antimicrobials 

 Figure 2 A and B) and Watch category antimicrobials among in- 

ectable antimicrobials ( Figure 2 E), respectively. In contrast, Access 

ategory antimicrobials for injectable antimicrobials ( Figure 2 D) 

howed a close match between the predicted and measured val- 

es in all months. 
15 
We analyzed the temporal trends in AU using boxplots of actual 

alues and predicted values from the SARIMA models ( Figure 3 ). 

mong the oral antimicrobials, the median AU for Access category 

ntimicrobials in 2020 did not increase as much as predicted and 

as similar to 2019 values ( Figure 3 A); however, the median AU 

or Watch category antimicrobials in 2020 decreased more than 

redicted ( Figure 3 B). Among the injectable antimicrobials, the me- 

ian AU for Access category antimicrobials in 2020 was in line with 

he predicted values ( Figure 3 D), but the median AU for Watch cat- 

gory antimicrobials in 2020 was lower than predicted ( Figure 3 E). 

verall, the median AU for total antimicrobials in 2020 decreased 

ore than predicted ( Figure 3 C and F). 

iscussion 

To assess the possible impact of COVID-19 on AU in Japan, we 

sed SARIMA models to predict the AU values in 2020 under the 

ssumption that the pandemic did not occur. By comparing these 

redicted values with their corresponding measured values, we 

ound that the AU for total antimicrobials and Watch category an- 

imicrobials was lower than predicted. Moreover, the rate of re- 

uction in AU in 2020 exceeded the downward trend that had oc- 

urred until 2019 and closely approached the target set by the Na- 

ional Action Plan on AMR in 2016 ( Government of Japan, 2016 ). 

In the United States, which has shown a substantially higher 

umber of COVID-19 cases per population than Japan, a study 

eported a similar decrease in AU during the pandemic; this 

ight have been owing to changes associated with COVID-19, in- 

luding fewer outpatient visits and increased infection prevention 

easures (eg, social distancing and mask wearing) ( Chua, Vol- 

rman, and Conti, 2021 ). The same may be true for Japan. In- 

eed, the Japanese government reported reductions in the inci- 

ences of other infections, especially viral infections caused by in- 

uenza viruses and respiratory syncytial virus ( Ministry of Health 

nd National Institute of Infectious Diseases, 2020 ; National In- 

titute of Infectious Diseases, 2021a ; National Institute of Infec- 

ious Diseases, 2021b ). These lower incidences may have reduced 

he need for outpatient consultations and hospital visits. If such 

iral infections had occurred in previous years and antimicro- 

ials had been erroneously prescribed for their treatment, this 

ould have resulted in higher levels of inappropriate AU. There- 

ore, the COVID-19 pandemic may have indirectly reduced the 

umber of unnecessary consultations and antimicrobial prescrip- 

ions, thereby leading to a general decrease in AU. In this way, 

he observed reduction in AU would not necessarily reflect an ac- 

ual improvement in appropriate AU. If this is indeed the case, the 

ational Action Plan on AMR’s targeted reduction in AU might be 

chieved by further reducing inappropriate use (ie, promoting ap- 

ropriate use) as well as by reducing the number of unnecessary 

onsultations. 

A strength of this study is that we did not simply observe an- 

ual trends in AU but instead, we predicted AU based on previous 

nnual trends and compared it with the actual AU. Furthermore, 

he study used recent data that included AU trends up to the end 

f 2020. In addition, the analysis was conducted using national- 

evel data that covered almost all antimicrobials sold in Japan. 

Our results showed that the actual AU in 2020 was lower 

han the predicted values calculated using the SARIMA models. 

mong the AWaRe categories, the use of Access category antimi- 

robials, which are less commonly prescribed in Japan than in Eu- 

ope ( Muraki et al., 2016 ), had increased. In contrast, the use of 

atch category antimicrobials had decreased. These are desirable 

hanges, and it is hoped that such improvements will be main- 

ained. 

The observed reduction in AU in 2020 was likely owing to 

he COVID-19 pandemic, which led to a decline in hospital vis- 
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Figure 2. Monthly changes in antimicrobial use from 2016 to 2020 and predicted antimicrobial use in 2020 according to the AWaRe classification and administration route. 

Solid lines and black circles show the actual monthly antimicrobial use from 2016 to 2019, while dashed lines and white circles show the predicted monthly antimicrobial 

use for 2020. The 95% and 80% confidence intervals (CIs) of the predicted values are provided. For 2020, black circles show the actual monthly antimicrobial use. The lines 

indicate drug utilization standardized by defined daily dose (DDD) per population and drug or by DID (DDDs/1,0 0 0 inhabitants/day). The Access and Watch categories of the 

AWaRe classification system were analyzed. (A) Access category oral antimicrobials, (B) Watch category oral antimicrobials, (C) Total oral antimicrobials, (D) Access category 

injectable antimicrobials, (E) Watch category injectable antimicrobials, and (F) Total injectable antimicrobials. DDD values from January 1, 2021, were used. Population data 

were based on estimates published every year on October 1 by the Statistics Bureau of the Japanese Ministry of Internal Affairs and Communications. 

Figure 3. Annual changes in antimicrobial use from 2016 to 2020 and predicted antimicrobial use in 2020 according to the AWaRe classification and administration route. 

The gray boxplots show the actual antimicrobial use for each of the 5 years from 2016 to 2020, and the white boxplots show the predicted antimicrobial use for 2020 

under the assumption that the COVID-19 pandemic did not occur. The horizontal line inside each box indicates the median value, and the upper and lower edges indicate 

the quartile ranges. The black dots are outliers. The Access and Watch categories of the AWaRe classification system were analyzed. (A) Access category oral antimicrobials, 

(B) Watch category oral antimicrobials, (C) Total oral antimicrobials, (D) Access category injectable antimicrobials, (E) Watch category injectable antimicrobials, and (F) Total 

injectable antimicrobials. 

16 
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ts and lower incidences of other infectious diseases. However, AU 

ad been decreasing every year before 2020, which might reflect 

n increase in antimicrobial stewardship measures following the 

ational Action Plan on AMR. Antimicrobial stewardship efforts 

hould be supported through the continuous evaluation of appro- 

riate AU by comparing predicted values (calculated using SARIMA 

odels) with actual values. Events with immense social impact, 

uch as the COVID-19 pandemic, can bring about unexpected sit- 

ations. To promote appropriate AU in the future, it is necessary to 

nderstand the reasons for the observed decline in AU, including 

nitiatives to increase appropriate AU or other underlying factors 

ith unintended consequences. In addition to the use of predic- 

ive models, the consistent monitoring of AU is also essential for 

mproving prescribing practices. 

This work has several limitations. First, the study was con- 

ucted using only antimicrobial sales data without any patient- 

evel clinical information. Therefore, the search for AU-related fac- 

ors was limited to descriptive analyses. For instance, telehealth 

an be regarded as one of the factors with a substantial impact 

n antibiotic prescription, but it was not implemented until 2020 

n Japan. Therefore, its impact on antimicrobial sales is not known. 

he predictions for 2020 are based on data up to 2019, which did 

ot include telehealth. Accordingly, its impact was not considered 

n our model. Second, we were unable to assess the appropriate- 

ess of AU with our dataset. Further studies may resolve these is- 

ues by merging sales data with clinical data or by incorporating 

ndicators such as trends in mortality and serious diseases. Third, 

he analysis may be strengthened by a longer study period, which 

ight provide greater insight into AU trends before 2020. Despite 

hese limitations, this study benefitted from being able to assess 

ationwide AU in Japan using recent data that included the en- 

irety of 2020. 

In summary, the fact that AU has declined is, in itself, a promis- 

ng change because it shows that there is potential for further re- 

uctions. It will be important to keep a close eye on whether this 

eduction is only temporary or if it can be sustained. Further re- 

earch is needed to clarify the factors behind this reduction and to 

nsure that it leads to more appropriate AU. 
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