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A B S T R A C T   

The impact of the COVID-19 pandemic on the incidence of microbial infections and other metrics related to 
antimicrobial resistance (AMR) has not yet been fully described. Using data from Japan Surveillance for Infection 
Prevention and Healthcare Epidemiology (J-SIPHE), a national surveillance database system that routinely 
collects clinical and epidemiological data on microbial infections, infection control practices, antimicrobial use, 
and AMR emergence from participating institutions in Japan, we assessed the temporal changes in AMR-related 
metrics before and after the start of the COVID-19 pandemic. We found that an apparent decrease in the inci
dence of microbial infections in 2020 compared with 2019 may have been driven primarily by a reduction in bed 
occupancy, although the incidence showed a constant or even slightly increasing trend after adjusting for bed 
occupancy. Meanwhile, we found that the incidence of Streptococcus pneumoniae dramatically decreased from 
April 2020 onward, probably due to stringent non-pharmaceutical interventions against COVID-19. Antimicro
bial use showed a weak increasing trend, while the use of hand sanitiser at the included medical institutions 
increased by about 50% in 2020 compared with 2019.   

Antimicrobial resistance (AMR) is a pressing global public health 
threat that has been listed as a top-priority challenge by the World 
Health Organization (WHO) [1]. Since the adoption of the Global Action 
Plan on Antimicrobial Resistance in 2015 [2], member states have 
developed and implemented local action plans that involve monitoring 
and management of AMR as well as education. As part of these efforts, a 
national surveillance database system—Japan Surveillance for Infection 
Prevention and Healthcare Epidemiology (J-SIPHE)—was launched in 
Japan in 2017 to collect clinical and epidemiological data related to 
microbial infections, infection control practices, antimicrobial use, and 
AMR emergence from participating institutions nationwide [3]. 

The COVID-19 pandemic that emerged in 2020, which is still 
ongoing as of this writing, has had a significant impact on many aspects 
of healthcare. Concerns have been raised since the early days of the 
pandemic that the AMR situation may be exacerbated by the spread of 

COVID-19 due to administration of antimicrobials in COVID-19 patients, 
suboptimal usage due to a strained health care system, supply chain 
issues, disrupted vaccine programmes, and so on [4]. Meanwhile, 
physical distancing and personal precaution measures may limit the 
spread of AMR during the pandemic. Although a few studies have re
ported changes in antimicrobial use, AMR, and the incidence of micro
bial infection in various countries during the COVID-19 pandemic [5–7], 
there is still a limited body of literature on the time trend of AMR-related 
metrics before and after the emergence of COVID-19. 

To close this gap in the literature, we performed a time-series anal
ysis of microbial infections and related indices in Japan from January 
2019 to January 2021 using the J-SIPHE database. We analysed 328 
institutions (a total of 135,699 hospital beds as of January 2019) that 
reported their bed occupancy data throughout the study period and 
assessed the changes in metrics over time. We found a significant 
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decrease in the overall incidence of infections in hospitalised patients 
from February to May 2020 (which coincided with the outbreak of 
COVID-19 outbreak in Japan and the declaration of a state of emer
gency) compared with the mean incidence for 2019 (Fig. 1A). However, 
bed occupancy (i.e., the total number of hospitalisation days divided by 
the number of beds) also significantly decreased during this period and 
thereafter (Fig. 1B), which may reflect a change in healthcare-seeking 
behaviour and the cancellation of non-urgent hospitalisations. When 
bed occupancy was adjusted for, the incidence rate per person per 
hospitalisation day remained mostly constant throughout the study 
period, although a slight but non-significant increase was observed in 
June–October 2020 (Fig. 1C). 

We also analysed the incidence of three selected microbial species: 
Staphylococcus aureus and Escherichia coli as major infectious agents in 
healthcare settings [8] and Streptococcus pneumoniae as the most com
mon cause of community-acquired pneumonia [9] (Fig. 1D). The inci
dence of S. aureus and E. coli did not show a major temporal change after 
the start of the COVID-19 pandemic. Meanwhile, the slight increase in 
overall infections shown in Fig. 1C may be attributable to E. coli, which 
shows a similar pattern, rather than to S. aureus. In contrast, the inci
dence of S. pneumoniae dropped significantly from April 2020 onward. 
Significant declines in the incidence of respiratory infectious diseases 
were reported in 2020 and were associated with nonpharmaceutical 
interventions such as mask wearing, hand hygiene, and social re
strictions implemented during the pandemic [10]; the observed decrease 
in the incidence of S. pneumoniae infections shown in Fig. 1D is consis
tent with those previously reported changes. 

Antimicrobial use measured in antimicrobial use density (i.e., anti
microbial use per bed occupancy normalised by the defined daily dose) 
[11] showed a weak increasing trend in 2020 (Fig. 2A). Institutional 

hand sanitiser use increased by about 50% in 2020 compared with 2019 
(Fig. 2B); however, because there was also a weak increasing trend in 
hand sanitiser use at the end of 2019, some of the increase in 2020 may 
be attributable to changes not necessarily associated with the COVID-19 
pandemic. The time trend in the selected antimicrobial-resistant strains, 
methicillin-resistant S. aureus, quinolone-resistant E. coli, and 
penicillin-resistant S. pneumoniae, showed similar trends to the overall 
incidence of each species (Fig. 2C). 

Our results suggested that the apparent decrease in the incidence of 
microbial infections in 2020 was likely driven primarily by the decrease 
in bed occupancy and that the incidence of these infections was rather 
constant or even slightly increased after adjusting for bed occupancy. 
The major microbial species S. aureus and E. coli did not show a major 
change in incidence between 2019 and 2020, whether analysing all or 
only the antimicrobial-resistant strains, whereas the incidence of 
S. pneumoniae dramatically decreased in April 2020 onward as stringent 
non-pharmaceutical interventions against COVID-19 were being 
implemented. In sum, the impact of the COVID-19 pandemic on mi
crobial infections may have been limited mostly to the decrease in bed 
occupancy and the prevalence of respiratory-associated pathogens but 
not necessarily to the prevalence of general pathogens. We did not find 
evidence of a major change in antimicrobial use per bed occupancy 
associated with the COVID-19 pandemic. The national antimicrobial 
sales data showed a 20% reduction between 2019 and 2020 [12], which 
may have been driven by reduced hospitalizations but not necessarily by 
changes in clinical practice. The use of hand sanitiser at medical facil
ities increased significantly, but its impact on the incidence of microbial 
infections was unclear. 

It should be noted that our analysis was based on aggregated data at 
the institutional level and thus did not allow for detailed investigations 

Fig. 1. Relative change in monthly incidence of microbial infections by institution (A) Monthly incidence of all infections; (B) Monthly bed occupancy; (C) 
Incidence rate per bed occupancy; (D) Incidence rate per bed occupancy by selected species. Institution-level outcome variables (shown in grey lines) were sum
marised as a monthly mean of relative values, where the yearly average over January–December 2019 was used as a baseline (relative value of 1). Red lines in (A)– 
(C) and coloured lines in (D) indicate the mean and 95% confidence interval among the included institutions. 
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of temporal changes and their possible causes that require individual- 
level records (e.g., age-stratification, cause of hospitalisation, underly
ing health conditions). This also means that some of reported organisms 
can be regarded as colonization then therefore there is a potential 
overestimation of the incidence to some extent. Because not all out
comes are necessarily reported by the included institutions, some of the 
results may be subject to selection bias. The majority of the detected 
microbial infections included in the dataset were bloodstream in
fections, which may not necessarily be representative of prevalence in 
other infection sites. Moreover, our analysis was limited to inpatient 
settings and may not be generalizable to outpatient settings, although 
similar trends (i.e., no change in S. aureus or E. coli and a decrease in 
S. pneumoniae) were reported in outpatient settings between 2019 and 
2020 [13]. Regardless, the observed patterns of the impact of the 
COVID-19 pandemic on AMR-related metrics—in particular, the rela
tively stable per-bed incidence of microbial infections except for 
S. pneumoniae despite various social and epidemiological impacts asso
ciated with the pandemic—might provide potential clues for the future 
planning of AMR management. 
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