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ABSTRACT

Introduction: While incidence rates of van-
comycin-resistant Enterococcus faecium have
remained comparatively low in Japan, there
have been increasing reports of more van-
comycin-resistant Enterococcus (VRE) outbreaks,
requiring costly measures to contain. Increased
incidence of VRE in Japan may lead to more
frequent and harder to contain outbreaks with
current control measures, causing a significant
burden to the healthcare system in Japan. This
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study aimed to demonstrate the clinical and
economic burden of vancomycin-resistant E.
faecium infections to the Japanese healthcare
system and the impact of increasing rates of
vancomycin resistance.

Methods: A de novo deterministic analytic
model was developed to assess the health eco-
nomic outcomes of treating hospital-acquired
VRE infections; patients are treated according to
a two-line treatment strategy, dependent on
their resistance status. The model considers
hospitalisation costs and the additional cost of
infection control. Scenarios investigated the
current burden of VRE infections and the addi-
tional burden of increased incidence of VRE.
Outcomes were assessed over a l-year and
10-year time horizon from a healthcare payer’s
perspective in a Japanese setting. Quality-ad-
justed life years (QALYs) were valued with a
willingness-to-pay threshold of ¥5,000,000
($38,023), and costs and benefits were dis-
counted at a rate of 2%.

Results: Current VRE incidence levels in ente-
rococcal infections in Japan equates to
¥130,209,933,636 ($996,204,669) in associated
costs and a loss of 185,361 life years (LYs) and
165,934 QALYs over 10 years. A three-fold
increase (1.83%) is associated with an addi-
tional ¥4,745,059,504 ($36,084,651) in total
costs on top of the current cost burden as well as
an additional loss of 683 LYs over a lifetime,
corresponding to 616 QALYs lost.
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Conclusion: Despite low incidence rates, VRE
infections already represent a substantial eco-
nomic burden to the Japanese healthcare sys-
tem. The substantial increase in costs associated
with a higher incidence of VRE infections could
result in a significant economic challenge for
Japan.

Keywords: Enterococcus  faecalis;  Economic
evaluation; Hospital-acquired infections;
Japan; Vancomycin-resistant Enterococcus

Why carry out this study?

Vancomycin-resistant Enterococcus (VRE)
are a high priority pathogen due to their
ability to develop and transfer resistance
mechanisms and survive for prolonged
periods on inanimate surfaces.

VRE outbreaks in hospitals require costly
countermeasures that aim to identify and
prevent transmission to contain the
outbreak.

Vancomycin-resistant Enterococcus faecium
incidence in Japan has remained low
compared with other countries, with
vancomycin resistance in 1.4% of E.
faecium isolates compared with 16.8% in
Europe and 82.1% in the US.

This study aims to demonstrate the
clinical and economic burden of
vancomycin-resistant E. faecium to the
Japanese healthcare system and the
impact of increasing rates of vancomycin
resistance.

What was learned from the study?

VRE infections in Japan pose a
considerable clinical and economic
burden to the healthcare system, despite
the relatively low incidence; an increase in
resistance rates would exacerbate this
burden further with additional costs
associated with containing VRE outbreaks
contributing to the majority of economic
burden.

This analysis can be utilised to inform
Japanese decision-makers of the
significant impact on the healthcare
system if VRE infections are not effectively
controlled and the importance of
preventative action against antimicrobial
resistance (AMR).

INTRODUCTION

Antimicrobial resistance (AMR) is a growing
threat to public health worldwide that is asso-
ciated with high morbidity and mortality [1, 2].
The emergence of multi-drug-resistant infec-
tions, combined with inadequate infection
prevention and control measures, and insuffi-
cient development of new antimicrobials has
resulted in increasingly difficult-to-treat and
untreatable infections [1]. The World Health
Organization (WHO) has developed a global
action plan to address AMR worldwide. The
plan, adopted in 2015, aims to ensure the
effective treatment and prevention of infectious
diseases by implementing country-specific
strategies [3]. In 2016, the Japanese government
devised the National Action Plan on AMR
2016-2020, outlining countermeasures against
AMR across six key areas: surveillance and
monitoring, public awareness and education,
and infection prevention and control [4]. The
Japanese National Action Plan targets were
based on national surveillance data from the
Japan Nosocomial Infections Surveillance
(JANIS) database [2]. Data from the JANIS data-
base will also support Japan’s and the WHO's
aims for improved surveillance of AMR and
monitoring the impact AMR countermeasures
[2, 5]. Gram-positive bacteria include a broad
range of resistant pathogens that pose a serious
concern due to their genetic ability to acquire
and develop resistance mechanisms [6]. These
include  vancomycin-resistant  Enterococcus
(VRE), which has been identified as a high pri-
ority pathogen by the WHO in its global list of
pathogens for research and development [7],
reported as a ‘serious threat’ to human health
by the Centers for Disease Control and
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Prevention (CDC) [8] and included in the
Japanese priority pathogen list [2, 9].

The incidence of VRE infections has
increased since it was first reported in the 1980s
and has become a global cause for concern, in
particular in hospital settings [10, 11]. Entero-
cocci are facultative anaerobic gram-positive
cocci responsible for causing infections includ-
ing urinary tract infection (UTI), intra-abdomi-
nal infection (IAI), Dbacteraemia and
endocarditis [12, 13]. Enterococci are normally
commensal organisms to the human gastroin-
testinal tract, and VRE rarely causes infections
when it enters the body of healthy individuals.
However, VRE can cause severe infections such
as sepsis and peritonitis in patients with cancer
or serious underlying diseases. In addition, most
antimicrobial agents used for VRE infections in
clinical practice are often ineffective; as Entero-
cocci are part of the normal microbiota, it is
challenging to eradicate VRE colonisation,
enabling patients to act as VRE reservoirs [14].
Enterococci are intrinsically resistant to a number
of antimicrobial classes and have shown
capacity to rapidly acquire and transfer multi-
drug resistance mechanisms including van-
comycin resistance [15]. Additionally, the abil-
ity of these organisms to survive on inanimate
surfaces for several months increases the risk of
transmission, which is an added challenge
within a hospital environment [16]. The Ente-
rococcus genus is made up of > 50 different
species of Enterococci, though Enterococcus fae-
calis and Enterococcus faecium most commonly
cause human infection [13]. While E. faecalis is
more pathogenic than E. faecium, E. faecium is
responsible for most VRE infections because of
its higher resistance levels [17, 18]. Thus, E.
faecium presents a bigger threat in the treatment
of infectious diseases. VRE infections are asso-
ciated with both increased mortality relative to
Enterococci infections and greater healthcare
costs and length of hospital stay [19, 20]. In
addition to the risk of VRE outbreaks, there is a
risk that resistance may be transmitted to other
gram-positive pathogens, for example, methi-
cillin-resistant Staphylococcus aureus [7, 10].

In Japan, the first VRE infections were iden-
tified in 1996. Since 2013 the major species
causing VRE infections in Japan continues to be

E. faecium [21]. Incidence has remained low
compared with other counties, with van-
comycin resistance in 1.4% of E. faecium isolates
compared with 16.8% in Europe and 82.1% in
the US [22-24]. Between 2016 and 2020, the
European Centre for Disease Prevention and
Control (ECDC) via the European Antimicrobial
Resistance Surveillance Network (EARS-Net) and
the Central Asian and European Surveillance of
Antimicrobial Resistance (CAESAR) identified a
significant increase in vancomycin resistance in
E. faecium, from 11.6% to 16.8% [23]. Unlike
many other resistant bacterial pathogens, van-
comycin-resistant E.faecium followed no dis-
tinct geographical patterns [23]. The main
mechanism of vancomycin resistance involves
alterations of the portion of the cell wall that
vancomycin binds to; the vanA and vanB oper-
ons have been identified to be responsible for
most VRE outbreaks in humans [25]. Over the
past 10 years, newly emerged resistant clones
have outcompeted and replaced existing clones,
for example vanA ST1421 in Australia and vanB
ST192 in Germany [26, 27]. Such strains like
ST1421 and related endemic multilocus
sequence typing non-typable VRE have been
responsible for causing a multi-jurisdictional
outbreak in Australia and have spread world-
wide [28-30]. A study of the global dissemina-
tion of VRE clones indicated a regional link for
the distribution of E. faecium between Japan and
Australia [31]. Indeed, the first outbreak of the
ST1421 strain occurred in Aomori Japan in 2018
leading to 500 cases across 14 hospitals [32].
Since this first outbreak there have been other
reports of large nosocomial VRE outbreaks in
Japan [33-35]. VRE outbreaks in Japan are
increasing in frequency in acute-care hospitals
and subsequently spreading into satellite hos-
pitals with long-term care beds [36]. The
importance of infection control measures to
control AMR in healthcare associated infections
have been recognised for decades [37]. How-
ever, due to additional transmission risks asso-
ciated with VRE infections, additional
countermeasures such as contact precaution,
personal protective equipment, environmental
hygiene, on-admission surveillance (including
environmental culture) and antimicrobial
stewardship have been adopted by hospitals to
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contain outbreaks [37, 38]. Despite control
measures being associated with increased cost,
they have been shown to be cost-effective
because of the high monetary burden associated
with VRE outbreaks [20]. Nevertheless, if van-
comycin resistance in Japan increases to rates
similar to those observed in Europe (16.8%) [23]
and the US (82.1%) [24], outbreaks may become
more frequent and harder to contain with cur-
rent control measures, causing a significant
burden to healthcare providers in Japan.

This study aims to demonstrate the clinical
and economic burden of vancomycin-resistant
E. faecium to the Japanese healthcare system
and the impact of increasing rates of van-
comycin resistance.

METHODS

In this study a de novo deterministic analytic
model of VRE infections in the Japanese setting
was built to investigate the current burden of
VRE infections as well as the additional burden
of alternative scenarios where the incidence of
VRE is increased. The methodology behind the
treatment pathway component of this model
follows the same principles as shown in previ-
ous studies [39-41]. The model considers
patients at a population level who have a hos-
pital-acquired infection (HAI) caused by the
gram-positive pathogen E. faecium, including
UTlIs, bloodstream infections (BSIs) and IAls.
The model estimated both clinical and eco-
nomic outcomes over a 1-year and 10-year time
horizon from a healthcare payer’s perspective in
Japan. This study is reported in line with the
recommendations of the Consolidated Health
Economic Evaluation Reporting Standards 2022
(CHEERS 2022) statement [42].

Model Structure

The model structure allows a treatment path-
way of up to two lines of treatment. Treatments
include ampicillin (ABPC), daptomycin (DAP),
linezolid (LZD) and vancomycin (VCM). As VRE
rates and drugs reimbursed or indications differ
between Japan and other countries, the treat-
ment pathway was defined based on Japanese

clinical guidelines and local expert opinion to
best represent clinical practice in Japan [43].
The local expert (TM) is a physician specialising
in infectious diseases who works in a university
hospital in Japan. It is assumed that APBC and
VCM susceptibility status is known for all
patients. For LZD and DAP, susceptibility status
is assumed to be 100% as the resistance levels of
these treatments are < 0.1% in Japan [22].
Therefore, grouping patients according to sus-
ceptibility to LZD and DAP is not considered.
The treatment pathway is specific to patients’
indication and susceptibility to ABPC and VCM.
The treatment pathway best representative of
each patient profile, informed by the Japanese
clinical guidelines and local expert opinion
[43], is presented in Fig. 1.

Upon entering the appropriate deterministic
treatment pathway (Fig. 1), all patients receive
the first-line antimicrobial treatment according
to their specified treatment pathway. Patients
can have three responses to treatment: (1) cured
through successful treatment or the infection
naturally resolves, (2) die from infection or (3)
remain infected because of unsuccessful treat-
ment. Patients who remain infected progress
onto the second-line antimicrobial in their
appropriate treatment pathway. When all
treatment options are exhausted and a patient is
still infected, it is assumed that these patients
will die 3 days after their last treatment, based
on local expert opinion.

Japanese-specific inputs were applied in the
model to estimate the clinical (hospital length
of stay [LOS], defined daily dose [DDD] of
antimicrobials, quality-adjusted life years
[QALYs] and life years [LY]) and economic bur-
den (hospitalisation costs and monetary bur-
den) of VRE infections in Japan. Costs were
converted from Japanese yen to US dollars using
the 2022 annual exchange rate, as published by
the Organization for Economic Cooperation
and Development, of US $1 = ¥131.498 [44].

Model Settings

The total annual infected population in Japan
of 40,565 patients (mean: 75 years, median:
78 years) is based on estimates from Medical
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Fig. 1 Model schematic: Patients with Enterococcus
Jfaecium infections are treated according to the treatment
regimen based on their indication and susceptibility. The
deterministic treatment pathway estimates outcomes for
cost, utility and survival based on the probabilities of
successful or unsuccessful treatment associated with each

Data Vision (MDV), a Japanese medical claims
database [45], and JANIS data [46], with the
probability of E. faecium within each indication
(UTI, BSI and IAI) informed by published liter-
ature [47-49]. Since 2003, data from over 40
million patients attending Japanese public and
private healthcare facilities have been captured
through the MDV. For the purpose of this
analysis, data were extracted from patients aged
15 years and older with a diagnosis in a relevant
indication: UTI, BSI and IAI. Population inputs
reflecting the distribution of patients by indi-
cation and susceptibility to ABPC and VCM are
presented in Table 1, and calculations are
detailed in Tables S1, S2 and S3.

Key clinical inputs including mortality, util-
ity and treatment efficacy inputs are presented
in Table 2. Utility (infected) parameters are
aligned to the utility of an infected patient
specific to each modelled indication (UTI, BSI
and IAI) to estimate QALYs lost due to infec-
tion. Parameters for utility of patients no longer
infected is aligned to the general population in
Japan at the average age of the infected popu-
lation (75 years) [45]. Life expectancy was
determined using Japanese life tables matched
to the modelled population age [50].

The model considers the daily cost associated
with indication-specific hospitalisations and
the additional cost for preventing the spread of

Not infected

Successful

Natural resolution

of infection

Unsuccessful Death ‘

___________________

treatment and indication. ABPC = ampicillin, BSI =
bloodstream infection, DAP = daptomycin, IAI = intra-
abdominal infection, LZD = linezolid, UTI = urinary tract
infection. *Alternative treatment strategy used to treat
patients with bloodstream infections

VRE infections, such as testing uninfected
patients in the same ward as VRE-infected
patients (testing costs for infected patients are
included in the daily hospitalisation costs), cost
of contact precautions incurred in addition to
standard precautions for both infected patients
and uninfected patients, cost of private room
charges lost per infected patient per day and
cost of environmental cultures per infected
patient. These additional costs, as presented in
Table 3, were considered to capture the addi-
tional burden of containing VRE infections. The
outcome of the additional costs of uninfected
patients is calculated considering the number of
patients per VRE-infected patient (by hospital
type) and the percentage of these hospitals in
Japan, as described in Table S5 in the supple-
mentary material.

Inputs related to LOS have been informed by
expert opinion (Table 3). For non-VRE patients,
the LOS associated with a successful treatment
(per therapy line) for BSI and IAI is assumed to
be 14 days and 7 days for UTI. For VRE patients
it was assumed that patients would not be dis-
charged immediately after the infection clears
as a precautionary measure; therefore, the LOS
associated with a successful treatment (per
therapy line) for BSI and IAI is assumed to be
20 days and 10 days for UTI. The model assumes
that patients will switch treatment after 4 days
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Table 1 Patient population inputs

Model input

Value Source

Distribution of infections by indication, IV (%)

UTI

BSI

IAI

Total

Distribution of infections by susceptibility (%)
Group A: Non-VRE (ABPC-susceptible) patients
Group B: Non-VRE (ABPC-resistant) patients
Group C: VRE (ABPC-susceptible) patients
Group D: VRE (ABPC-resistant) patients

17,577 (43.33%)" MDYV [45]
Huang et al. [47]
5095 (12.56%)* MDV [45]
Liu et al. [48]
17,893 (44.11%)* MDV [45]

Zhang et al. [49]
40,565"

8.52% JANIS [46]
90.87%
0.00%
0.61%"

ABPC ampicillin, BSI bloodstream infection, I4I intra-abdominal infection, JANIS Japan Nosocomial Infections
Surveillance, MDYV Medical Data Vision, UTT urinary tract infection, VRE vancomycin-resistant Enterococci
*Calculations are described in Tables S1 and S3 in the supplementary materials

®This value is the ABPC and vancomycin-resistant E. faecium resistant rate in 2020 [46]

if the treatment is unsuccessful, if an alternative
is available, and the LOS associated with mor-
tality is assumed to be an additional 3 days,
based on the local expert opinion.

Analysis

The burden of VRE in enterococcal infections
with the current resistance level of 0.61% and
two alternative scenarios—1.83% reflecting
three times the current level (Scenario 1) and
6.10% reflecting ten times the current level in
Japan (Scenario 2)—were evaluated at a 1-year
and 10-year time horizon. Current resistance is
based on unpublished JANIS 2020 data of blood
samples only [46]. A willingness-to-pay thresh-
old of ¥5,000,000 ($38,023) per QALY was
considered and a discount rate of 2% was
applied to costs and benefits in line with
guidelines for cost-effective evaluations [66, 67].

Sensitivity Analysis

A one-way sensitivity analysis (OWSA) was
undertaken on Scenario 1 where outcomes for
additional costs and QALYs were reported; sen-
sitivity analyses were also conducted for out-
comes of current resistance levels and Scenario
2 in the supplementary materials. Key inputs
were adjusted by + 20% and the discount rate
was excluded.

Ethics Approval

Ethics approval was not required for this study;
the analysis in this article is based on previously
publicly available data and does not involve any
new studies of human or animal subjects per-
formed by any of the authors.
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Table 2 Mortality-related, utility and treatment efficacy inputs

Input Value Source
Daily mortality rate (given successful treatment) 0.00006 National Institute of Population and Social Security
Research [50]
Daily mortality rate (given unsuccessful 0.00694 Wozniak et al. [51]
treatment)—UTI
Daily mortality rate (given unsuccessful 0.01416 Pinholt et al. [52]
treatment)—BSI
Daily mortality rate (given unsuccessful 0.01642 Morvan et al. [53]
treatment)—IAI
Life expectancy post treatment success (years) 14.59 National Institute of Population and Social Security
Research. [50]
Utility (not infected) 0.88 Shiroiwa et al. [54]
Utility (infected)—UTI 0.68 Ernst et al. [55]
Utility (infected)—BSI 0.68 Pliakos et al. [56]
Utility (infected)—IAI 0.60 Brasel et al. [57]
ABPC efficacy 85.28%"  Local expert opinion
VCM efficacy 85.91%"  Local expert opinion
LZD efhicacy 77.28%"  Wingler et al. [58]
Twilla et al. [59]
Quickert et al. [60]
DAP efficacy 83.54%" Naber et al. [61]
Twilla et al. [59]
Piano et al. [62]
Probability of infection naturally resolving 3.00%  Assumption

ABPC ampicillin, BSI bloodstream infection, DAP daptomycin, Z4] intra-abdominal infection, LZD linezolid, UTT urinary

tract infection, VCM vancomycin

*Calculations are detailed in Table $4 in the supplementary material

RESULTS

Cumulative outcomes demonstrating the clini-
cal and economic burden with the current VRE
infection rate and two scenario analyses
exploring alternative levels of VRE in entero-
coccal infections in Japan at a 10-year time
horizon are presented in Table 4; 1-year

outcomes are presented in Table S7 in the sup-
plementary material.

Clinical and Economic Burden of Current
VRE Infection Levels (0.61%)

Over 1 year, it is estimated that the current VRE
incidence in enterococcal infections in Japan is
associated with 460,473 hospital bed days, an
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Table 3 Cost and resource use inputs

Model input

Value Source

Daily hospitalisation costs

UTI

BSI

IAI

¥29,080 The Japan DPC code
($221) 110310xx99xxxx [63]

¥30,610 The Japan DPC code
($233) 180010 x OxxxOxx [63]

¥31,080 The Japan DPC code
($236)  060370xx99 x Oxx [63]

Additional costs for VRE-infected patients and uninfected patients in the same ward as one VRE patient

Cost of contact precautions incurred in addition to standard precautions (per

VRE patient)

Cost of environmental cultures (per VRE patient)

Cost of private room charges lost® (per VRE patient per day)

Cost of contact precautions incurred in addition to standard precautions (per
patient in the same ward that has one VRE patient)

Cost of VRE testing (per patient in the same ward that has one VRE patient)

Hospital LOS for non-VRE patients with successful treatment (days)

UTI
BSI
IAI

Hospital LOS for VRE patients with successful treatment (days)

UTI
BSI
IAI

Hospital LOS for unsuccessful treatment/death (days)

¥3370° Local expert opinion
($26)

¥60,000°  Local expert opinion
($456)

¥20,000  Local expert opinion
($152)

¥3370° Local expert opinion
($26)

¥6600° Japan Medical Fee Points
($50) [64]

7 Local expert opinion
14
14

10 Local expert opinion
20
20
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Table 3 continued

Model input Value Source
Unsuccessful treatment (per-therapy line) 4 Local expert opinion
Additional LOS for mortality 3

BSI bloodstream infection, DPC diagnostic procedure classification, L4 intra-abdominal infection, LOS length of stay, UTT
urinary tract infection, VRE vancomycin-resistant Enterococci

*Cost of private room charges lost refers to the loss of profit to the hospital from isolating a VRE patient in a private room
which would have generated a charge if used by another patient

bCalculations are detailed in Table S6 in the supplementary material. Costs include sanitisers, hand soap, paper towels,
gowns, aprons, gloves, masks and replacement curtains

¥2000 (per location) x 30 (number of location) = ¥60,000. Environmental culture costs are not reimbursed by national
health insurance in Japan. ¥2000 is the standard market price in Japan based on local expert opinion; 30 locations is
informed by Trick et al. [65]

9Private room charges are not reimbursed by national health insurance in Japan. ¥20,000 is the average price in Japan

¥5100 (¥1700 [bacterial culture identification test] * 3 tests) + ¥1500 (microbiological testing decision fee)

additional 455,116 DDDs and 1418 deaths.
Additionally, an estimated 18,536 LYs and
16,620 QALYs will be lost. This equates to
¥14,012,109,996 ($106,557,560) in hospitalisa-
tion costs and a total cost of ¥14,236,257,761
($108,262,162). The additional cost of infection
control (testing, contact precautions, environ-
mental cultures and lost private room fees) for
VRE infected patients and uninfected patients
in same ward as VRE patient accounted for
¥94,890,482 ($721,611) and ¥129,257,284
($982,960) of the total costs, respectively. Over
10 years, the current incidence of VRE in ente-
rococcal infections is estimated to be associated
with 14,180 deaths, 4,604,728 hospital bed days
and 4,551,160 DDDs, as well as a loss of 185,361
LYs and 165,934 QALYs. This relates to hospitali-
sation costs of ¥128,159,797,554 ($974,614,044)
and a total cost of ¥130,209,933,636
($990,204,669). The additional cost of infection
control (VRE-infected patients and uninfected
patients in same ward as VRE patient) accoun-
ted for ¥867,902,474 ($6,600,119) and
¥1,182,233,608 ($8,990,506) of the total costs,
respectively.

Clinical and Economic Burden of VRE
Infection Levels Increased to 1.83%
(Scenario 1)

With an increased VRE incidence in enterococ-
cal infections three times that of the current
level (1.83%), over 10 years it is estimated
to cost an additional ¥4,745,059,504
($36,084,651) in total costs compared to the
costs associated with current VRE incidence.
The increased cost of infection control (VRE-
infected patients and uninfected patients in the
same ward as a VRE patient) accounted for the
majority of the additional costs (¥1,735,804,949
and ¥2,364,467,215, respectively) (Fig. 2). This
increase in VRE incidence results in an addi-
tional 23,174 hospital bed days; 964 DDDs
(Fig. 3) will be required and an additional 52
deaths will occur. Furthermore, an estimated
additional 683 LYs will be lost over a lifetime,
which corresponds to 616 QALYs lost, as shown
in Fig. 3. Over a lifetime, this equates to an
additional monetary burden of approximately
¥7,823,023,155 ($59,491,575) at a willingness-
to-pay threshold of ¥5,000,000 ($38,023) per
QALY (Fig. 4).
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Table 4 Current and alternative levels of VRE in enterococcal infections at 10 years—clinical and health economic

outcomes

Current levels of VRE in Alternative level of VRE  Alternative level of VRE

enterococcal infections
(0.61%)

in enterococcal infections

(1.83%)

in enterococcal infections

(6.10%)

4,627,902
4,552,124
14,233

¥134,954,993,140
($1,026,289,321)

4,709,009
4,555,497
14,416

¥151,562,701,402
($1,152,585,601)

Hospital length of stay (days) 4,604,728
DDD 4,551,160
Deaths 14,180
Total costs ¥130,209,933,636
($990,204,669)
Hospitalisation costs ¥128,159,797,554
($974,614,044)
Additional cost of infection ¥867,902,474
control (VRE infected)* ($6,600,119)
Additional cost of infection ¥1,182,233,608
control (uninfected in same ward ($8,990,506)
as VRE patient)b
LYs lost® 185,361
QALYs lost? 165,934

¥128,804,584,894 ¥131,061,340,582
($979,517,444) ($996,679,345)

¥2,603,707,423 ¥8,679,024,743
($19,800,357) ($66,001,192)

¥3,546,700,823 ¥11,822,336,077
($26,971,519) ($89,905,064)

186,044 188,436

166,550 168,704

DDD defined daily dose, LY life year, QALY quality-adjusted life year, VRE vancomycin-resistant Enterococc
*Costs include additional contact precautions, environmental cultures and lost private room charges

b . .. . .
Costs include additional contact precautions and VRE testing

LYs lost based on a life expectancy of 14.6 years after treatment

dQALYs lost based on a quality-adjusted life expectancy of 12.8 years after treatment

Clinical and Economic Burden of VRE
Infection Levels in Enterococcal Infections
Increased to 6.10% (Scenario 2)

A ten-fold increase to the current VRE inci-
dence in enterococcal infections from 0.61 to
6.10% results in an estimated additional
¥21,352,767,766 ($162,380,932) in total costs
compared with the costs associated with current
VRE incidence. The additional cost of infection
control (VRE-infected patients and uninfected
patients in the same ward as a VRE patient)
accounted for the majority of the additional
costs (¥7,811,122,268 and ¥10,640,102,469,
respectively) (Fig. 2). This equates to an addi-
tional 104,281 hospital bed days and 4337
DDDs (Fig. 3) as well as an additional 235 deaths

over a 10-year time horizon. An additional 3075
LYs will also be lost over a lifetime, corre-
sponding to 2770 QALYs lost (Fig.3). Over a
lifetime, this equates to an additional monetary
burden of approximately ¥35,203,604,197
($267,712,088) at a willingness-to-pay thresh-
old of ¥5,000,000 ($38,023) per QALY (Fig. 4).

Sensitivity Analysis

Adjusting model inputs + 20% during an OWSA
conducted for Scenario 1 (1.83%) demonstrated
that the cost of testing per patient has the
greatest impact on the outcome for additional
costs, which ranged from ¥4,272,166,060
($32,488,449) to ¥5,217,952,947 ($39,680,854).
Hospital length of stay for successful VRE
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¥25,000,000,000 -

¥20,000,000,000

¥15,000,000,000

Additional cost

¥10,000,000,000

¥5,000,000,000

¥0
Alternative VRE levels (1.83%)

¥10.6 Bn

Additional costs of infection control (uninfected)
M Additional costs of infection control (VRE infected)

W Hospitalisation costs

Alternative VRE levels (6.10%)

Fig. 2 Additional costs, separated by cost type, when current VRE incidence in enterococcal infections in Japan are
increased to 1.83% and 6.10%, over 10 years. VRE: vancomycin-resistant Enterococci

Additional bed days

104,281

¥4,745,059,504

Additional costs

¥21,352,767,766

964

Additional DDD

4,337

Fig. 3 Incremental outcomes when current VRE inci-
dence in enterococcal infections in Japan are increased to
1.83% and 6.10%, over 10 years. DDD = defined daily

treatment (IAI) and private room costs were also
shown to be drivers of cost. Varying these chan-
ged additional cost outputs to range from

Additional LYs lost

3,075

Additional QALYs
lost

M Alternative VRE levels (1.83%)

M Alternative VRE levels (6.10%)

dose, LY = life year, QALY = quality-adjusted life year,

VRE = vancomycin-resistant Enterococci

¥4,359,422,895 ($33,152,009) to ¥5,130,696,093
($39,017,294) and ¥4,455,266,987 ($33,880,873)
to ¥5,034,852,020 ($38,288,430), respectively
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¥25,000,000,000

¥20,000,000,000

Monetary burden

¥15,000,000,000 -

¥10,000,000,000

¥3.7 billion

¥5,000,000,000 1 yo.8 billion

¥35.2 billion

M Alternative VRE levels (1.83%)
¥7.8 billion

I

Alternative VRE levels (6.10%)

¥0
1-year

10-year

Fig. 4 Monetary burden when current VRE incidence in enterococcal infections in Japan is increased to 1.83% and 6.10%,

over 1 and 10 years. VRE: vancomycin-resistant Enterococci

(Fig. 5). Treatment efficacy was shown to have
the largest impact on QALYs lost as demon-
strated in Fig. 6. VCM efficacy ranges from
— 1720 to 2531 and DAP efficacy from 2533 to
—1273. See Figure S1, S2, S3, and S4 in the
supplementary material for the OWSA of cur-
rent VRE resistance level (0.61%) and Scenario 2
(6.10%).

DISCUSSION

This study demonstrates that the threat of
increased VRE infection rates in Japan would
result in significant additional clinical and
economic burden to healthcare providers in the
long term. To the authors’ knowledge, this is
the first deterministic analysis to assess current
burden and also predict the clinical and eco-
nomic impact of increased VRE infection inci-
dence in Japan. Despite low incidence of VRE
infections in Japan, a substantial clinical and
economic burden to the healthcare system
already exists. The analyses showed the current
incidence of VRE in enterococcal infections
over 10 years equates to ¥130,209,933,636
($996,204,669) in total healthcare costs and a
loss of 185,361 LYs and 165,934 QALYs. A ten-
fold increase (6.10%) in current levels of VRE in
enterococcal infections—in line with VRE
infection rates seen in Europe and the US—is
associated with an additional ¥21,352,767,766
($162,380,932) in total healthcare costs on top

of the current cost burden as well as an addi-
tional loss of 3075 LYs over a lifetime, corre-
sponding to 2770 QALYs lost.

This study highlights VRE outbreaks in hos-
pitals are associated with considerable eco-
nomic burden, where the majority of total
additional costs associated with increased VRE
incidence are attributed to costs associated with
containing infections (testing, contact precau-
tions, environmental cultures and lost private
room fees). These findings are supported by
research conducted by Morii et al. (2020), who
estimated the total cost of containing an AMR
HAI outbreak in a Japanese hospital to be
$678,000, per outbreak, including surveillance,
cleaning and decontamination, and disposal
and repurchasing [68]. However, the authors
also showed that hospitals experienced pro-
ductivity losses which were much greater than
the containment costs, costing $4.62 million
[68]. Whilst our analysis considered losses for
private room fees, Morii et al. showed the
length of bed occupation was not significantly
associated with productivity losses, suggesting
that there are considerable additional costs
associated with VRE outbreaks faced by hospi-
tals not considered in our analysis.

Due to the high-risk nature of VRE with its
ability to survive on inanimate surfaces for
prolonged periods of time and transfer multi-
drug resistance mechanisms, despite high costs
containment countermeasures including con-
tact precaution and isolation, personal
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Cost of private room charges lost (per-day) [-/+20%]

2.0% discounting [included/excluded]

LOS (days) - Successful treatment - UTI (VRE) [-/+20%]

LOS (days) - Successful treatment - IAl (Non-VRE) [-/+20%]

LOS (days) - Successful treatment - BSI (VRE) [-/+20%]
Proportion UTI [-/+20%)]

Proportion IAl [-/+20%]

LOS (days) - Successful treatment - UTI (Non-VRE) [-/+20%]
Daily hospitalisation cost - 1Al [-/+20%]

Cost of environmental cultures (per-VRE patient) [-/+20%)]

DAP efficacy [-/+20%]

LZD efficacy [-/+20%]

LOS (days) - Successful treatment - BSI (Non-VRE) [-/+20%]
VCM efficacy [-/+20%]

Daily hospitalisation cost - UTI [-/+20%)]

LOS (days) - Unsuccessful treatment (per-therapy line) [-/+20%)]
Daily hospitalisation cost - BSI [-/+20%]

Proportion BSI [-/+20%]

ABPC efficacy [-/+20%)]

Additional LOS (days) for mortality [-/+20%]

Daily mortality rate (given unsuccessful treatment) - 1Al [-/+20%]
Cost for contact precaution (per-VRE patient) [-/+20%]
Probability of infection naturally resolving [-/+20%]

Daily mortality rate (given unsuccessful treatment) - UTI [-/+20%]
Daily mortality rate (given unsuccessful treatment) - BSI [-/+20%)]
Daily mortality rate (given successful treatment) [-/+20%]
Utility (infected) - IAI [-/+20%)]

Utility (infected) - BSI [-/+20%]

Utility (infected) - UTI [-/+20%]

Utility (not infected) [-/+20%]

V 7/77/77Z7Z7Z7Z;
V777772722
V777ZZZZ
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¥4.0 Billion

Fig. 5 OWSA on additional costs when current VRE
incidence in enterococcal infections in Japan are increased
to 1.83%. ABPC = ampicillin, BSI = bloodstream
infection, DAP = daptomycin, IAl = intra-abdominal

protective equipment, environmental hygiene
and additional testing and screening are critical.
Previous investigations report these counter-
measures are advantageous against VRE out-
breaks [69]. Mac et al. (2019) showed that
screening and isolation measures are able to
prevent VRE colonisation and transmission in
the hospital setting compared with the absence
of such measures [70]. However, if an outbreak

¥4.4 Billion ¥4.8 Billion ¥5.2 Billion
Additional total costs
% Lower bound ® Upper bound

infection, LOS = length of stay, LZD linezolid, OWSA =
one-way sensitivity analysis, UTI = urinary tract infection,
VCM = VRE =
Enterococci

vancomycin, vancomycin-resistant

is not appropriately controlled by these mea-
sures and spreads beyond an isolated group of
patients, eradication becomes even more diffi-
cult and expensive [71]. While preventative
measures such as testing and isolation are
associated with high costs, they have been
shown to be cost-effective compared with the
economic impact of large-scale VRE outbreaks
on healthcare systems [70]. In Japan, hospitals
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Fig. 6 OWSA on QALYs when current VRE incidence in
enterococcal infections in Japan are increased to 1.83%.
ABPC = ampicillin, BSI = bloodstream infection, DAP =
daptomycin, IAI = intra-abdominal infection, LOS =

are reimbursed for the cost of infection control;
however, no additional costs can be charged
even in the case of an outbreak. Therefore,
many of the costs associated with containing a
VRE outbreak are taken as out-of-pocket costs
from the hospital’s budget; more frequent and
larger outbreaks associated with increase VRE
incidence will exert considerable strain on
hospital budgets displacing funding for other
treatments and services. This reinforces the

-1,500

-1,000 -500 0 500 1,000 1,500 2,000 2,500 3,000
QALYs lost

¥ Lower bound ® Upper bound

length of stay, LZD = linezolid, OWSA = one-way
sensitivity analysis, QALY = quality-adjusted life year, UTI
= urinary tract infection, VCM = vancomycin, VRE =
vancomycin-resistant Enterococci

need for effective prevention and control mea-
sures against multi-drug-resistant infections
such as VRE despite the current low incidence
rates. If appropriate measures are not imple-
mented, considering the substantial burden
realised even with low incidence rates, the
escalation of VRE infection rates could be
catastrophic to the Japanese healthcare system.

As with any study of its kind, the analyses are
subject to some limitations. As this is a
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deterministic model, the incidence of infection
is assumed to be constant throughout the
modelled population as well as the level of VRE
within the population. Consequently, this may
not be fully representative of changes in VRE
levels. The model is limited to exploring two
lines of treatment to best represent E. faecium
infections for the indications of interest result-
ing in a possible underestimation of VRE infec-
tions caused by other classes of Enterococci.
Additionally, the model does not consider
change in future populations and demograph-
ics. Finally, as mentioned earlier, the model
does not consider broader healthcare and soci-
etal costs, for example, opportunity costs asso-
ciated with an increased number of patients in
isolation, reducing ward capacity and increased
hospital staff care requirements, and the social
impact of isolation on emotional wellbeing of
patients. Therefore, the impact of increased VRE
levels is potentially far greater than demon-
strated in this study.

CONCLUSION

This study demonstrates the clinical and eco-
nomic burden of increased vancomycin-resis-
tant E. faecium infection rates in Japan. Despite
low incidence rates of VRE at present, a signifi-
cant burden exists to the Japanese healthcare
system. If resistance rises to the levels seen in
Europe and the US, with the additional costs
associated with containing a VRE outbreak, this
could become a significant economic challenge
for the Japanese healthcare system. This analy-
sis can be utilised to inform Japanese healthcare
decision-makers of the significant impact on the
healthcare system if VRE infections are not
effectively controlled as well as to highlight the
importance of preventative action against AMR.
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