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ABSTRACT

Introduction: Antimicrobial resistance (AMR)
is a major global health threat. While antimi-
crobial consumption (AMC) in Japan substan-
tially decreased after implementation of the
AMR National Action Plan, the disease burden
due to AMR seems to be unchanged. The main
objective of this study is to examine the rela-
tionship between AMC and the disease burden
due to AMR in Japan.

Methods: We estimated the annual population-
standardized AMC from 2015 to 2021 using
defined daily doses (DDDs) per 1000 inhabitants
per day (DIDs) and the disease burden due to
bloodstream infections caused by nine major
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antimicrobial-resistant  bacteria  (AMR-BSIs)
from 2015 to 2021 using disability-adjusted life
years (DALYs). We then examined the correla-
tion between AMC and DALYs using Spear-
man’s rank correlation coefficient and cross-
correlation function. Spearman’s p > 0.7 was
considered to indicate a strong correlation.
Results: The sales amounts of third-generation
cephalosporins, fluoroquinolones, and macro-
lides were 3.82 DIDs, 2.71 DIDs, and 4.59 DIDs,
respectively, in 2015, but 2.11, 1.48, and 2.72 in
2021. This corresponded to reductions of
44.8%, 45.4%, and 40.7% during the study
period. DALYs due to AMR-BSIs were 164.7 per
100,000 population in 2015 but 195.2 per
100,000 in 2021. Spearman’s rank correlation
coefficients between AMC and DALYs
were — 0.37 (total antibiotics), — 0.50 (oral
antibiotics), — 0.43 (third-generation cephalo-
sporins), — 0.5 (fluoroquin,olones) and — 0.5
(macrolides). No obvious cross-correlations
were found.

Conclusions: Our results reveal that changes in
AMC are not associated with DALYs caused by
AMR-BSIs. AMR countermeasures besides efforts
to reduce inappropriate AMC might be neces-
sary to mitigate the disease burden due to AMR.
Keywords: Antimicrobial resistance;  Anti-
microbial consumption; Disease burden
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Why carried out this study?

Antimicrobial consumption (AMC) has
declined in Japan in recent years.

However, we do not know whether or not
the disease burden due to antimicrobial
resistance (AMR) has been mitigated.

What was learned from this study?

Disease burden due to AMR in Japan did
not decrease during the study period
(2015-2020).

A decrease in AMC might not be a
sufficient AMR countermeasure.

INTRODUCTION

Antimicrobial resistance (AMR) is a persistent
and major global health issue [1-4]. In 2015, the
World Health Organization published the Glo-
bal Action Plan on Antimicrobial Resistance,
which advocated for improved awareness and
understanding of antimicrobial resistance and
strengthening of knowledge through surveil-
lance and research [1].

Nonetheless, despite continuous effort to
combat AMR by each country, AMR is still a
substantial cause of disease burden in society. In
the European Union and European Economic
Area, Cassini et al. reported that the total dis-
ease burden of AMR in 2018 in terms of dis-
ability-adjusted life years (DALYs) and the
calculated 115 DALYs per 100,000 population
in 2015 were caused by infections with four
major antibiotic-resistant bacteria [third-gener-
ation cephalosporin-resistant Escherichia coli,
methicillin-resistant  Staphylococcus  aureus
(MRSA), carbapenem-resistant Pseudomonas
aeruginosa, and third-generation cephalosporin-
resistant Klebsiella pneumoniae] [S]. According to
a more recent report by Murray et al., 64.0
deaths and 2448.1 DALYs per 100,000

population were associated with bacterial AMR
globally in 2019 [4].

The Ministry of Health, Labour and Welfare
of Japan established a national action plan
against AMR in 2016 and implemented several
surveillance systems and interventions at the
population level [6]. We previously estimated
the number of deaths and DALYs due to
bloodstream infections caused by major
antimicrobial-resistant organisms (AMR-BSIs),
which were the targets of a comprehensive
national surveillance program [7, 8]. Our results
showed that BSIs due to MRSA and fluoro-
quinolone-resistant E. coli (FQREC) caused 4244
and 3915 deaths in 2017, respectively [7]. In
addition, BSIs caused by nine major antimicro-
bial-resistant bacteria [MRSA, FQREC, third-
generation cephalosporin-resistant E. coli
(3GREC), third-generation cephalosporin-resis-
tant K. pneumoniae (3GRKP), carbapenem-resis-
tant P. aeruginosa (CRPA), penicillin-resistant
Streptococcus pneumoniae (PRSP), carbapenem-
resistant Enterobacterales (CRE), vancomycin-re-
sistant Enterococci (VRE) and multidrug-resistant
Acinetobacter spp. (MDRA)] led to 137.9 DALYs
per 100,000 population in 2018 [8].

On the other hand, because inappropriate
antimicrobial consumption (AMC) is said to
exacerbate AMR [9, 10], the need to reduce AMC
as a measure against AMR has been advocated in
recent years. Indeed, AMC has decreased in
Japan since the introduction of the National
Action Plan [11]. Furthermore, the emergence
of COVID-19 promoted this decreasing trend in
AMC. After the occurrence of the COVID-19
pandemic, a considerable drop in AMC was seen
worldwide, and Japan was no exception
(12, 13].

The decline in AMC is itself a pleasing phe-
nomenon. However, the original, primary
objective of AMR countermeasures should be to
reduce the disease burden, including deaths due
to AMR, and a reduction in AMC should only be
a secondary goal that may contribute to the
primary one. Nevertheless, research has focused
on the reduction in AMC as a result of AMR
countermeasures, and has not sufficiently
examined whether the disease burden due to
AMR has actually been reduced.
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A previous study of the relationship between
the AMC reduction and AMR from the UK
reported that implementation of the Quality
Premium in England did not improve the fluo-
roquinolone susceptibility of E. coli, despite a
substantial reduction in ciprofloxacin con-
sumption [14]. Considering this, AMR counter-
measures implemented in Japan might not have
decreased the disease burden, even if they
reduced AMC. Accordingly, the main objective
of this study was to examine the relationship
between AMC and the disease burden due to
AMR in Japan.

METHODS

Data Sources

For AMC, we used sales data from IQVIA Japan,
a multinational company that collects sales data
at the national level and encompasses more
than 99% of all drug distributions among
wholesalers in Japan. Our dataset includes only
sales data and does not include claims data, data
for research use, or sales data for animals. The
annual population-standardized AMC from
2015 to 2021 was estimated using the defined
daily doses (DDDs) per 1000 inhabitants per day
(DIDs). The DDD for each drug was obtained
from data published in January 2022 [15]. Pop-
ulation data were based on estimates published
every year on 1 October by the Statistics Bureau
of the Japanese Government [16].

With regard to the estimation of annual
DALYs due to AMR-BSIs, we limited the objec-
tive of the study to BSIs, following the method
of our previous study, in order to enable easier
comparison of the results [8]. We used data
collected by the Japan Nosocomial Infections
Surveillance (JANIS) program organized by the
Ministry of Health, Labour and Welfare [17-19].
We extracted data on MRSA, FQREC, 3GREC,
3GRKP, CRPA, PRSP, CRE, VRE, and MDRA
isolates from blood specimens collected
between 2015 and 2021 in the JANIS Clinical
Laboratory database. Patient identifiers were
removed by each hospital before the data were
submitted to JANIS. Approval for the extraction
and use of the data was granted by the Ministry

of Health, Labour and Welfare (approval num-
ber 0424e1).

Each isolate detected in a blood specimen
was counted as one case of BSI. To avoid
duplication from the same patient, we included
only one specimen from each patient within
one year, following the protocol of the Euro-
pean Antimicrobial Resistance Surveillance
Network [5]. The judgement criteria for assess-
ing the antimicrobial susceptibility of each
bacterium were in accordance with the regula-
tions of JANIS, which follows the criteria
defined by the Clinical Laboratory Standards
Institute [20].

Statistical Analysis

We conducted three separate statistical analy-
ses. First, we described the annual AMC and
DALYs due to AMR-BSIs in Japan in recent years.
Next, we analyzed the impact of the National
Action Plan and the emergence of COVID-19 on
AMC based on our monthly time series data.
Lastly, we examined the correlation between
annual AMC and DALYs due to AMR-BSIs.

DIDs of three antibiotic classes (third-gener-
ation cephalosporins, macrolides, and fluoro-
quinolones) from 2015 to 2021 are presented
descriptively. For the estimation of DALYs, we
adjusted the total number of reported BSIs by
year and prefecture according to the proportion
of the number of beds in hospitals participating
in JANIS, similar to our previous work [7]. The
number of beds in each prefecture was calcu-
lated as the sum of the number of beds in each
participating facility. Information on the total
number of beds was obtained from the e-Stat
website, a portal site for Japanese Government
Statistics [21]. We excluded psychiatric beds and
long-term care beds to specifically include beds
for acute care and infectious diseases.

Because DALYs are a composite health mea-
sure estimating both years lived with disabilities
(YLDs) and years of life lost (YLLs) due to pre-
mature mortality [22], we estimated the number
of deaths attributable to the nine aforemen-
tioned BSIs according to the method we used in
our previous study to calculate YLLs [8]. Fatality
data were obtained from a review of the
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literature [5, 23-25], as shown in Table S1 in the
Supplementary Material. As for YLDs, there is
scarce information on the incidence of mor-
bidity caused by BSIs in Japan, and we thus used
disease model trees and parameters from previ-
ous studies conducted in Europe [26, 27], simi-
lar to our previous study [8].

We used the Abridged Life Tables for Japan
from 2015 to 2021 [28] to calculate the expected
lifespan at the time of death in each BSI case,
and adopted the BSI outcome tree derived from
the BCoDE project [29]. An outline of the out-
come tree is shown in Figure S1 and Table S2 in
the Supplementary Material. We excluded the
burden of uncomplicated cases from the total
disease burden.

We drew 2000 random samples for each of
bed coverage, case fatality, probability, and
utility of each health status according to their
distribution (details are shown in Table S2 in
the Supplementary Material) and calculated the
DALYs 2000 times to reflect inherent
uncertainties.

To evaluate the impact of the National
Action Plan and the emergence of COVID-19,
we used a generalized least squares model that
included time (month), introduction of the
National Action Plan, the emergence of COVID-
19, and seasonality as explanatory variables.
Dependent variables were total AMC, oral AMC,
and each of the three classes of AMC (third-
generation cephalosporins, fluoroquinolones,
and macrolides).

Next, we examined the correlation between
AMC and DALYs by using Spearman’s rank
correlation coefficient and cross-correlation
function because both are time series data. A
Spearman’s p > 0.7 was considered to indicate a
strong correlation. Two-sided p values of < 0.05
were considered statistically significant. All sta-
tistical analyses were performed using R 4.1.3
[30].

Ethics Approval

Patient identifiers were removed by each hos-
pital before the data were submitted to the
surveillance system. Therefore, no ethics
approval was required to conduct the present

study. However, we needed to request approval
for data extraction and use from the Ministry of
Health, Labour and Welfare Japan because the
data were provided by the national surveillance
system. The approval number for the data
extraction is 0424el.

RESULTS

Figure 1 shows the annual AMC of three major
classes of oral antibiotics in Japan. The sales
amounts of third-generation cephalosporins,
fluoroquinolones, and macrolides were 3.82
DIDs, 2.71 DIDs, and 4.59 DIDs, respectively, in
2015, but just 2.11, 1.48, and 2.72 in 2021. This
corresponded to reductions of 44.8%, 45.4%,
and 40.7% during the study period.

Figure 2 shows the annual total AMC in
Japan from 2015 to 2021. Total sales of oral and
parenteral antibiotics were 13.68 DIDs and 1.00
DIDs, respectively, in 2015 and 9.25 and 0.96 in
2021. Thus, the proportion of oral antibiotics
among the total AMC decreased from 93.2% to
90.6% during the study period.

Generalized least squares models suggested
that the sales amount of the total and three
major classes decreased gradually over time
(p <0.001) and that the COVID-19 pandemic
had a substantial negative impact on AMC
(p <0.001). The results of multivariable analyses
are detailed in Table 1.

Figures 3 and 4 show the estimated numbers
of deaths due to BSIs caused by MRSA and
FQREC, respectively. The number of deaths due
to MRSA BSIs did not change substantially and
remained at around 4000 per year (medians of
3863 in 2015 and 3916 in 2021). The number of
deaths due to FQREC BSIs increased during the
study period from 3070 to 4169.

Figure 5 shows DALYs due to BSIs caused by
nine major antimicrobial-resistant bacteria
from 2015 to 2021. DALYs due to AMR-BSIs
were 164.7 per 100,000 population in 2013 but
195.2 per 100,000 in 2021. The proportion of
YLLs was 90.0% in both 2013 and 2021.

Spearman’s rank correlation coefficients
between AMC and DALYs were — 0.37 (total
antibiotics), — 0.50 (oral antibiotics), — 0.43
(third-generation cephalosporins), — 0.50
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Fig. 1 Annual sales amounts of third-generation cepha-
losporins, fluoroquinolones, and macrolides from 2015 to
2021; red bars represent the sales amounts of third-

(fluoroquinolones), and — 0.50 (macrolides).
The cross-correlation function revealed no
strong correlation between any class of AMC
(total antibiotics, oral antibiotics, third-genera-
tion cephalosporins, fluoroquinolones, and
macrolides) and DALYs. Cross-correlation
function plots are presented in Table 2.

DISCUSSION

Our results demonstrated that AMC in Japan fell
substantially after the introduction of the
National Action Plan. Nevertheless, there was
no obvious change in the disease burden due to
BSIs caused by nine major antimicrobial-resis-
tant bacteria. In addition, we could not find any
obvious correlation between AMC and DALYs
due to these BSIs. These findings suggest that
AMC reduction is not always key to improving
the disease burden due to AMR and that

2019

Class

. Cephalosporins
- Fluoroquinolones

. Macrolides

2020 2021

generation cephalosporins, green bars those of fluoro-
quinolones, and blue bars those of macrolides

interventions other than antimicrobial stew-
ardship might be necessary to improve the
situation.

We usually expect that a reduction in AMC
will lead to decreases in the disease burden due
to AMR, as a result of a lower resistance rate
related to the AMC reduction because inappro-
priate AMC is regarded as one of the major
causes of AMR [9, 10]. Notably, the resistance
rate of major bacteria in Japan did not decrease
during the study period. MRSA as a proportion
of S. aureus was 48.2% in 2016 (data for 2015
were not available) and 48.5% in 2020. The
FQREC as a proportion of E. coli was 30.5% in
2016 (data for 2015 were not available) and
35.0% in 2020 [18]. However, several previous
studies had already reported results similar to
ours, namely that AMC reduction did not
reduce resistance. As mentioned above, Aliabadi
et al. showed that the decrease in ciprofloxacin
consumption was paradoxically associated with
an increased rate of ciprofloxacin resistance in
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Fig. 2 Annual sales amounts of oral and parenteral antibiotics from 2015 to 2021; light gray bars represent the sales

amounts of oral antibiotics and dark gray bars the sales amounts of parenteral antibiotics

E. coli in the UK [14]. Hernandez-Santiago et al.
also reported that the prescription of fluoro-
quinolones, cephalosporins, and co-amoxiclav
decreased after introduction of a primary care
antimicrobial stewardship intervention in 2009,
but that the resistance rate of coliform (E. coli,
Proteus spp., or Klebsiella spp.) bacteraemia
among adult patients did not decrease signifi-
cantly [31]. According to Enne et al. and
Sundqvist et al., the prevalence of sulfonamide
resistance in E. coli did not decrease despite a
huge decrease in sulfonamide prescriptions
[32, 33]. Considering our method to calculate
DALYs due to AMR-BSIs, the disease burden due
to AMR in these countries might also not
decrease with a reduction in AMR.

We can consider several hypotheses con-
cerning these undesirable findings. If we think
optimistically, more time will simply be
required for the influence of AMR reduction on
the disease burden to be reflected. However,
because AMR is a multifactorial phenomenon
associated with various elements, it would

therefore not be a good idea for us to maintain
the status quo. If we think pessimistically, the
AMR situation has already reached a point of no
return. For instance, Enne et al. attributed the
cause of the sustained resistance rate to the
genetic linkage of the index resistance to other
resistance determinants [33]. Aliabadi et al.
agreed with the suggestion of Collignon et al.
that one of the most likely reasons for this was
the accumulation of mutations conferring
resistance within bacterial populations [14, 34].
Our findings support their suggestion that
focusing on AMC reduction might be insuffi-
cient to counter resistance that has already
become established in the bacterial population.

Furthermore, we should take note that,
although efforts to reduce oral AMC were a
resounding success, parenteral AMC did not
decrease during the study period. This means
that room for improvement remains in our
antimicrobial stewardship programme, espe-
cially at inpatient care. A previous study repor-
ted improved antibiotic susceptibility after a
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Table 1 Results of multivariable linear regression analysis

Dependent variable Independent variable Coefficient 95% CI P value
Total antibiotics Time — 0.04 — 0.06, — 0.02 < 0.001
National Action Plan 0.22 — 067, 1.11 0.626
COVID-19 pandemic — 1.84 — 273, — 095 < 0.001
Oral antibiotics Time — 0.04 — 0.06, — 0.02 < 0.001
National Action Plan 0.24 — 057, 1.05 0.560
COVID-19 pandemic — 1.67 — 248, — 0.86 < 0.001
Third-generation cephalosporins Time — 0.02 — 0.02, — 0.01 < 0.001
National Action Plan 0.08 — 0.13, 0.28 0.456
COVID-19 pandemic — 0.51 — 0.72, — 0.31 < 0.001
Fluoroquinolones Time — 0.01 — 0.02, — 0.01 < 0.001
National Action Plan 0.18 — 0.04, 0.39 0.103
COVID-19 pandemic — 0.46 — 0.68, — 0.25 < 0.001
Macrolides Time — 0.02 — 0.03, — 0.01 < 0.001
National Action Plan 0.15 — 0.14, 0.45 0.291
COVID-19 pandemic — 0.56 — 0.85, — 0.27 < 0.001

Dependent variables were monthly antibiotic sales (unit = defined daily doses per 1000 inhabitants per day)

CI confidence interval

reduction in AMC in healthcare settings [35],
which may support this hypothesis. It is worth
investigating if we can lower the resistance rate
by reducing the inappropriate use of parenteral
antibiotics, because a lower resistance rate will
result in smaller disease burden, as discussed
above. The National Action Plan against AMR in
Japan is now due for revision, and our findings
should be taken into consideration.

With regard to the results of multivariable
linear regression analysis, COVID-19 was asso-
ciated with lower AMC in all classes of antibi-
otics included in the analysis, while the
National Action Plan was not. Nevertheless, we
should interpret these results with caution,
given that our previous studies found a signifi-
cant AMC reduction after the introduction of
the National Action Plan [11] and a substantial
decline of AMC after the emergence of COVID-
19 [13]. However, the impact of COVID-19
seemed larger than that of the National Action

5000 1

w S
o o
S S
o o

Number of Deaths per year
S
o
o

1000 4

2015 2016 2017 2018 2019 2020 2021
Year

Fig. 3 Estimated numbers of deaths due to bloodstream
infections caused by methicillin-resistant S. aurens from
2015 to 2021; whiskers represent 95% uncertainty intervals

Plan. That is one of the reasons why the
National Action Plan did not show a statistically
significant association with AMC.
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Fig. 4 Estimated numbers of deaths due to bloodstream

infections caused by fluoroquinolone-resistant E. coli from
2015 to 2021; whiskers represent 95% uncertainty intervals

This study has some limitations. First, we
could not examine AMC outside the human
sector (e.g., the animal and environmental

150 4

100 A

50 4

Breakdown of DALYs per 100,000 population

2015 2016 2017 2018
Year

Fig. 5 DALYs due to bloodstream infections caused by
nine major antimicrobial-resistant organisms from 2015 to
2021; light gray bars represent the burden of YLDs , dark

sectors) due to a scarcity of data. AMC in the
animal sector may influence AMR in human
society. Nevertheless, that would support our
conclusion that we should take more compre-
hensive countermeasures that are not just lim-
ited to AMC reduction at the primary care level.
Second, this was an ecological study without
genetic information on bacteria. Accordingly,
we could not appropriately assess the influence
of accumulated gene mutations. This is one of
the outstanding challenges requiring attention.
Third, we did not consider the burden of minor
bacteria and infectious diseases other than BSIs.
There is no doubt that other major infectious
diseases, such as pneumonia and urinary tract
infections, are other causes of disease burden.
Because we can diagnose BSIs easily and
definitively, they are a good choice for under-
standing the chronological trend in the disease
burden due to AMR. In addition, the nine major
bacteria chosen in this study account for almost

Breakdown
LD

Y
. YLL

2019 2020 2021

gray bars the burden of YLL, and whiskers uncertainty
intervals. DALY disability-adjusted life years, YZLs years
of life lost, YLDs years lived with disability
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Table 2 Results of cross-correlation function between antimicrobial consumption and DALY

Lag/class -3 -2 -1 0 1 2 3
Total antibiotics 0.20 0.16 0.12 — 0.1 — 0.12 — 033 — 0.53
Oral antibiotics 0.32 0.06 0.02 — 032 — 0.26 — 058 — 049
Third-generation cephalosporins 0.27 0.14 0.03 — 0.38 —0.25 — 0.56 — 048
Fluoroquinolones 0.31 0.18 — 0.06 — 0.34 — 029 — 045 — 0.54
Macrolides 0.36 0.04 —0.02 — 0.38 — 020 — 0.53 — 0.49

DALYs disability-adjusted life years

all of the burden of BSIs, as demonstrated in our
previous study [8]. For E. coli, it is difficult to
assess the disease burden due to AMR because
there are various types of epidemiologically
important resistance in E. coli. Although we
used FQREC as representative of E. coli resis-
tance, resistance to third-generation cephalos-
porins should be noted as another major
resistance. However, DALYs due to FQREC BSIs
were 71.4 per 100,000 population in 2020,
while those due to third-generation cephalos-
porin resistant EC (3GCREC) BSIs were 49.0 per
100,000 population. DALYs due to BSIs caused
by EC resistant to both FQ and third-generation
cephalosporin were 39.1 in the same year. The
most prevalent and important E. coli resistance
in Japan can be regarded as fluoroquinolone
resistance, which is why we have used FQREC as
one of the indicators of the disease burden due
to AMR. Fourth, our data on AMC were derived
from sales data and there should thus be little
discrepancy between these data and the actual
consumption at the individual level. However, a
previous study reported that similar trends were
observed when AMC in sales data were com-
pared with that in claims data [36], indicating
that our findings would not change substan-
tially even if we used claims data.

CONCLUSIONS

Our findings showed that AMC in Japan fell
substantially after the introduction of the
National Action Plan. However, disease burden
due to AMR did not decrease, and there was no
correlation between AMC and the disease

burden due to BSIs caused by major AMR bac-
teria. These results suggest that AMC reduction
might be insufficient as an appropriate coun-
termeasure against AMR, and that a more
comprehensive approach is required to improve
the situation.
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