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Abstract

Objectives: The Japan Surveillance for Infection Prevention and Healthcare Epidemiology

(J-SIPHE) system aggregates information related to antimicrobial resistance (AMR)

measures. We aimed to investigate the correlation between antibiotic use and antibiotic

resistance at a university hospital from 2013 to 2021 in a time series analysis using this

system. We also studied this correlation in each ward (inter-ward analysis).

Methods: Data on antibiotic use and resistance rates were collected from J-SIPHE system,

except for the resistance rate in each ward, which was calculated from the source data

prepared for this system.

Results: Piperacillin/tazobactam use was positively correlated with piperacillin/tazobactam



resistance in Escherichia coli and Klebsiella pneumoniae in the inter-ward analysis, and in

Pseudomonas aeruginosa in both analyses. Carbapenem use was positively correlated with

meropenem resistance in Enterobacter cloacae in the time series analysis and in P

aeruginosa in both analyses, and imipenem/cilastatin resistance in P. aeruginosa in

inter-ward analysis. Quinolone use was positively correlated with levofloxacin resistance in E.

coli in both analyses, and in K. pneumoniae in inter-ward analysis.

Conclusions: This is the first study to investigate the correlation between antibiotic use and

antibiotic resistance at a single hospital in time series and inter-ward analyses using the

J-SIPHE system and data prepared for this system, suggesting that this system may be useful

for promoting AMR measures.

Keywords: J-SIPHE; surveillance; antibiotic use; antibiotic resistance; carbapenems

What is already known on this topic

Although the relationship between the antibiotic use and resistance has been investigated

in several studies, these results are controversial. Therefore, further studies are needed to

clarify this correlation.



What this study adds

Using The Japan Surveillance for Infection Prevention and Healthcare Epidemiology

(J-SIPHE) system, we demonstrated several correlations between the antibiotic use and

resistance in a university hospital.

How this study might affect research, practice or policy

This study could contribute to promoting the use of the J-SIPHE system in other hospitals

and aid in the implementation of antimicrobial resistance (AMR) measures such as

antimicrobial stewardship programs.

Introduction

Recently, antimicrobial resistance (AMR) has become a global issue because it threatens

public health [1-3]. The emergence of resistant bacteria makes it difficult to treat infections,

thereby extending hospital stays, increasing medical costs, and increasing the mortality rate

[1-3]. Several factors are thought to be involved in the increased AMR, and one of the factors

is thought to be the increase in antibiotic use. However, results regarding the correlation

between antibiotic use and antibiotic resistance are controversial [4-8]. Therefore, further

studies are required to clarify this correlation.



The Japan Surveillance for Infection Prevention and Healthcare Epidemiology (J-SIPHE)

system [9] is a national surveillance system for AMR measures. It was developed by the

National Center for Global Health and Medicine and the AMR Clinical Reference Center,

commissioned by the Japanese government in 2019, in response to the adoption of the Global

Action Plan on AMR issued by the World Health Organization (WHO) [10,11]. The J-SIPHE

system can aggregate information related to AMR measures, including the status of antibiotic

use and the emergence of major bacteria and antimicrobial-resistant bacteria in medical

institutions nationwide. Registered information can be visualized as a graph on the website and

downloaded at any time.

A previous study investigated the correlation between antibiotic use and antibiotic

resistance in a single-year multicenter study using the J-SIPHE system, revealing several

correlations between antibiotic use and antibiotic resistance [12]. In the present study, we

aimed to investigate this correlation in a single institution for further analysis. We evaluated

the correlation between antibiotic use and antibiotic resistance via time series analysis using

the J-SIPHE system. Furthermore, we conducted additional analysis to compare these

correlations among wards, as this has rarely been addressed in previous studies. We evaluated

the correlation between broad-spectrum antibiotic use and resistance of gram-negative bacteria,

which have been of concern due to their increasing resistance rates and are targeted in the AMR

countermeasure plan of the Japanese government [11].



Methods

Study design

This study was conducted at a university hospital, a 939-bed tertiary care medical center,

in Japan. The amount of antibiotics used and the resistance rates of bacteria were

automatically calculated on the website of the J-SIPHE system. In this study, data from

January 2013 to December 2021 were obtained from the J-SIPHE system and analyzed. All

the data included in the time series analysis were obtained from this system. To compare

between wards, data of antibiotic use were retrieved from the J-SIPHE system and the

resistance rates of bacteria were calculated from the source data prepared for this system. In

this inter-ward analysis, data from May 2018 to December 2021 were used because ward

reorganization was conducted at the beginning of May 2018.

The requirement for ethics committee approval and informed consent was waived because

this study analyzed surveillance data that did not include individual patient information.

Antibiotic use

The amount of antibiotics used was obtained from the J-SIPHE system for all time series

and inter-ward analyses. We evaluated the use of broad-spectrum antibiotics

(piperacillin/tazobactam, third-generation cephalosporins, fourth-generation cephalosporins,

carbapenems, aminoglycosides, and quinolones), including both intravenous and oral
6



antibiotics. Antibiotic use was evaluated based on both the antibiotic use density (AUD) and

days of therapy (DOT), which were automatically calculated on the J-SIPHE system website.

AUD was defined as antibiotic use (in grams)/defined daily dose (DDD) per 100 patient-days.

DDD is the assumed average maintenance dose per day for a drug used for its main indication

in adults, as indicated by the World Health Organization (WHO) [13]. DOT was defined as

DOTs per 100 patient-days.

Antibiotic resistance

Susceptibility testing was performed based on the broth microdilution method with the

turbidity standard technique using a MicroScan WalkAway plus System (Beckman Coulter,

Tokyo, Japan). Susceptibility was determined according to the Clinical Laboratory Standards

Institute (CLSI) guidelines [14].

Bacterial resistance rates were calculated as a percentage of resistant isolates, including

those showing intermediate resistance, in all isolates. For the time series analysis, resistance

rates were retrieved from the J-SIPHE system; however, for the inter-ward analysis, resistance

rates were calculated from the source data prepared for this system. The gram-negative

bacteria investigated were Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis,

Serratia marcescens, Enterobacter cloacae, Pseudomonas aeruginosa, and Acinetobacter

baumannii.



Correlations between antibiotic use and antibiotic resistance

We analyzed the correlation between the amount of antibiotics used and resistance rates

using two different modalities: time series and inter-ward analyses. In the time series analysis,

annual antibiotic use and resistance rates at the hospital were investigated. In the inter-ward

analysis, the mean value of antibiotic use and the resistance rate in each ward during the

survey period were evaluated.

Mapping of wards with correlations between antibiotic use and antibiotic resistance

For combinations of antibiotic use and resistance rates that showed a significant

correlation in inter-ward analysis, each ward was divided and mapped to high and low based

on their median values of antibiotic use and resistance rates. If the value of each ward was

equal to the median (for example, both values were zero), it was mapped to low.

Statistical analysis

Trends and correlations between antibiotic use and resistance rates were analyzed using

the Spearman’s rank correlation coefficient. For all comparisons, P values < 0.05 were

considered statistically significant. All calculations were performed using the JMP Pro version

14 (SAS Institute Inc., Tokyo, Japan).



Results

Antibiotic use

The trends in broad-spectrum antibiotic use are shown in Supplementary Table 1.

According to the AUD, quinolones were used most often during the entire study period,

followed by third-generation cephalosporins, carbapenems, piperacillin/tazobactam,

fourth-generation cephalosporins, and aminoglycosides. In addition, a significant increase in

the AUD was observed for piperacillin/tazobactam (Spearman’s p = 0.962; P < 0.001) and

fourth-generation cephalosporins (Spearman’s p = 0.683; P = 0.042). In contrast, a significant

decrease in antibiotic use was observed for third-generation cephalosporins (Spearman’s p =

-0.733; P = 0.025) and aminoglycosides (Spearman’s p = -0.817; P = 0.007). Regarding

carbapenem use, the AUD was highest in 2017 and declined thereafter (from 3.11 in 2017 to

2.17 in 2021). In DOT, the trends of broad-spectrum antibiotic use were similar to those in

AUD.

Antibiotic resistance

Trends in the resistance rates of bacteria are shown in Supplementary Table 2. During the

study period, a significant increase in resistance rates was observed in ceftazidime-resistant K.

pneumoniae (Spearman’s p = 0.733; P = 0.025), cefepime-resistant K. pneumoniae

(Spearman’s p =0.717; P = 0.03), and imipenem/cilastatin-resistant E. cloacae (Spearman’s p
9



= 0.817; P = 0.007). In contrast, a significant decrease was observed in

piperacillin/tazobactam-resistant S. marcescens (Spearman’s p = -0.819; P = 0.007),

ceftazidime-resistant S. marcescens (Spearman’s p = -0.745; P =0.021), cefepime-resistant E.

cloacae (Spearman’s p = -0.867; P = 0.003), and meropenem-resistant 4. baumannii

(Spearman’s p =-0.772; P=0.015).

Correlation between antibiotic use and bacterial resistance in time series analysis

The correlation between the annual amount of antibiotics used and rates of bacterial

resistance is shown in Figure 1 and Supplementary Table 3. The AUD of

piperacillin/tazobactam was significantly positively correlated with the rate of

piperacillin/tazobactam resistance in P. aeruginosa (Spearman’s p = 0.711; P =0.032) but was

significantly negatively correlated with the rate of piperacillin/tazobactam resistance in S.

marcescens (Spearman’s p = -0.759; P = 0.018). Furthermore, the AUD of third-generation

cephalosporins was significantly negatively correlated with the rate of ceftazidime resistance

in K. pneumoniae (Spearman’s p = -0.867; P = 0.003). In contrast, the AUD of carbapenems

was significantly positively correlated with the rates of meropenem resistance in E. cloacae

(Spearman’s p=0.712; P=0.031) and P. aeruginosa (Spearman’s p =0.767; P=0.016). The

DOT of quinolones was significantly positively correlated with the rate of levofloxacin

resistance in E. coli (Spearman’s p =0.7; P =0.036).
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Correlation between antibiotic use and bacterial resistance in inter-ward analysis

The correlation between the amount of antibiotics used and rates of bacterial resistance

among wards is shown in Figure 2 and Supplementary Table 4. A total of 22 wards were

analyzed, which included medical, surgical, mixed medical and surgical, and intensive care

wards (8, 7, 4, and 3 wards, respectively). The intensive care wards comprised the neonatal

intensive care unit/growing care unit (NICU/GCU), intensive care unit (ICU), and emergency

ward. The AUD of piperacillin/tazobactam was significantly positively correlated with the

rates of piperacillin/tazobactam resistance in E. coli (Spearman’s p = 0.544; P = 0.009), K.

pneumoniae (Spearman’s p = 0.498; P=0.018), and P. aeruginosa (Spearman’s p =0.728; P <

0.001). The DOT of third-generation cephalosporins was significantly positively correlated

with the rates of S. marcescens resistance to ceftriaxone (Spearman’s p = 0.463; P = 0.046)

and ceftazidime (Spearman’s p = 0.546; P = 0.011). Furthermore, the AUD of

fourth-generation cephalosporins was significantly positively correlated with the rate of

cefepime resistance in K. pneumoniae (Spearman’s p = 0.602; P =0.003). Similarly, the AUD

of carbapenems was significantly positively correlated with the rates of P aeruginosa

resistance to meropenem (Spearman’s p = 0.678; P < 0.001) and imipenem/cilastatin

(Spearman’s p = 0.688; P < 0.001). The AUD of quinolones was significantly positively
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correlated with the rates of levofloxacin resistance in E. coli (Spearman’s p=0.476; P=0.025)

and K. pneumoniae (Spearman’s p = 0.594; P = 0.004).

Mapping of wards with correlations between antibiotic use and bacterial resistance

The mapping of wards with significant correlations between the antibiotics used and

bacterial resistance derived from inter-ward analysis was shown in Figure 3. Each ward was

divided and mapped to high and low based on the median values of antibiotic use and

resistance rates. The total number mapped to high and/or low was shown in Table 1. Ward

numbers 1, 14, 16, and 21 had higher than median antibiotic use and resistance rates in 8 or 9

of the 10 combinations that were significantly correlated. In contrast, ward numbers 5, 7, 9,

and 20 had lower than or equal to median antibiotic use and resistance rate in 8 or 9 of the 10

combinations that were significantly correlated.

Discussion

A previous study has demonstrated that the J-SIPHE system could easily be used to evaluate

the correlation between antibiotic use and antibiotic resistance in a single-year multicenter

study [12]. In the current study, we demonstrated that this system could also be easily used to

evaluate this correlation in a time series analysis for a single hospital and also in an

inter-ward analysis using the source data prepared for this system. The spread and emergence
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of AMR are multifaceted and are not only affected by antibiotic use [15-17]. However,

monitoring antibiotic use and resistant bacteria constitutes an essential part of antimicrobial

stewardship programs [18], and recognizing this correlation is considered a useful tool for

developing antimicrobial stewardship policies [15]. Thus, we believe that our study could

contribute to promoting the use of the J-SIPHE system in other hospitals and aid in the

implementation of AMR measures such as antimicrobial stewardship programs.

Most studies investigating the correlation between antibiotic use and resistant bacteria

have evaluated antibiotic use as AUD. Although it is difficult to calculate DOT in many

institutions [19], we also evaluated antibiotic use as DOT in addition to AUD (Supplementary

Table 1) because these indexes are easily obtained from the J-SIPHE system. AUD

measurements are useful for benchmarking; however, it may not fully correlate with AMR

due to intrinsic biases, such as in the case of low-dose administration in pediatric patients or

individuals with renal dysfunction [20]. In contrast to AUD, DOT does not introduce these

biases. Thus, the Infectious Diseases Society of America (IDSA) recommends DOT as an

index of antibiotic use [18]. Upon evaluating both AUD and DOT, these parameters showed

similar trends during the study period.

Notably, in terms of antibiotic use, carbapenem use showed a decreasing trend starting

from 2018, after the highest in 2017 (Supplementary Table 1). In our hospital, monitoring and

feedback for carbapenems has been conducted more frequency since 2018 [21]. This might
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explain the decreasing trend of carbapenem use since 2018. In contrast to carbapenems,

piperacillin/tazobactam use showed an increasing trend during the study period. This trend is

consistent with previous studies [6,8,15]. As in previous studies [6], an increasing trend in the

use of fourth-generation cephalosporins was also observed. The wuse of

piperacillin/tazobactam and fourth-generation cephalosporins as alternatives to carbapenems

might explain this increase. Aminoglycoside use showed a decreasing trend, which is

consistent with previous studies [4,7,8].

The rates of K. pneumoniae resistance to ceftazidime or cefepime were significantly

increased (Supplementary Table 2), which is consistent with previous studies [6,8]. The

resistance rate of piperacillin/tazobactam in E. coli showed a numerically increasing trend, as

in previous studies [8], although without statistical significance (Spearman’s p = 0.667; P =

0.05). In previous studies, increasing trends in the rates of P. aeruginosa resistance to

meropenem or imipenem/cilastatin were observed [5,6,22]. In our study, resistance to these

carbapenems in P. aeruginosa showed increasing trends until 2016, followed by a decreasing

trends.

Regarding the correlation between antibiotic use and bacterial resistance, some previous

studies demonstrated that there was no correlation between piperacillin/tazobactam use and

the rates of resistance to piperacillin/tazobactam in E. coli, K. pneumoniae, and P. aeruginosa

[6,15]. In contrast to these studies, we found a positive correlation in E. coli and K.

14



pneumoniae in the inter-ward analysis and in P. aeruginosa in the time series and inter-ward

analyses (Figures 1 and 2 and Supplementary Tables 3 and 4). These findings are consistent

with previous reports that found a correlation between piperacillin/tazobactam use and the

rates of resistance to piperacillin/tazobactam in E. coli [7], K. pneumoniae, and P. aeruginosa

[8].

Few studies have investigated the effect of carbapenem use on the prevalence of

carbapenem-resistant E. cloacae. In the current study, we investigated this effect and found a

positive correlation between them in a time series analysis. Some reports demonstrated a

positive correlation between carbapenem use and the rate of resistance to carbapenems in P,

aeruginosa [22,23] but some did not [4-7]. In the current study, a significant positive

correlation between them was observed, which supports the results of previous studies

showing this correlation.

Previous studies have demonstrated a positive correlation between quinolone use and the

rates of resistance to quinolones in E. coli [6,24] and K. pneumoniae [8,24], although these

correlations were not found in other previous studies on E. coli [4,7] and K. pneumoniae

[4,6,7]. In the current study, we found a positive correlation between quinolone use and

quinolone resistance rates in E. coli (time series and inter-ward analyses) and K. pneumoniae

(inter-ward analysis).

Most previous studies investigating the correlation between antibiotic use and antibiotic
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resistance evaluated only time series correlations and did not evaluate inter-ward correlations.

However, as each ward has different characteristics, antibiotic use in each ward also differs.

Thus, it is important to investigate whether differences in antibiotic use affect the resistance

rates of bacteria in each ward to promote the proper use of antibiotics in hospitals. Similar to

the time series analysis, several correlations between antibiotic use and antibiotic resistance

were observed in the inter-ward analysis (Figure 2 and Supplementary Table 4). Notably,

wards with less antibiotic use often showed resistance rates of 0% in various bacteria. These

results highlight the importance of recognizing the correlation between antibiotic use and

bacterial resistance in each ward and promoting the implementation of AMR measures, such

as antimicrobial stewardship programs, in each ward.

To investigate which wards are more involved in antibiotic resistance, each ward was

divided and mapped to high and low based on the median values of antibiotic use and

resistance rates in the combinations that were significantly correlated (Figure 3 and Table 1).

Here, ward numbers 1, 14, 16, and 21 had higher than median values for antibiotic use and

resistance rates in many combinations with marked correlations and were considered to have

been more involved in antibiotic resistance. Notably, these wards did not have lower

antibiotic use and resistance rates in any combination. Ward number 1 included hematology

wards, which were considered to have been involved in more uses of broad-spectrum

antibiotics for febrile neutropenia than other wards. It was assumed that this led to increases
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in antibiotic resistance here. Ward numbers 14 and 16 included the gastroenterological

surgery wards and ward number 21 included the ICU. It was possible that more antibiotic

agents were used to treat postoperative infections and/or infections in critically ill patients in

these wards, which might have led to increases in antibiotic resistance here. In contrast, ward

numbers 5, 7, 9, and 20 had lower than or equal to median antibiotic use and resistance rates

in many combinations with marked correlations; these wards included the psychiatry and

neurology ward, radiation oncology ward, ophthalmology ward, and NICU/GCU,

respectively. In these wards, a lower use of antibiotics may have led to lower resistant rates.

Notably, these wards rarely had higher antibiotic use and resistance rates in many

combinations. These results suggest that the implications with resistant bacteria vary greatly

among wards.

In this study, significant positive correlations between the use of piperacillin/tazobactam

or carbapenems and the rates of resistance to related antibiotics in P. aeruginosa and the use

of quinolones and levofloxacin resistance in E. coli were observed in both analyses, whereas

the results of other correlations were different in each analysis (Figures 1 and 2 and

Supplementary Tables 3 and 4). The reason why the results differed in each analysis in this

study is unknown. However, considering that more various correlations between antibiotic

use and antibiotic resistance were observed in the inter-ward analysis than in the time series

analysis, longer-term usage habits in each ward might have more influence than yearly
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changes at an entire hospital.

Despite the importance of this study, it has several limitations. First, this retrospective

study did not consider potential confounders such as patient parameters, infection control

strategies, antimicrobial stewardship interventions, clonal spread of strains, and the occurrence

of outbreaks due to resistant organisms. AMR is considered to be related not only to antibiotic

use but also to these multiple factors [15-17]. Second, this study investigated the correlation

between antibiotic use and antibiotic resistance in each year in a time series analysis and did

not take into account the time lag in the changes in bacterial resistance rates. Third, AUD and

DOT measurements are useful for benchmarking, but cannot reflect individual exposure to

antibiotics. Due to the nature of the surveillance data, the correlation between antibiotic use

and antibiotic resistance could not be investigated at the individual level. Finally, this study

was conducted at a single university hospital. Therefore, our results may not be generalizable

to other hospitals. These limitations should be considered when interpreting the results of this

study.

In conclusion, this study is the first to investigate the correlation between annual antibiotic

use and antibiotic resistance at a single hospital in a time series analysis based on the J-SIPHE

system data [9]. Additionally, we evaluated this correlation in different wards by combining

the J-SIPHE system and the source data prepared for this system. Although several studies

have investigated this correlation, the results are controversial [4-8]. In addition, few studies

18



have compared this correlation among wards. We showed several correlations between

antibiotic use and resistant bacteria in the time series and inter-ward analyses. Further studies

using the J-SIPHE system are needed to more accurately elucidate the correlation between

antibiotic use and antibiotic resistance.
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Figure legends

Figure 1

Correlation between the annual amount of antibiotics used and rates of bacterial resistance in

time series analysis; (a), (b) piperacillin/tazobactam and piperacillin/tazobactam-resistant

Pseudomonas aeruginosa; (c), (d) carbapenems and meropenem-resistant Enterobacter

cloacae; (e), (f) carbapenems and meropenem-resistant P. aeruginosa; (g), (h) quinolones and

levofloxacin-resistant Escherichia coli.

Abbreviations: AUD, antibiotic use density; DDDs, defined daily doses; DOT, days of

therapy.

p indicates Spearman’s correlation coefficient.

Figure 2. Correlation between the amount of antibiotics used and bacterial resistance among

wards. Mean values in each ward from May 2018 to December 2021 were analyzed.

Dashed lines represent the median of each plot.

(a)—(c) Piperacillin/tazobactam; (d), (e) third-generation cephalosporin; (f) fourth-generation

cephalosporin; (g), (h) carbapenems; (1), (j) quinolones.

Abbreviations: AUD, antibiotic use density; DDDs, defined daily doses; DOT, days of

therapy.
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p indicates Spearman’s correlation coefficient.

Figure 3. Mapping of wards with correlations between the amount of antibiotics used and

bacterial resistance.

Each ward was divided and mapped to high and low based on the median values of antibiotic

use and resistance rate. If the value of each ward was equal to the median (for example, both

values were zero), it was mapped to low.

Blue, medical wards (ward nos. 1-8); red, surgical wards (ward nos. 9—15); green, medical

and surgical wards (ward nos. 16—19); purple, intensive care wards (ward nos. 20-22).

(a)—(c) Piperacillin/tazobactam; (d), (e) third-generation cephalosporin; (f) fourth-generation

cephalosporin; (g), (h) carbapenems; (1), (j) quinolones.

Abbreviation: DOT, days of therapy.
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Table 1 Total number mapped to each high and/or low square represented in Figure 3
Ward Ward no. Total number mapped to high and/or low
classification (Antibiotic use/resistant rate)
High/High High/Low Low/High Low/Low
1 9 1 0 0
2 6 2 1 1
3 6 0 2 2
Medical 4 0 0 3 5
wards 5 0 0 1 9
6 5 3 0 2
7 0 0 2 8
8 5 5 0 0
9 0 0 1 8
10 2 5 1 2
_ 11 0 4 1 5
Surgical
12 1 1 1 7
wards
13 4 1 2 3
14 9 0 1 0
15 0 1 1 7
Medical and 16 8 2 0 0
e .|ca an 17 0 > s 3
surgical
18 3 3 1 3
wards
19 0 0 3 7
_ 20 1 1 0 8
Intensive
21 9 1 0 0
care wards*
22 4 5 0 1

*Intensive care wards (ward nos. 20-22) included neonatal intensive care unit/growing care

unit (NICU/GCU), intensive care unit (ICU), and emergency ward, respectively.
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