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Background: Antimicrobial use (AMU) in primary care is a contributing factor to the emergence of antimicrobial-
resistant bacteria. We assessed the potential effects of AMU on the prevalence of a combination of resistance
phenotypes in bacteraemic Escherichia coli in outpatient care settings between primary care facilities (‘clinics’)
and hospitals.

Methods: Population-weighted total AMU calculated from the national database was expressed as DDDs per
1000 inhabitants per day (DID). National data for all routine microbiological test results were exported from
the databases of a major commercial clinical laboratory, including 16 484 clinics, and the Japan Nosocomial
Infections Surveillance, including 1947 hospitals. AMU and the prevalence of combinations of resistance pheno-
types in bacteraemic E. coli isolates were compared between clinics and hospitals.

Results: The five most common bacteria isolated from patients with bacteraemia were the same in clinics, out-
patient settings and inpatient settings in hospitals, with E. coli as the most frequent. Oral third-generation ce-
phalosporins and fluoroquinolones were the top two AMU outpatient drugs, except for macrolides, and resulted
in at least three times higher AMU in clinics than in hospitals. The percentage of E. coli isolates resistant to both
drugs in clinics (18.7%) was 5.6% higher than that in hospitals (13.1%) (P<107%).

Conclusions: Significant AMU, specifically of oral third-generation cephalosporins and fluoroquinolones, in clinics
is associated with a higher prevalence of E. coli isolates resistant to both drugs. This study provides a basis for

national interventions to reduce inappropriate AMU in primary care settings.

Introduction

Antimicrobial resistance (AMR) is becoming one of the most
pressing healthcare threats over the globe. A review in the UK es-
timated that 10 million deaths a year will be attributable to AMR
by 2050 unless action is taken.* To tackle AMR, the WHO global
action plan for AMR in 2015 highlighted the importance of opti-
mized antimicrobial use (AMU) and AMR surveillance as strategic
objectives,” which accounts for the reduction in the overuse or
misuse of antimicrobials. In particular, the appropriate use of
oral antimicrobials, which account for the majority of antimicro-
bial prescriptions, should be encouraged in every medical facility.

It has been proven that there is a positive relationship be-
tween AMU and the development of antimicrobial-resistant

bacteria because a natural evolutionary response to antimicro-
bial exposure is a major factor inducing AMR.>*® In the battle
with AMR, demonstrating this relationship in primary care, where
substantial antimicrobials are prescribed, has attracted global at-
tention, irrespective of the country’s income level.>*’71° In
Japan, the Ministry of Health, Labour and Welfare (MHLW)
launched the National Action Plan (NAP) on AMR (2016-20), pub-
lished the Manual of Antimicrobial Stewardship in 2017, which
was mainly targeted at primary care,*! and introduced financial
incentives for appropriate outpatient AMU for paediatric patients
in 2018 and for otorhinolaryngological patients in 2022.'%'3
Although NAP-based national interventions have reduced oral
AMU to some extent,'* their impact on AMR has not yet been as-
sessed. National intervention through financial incentives to
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reduce AMU in primary care has been attempted in several coun-
tries, such as Denmark, Sweden and the UK,*>~*® but the impact
of these interventions on AMR at the national level has been lon-
gitudinally assessed only in the UK.®

To date, no studies have focused on the relationship between
AMU and the prevalence of antimicrobial-resistant bacteria by
comparing data from different outpatient settings based on na-
tional AMR surveillance data. In this study, we used three nation-
al surveillance datasets to address this situation. The Japan
Surveillance of Antimicrobial Consumption (JSAQ)™ based on
the National Database of Health Insurance Claims and Specific
Health Checkups (NDB) of Japan includes national surveillance
data of AMU and was utilized to compare AMU between different
types of facilities providing outpatient care [primary care settings
(‘clinics’) and hospitals]. We utilized data from routine microbio-
logical test results from a major commercial clinical laboratory
that covered ‘clinics’ across Japan in 2018 as national AMR
surveillance data from clinic patients. For national AMR
surveillance data from patients visiting hospitals, we used com-
prehensive surveillance data collected in a national antimicrobial
resistance surveillance programme—the Japan Nosocomial
Infections Surveillance (JANIS)—in which all routine microbio-
logical test results have been collected for all sample types
from both symptomatic and asymptomatic patients from hun-
dreds or thousands of participating hospitals since 2000.2%?*

Using three types of national data, we assessed the potential
effects of AMU on the prevalence of a combination of resistance
phenotypes among Escherichia coli isolated from patients with
bacteraemia at different medical facilities providing outpatient
care.

Materials and methods

Study design and data source

We conducted a cross-sectional study using national surveillance data of
AMU and microbiological testing data from a major commercial clinical
laboratory database in 2018, as well as the national AMR surveillance sys-
tem database.

Specifically, we used publicly accessible surveillance data of AMU from
the JSAC database, based on data from the NDB managed by the
MHLW.'® Further information about the NDB and JSAC is provided in
the Supplementary text (available as Supplementary data at JAC Online).
The AMU datain the JSAC datasheet were calculated based on antimicrobial
volume (total prescribed drug quantity) and not on antimicrobial prescribing,
as follows: after extracting total prescribed drug quantity data through
health insurance from the NDB and converting them to gram data, they
were adjusted for drug strength and stored as AMU in the JSAC datasheet.™®
Regarding routes of administration, oral antimicrobial use accounted for
more than 90% of total AMU, and around three-quarters of them were ce-
phalosporins, macrolides and fluorogquinolones as shown in previous
reports.?223

As for medical facility type, the Medical Care Act in Japan defines
facilities with 0-19 beds as ‘clinics’, and those with 20 beds or more as
‘hospitals’. Most patients requiring primary-care related services go to
clinics, while many outpatients in hospitals need specialty care, such as
cancer chemotherapy, postoperative follow-up and immunosuppressive
therapy. The estimated number of outpatients who visited clinics ac-
counted for 72.1% of those requiring outpatient care (4233000 of 5
874900 outpatients) in the national survey.?*

All microbiological test results for all specimens related to isolated
bacteria in 2018 were extracted from a major commercial clinical

laboratory database consisting of 16 484 primary care facilities to obtain
clinical data. We extracted all inpatient and outpatient data fields for all
specimens collected from 1947 hospitals across Japan between January
and December 2018 from the JANIS database, covering both culture-
positive and culture-negative test diagnostic results. Data from a major
commercial clinical laboratory and the JANIS database were de-
duplicated according to the standard method of the WHO Global
Antimicrobial Resistance Surveillance System to select only the first iso-
late of a given bacterial species per patient per surveillance period per
specimen type per infection origin stratification.?”

In the summary of medical institutions and hospital reports by the
MHLW in 2017, the number of clinics and hospitals was 101471 and
8412, respectively.?® One major commercial clinical laboratory that pro-
vided the data in this study covered 16.2% (16484 clinics) of all clinics
across Japan. The proportion of hospitals that voluntarily participated
in JANIS was 23.1% of the 8412 hospitals across Japan in 2018.2”

The microbiological data were available at the patient level and ag-
gregated at the national level, while the AMU data were available only
at the prefecture level and aggregated at the national level, as detailed
below.

Data preparation and analysis of AMU

The JSAC datasheet stratified the AMU data by route of administration,
age category, type of care, inpatient or outpatient settings, facility type
based on the number of beds, and prefecture based on the NDB. We ag-
gregated the AMU data across the strata to obtain a national value for
each antimicrobial class classified according to the WHO Anatomical
Therapeutic Chemical (ATC) system.?® As the JSAC database includes
data on both medical and dental care, we extracted only the data per-
taining to medical care. To calculate the population-weighted total use
expressed as DDDs per 1000 inhabitants/day (DID), which is an indicator
of the AMU recommended by WHO,?° we divided the national AMU by the
DDD of each antimicrobial according to the WHO ATC/DDD index before
adjusting for the Japanese population in 2018.2% In cases in which the
dose and dosage forms of antimicrobials proposed by the WHO ATC/
DDD index are not applicable in Japan, the Japanese DDD (JDDD) pro-
posed by the JSAC operator was used instead of the DDD.>°

After data preparation, we compared the national AMU of oral and par-
enteral drugs categorized into ATC third or fourth levels (chemical subgroup).
Further information about the drugs is provided in the legend of Figure S1.

Data preparation and analysis of microbiological data

After de-duplication of the microbiological testing results, we tabulated
the data on bacteria isolated from blood specimens using an in-house
Java program®! to compare the top five bacteria commonly isolated
from blood specimens of patients visiting ‘clinics (with 0-19 beds)’,
‘outpatient settings in hospitals (with >20 beds)’ and ‘inpatient settings
in hospitals (with >20 beds)’. The tabulated ‘clinics’ data included only
outpatient data because it is known that inpatients account for only
1.1% of total clinic patients.?* Given that the leading bacteria causing
nosocomial infections are generally different from those causing
community-acquired infections, bacteria isolated in inpatient settings in
hospitals are expected to differ from those in clinics and outpatient set-
tings in hospitals. Using the in-house Java program,®! we tabulated the
resistance profiles (i.e. combinations of susceptible and resistant results
for specific antimicrobial drugs) of E. coli isolated most frequently from
bacteraemic patients in both clinics and hospitals at the national level.

Analysis of the AMU of treatment drugs for E. coli
bacteraemia

We selected five antimicrobials (penicillin with extended spectrum, com-
binations of penicillins, including B-lactamase inhibitors (‘combinations of
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penicillins’), first-generation cephalosporins, third-generation cephalos-
porins and fluoroquinolones) as the treatment drugs for E. coli bacter-
aemia because urinary tract infection (UTI) was the primary source for
53% of episodes of patients with E. coli bacteraemia®? and they were
first- or second-line drugs for the treatment of UTI recommended by
the Japanese Association of Infectious Diseases and Japanese Society
of Chemotherapy (JAID/JSC) guide for the clinical management of infec-
tious diseases.>> We compared the oral and parenteral AMU of these
drugs in the three different settings.

Examining the combination of resistance phenotypes in
E. coli

To examine the combination of resistance phenotypes (‘resistance profiles’)
to multiple antimicrobials in E. coli, third-generation cephalosporins and
fluoroquinolones were selected as the core set of antimicrobials because
these drugs are the most frequently prescribed antimicrobials in Japan
for the treatment of outpatients with UTL>* We selected ceftriaxone as a
representative third-generation cephalosporin to detect the emergence
of resistance based on a previous Japanese study where ceftriaxone resist-
ance was detected at a higher percentage in ESBL-producing E. coli than
cefotaxime resistance (97.4% versus 96.1%).3° Levofloxacin was selected
as a representative fluoroguinolone because the percentage of oral
levofloxacin was the largest of the total oral fluoroquinolones consumed
(54.3%).”

The CLSI guidelines were used to categorize each isolate as suscep-
tible or resistant, based on the results of antimicrobial susceptibility test-
ing (AST).>® The chi-squared test was performed to test whether there
was a significant difference in the frequency of a specific resistance profile
between ‘clinics’ and ‘hospitals’ using R (version 4.1.1).

Ethics

The JSAC data are available to the public; therefore, the data can be freely
used. Data from one major commercial clinical laboratory do not include
any identifiable data. Patient identifiers were de-identified by each
hospital before data submission to JANIS. Anonymous data stored in
the JANIS database were exported and analysed following approval by
the MHLW (approval number 0425-2), according to Article 32 of the
Statistics Act.

Results

The total value of DID of oral antimicrobials was 22.6, whereas
that of parenteral antimicrobials was 2.2, indicating that oral
antimicrobials made up 91.1% of total AMU. Among oral AMU,
macrolides (DID 8.4) were the most abundant, followed by fluor-
oquinolones (5.1), third-generation cephalosporins (4.6) and tet-
racyclines (1.7) (Figure S1). ‘Combinations of penicillins’ made up
the majority of parenteral AMU (0.94).

Bacteria were isolated from blood specimens from 10254 pa-
tients in clinics, 154 849 patients in outpatient hospital settings,
and 230697 patients in inpatient hospital settings (Figure 1). In
all three settings, E. coli was the most frequently isolated
bacterium from bacteraemic patients (Figure 1): the number of
patients with E. coli bacteraemia without duplicates was 2963
(28.9%) and 44301(28.6%) in clinics and outpatient settings in
hospitals (Figure 1a and b), respectively, whereas it was 40041
(17.4%) in inpatient settings in hospitals (Figure 1c). The five
most common bacteria isolated from patients with bacteraemia
(E. coli, CoNS, Klebsiella pneumoniae, Staphylococcus epidermidis,
Staphylococcus aureus) were the same in clinics, outpatient

settings and inpatient settings in hospitals. For further analyses,
we focused on E. coli as the most frequently isolated species
from patients with bacteraemia.

Comparison of AMU of treatment drugs for E. coli
bacteraemia

Figure 2 shows the AMU of five oral (a) and parenteral (b) antimi-
crobials in three different settings. Remarkably, the values of DID
of oral third-generation cephalosporins and fluoroquinolones in
clinics were 4.0 and 3.9, respectively, which were at least three
times higher than values in hospitals (0.63 and 1.1, respectively,
in outpatient settings and 0.12 and 0.24, respectively, in inpatient
settings). Regarding the AMU of the other three drugs, penicillin
with an extended spectrum (green in Figure 2a) exhibited a high-
er DID value (0.80) in clinics than in hospitals [0.24 (outpatient
settings) and 0.037 (inpatient settings)], whereas the DID value
of ‘combinations of penicillins’ (orange in Figure 2a) in inpatient
settings in hospitals (0.33) was higher than that in the other
two settings [0.24 (clinics) and 0.098 (outpatient settings,
hospitals)].

In comparison, the DID values of the parenteral antimicrobials
in all three settings were less than 1.0 (Figure 2b). The ‘combina-
tions of penicillins’ AMU in inpatient settings in hospitals (0.92, or-
ange in Figure 2b) was by far the largest of all three settings
[0.0077 (clinics) and 0.0045 (outpatient settings in hospitals)].
The first- and third-generation cephalosporins AMU in hospital in-
patient settings (0.23 and 0.28, respectively) was also higher
than that in clinics (0.0054 and 0.067, respectively) and hospital
outpatient settings (0.0039 and 0.019, respectively).

Comparison of prevalence of combination of resistance
phenotypes in E. coli bacteraemic patients

The number of bacteraemic E. coli patients with isolates tested
with both ceftriaxone and levofloxacin was 1353 in clinics and
21145 in outpatient settings in hospitals (Figure 3), after exclud-
ing those with isolates that were neither susceptible nor resistant
to the two drugs. Among them, the percentage of patients with
E. coli isolates resistant to both ceftriaxone and levofloxacin in
clinics was 18.7% (253), which was 5.6% higher than that in out-
patient settings in hospitals [13.1% (2765)] (P< 1078, chi-squared
test). Meanwhile, the percentage of patients with E. coli isolates
susceptible to both ceftriaxone and levofloxacin in hospitals
[71.1% (15029)] was 4.4% higher than that in clinics [66.7%
(903)] (P< 1073, chi-squared test). As for the remaining two phe-
notypes (isolates resistant to ceftriaxone but susceptible to levo-
floxacin, as well as isolates susceptible to ceftriaxone but
resistant to levofloxacin), the percentages of patients with
E. coli isolates with distinct phenotypes were almost the same
between clinics and hospitals [3.2% (43) and 3.4% (713), and
11.4% (154) and 12.5% (2638), respectively].

Discussion

A notable finding of this study was the significant AMU of two
major oral antimicrobials (third-generation cephalosporins and
fluoroquinolones) for the treatment of UTI in outpatient clinics,
which may contribute to the higher prevalence of bacteraemic

314

13


http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkad379#supplementary-data

Antimicrobial use and E. coli resistance phenotypes in Japan Jl \C

(a) Number of patients
0 4,000 8000 12000 16000 20000

E. coli

Clinics CoNs
(N= | 0,2 54) 8. epidermidis

K. preumoniae

S aureus

Others J
snd

\

0 20,000 40,000 60,000 80,000 100,000

E. coli

Outpatient CoNS

settings in

hospitals |
(N=] 54,849) 8. epidermidis

K. preumoniae

S anirens

Others

—_
0

~—

o

20,000 40,000 60,000 80.000 100,000

E. coli

Inpatient s epidermidis

settings in

hospitals CoNS
(N=230,697)

S aureus

K. preumoniae

Others

W Escherichia coli
I Coagulase-negative staphylococci (CoNS)
Bl Staphylococcus epidermidis
Klebsiella pneumoniae
B Staphylococcus aureus
Others

Figure 1. The top five bacteria commonly isolated from blood specimens of patients visiting three different settings. Each bar represents the number
of patients from whom bacteria were isolated, including patients visiting (a) clinics, (b) outpatient settings in hospitals, and (c) inpatient settings in
hospitals. The number of patients was counted without duplicates as mentioned in the Materials and methods section. Each differently coloured por-
tion indicates one of the five isolated bacteria: E. coli, CoNS, S. epidermidis, K. pneumoniae, S. aureus and others.
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Figure 2. AMU (DID) of five types of oral antimicrobials among three different types of settings [clinics (0-19 beds), outpatient settings in hospitals
(>20 beds), and inpatient settings in hospitals (>20 beds)] for (a) oral antimicrobials, (b) parenteral antimicrobials. Each bar indicates the DID value
for one of the five groups of antimicrobials: penicillin with an extended spectrum, ‘combinations of penicillins, including B-lactamase inhibitors’, first-
generation cephalosporins, third-generation cephalosporins and fluoroquinolones.

E. coliisolates resistant to both drugs in clinics than in outpatient
settings in hospitals in Japan. Most of these isolates are
likely to be ST131, which is the major ST producing ESBL and
resistant to quinolones®”*® and has contributed to the global
spread and Japanese regional epidemic of ESBL-producing
quinolone-resistant E. coli.***° Prescribing either oral third-
generation cephalosporins or fluoroquinolones will increase their
prevalence.

Given that clinics cover 72.1% of people requiring outpatient
care and are responsible for primary care,** promoting appro-
priate AMU in primary care is one of the keys to AMR
containment in Japan. A previous study using the frequency

of prescriptions revealed that a smaller facility scale was asso-
ciated with higher odds of antimicrobial prescriptions for out-
patients.®* This finding is consistent with the results of our
study, showing that clinics are responsible for a substantial pro-
portion of AMU in Japan through outpatient prescriptions.
When bacterial species isolated in clinics from urine and re-
spiratory specimens were examined, E. coli accounted for al-
most 50% of the total isolates from urine specimens, and
four bacterial species (Haemophilus influenzae, S. aureus,
Moraxella (Branhamella) catarrhalis and Streptococcus pneu-
moniae) constituted 59.3% of all isolates from respiratory
specimens (Figure S2). Under the JAID/JSC guidelines, oral
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Figure 3. Pie charts of bacteraemic patients with E. coli isolates tested with two drugs [ceftriaxone (CRO) and levofloxacin (LVX)] categorized into four
types according to the results of antimicrobial susceptibility to both drugs between (a) clinics (0-19 beds) and (b) outpatient settings in hospitals (>20
beds) in 2018. The total number of bacteraemic E. coli patients with isolates tested with both drugs stratified by type of medical facility did not include
those with isolates that were neither susceptible nor resistant to both drugs. The blue portion of the pie chart indicates the isolates that were suscep-
tible to both CRO and LVX. The yellow portion represents isolates susceptible to CRO but resistant to LVX. The green portion indicates the isolates re-
sistant to CRO but susceptible to LVX. The red portion represents isolates resistant to both CRO and LVX. The percentage of bacteraemic patients with
each of the four types of E. coli isolates is shown in the pie chart along with the number of patients.

fluoroquinolones and third-generation cephalosporins are re-
commended as first- or second-line antimicrobials for outpati-
ents with UTIs on the premise that E. coli, the most frequent
causative pathogen of UTIs, is susceptible to these two drugs.*?
These guidelines also recommend oral fluoroquinolones as
second-line antimicrobials for isolates susceptible to all drugs
or first-line antimicrobials for isolates resistant to narrow-
spectrum antimicrobials to treat respiratory infections caused
by the four most common bacterial species from respiratory
specimens. The recommendations of the JAID/JSC guidelines
may explain the significant clinical use of oral third-generation
cephalosporins and fluoroquinolones. In addition, a Japanese
study of outpatient prescriptions found that the rate of first-line
antimicrobial prescriptions for infections for which antimicro-
bials were frequently prescribed was only 24%, and the major-
ity of non-first-line antimicrobials were third-generation
cephalosporins, quinolones and macrolides.*!

This study also showed that the resistance rates of bacter-
aemic E. coli to ‘combinations of penicillins’ and trimethoprim/
sulfamethoxazole, which have a relatively narrow spectrum
and are potential alternative outpatient antimicrobials to third-
generation cephalosporins and fluoroquinolones in the treat-
ment of UTI patients, were both over 15% in clinics (Figure S3).
The resistance rates of E. coli isolated from urine (Figure S4) ex-
hibited consistent results (Spearman’s correlation coefficient
0.97). Thus, the appropriate use of antimicrobials in clinics is be-
coming increasingly important in Japan.

England, which has a national healthcare system similar to
Japan, introduced antimicrobial stewardship interventions tar-
geting primary care to control AMR because antimicrobial pre-
scriptions in primary care account for more than 70% of the
total prescriptions, most of which are deemed inappropriate. 842
This national programme offering financial incentives for the re-
duction in antimicrobial prescribing and broad-spectrum anti-
microbial prescribing has led to a decrease in AMU to a certain
extent.'®43%% One study found that this intervention had a smal-
ler impact on the reduction of resistance in E. coli causing bacter-
aemia than on AMU, and the reductions were not sustained in the
long term.'® Another report found that it had both positive and
negative effects on urinary E. coli AMR in the short term.**
These results are consistent with the situation that conclusions
of studies on the effect of national policy-mediated outpatient
antimicrobial restrictions on reduction in AMR among E. coli in
the short-term in Israel and the UK were mixed.***>%¢ To provide
evidence in this field, our suggestion of using national surveil-
lance data to examine the association between AMU and drug re-
sistance is crucial for assessing the short- and long-term impacts
of national interventions on AMR in Japan.

We examined the combination of resistance to multiple major
antimicrobials for the treatment of UTIs in bacteraemic E. coli iso-
lates based on national surveillance data. Recently, using this
approach, we were able to track the emergence of resistance in
S. aureus using JANIS data from our previous study.*! The value
of reporting and analysing susceptibility through “full
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susceptibility profiles’ has been recently highlighted, compared
with reporting on each of the antimicrobials of interest separate-
ly.“” Our research demonstrates that the analysis of ‘full suscep-
tibility profiles’ also works well for E. colito detect a combination of
resistance phenotypes that show a notable increase in frequency.

Our study had several limitations. First, this study used only
1 year of data because of the limited availability of clinical data
from a commercial laboratory service company. Additional stud-
ies that collect and compare data over several years are war-
ranted to confirm our hypothesis of an association between
antimicrobial overuse and an increase in the combination of re-
sistance phenotypes in primary care. Second, to conduct a
more robust analysis based on the only 1 year dataq, it is neces-
sary to have a facility identifier (ID) that is shared among the
AMU dataset, microbiological dataset in clinics, and that in hospi-
tals. However, a shared facility ID was not available for the three
datasets. Third, AMU as measured by the DDD may underesti-
mate the actual use in paediatric patients and patients with renal
impairment compared with other measures, such as the fre-
quency of AMU.*! Fourth, the participation rate of hospitals
with fewer than 200 beds in JANIS was much lower than that
of hospitals with 500 beds and more (14% versus 80.0%). Thus,
larger hospitals may have a greater impact on the findings re-
lated to the JANIS data than smaller hospitals.?° Fifth, the small
number of patients with E. coli causing bacteraemia in the data
from clinics may not be sufficient to detect more combinations
of resistance phenotypes compared with the hospital data
from the JANIS database. Given that fewer blood cultures are ob-
tained in clinics than in hospitals, future studies collecting larger
amounts of bacteraemic patient data from clinics are warranted.
Sixth, molecular phylogenetic analysis of E. coli causing bacter-
aemia is required to confirm the genetic characteristics of iso-
lates showing the combination of resistance phenotypes used
in our study.

Despite these limitations, to the best of our knowledge, this is
the first study to explore the association between AMU and spe-
cific resistance profiles isolated from patients with bacteraemia
in outpatient settings by comparing national surveillance data re-
lated to hospitals and those of a major commercial clinical la-
boratory covering clinics across Japan.

Conclusions

Our results demonstrate the association between the significant
AMU, specifically of oral third-generation cephalosporins and fluor-
oquinolones, and the higher prevalence of E. coliisolates resistant to
both drugs in primary care. This evidence may encourage national
interventions to promote appropriate AMU in primary care settings.
Our approach will also help assess the impact of the Japanese
National Action Plan-based intervention on AMR containment and
provide valuable evidence on the impact of national antimicrobial
stewardship interventions on AMR globally.

Acknowledgements

We are grateful to all participating hospitals for their collaboration and for
contributing their data to JANIS. We are also grateful to a major commer-
cial laboratory company for providing microbiological clinical data.

Funding
This work was supported by the Ministry of Health, Labour and Welfare,
Japan (Grant No. JPMH22HA1002).

Transparency declarations
All authors have nothing to declare.

Supplementary data

Supplementary text and Figures S1 to S4 are available as Supplementary
data at JAC Online.

References

1 O'Neill J. The Review on Antimicrobial Resistance. Tackling
Drug-Resistant Infections Globally: Final Report and Recommendations.
2016. https://amr-review.org/sites/default/files/160525_Final%20paper_
with%20cover.pdf.

2 WHO. Global Action Plan on Antimicrobial Resistance. https://iris.who.int/
bitstream/handle/10665/193736/9789241509763_eng.pdf?sequence=1

3 Costelloe C, Metcalfe C, Lovering A et al. Effect of antibiotic prescribing
in primary care on antimicrobial resistance in individual patients: system-
atic review and meta-analysis. BMJ 2010; 340: c2096. https:/doi.org/10.
1136/bmj.c2096

4 Bell BG, Schellevis F, Stobberingh E et al. A systematic review and
meta-analysis of the effects of antibiotic consumption on antibiotic resist-
ance. BMC Infect Dis 2014; 14:13. https://doi.org/10.1186/1471-2334-14-13

5 Holmes AH, Moore LSP, Sundsfjord A et al. Understanding the mechan-
isms and drivers of antimicrobial resistance. Lancet 2016; 387: 176-87.
https://doi.org/10.1016/S0140-6736(15)00473-0

6 ECDC, European Food Safety Authority (EFSA), EMA. Third joint inter-
agency report on integrated analysis of consumption of antimicrobial
agents and occurrence of antimicrobial resistance in bacteria from hu-
mans and food-producing animals in the EU/EEA. EFSA J 2021; 19:
e06712. https://doi.org/10.2903/j.efsa.2021.6712

7 Sulis G, Adam P, Nafade V et al. Antibiotic prescription practices in pri-
mary care in low- and middle-income countries: a systematic review and
meta-analysis. PLoS Med 2020; 17: e1003139. https://doi.org/10.1371/
journal.pmed.1003139

8 Tan SY, Khan RA, Khalid KE et al. Correlation between antibiotic con-
sumption and the occurrence of multidrug-resistant organisms in a
Malaysian tertiary hospital: a 3-year observational study. Sci Rep 2022;
12: 3106. https://doi.org/10.1038/s41598-022-07142-2

9 Goossens H, Ferech M, Vander Stichele R et al. Outpatient antibiotic use
in Europe and association with resistance: a cross-national database
study. Lancet 2005; 365: 579-87. https://doi.org/10.1016/S0140-6736
(05)17907-0

10 Bryce A Hay AD, Lane IF et al. Global prevalence of antibiotic resistance
in paediatric urinary tract infections caused by Escherichia coli and associ-
ation with routine use of antibiotics in primary care: systematic review and
meta-analysis. BMJ 2016; 352:i939. https://doi.org/10.1136/bmj.i939

11 The Government of Japan, Ministry of Health, Labour and Welfare,
Health Service Bureau, Tuberculosis, Infectious Diseases Control Division.
Manual of Antimicrobial Stewardship (1st Edition). 2017. https://www.
mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000193504.
pdf.

12 MurakiY, Maeda M, Inose R et al. Exploration of trends in antimicrobial
use and their determinants based on dispensing information collected

318

17


http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkad379#supplementary-data
http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkad379#supplementary-data
http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkad379#supplementary-data
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://iris.who.int/bitstream/handle/10665/193736/9789241509763_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/193736/9789241509763_eng.pdf?sequence=1
https://doi.org/10.1136/bmj.c2096
https://doi.org/10.1136/bmj.c2096
https://doi.org/10.1186/1471-2334-14-13
https://doi.org/10.1016/S0140-6736(15)00473-0
https://doi.org/10.2903/j.efsa.2021.6712
https://doi.org/10.1371/journal.pmed.1003139
https://doi.org/10.1371/journal.pmed.1003139
https://doi.org/10.1038/s41598-022-07142-2
https://doi.org/10.1016/S0140-6736(05)17907-0
https://doi.org/10.1016/S0140-6736(05)17907-0
https://doi.org/10.1136/bmj.i939
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000193504.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000193504.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/0000193504.pdf

Antimicrobial use and E. coli resistance phenotypes in Japan

JAC

from pharmacies throughout Japan: a first report. Antibiotics (Basel)
2022; 11: 682. https://doi.org/10.3390/antibiotics11050682

13 Muraki Y, KusamaY, Tanabe M et al. Impact of antimicrobial steward-
ship fee on prescribing for Japanese pediatric patients with upper respira-
tory infections. BMC Health Serv Res 2020; 20: 399. https:/doi.org/10.
1186/s12913-020-05288-1

14 Kusama Y, Tsuzuki S, Muraki Y et al. The effects of Japan’s National
Action Plan on Antimicrobial Resistance on antimicrobial use. Int J
Infect Dis 2021; 103: 154-6. https://doi.org/10.1016/}.ijid.2020.11.158
15 Steffensen FH, Schgnheyder HC, Mortensen JT et al. Changes in reim-
bursement policy for antibiotics and prescribing patterns in general prac-
tice. Clin Microbiol Infect 1997; 3: 653-7. https://doi.org/10.1111/j.1469-
0691.1997.tb00473.x

16 Ellegdrd LM, Dietrichson J, Anell A. Can pay-for-performance to pri-
mary care providers stimulate appropriate use of antibiotics? Health
Econ 2018; 27: e39-54. https://doi.org/10.1002/hec.3535

17 NHS England. Quality Premium: 2015/16 Guidance for CCGs. 2015.
https:/www.england.nhs.uk/wp-content/uploads/2013/12/qual-prem-
guid.pdf.

18 Aliabadi S, Anyanwu P, Beech E et al. Effect of antibiotic stewardship
interventions in primary care on antimicrobial resistance of Escherichia
coli bacteraemia in England (2013-18): a quasi-experimental, ecological,
data linkage study. Lancet Infect Dis 2021; 21: 1689-700. https://doi.org/
10.1016/51473-3099(21)00069-4

19 AMRClinical Reference Center. Surveillance Based on Data From the NDB.
https://amrcrc.ncgm.go.jp/surveillance/010/20181128172333.html.

20 Tsutsui A, Suzuki S. Japan nosocomial infections surveillance (JANIS):
a model of sustainable national antimicrobial resistance surveillance
based on hospital diagnostic microbiology laboratories. BMC Health Serv
Res 2018; 18: 799. https:/doi.org/10.1186/512913-018-3604-x

21 Kajihara T, Yahara K, Hirabayashi A et al. Japan nosocomial infections
surveillance (JANIS): current status, international collaboration, and fu-
ture directions for a comprehensive antimicrobial resistance surveillance
system. Jpn J Infect Dis 2021; 74: 87-96. https://doi.org/10.7883/yoken.
JJID.2020.499

22 MurakiY, YagiT, Tsuji Y et al. Japanese antimicrobial consumption sur-
veillance: first report on oral and parenteral antimicrobial consumption in
Japan (2009-2013). J Glob Antimicrob Resist 2016; 7: 19-23. https://doi.
org/10.1016/j.jgar.2016.07.002

23 Tsutsui A, Yahara K, Shibayama K. Trends and patterns of national
antimicrobial consumption in Japan from 2004 to 2016. J Infect
Chemother 2018; 24: 414-21. https://doi.org/10.1016/j.jiac.2018.01.003
24 Ministry of Health, Labour and Welfare. 2014 Summary of Patient Survey.
2015. https:/www.mhlw.go.jp/english/database/db-hss/sps_2014.html.

25 WHO. Global Antimicrobial Resistance and Use Surveillance System
(GLASS). https://www.who.int/initiatives/glass.

26 Ministry of Health Labour and Welfare. 2017 Summary of Static/
Dynamic Surveys of Medical Institutions and Hospital Report. 2018. https:/
www.mhlw.go.jp/english/database/db-hss/mih_report_2017.html.

27 Ministry of Health Labour and Welfare. Annual Open Report 2018 (All
facilities), Japan Nosocomial Infections Surveillance (JANIS), Clinical
Laboratory Division,. https:/janis.mhlw.go.jp/english/report/open_report/
2018/3/1/ken_Open_Report_Eng 201800 clsi2012.pdf.

28 WHO Collaborating Centre for Drug Statistics Methodology,
Norwegian Institute of Public Health. ATC/DDD Index 2023. https:/
www.whocc.no/atc_ddd_index/.

29 WHO. Monitoring and Evaluation of the Global Action Plan on
Antimicrobial Resistance. 2019. https://iris.who.int/bitstream/handle/
10665/325006/9789241515665-eng.pdf?sequence=1.

30 AMR Clinical Reference Center. Antimicrobial Database. https://amrcrc.
ncgm.go.jp/surveillance/030/202309029_masterClassification_ATC.pdf.

31 HosakaV, Yahara K, Clark A et al. Surveillance of multi-drug resistance
phenotypes in Staphylococcus aureus in Japan and correlation with
whole-genome sequence findings. J Hosp Infect 2022; 123: 34-42.
https:/doi.org/10.1016/j.jhin.2022.02.011

32 Bonten M, Johnson JR, van den Biggelaar AHJ et al. Epidemiology of
Escherichia coli bacteremia: a systematic literature review. Clin Infect
Dis 2021; 72: 1211-9. https://doi.org/10.1093/cid/ciaa210

33 The committee for the JAIS/JSC Guide to Clinical Management of
Infectious Diseases. The JAIS/JSC Guide to Clinical Management of
Infectious Diseases 2019. Life Science Publishing, 2019.

34 Hashimoto H, Matsui H, Sasabuchi Y et al. Antibiotic prescription
among outpatients in a prefecture of Japan, 2012-2013: a retrospective
claims database study. BMJ Open 2019; 9: e026251. https:/doi.org/10.
1136/bmjopen-2018-026251

35 KosaiK, Yamagishi Y, Hashinaga K et al. Multicenter surveillance of the
epidemiology of gram-negative bacteremia in Japan. J Infect Chemother
2020; 26: 193-8. https://doi.org/10.1016/j.jiac.2019.11.003

36 CLSI. Performance Standards for Antimicrobial Susceptibility Testing—
Twenty-Eighth edition: M100. 2018.

37 Nicolas-Chanoine M-H, Bertrand X, Madec J-Y. Escherichia coli ST131,
an intriguing clonal group. Clin Microbiol Rev 2014; 27: 543-74. https://doi.
0rg/10.1128/CMR.00125-13

38 Matsumura Y, Yamamoto M, Nagao M et al. Association of fluoro-
quinolone resistance, virulence genes, and IncF plasmids with
extended-spectrum-B-lactamase-producing Escherichia coli sequence
type 131 (ST131) and ST405 clonal groups. Antimicrob Agents
Chemother 2013; 57: 4736-42. https://doi.org/10.1128/AAC.00641-13

39 Matsumura Y, Johnson JR, Yamamoto M et al. CTX-M-27- and CTX-
M-14-producing, ciprofloxacin-resistant Escherichia coli of the H30 subclonal
group within ST131 drive a Japanese regional ESBL epidemic. J Antimicrob
Chemother 2015; 70: 1639-49. https://doi.org/10.1093/jac/dkv017

40 Matsumura Y, Pitout JDD, Gomi R et al. Global Escherichia coli se-
quence type 131 clade with blacrx-m-27 gene. Emerg Infect Dis J 2016;
22: 1900. https://doi.org/10.3201/eid2211.160519

41 Hashimoto H, Saito M, Sato J et al. Indications and classes of out-
patient antibiotic prescriptions in Japan: a descriptive study using the na-
tional database of electronic health insurance claims, 2012-2015. Int J
Infect Dis 2020; 91: 1-8. https://doi.org/10.1016/.ijid.2019.11.009

42 Gray J, Oppenheim B, Mahida N. Preventing healthcare-associated
gram-negative bloodstream infections. J Hosp Infect 2018; 98: 225-7.
https:/doi.org/10.1016/j.jhin.2018.01.008

43 Lawandi A, Kadri SS. Can financial rewards for stewardship in primary
care curb antibiotic resistance? Lancet Infect Dis 2021; 21: 1618-20.
https://doi.org/10.1016/S1473-3099(21)00169-9

44 Hammond A, Stuijfzand B, Avison MB et al. Antimicrobial resistance
associations with national primary care antibiotic stewardship policy: pri-
mary care-based, multilevel analytic study. PLoS One 2020; 15:
€0232903. https://doi.org/10.1371/journal.pone.0232903

45 Enne VI, Livermore DM, Stephens P et al. Persistence of sulphonamide
resistance in Escherichia coliin the UK despite national prescribing restric-
tion. Lancet 2001; 357: 1325-8. https://doi.org/10.1016/S0140-6736(00)
04519-0

46 Gottesman BS, Carmeli Y, Shitrit P et al. Impact of quinolone restric-
tion on resistance patterns of Escherichia coli isolated from urine by cul-
ture in a community setting. Clin Infect Dis 2009; 49: 869-75. https://
doi.org/10.1086/605530

47 RyuS, Cowling BJ, Wu P et al. Case-based surveillance of antimicrobial
resistance with full susceptibility profiles. JAC Antimicrob Resist 2019; 1:
dlz070. https://doi.org/10.1093/jacamr/dlz070

319

18


https://doi.org/10.3390/antibiotics11050682
https://doi.org/10.1186/s12913-020-05288-1
https://doi.org/10.1186/s12913-020-05288-1
https://doi.org/10.1016/j.ijid.2020.11.158
https://doi.org/10.1111/j.1469-0691.1997.tb00473.x
https://doi.org/10.1111/j.1469-0691.1997.tb00473.x
https://doi.org/10.1002/hec.3535
https://www.england.nhs.uk/wp-content/uploads/2013/12/qual-prem-guid.pdf
https://www.england.nhs.uk/wp-content/uploads/2013/12/qual-prem-guid.pdf
https://doi.org/10.1016/S1473-3099(21)00069-4
https://doi.org/10.1016/S1473-3099(21)00069-4
https://amrcrc.ncgm.go.jp/surveillance/010/20181128172333.html
https://doi.org/10.1186/s12913-018-3604-x
https://doi.org/10.7883/yoken.JJID.2020.499
https://doi.org/10.7883/yoken.JJID.2020.499
https://doi.org/10.1016/j.jgar.2016.07.002
https://doi.org/10.1016/j.jgar.2016.07.002
https://doi.org/10.1016/j.jiac.2018.01.003
https://www.mhlw.go.jp/english/database/db-hss/sps_2014.html
https://www.who.int/initiatives/glass
https://www.mhlw.go.jp/english/database/db-hss/mih_report_2017.html
https://www.mhlw.go.jp/english/database/db-hss/mih_report_2017.html
https://janis.mhlw.go.jp/english/report/open_report/2018/3/1/ken_Open_Report_Eng_201800_clsi2012.pdf
https://janis.mhlw.go.jp/english/report/open_report/2018/3/1/ken_Open_Report_Eng_201800_clsi2012.pdf
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
https://iris.who.int/bitstream/handle/10665/325006/9789241515665-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/325006/9789241515665-eng.pdf?sequence=1
https://amrcrc.ncgm.go.jp/surveillance/030/20230531_masterClassification_ATC.pdf
https://amrcrc.ncgm.go.jp/surveillance/030/20230531_masterClassification_ATC.pdf
https://doi.org/10.1016/j.jhin.2022.02.011
https://doi.org/10.1093/cid/ciaa210
https://doi.org/10.1136/bmjopen-2018-026251
https://doi.org/10.1136/bmjopen-2018-026251
https://doi.org/10.1016/j.jiac.2019.11.003
https://doi.org/10.1128/CMR.00125-13
https://doi.org/10.1128/CMR.00125-13
https://doi.org/10.1128/AAC.00641-13
https://doi.org/10.1093/jac/dkv017
https://doi.org/10.3201/eid2211.160519
https://doi.org/10.1016/j.ijid.2019.11.009
https://doi.org/10.1016/j.jhin.2018.01.008
https://doi.org/10.1016/S1473-3099(21)00169-9
https://doi.org/10.1371/journal.pone.0232903
https://doi.org/10.1016/S0140-6736(00)04519-0
https://doi.org/10.1016/S0140-6736(00)04519-0
https://doi.org/10.1086/605530
https://doi.org/10.1086/605530
https://doi.org/10.1093/jacamr/dlz070



