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Abstract: Antimicrobial stewardship has gained momentum in Japan, prompting the adoption of various strategies to optimize
antimicrobial use. Key recommendations include individualized dosing, dosing intervals, and treatment regimens tailored to the
patient’s condition, causative pathogens, and affected organs. Combination therapy is advised for empiric treatment of severe
infections and suspected multidrug-resistant organisms. Early initiation of antimicrobial therapy followed by de-escalation may
enhance clinical outcomes and reduce resistance development. Additionally, while clear criteria for intravenous-to-oral switch therapy
remain undefined, its implementation could play a crucial role in optimizing antimicrobial administration. The duration of therapy
should be guided by disease pathophysiology rather than isolated inflammatory markers, including C-reactive protein, with adherence
to established guidelines and clinical recommendations. These strategies have been incorporated at the bedside, and optimized
antibiotics use are now advanced in Japan.
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Introduction

In Japan, in the spring of 2016, the government released an action plan to combat antimicrobial resistance (AMR), clearly
stating that the country is proactively tackling resistant bacterial infections, which have become a global threat as same as
other Group of seven developed countries." “Appropriate use of antimicrobial agents” is one of the key pillars of the
antimicrobial resistance measures, and the concept is important.

In Japan, compared with the other countries in the world, including United States, national health insurance system
are applied for all residents in Japan generally, most of the people access to the clinic/hospitals easily, and may get the
antibiotics relative inexpensively.  In addition, isolated biomarkers, such as C-reactive protein (CRP), have been used
to evaluate the inflammation status of the patients and considered more important rather than procalcitonin, the patients
status, and guideline recommendation.” Therefore, use of antibiotics might be different and misunderstanding for a long
time, and most of the intravenous beta lactams had been used twice a day rather than three times a day although the
patients showed the normal renal functions.* Furthermore, antibiotics sometimes used for more than 20 days until CRP
became negative although the 14 days are regular duration for the bacteremia patients in Japan. After the action plan
2016 released, antibiotics uses were reduced about 30%; however, antimicrobial resistances, such as methicillin-resistant
Staphylococcus aureus (MRSA), and fluoroquinolone-resistant Enterobacterial bacteria were not reduced until 2020.

In the United States, CDC recommended the core elements of the antimicrobial stewardship program and recommend
use of the guidelines modified to adapt the situation of each antibiotics use although about 30% of all antibiotics
prescribed in US acute care hospitals are also either unnecessary or suboptimal.’

In this issue, specific antimicrobial use recommended in the “Guidance for Practice of Antimicrobial Appropriate Use
Support Program” published in 2017 and revised in 2025 will be introduced.®
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Optimization of Dosage and Administration Intervals

Optimizing the dose, administration interval, type, and treatment regimen of selected antimicrobial agents based on the
results of pharmacokinetic analysis of individual patient conditions, causative organisms, affected organs, and pharma-
cokinetics/pharmacodynamics (PK/PD) theory including therapeutic drug monitoring (TDM) is an important role of
antimicrobial stewardship (AS) because it is highly likely to lead to clinical outcomes and reduction of healthcare costs.
The dosage of antimicrobial agents varies greatly depending on patient background such as age, renal function, and
weight, and even in the same individual, the dosage of the same antimicrobial agent may differ, not to mention the
antimicrobial agent of choice, if the causative organism is different or the affected organ is different (for example, the
recommended dosage of meropenem is different for pneumonia and meningitis).’

Furthermore, severe infections such as infective endocarditis and osteomyelitis require higher doses and longer
duration of antimicrobial therapy.® Reports from the US indicate that as a result of AST interventions in hospitalized
patients, conversely, increased antimicrobial use, prolonged hospital stay, and increased prescribing at discharge were
observed.”!'” Therefore, it is important to note that optimal treatment focused on patient prognosis does not necessarily
result in reduced antimicrobial use. In addition, for some antimicrobial agents, including aminoglycosides and vanco-
mycin (VCM), individualization of dosage and administration based on TDM can improve their therapeutic efficacy and
reduce the risk of adverse drug reactions. These concepts and practices are particularly important in AS and are
recommended (see TDM section).'!'

Although computerized prescribing assistance to physicians has been shown to improve compliance with guidelines
for antimicrobial dosing and reduce adverse drug reactions, it has been previously reported that there was no difference in
treatment efficacy (clinical cure, in-hospital mortality, length of hospital stay, etc) and the relationship between
pharmacokinetic monitoring and dose adjustment.'®'* The relationship between the program and the frequency of
resistant bacteria in the facility has not yet been clearly demonstrated. On the other hand, there are reports that
interventions by antimicrobial stewardship team (AST) on the content and dosage of carbapenems prescribed, mainly
in hematology, can reduce the incidence of resistant bacteria, and that AST intervention (Infection control team: ICT
consultation) in MRSA bacteremia was significantly correlated with improved prognosis.'>'® Further accumulation of
evidence will be needed.

Combination Therapy as Optimal Treatment

The evidence that routine combination therapy reduces the risk of adverse reactions and the number of resistant
organisms is not necessarily sufficient for common bacterial infections such as pneumonia.® The significance of
combination therapy is only to save lives, such as for empirical treatment for severe infections including septic patients
who are in poor general condition and in whom infected with multi-drug resistant bacteria. The combination therapy is
not necessarily sufficient for common bacterial infections such as septicemia. However, it should always be kept in
mind to avoid inappropriate long-term use of broad-spectrum antimicrobial agents such as carbapenems as
monotherapy.

The Significance of Combination Therapy in the First Place is as follows:

1. When the causative microorganism is unknown, a wider range of presumptive causative microorganisms can be
covered.

2. Stronger antibacterial action against the causative microorganisms (including anti-inflammatory and immunolo-
gical actions).

3. It Is Expected to Be Less Likely to Cause Bacterial Resistance and to Be More Effective Than Monotherapy.

With regard to (1), inappropriate initial treatment has previously been shown to significantly reduce survival (39% vs
24%), especially in ICU patients (42% vs 18%) in an analysis of a group of septic patients in whom the causative
organism was subsequently identified.'” It was also recently reported that in cholangitis-derived bacteremia,
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inappropriate initial antimicrobial selection was significantly associated with poor prognosis.'® Furthermore, in severe
rickettsial infections, the need for broader-spectrum antimicrobials in the initial treatment phase has been suggested.'®
Regarding (2), antimicrobial agents mainly inhibiting protein synthesis: macrolides have been reported to be effective

in combination in severe pneumonia,®®*!

and clindamycin in necrotizing fasciitis and gas gangrene has been recom-
mended as potentially useful, even if the results do not necessarily agree with those of susceptibility studies.*

As for (3), the basic concept of multidrug combination therapy in human immunodeficiency virus (HIV) infection and
tuberculosis is representative. In infections with common bacteria, it has been reported that combination therapy
including broad-spectrum antimicrobial agents may improve the prognosis of patients with severe infections and prevent
the emergence of resistant bacteria, especially Extended Spectrum Beta-Lactamase (ESBL)-producing bacteria.'” In the
case of resistant Gram-negative rods such as Pseudomonas aeruginosa, there have been relatively few reports of apparent
inhibition of resistance by combination therapy, but it was reported that the combination therapy group did not correlate
with improved prognosis in ventilator-associated pneumonia (VAP) involving P. aeruginosa compared to the mono-
therapy group, while the appearance of multidrug-resistant P aeruginosa was significantly reduced.*

It was reported that there was no difference in the incidence of resistant bacteria between aminoglycosides combined
with B-lactams and p-lactams alone,”* and that the combination of aminoglycosides or quinolones in P aeruginosa did
not significantly improve the outcome of treatment compared with B-lactams alone.>> However, combination therapy in
the treatment of infective endocarditis is well known, and the use of beta-lactams in combination with gentamicin or
CTRX is recommended, especially with enterococci in mind.*®

In principle, anti-MRSA drugs should be used alone, but the efficacy of VCM, teicoplanin (TEIC), arbekacin (ABK),
and daptomycin (DAP) in combination with -lactams has been demonstrated in vitro and in vivo for MRSA infections
with mixed infections, while further studies are needed to determine their clinical usefulness.””** Rifampicin (RFP) and
Trimethoprim/sulfamethoxazole (ST) combination therapy for MRSA infection should not be used as monotherapy
because of its susceptibility to resistance.””>° Combination therapy with VCM and RFP may be used empirically, but
should be considered carefully in each case, as there is no higher level of clinical evidence than for VCM monotherapy.>'

Early Initiation and De-Escalation of Antimicrobials as Optimal Therapy

It goes without saying that antimicrobial agents should be started as early as possible. Usually, we collect as much information
as possible to estimate the causative organisms, select the most appropriate antimicrobial agent, and start empiric therapy.
Recently, even in sepsis, it is no longer necessary to administer antimicrobials within one hour of the start of treatment, as it
used to be, but within three hours for sepsis without shock, and it is now recommended that treatment be initiated only after
a thorough investigation into the cause and that unnecessary use of broad-spectrum antimicrobial agents be corrected.*
However, in patients at risk of severe disease due to underlying disease or immunosuppressive therapy (eg, suspected sepsis
due to febrile neutropenia or suspected meningococcal infection during anticomplement therapy), it may be desirable to
minimize testing, such as blood cultures, and start empirical therapy as early as possible.*?

On the other hand, optimization of antimicrobial regimens, ie, discontinuation of combination therapy and de-escalation
of selective agents, by elimination of bacteria in bacterial cultures and improvement of systemic conditions, may lead to
more efficient treatment of causative organisms and, consequently, to reduction of unnecessary use and cost of antimicro-
bial agents, as well as to reduction of resistant organisms. This is an important therapeutic concept especially in the
treatment of severe infectious diseases such as sepsis in ICUs. In other words, more optimal antimicrobial therapy based on
the results of laboratory tests and observation of clinical conditions is a desirable approach to reduce the possibility of
development of bacterial resistance due to inappropriate or excessive long-term administration of broad-spectrum anti-
microbial agents, provided that the patient’s disease condition continues to improve.

De-escalation, including drug discontinuation, can be considered as one of the measures, and is relatively easy in
infectious diseases such as VAP and bacteremia, where the identification and disappearance of the causative organism
can be clearly observed, and is particularly effective in severe cases.'>**** Furthermore, among 625 patients with
infectious diseases treated with combination therapy, 54% were switched to more optimal therapy including de-escalation

within 7 months by intervention of an infectious disease physician or pharmacist, resulting in cost savings of more than
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$100,000, suggesting that from a health economic point of view, de-escalation is one of the most important concepts that
should be actively practiced.>

In addition, in our country, aspiration pneumonia is common among the elderly, and in cases such as MRSA
pneumonia, combination therapy targeting resistant bacteria has little therapeutic effect and may instead increase the
mortality rate due to side effects or problems with individual patients themselves and we refrain from it.**” Especially in
clinical practice in the community, where many common infections such as healthcare- and nursing-related pneumonia
occur, there is a movement to recommend starting treatment with a narrow-range antimicrobial agent and using
a combination of antimicrobial agents while monitoring response, or escalating to a broader-range antimicrobial
agen‘t.zz’38

Finally, in viral infections such as influenza and COVID-19, aggressive and as early as possible use of antiviral drugs
has been shown to improve clinical symptoms and prognosis and reduce sequelae, while in bacterial infections, early de-
escalation and combination therapy have been observed to reduce the appearance of resistant strains.”* ** While early de-
escalation and combination therapy have been observed to reduce the emergence of resistant strains and reduce
healthcare costs, it has also been suggested that they may not necessarily lead to improved mortality.>> Although early
administration and early de-escalation as a principle of antimicrobial therapy is one of the important elements of AS,
there still seem to be issues to be explored regarding its detailed methods, application, and its benefits.

Switch Therapy to Oral Drugs as Optimal Treatment

Although the specific criteria and methods of switch therapy are still unclear, a systematic changeover from injectable
drugs to oral drugs as the patient’s general condition improves, taking into account the bioavailability of antimicrobial
agents, is likely to reduce hospital stays, costs, side effects, and complications associated with intravenous administration,
and is an important issue for further study. This is an important issue for further study.*®*

Some oral drugs, such as linezolid and tedizolid, have extremely high bioavailability and are comparable to
intravenous drugs with the same medication, and from a health care economic perspective associated with price and
length of hospital stay, the switch to oral drugs is desirable.** Even a switch from the relatively inexpensive intravenous
VCM to the rather pricey oral linezolid has been reported to have resulted in cost savings of nearly $300,000 per year due
to early discharge from the hospital.*’

There are also reports that the therapeutic efficacy of intravenous and oral quinolones is not necessarily superior to
that of intravenous.*® Rather, as mentioned above, excessive prescription of oral quinolones in discharge prescriptions
must be discouraged.'® However, recently, it was reported that 21784 (6%) of 378041 community-acquired pneumonia
patients were switched early, most frequently to fluoroquinolones.*” Patients switched early had fewer days on IV
antibiotics, shorter duration of inpatient antibiotic treatment, shorter length of stay, and lower hospitalization costs, but no
significant excesses in 14-day in-hospital mortality or late ICU admission. Switched patients received the “early de-
escalation” such as within hospitalized day 3. Within 3 days switch from drip infusion to oral antibiotics might improve
outcomes, and a part of “carly de-escalation”. Furthermore, there have been a number of reports that blood levels of
voriconazole and other drugs do not always reach the predicted levels when switching from intravenous to oral
medication, and clinical data are being analyzed.” These data were suggested the switch therapy might have benefit
and considered as a part of the AS activity. There are several ways that antimicrobial stewardship practices can be
implemented in the healthcare setting.*®

The criteria for switching from intravenous to oral medication have recently been recommended as follows™*’

1. Clinical symptoms are improving.

2. The patient has maintained a fever of less than 38°C for 24 hours and has stable respiratory and circulatory status.

3. Infections requiring continued treatment with intravenous antibacterial agents (eg, meningitis, febrile neutropenia,
infective endocarditis, etc).

4. It can be administered orally or by nasogastric tube and is expected to be absorbed adequately.

5. Appropriate oral antimicrobial options.

6. Patients are able to continue oral antimicrobials without self-interruption (in the case of outpatients), etc.
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However, there is no clear evidence for any of the above, and it was suggested that no one intervention could be
identified as the safest and most effective as most of the included studies used a bundle of interventions in the review
reports.”® All interventions resulted in optimizing antibiotic use and reducing health care expenditures without compro-
mising the clinical outcomes in that review. The future study is an important issue to be considered in terms of guideline

items.32,4244

Duration of Administration and Use of Various Guidelines

The duration of antimicrobial therapy depends on the disease state. For example, in the case of pneumonia, the standard
treatment period is 5 days, and 4872 hours of fever resolution is recommended at the end of treatment.”>' For
bacteremia, 14 days is generally recommended, but in the case of bacteremia caused by Gram-positive bacteria,
2 weeks or longer is recommended in consideration of the risk of infective endocarditis when cholangitis is associated,
while evidence has emerged that 4 to 7 days, or 7 to 10 days, is sufficient for Gram-negative bacteria after the infection
nest is controlled.”” Bacteremia caused by MRSA or fungi is considered to be “administered 14 days after confirmation
of negative blood culture” for non-complex infections.’*>* Thus, the duration of treatment of infectious diseases must be
determined by considering the patient’s background, infected organs, and causative microorganisms.

Background factors those we should consider when we determine the antibiotics therapy period as follows™

. Patient’s underlying disease: especially immunodeficiency and anatomical changes/abnormalities.
. Infectious organs.
. Causative microorganisms and their susceptibility.

AW N~

. No local infectious complications such as abscess, abscessed thorax, pyogenic thrombus, etc (No abscess or other
complication, clinical course) (If the patient is also doing well, a shorter treatment period can be considered.

(9,

. There are not any remote infectious complications (arthritis, vertebrobasilar discitis, infective endocarditis, etc).

6. The catheter or other artificial device are not infected, and if so, it has been removed or deflated. (Consider
extending the duration of treatment if the artifact is difficult to remove or if there is an undrained abscess.)

7. In cases of bloodstream infections, especially those caused by Staphylococcus aureus and Candida species, and
intravascular infections including catheter-related bloodstream infections, is there evidence of negative blood
culture.

8. Good response to anti-microbial therapy (generally evaluated at about 72 hours) and others

Although the description of the review methodology might be lacking and many of the referred data are single armed,
retrospective studies in this review, in any case, the number of days of antimicrobial administration is recommended
according to the pathophysiology of the disease, taking into consideration not inflammatory findings in individual
patients such as CRP but also relapse, and should be determined according to various guidelines and

guidance 11,22,38,49,52-54

Conclusions

Antimicrobial doses, dosing intervals, and treatment regimens should be individualized according to the patient’s
condition, causative organisms, and affected organs. Although the detailed methodology and huge cohort data might
be lacking in this review, early antimicrobial therapy is extremely important, and combination therapy, de-escalation, and
switch therapy within 3 days after hospitalization may be important issues to be considered in the future in Japan. The
duration of antimicrobial therapy should be determined according to the disease state, not by individual inflammatory
findings, including as CRP, and should be determined in accordance with the situation at the bedside in Japan, as same as
guidelines and guidance of all over the world.
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