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Microorganisms of Concern for Infections in Inpatients

(1) Staphylococcus aureus (including methicillin-resistant Staphylococcus aureus
[MRSA])

Overview of epidemiology and clinical characteristics

Staphylococci are a type of bacterium normally present in the skin and mucous
membranes. They are present in the nasal cavity of healthy individuals at a ratio of
approximately 30%. These bacteria are known to cause a wide range of clinical conditions
from simple skin infections such as folliculitis to serious life-threatening infections such as
osteomyelitis, pneumonia, and infective endocarditis, as well as clinical conditions related to
toxin production including toxic-shock syndrome. It is also a frequently identified causative
microorganism for death associated with bacterial infections.!

It should be noted that, unlike S. aureus, if Coagulase-negative staphylococci (CNS)
with relatively weak pathogenicity is detected from blood culture, it is often necessary to
assess whether it is a true infection or contamination. However, among CNS, Staphylococcus
lugdunensis is known to behave as S. aureus clinically. Thus, if this bacterium is detected in
blood culture, it shall be handled in the same manner as S. aureus.>

Five points are described below, focusing on the clinically significant condition of
“S. aureus bacteremia.”

Microbiological diagnosis
1) If microorganisms are detected in blood culture, it should be considered “genuine.”

The possibility of contamination is approximately 1% to 1.5% when S. aureus is
detected in blood culture.>* S. aureus bacteremia is associated with various clinical
conditions including infective endocarditis and is a disease with high mortality.> Thus, if
S. aureus 1s detected in blood culture, it should not be immediately considered as
contamination even if it is detected in only one bottle, and it should be treated as genuine
S. aureus bacteremia until the possibility is denied.

Treatment
2) Consultation with an infectious disease specialist is recommended.

Previous studies have shown that consultation with an infectious disease specialist not
only improves the quality of treatment (e.g., early control of the focus of infection, blood
culture re-examination, cardiac ultrasound, proper selection and duration of antibacterial
administration) in patients with S. aureus bacteremia but also decreases patient mortality and
leads to early hospital discharge.’

3) Assessment and treatment of S. aureus bacteremia should be performed as a “set.”

When S. aureus bacteremia is identified, it is necessary to determine whether the
condition is “complicated” or “uncomplicated” bacteremia. This is a very important
evaluation because therapy duration will change accordingly, and the following set of
evaluations should always be performed. The patient is considered to have “uncomplicated”
bacteremia when all of the following conditions a through e are met:

a. Exclusion of infective endocarditis
Echocardiography is considered essential for all patients. Transesophageal
echocardiography (TEE) is particularly necessary for patients considered to be at high
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risk for infective endocarditis (patients with embolic symptoms, pacemaker
implantation, history of infective endocarditis, post-prosthetic valve surgery, and
intravenous drug users).°

b. No foreign materials in the body
Check for artificial valves, pacemakers/implantable defibrillators, prostheses, etc.

c. Negative repeated blood cultures within 2 to 4 days
When providing treatment for S. aureus bacteremia, negative blood cultures should be
always confirmed. From the perspective of determination of therapy duration, the
blood culture process should be repeated within 2 to 4 days of collection of the first
positive sample.

d. Resolution of fever within 72 hours after the initiation of appropriate antibacterial
therapy

e. No metastatic foci (secondary sites of infection that have spread hematogenously)
Common metastatic foci include those in the heart valves, bones and joints,
intervertebral discs, epidural space, and intra-abdominal organs (liver, kidneys,
spleen, etc.).” Drainage and removal should be proactively considered for sites
deemed to be the focus of infection. Continued placement of an infected catheter
increases the risk of recurrence.’

4) The duration of antimicrobial therapy should be at least 2 to 4 weeks and should be
administered intravenously.

Due to the high recurrence rate and the nature of the disease, S. aureus bacteremia,
once diagnosed, requires the following treatment: “at least a 2-week infusion” in
uncomplicated bacteremia and “at least a 4-week infusion” in complicated bacteremia.® At
the time of diagnosis of bacteremia, if there is any intravascular foreign material that can be
removed, such as an intravenous catheter, it should be removed as much as possible.

5) When selecting initial antibacterial agents, the possibility of MRSA should be
considered.

For a period when S. aureus is detected from a blood culture and when the
antimicrobial susceptibility is still unknown, initial treatment should be with anti-MRSA
drugs (such as vancomycin), considering the possibility that the organism is MRSA. On the
other hand, there is also an idea to use cefazolin to cover MSSA in addition to anti-MRSA
drugs during this period.”” At present, no conclusion has been reached regarding which
approach is better.
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Table 1. Anti-Staphylococcus aureus Agents Used to Treat Staphylococcus aureus

Bacteremia
Drug name Target Dose in patients with normal renal function Characterlsylc adverse
reactions
Cefazolin’- 1 MSSA Intravenous infusion, 2 g/dose, every 8 hours] |—
Vancomycin'! MRSA Intravenous infusion Renal impairment
Initial dose of 25-30 mg/kg Vancomycin
Maintenance dose of 20 mg/kg, every 12 hours | hypersensitivity
Adjustment of the dose by TDM DRESS
Target AUC of 400-600 pg-h/mL Red man syndrome*
For the dose of 1 g, ensure that the infusion
time is 1 hour or longer*
For the dose of 1 g or more, extend the
administration time by approximately
30 minutes or more per 500 mg as a guide*
Daptomycin!?!3 MRSA Intravenous infusion, 6-10 mg/kg/dose, Rhabdomyolysis
every 24 hoursq (monitor CK levels
Over 30 minutes** regularly)
Eosinophilic pneumonia

DRESS: Drug Reaction with Eosinophilia and Systemic Symptoms

* Pay attention to the administration time because red man syndrome (development of erythema and, in rare
cases, development of hypotension and angioedema as well) may develop due to histamine release after the
rapid intravenous infusion of vancomycin.

** Should not be administered for pneumonia as it binds to the pulmonary surfactant and becomes inactivated.

9] As the table includes doses overseas, see page 6 of the Appendix for doses in the package insert in Japan and
examples of medical information provision by the Medical Fee Payment Fund.
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(2) Enterococci (including vancomycin-resistant enterococci [VRE])

Epidemiology and clinical characteristics

Enterococci associated with human infection include Enterococcus faecalis,
Enterococcus faecium, Enterococcus gallinarum, and Enterococcus casseliflavus. The most
frequently isolated strain from clinical specimens is E. faecalis followed by E. faecium.
Enterococci are indigenous bacteria in the gastrointestinal tract, causing healthcare-associated
infections, particularly in critically ill patients and immunosuppressed patients. Infection
caused by vancomycin-resistant enterococci (VRE) is categorized as a Category V Infectious
Disease based on the Infectious Diseases Control Law and is one of the infectious diseases
requiring reporting of all cases.'* The number of reports of VRE infections in Japan was less
than 100 annually from 2011 to 2019, but tended to increase to 136 and 124 in 2020 and
2021, respectively.!> Most VRE are E. faecium. Enterococci including VRE are important
causative microorganisms of healthcare-associated urinary tract infection (UTI), especially
CAUTI, and may cause CRBSI, infective endocarditis, intra-abdominal infections, skin and
soft tissue infections, SSI, etc.!® There is also a report that the case fatality rate of VRE
bacteremia was 1.8 times higher than that of vancomycin-susceptible enterococci.!”

Patients in hospitals acquire VRE infections via the environment, healthcare
professionals, devices, etc., in hospitals, and then carry them in the gastrointestinal tract.
Some patients develop the disease. Known risk factors for acquiring VRE infections include a
history of antibacterial exposure (especially 3rd-generation cephalosporins and vancomycin),
length of hospital stay, critically ill patients, use of invasive devices, ICU admission, long-
term care facility stay, and exposure to a carrier of VRE or a contaminated environment. '
The frequency of detection of enterococci is higher in many foreign countries than in Japan,
and detection is occasionally observed in patients with a history of medical exposure

OV@I’SCEIS.18

Microbiological characteristics and diagnosis

In VRE, the binding affinity of glycopeptide antimicrobials to the terminal of the
peptidoglycan precursor of the cell wall is reduced, leading to resistance. In the reporting
criteria under the Infectious Diseases Control Law, VRE is defined as vancomycin MIC of
16 pg/mL or higher against isolated enterococcal strains.'* The degree of resistance and the
antimicrobial susceptibility to each glycopeptides vary depending on the resistant types (see
page 6 of the Appendix)."’

Treatment policy

Consultation with an infectious disease specialist is recommended for the treatment of
VRE infections. Identification of the focus of infection, confirmation of susceptibility to the
major antibacterial agents (ampicillin and teicoplanin), and a history of allergy are
particularly important before treating VRE infections. Particular attention should be paid to
infective endocarditis and meningitis because these conditions require treatment including
combination therapy with antibacterial agents. Cure with antibacterial agents alone is difficult
for infections such as abscess, as well as CRBSI and other infections. In some cases, surgical
drainage or catheter removal may be required. Ampicillin is an important drug in the
treatment of ampicillin-susceptible VRE infections. Among patients who self-reported a
history of penicillin allergy, fewer patients actually had allergies for which penicillin cannot
be used.?’ Assessment shall also be performed by an infectious disease specialist, allergy
specialist, and pharmacist as necessary.

Examples of monotherapy for VRE bloodstream infections (excluding infective
endocarditis) are tabulated.
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E. faecalis and VanC-type VRE are often susceptible to ampicillin. Moreover,
VanB -type and VanC-type VREs are usually susceptible to teicoplanin. Daptomycin or
linezolid is the cornerstone of antibacterial therapy in the treatment of VRE infections other

than these.>'®

Although daptomycin is not indicated for the treatment of VRE infections in the
package insert, it shows bactericidal activity and is recommended in various guidelines,
thereby being used for the treatment of VRE infections®!%?! (see page 6 of the Appendix).
Linezolid is indicated for E. faecium infection in the package insert, but it cannot be easily
selected as a first-line drug from the viewpoints of bacteriostatic activity, serious and frequent
adverse reactions, resistance induction, and high treatment failure rate compared with other
drugs.'®?? The use of this drug for bacteremia and infective endocarditis should be considered
only when other drugs are ineffective or cannot be used due to drug resistance, adverse

reactions, etc.

Table 2. Examples of Monotherapy to Treat VRE Bloodstream Infections

(Excluding Infective Endocarditis

)2,16,19

Drugs as well as dosage and

Important adverse

(E. gallinarum,
E. casseliflavus)

Susceptibility pattern Example: administration in the case of ;
q reactions
normal renal function (example)
1. Ampicillin E. faecalis, Intravenous infusion of ampicillin | —
susceptible VanC-type 2 g/dose, every 4—6 hoursq

resistant

2. Ampicillin resistant | VanB type Intravenous infusion of teicoplaniny | Renal impairment,

and teicoplanin E. faecium Require dose setting for each body | hypersensitivity to

susceptible weight as well as the loading dose | teicoplanin, eighth cranial
nerve disorders, cytopenia,
etc.

3. Ampicillin resistant | VanA-type Intravenous infusion of daptomycin | As myotoxicity may be

and teicoplanin E. faecium 8—12 mg/kg/dose, every 24 hoursY | observed, monitor CK

Over 30 minutes

levels regularly. As
eosinophilic pneumonitis
may develop, pay attention
to the development of
respiratory symptoms,
hypoxemia, and abnormal
chest X-ray findings.

Intravenous infusion of linezolid
(alternative agent to daptomycin)
600 mg/dose, every 12 hours
Over 30 minutes to 2 hours

Cytopenia, neuropathy
(including optic nerve
disorder), lactic acidosis,
etc., may develop.

9| As the table includes doses overseas, see pages 6—7 of the Appendix for indications and doses in the package

insert in Japan.
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(3) Enterobacterales
(i) Overview

Overview of epidemiology and clinical characteristics

Enterobacterales are also responsible for community acquired infections in the
gastrointestinal tract (Salmonella spp., Shigella spp., diarrheagenic Escherichia coli), but
often become causative microorganisms for infections outside the gastrointestinal tract and
can cause both community-acquired infections and nosocomial (healthcare-associated)
infections in all organs. E. coli is particularly important as a causative microorganism of
community-acquired UTI, etc. As antimicrobial-resistant Enterobacterales may also
contribute to hospital outbreaks, infection control becomes important as well.

Microbiological characteristics

Recently, as a result of phylogenetic analysis and classification using genome
sequence data, the term Enterobacterales was proposed for use. This term is a higher level
(order) and synonymous with Enterobacteriaceae used thus far.?® Enterobacterales, which
fermentatively degrade glucose, are facultative anaerobic gram-negative bacilli that are
negative in oxidase test, and include many bacteria responsible for infections in humans.?*
Representative pathogens in terms of frequency, etc. for infections in inpatients are listed in
the Appendix (see page 7 of the Appendix). Those pathogens have many antibacterial-
resistance mechanisms. In particular, B-lactams resistance by p-lactamase production (such as
penicillinase, ESBL, carbapenemase, AmpC production), quinolone resistance, etc., are
known to pose an issue.

Treatment policy

In principle, treatment should be provided according to antimicrobial susceptibility. If
treatment is initiated empirically, antibiogram included in the PDF format of feedback
information of Japan Nosocomial Infections Surveillance (JANIS) for each medical
institution shall be referred to (it can also be prepared by the feedback information of Japan
Surveillance for Infection Prevention and Healthcare Epidemiology [J-SIPHE]). The details
of treatment for ESBL-producing Enterobacterales, AmpC-producing Enterobacterales, and
carbapenem-resistant Enterobacterales (CRE) are described in each section.
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(ii) ESBL-producing Enterobacterales

Epidemiology and clinical characteristics

ESBL is an enzyme that can typically degrade penicillins, 1st- to 3rd-generation
cephalosporins, and monobactams, but cannot degrade cephamycins and carbapenems. ESBL
is inhibited by B-lactamase inhibitors such as clavulanic acid.? Previously, Klebsiella
pneumoniae producing TEM-type and SHV-type ESBL was predominant; however, since the
2000s, CTX-M-type ESBL-producing E. coli has become predominant.?® According to the
data of JANIS in 2021, the percentages of E. coli, K. pneumoniae, and Proteus mirabilis
resistance to cefotaxime in inpatients at medical institutions nationwide were 26.8%, 11.7%,
and 19.6%, respectively. Many cefotaxime-resistant bacteria are considered to be ESBL-
producing Enterobacterales (hereinafter referred to as ESBL-producing bacteria).?’ In
addition, for outpatient samples, 17.7% of E. coli are resistant to cefotaxime,?® and the spread
of ESBL-producing E. coli to the community has come to an issue. The most common
clinical presentation is UTI. Intra-abdominal infections such as hepatobiliary infections as
well as sepsis attributed to them may also occur. Although less frequent, they can also be
causative microorganisms of pneumonia and skin and soft tissue infections. Known infection
risk factors include the use of antibacterial agents in the past year, a history of long-term care
facility stay, a history of hospitalization, a history of ICU stay, a history of indwelling
medical devices, and a history of overseas travel (particularly in South Asia and Southeast
Asia),?*3! but there are some unknown factors that pose an infection risk in the community.

Microbiological diagnosis

Confirmation of ESBL production is recommended. The bacterial species for which
the criteria for such confirmation have been established are E. coli, Klebsiella oxytoca,
K. pneumoniae, and P. mirabilis,** but ESBL production has also been found in other species
such as many gram-negative bacilli including Enterobacterales. 1t is necessary to pay
attention to bacteria of the Enterobacterales group, which are susceptible to carbapenems and
cephamycins but resistant to 3rd-generation cephalosporins (cefotaxime, cefpodoxime,
ceftazidime, etc.). The above 4 bacterial species shall be diagnosed by confirmation tests
using ESBL inhibitors.*’

Treatment policy

When ESBL-producing bacteria are detected in non-sterile specimens such as sputum
or drain tips, it does not necessarily mean that they are causing an infection, but rather that
they are being colonized (asymptomatic carriage). Patients with asymptomatic bacteriuria
who have no special patient background (pregnant women, patients prior to urological
invasive procedure, patients within 1 month after a kidney transplant) are usually not eligible
for treatment.>* In cases of infections caused by ESBL-producing bacteria, carbapenems are
recommended especially for severe cases and in immunocompromised patients. On the other
hand, as the use of carbapenems may increase the risk of carrying carbapenem-resistant
bacteria,® the use of alternative therapy to carbapenem should be considered in a situation
when available. Details such as existing evidence for therapeutic drugs are provided
separately (see page 8 of the Appendix). As for oral drugs, ESBL-producing bacteria often
show resistance to fluoroquinolones in particular, and these drugs should only be used if
susceptibility is confirmed. Although some studies have suggested the efficacy of oral
carbapenem/penem antibacterial agents to treat UTL %37 they are not yet sufficient as
assessments of the efficacy of these agents against ESBL-producing bacteria. Furthermore, as
these agents are treated as off-label use in some cases in Japan, their active use is not
recommended at present.
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38-41

Bloodstream infections

<Severe cases, immunocompromised cases, CRBSI, etc.>
Intravenous infusion of meropenem, 1 g/dose, every 8 hours
<Non-severe UTI, biliary disease with sufficient drainage, etc.>
Intravenous infusion of cefmetazole, 1 g/dose, every 8 hours

Non-bloodstream infections

Uncomplicated Sulfamethoxazole/trimethoprim (Co-trimoxazole) 2 tablets (160 mg as trimethoprim
cystitis [80 mg/tablet])/dose, oral, twice daily
Clavulanate/amoxicillin (250 mg) 1 tablet/dose + amoxicillin (250 mg) 1 tablet/dose,
oral, three times a day*?
Pyelonephritis/ < Cases capable of oral intake >

complicated UTI

Levofloxacin 500-750 mg/dose, oral, once dailyq*

Co-trimoxazole 2—4 tablets/dose (4—6 mg/kg/dose as trimethoprim [80 mg/tablet]), oral,
twice dailyq*

< Cases unable to take orally >

Intravenous infusion of levofloxacin, 500—750 mg/dose, every 24 hoursy*

Infusion duration: 1 hour for the dose of 500 mg
In the FDA package insert, 90 minutes for the dose of 750 mg

Intravenous infusion of cefmetazole, 1 g/dose, every 8 hours

Other infections
(pneumonia,
intra-abdominal
infection, etc.)

<Severe cases, immunocompromised cases, etc.>

Intravenous infusion of meropenem, 1 g/dose, every 8 hours

<Non-severe cases, cases with sufficient drainage performed, etc.>

Intravenous infusion of cefmetazole, 1 g/dose, every 6—8 hours

Intravenous infusion of levofloxacin, 500—750 mg/dose, every 24 hoursy*

Infusion duration: 1 hour for the dose of 500 mg
In the FDA package insert, 90 minutes for the dose of 750 mg

<Non-severe cases/ cases capable of oral intake with sufficient drainage performed>

Levofloxacin 500-750 mg/dose, oral, once dailyq]*

Co-trimoxazole 2—4 tablets/dose (4—6 mg/kg/dose as trimethoprim [80 mg/tablet]), oral,
twice dailyq*

Doses are shown for patients with normal renal function. Adjustment is required in accordance with renal

function. Aminoglycosides may be an option in patients with normal renal function (see the section on
AmpC-producing Enterobacterales).

As they may be resistant to levofloxacin, co-trimoxazole, clavulanate/amoxicillin, and amoxicillin, these

drugs should always be used after confirmation of susceptibility. Co-trimoxazole can also be administered
via intravenous infusion (see the section on AmpC-producing Enterobacterales).

Flomoxef can be used instead of cefmetazole, but there is less data on dosage and administration for the

treatment of ESBL-producing bacteria in humans than there is for cefmetazole.>® When using flomoxef, it is
recommended to administer it through intravenous infusion at a dose of 1 g every 6 hours based on

simulation data.’

Therapy duration will be determined according to the primary disease and its clinical course.

As the table includes doses overseas, see page 8 of the Appendix for indications and doses in the package

insert in Japan.

10
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(iii) AmpC-producing Enterobacterales

Overview of epidemiology and clinical characteristics

Representative Enterobacterales that encode the AmpC B-lactamase on chromosomes
include Enterobacter cloacae, Klebsiella aerogenes, Citrobacter freundii, Serratia
marcescens, Morganella morganii, Providencia rettgeri, and Hafnia alvei.

The greatest feature of chromosomal AmpC-producing Enterobacterales (hereafter
referred to as chromosomal AmpC-producing Enterobacterales) infection is that, even if they
are susceptible to 3rd-generation and lower-generation cephalosporins before treatment, they
may become resistant to these agents during treatment, which may consequently lead to
treatment failure. In clinical studies, the rate of resistance development during treatment is
approximately 20% at most,* and development of resistance (i.e., microbiological failure)
does not necessarily mean clinical failure.*® Furthermore, the risk for development of
resistance to 3rd-generation cephalosporins varies among the species of chromosomal AmpC-
producing Enterobacterales, with the highest risk for E. cloacae, K. aerogenes, and
C. freundii,*” whereas, for other species, it is not yet well understood whether the risk is
relatively low or what the actual risk is.

Moreover, even in species such as K. pneumoniae, K. oxytoca, and P. mirabilis, which
do not encode the AmpC B-lactamase producing gene on chromosomes, or E. coli, which
encode the AmpC B-lactamase on the chromosome, but it is rarely clinical problematic, the
AmpC gene derived from chromosomal AmpC-producing Enterobacterales may be acquired
through mobile genetic elements such as a plasmid. These plasmid-mediated AmpC-
producing Enterobacterales are, in principle, usually not susceptible to 3rd-generation and
lower-generation cephalosporins.

Microbiological diagnosis

In bacterial strains that produce plasmid-mediated AmpC such as E. coli,
K. pneumoniae, K. oxytoca, P. mirabilis, it is necessary to distinguish them from ESBL-
producing strain if they show not susceptible to 3rd-generation cephalosporins. ESBL-
producing strains are highly susceptible to cephamycins and oxacephems, whereas plasmid-
mediated AmpC-producing strains show resistance to these in many cases. Confirmation tests
by phenotypic testing and/or genetic testing shall be performed for screen positive strains (see
page 9 of the Appendix).

Treatment policy

In the case where chromosomal AmpC-producing Enterobacterales show
susceptibility to 3rd-generation cephalosporins, there is a concern about the development of
resistance during treatment if E. cloacae, K. aerogenes, and C. freundii that have a high risk
of aforementioned AmpC overproduction are the causative microorganisms. The use of 3rd-
generation cephalosporins for treatment of infection with these species is not recommended
except in the case of mild UTIs such as cystitis because existing observational studies focus
only on resistance development, and a very limited number of studies have evaluated the
clinical prognosis.

On the other hand, if other strains such as S. marcescens, M. morganii, P. rettgeri, or
H. alvei are causative microorganisms, in principle, antibacterial agents can be selected
according to their susceptibility.*! However, even for these species, when the bacterial burden
is high and when it is difficult to control the focus of infection by surgical intervention, such
as drainage, the use of 3rd-generation cephalosporins should be carefully considered even if
they are susceptible to these agents.

11
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Cefepime, which is a 4th-generation cephalosporin, exhibits stable activities even
against AmpC-overproducing strains. Observational studies have reported its treatment
results to be comparable with those of carbapenems for chromosomal AmpC-producing
bacterial infections.*® However, if cefepime MIC is not in the susceptibility range (<2 pg/mL)
for chromosomal AmpC-producing strain, they may be ESBL-producing strain. If they are
determined to be ESBL-producing strain in confirmation tests, cefepime shall not be an
option (see pages 9 of the Appendix).

Tazobactam/piperacillin was found to have similar outcomes in patients with
bacteremia caused by chromosomal AmpC-producing Enterobacterales in a randomized
controlled trial (RCT) when compared with meropenem.** However, owing to the few cases
enrolled in the study (72 patients in both groups combined), a definitive conclusion was not
reached. Further large-scale RCTs are therefore awaited. Some observational studies have
reported increased mortality by using tazobactam/piperacillin compared with that using
carbapenems in bacteremia caused by chromosomal AmpC-producing Enterobacterales.
Therefore, the use of tazobactam/piperacillin should be considered with caution, especially in
severe infections.

As non-B-lactams are not affected by AmpC B-lactamase, co-trimoxazole and
fluoroquinolones can be effective options to treat systemic infections, moreover,
aminoglycosides can be used to treat UTIs, provided that susceptibility is confirmed even if
they are chromosomal AmpC-producing bacterial infections. Co-trimoxazole and
fluoroquinolones, in particular, have high oral bioavailability as well, and can therefore also
be used when aiming at early switching to oral antibacterial agents.>? In any situation, it is
recommended to consult an infectious disease specialist or an in-hospital AST if it is difficult
to make a judgment.

50,51

12
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Table 4. Treatment Examples for AmpC-producing Enterobacterales Infections*!

15 mg/kg/dose, single intravenous infusion

Other infections:

Intravenous infusion, initial dose of 20 mg/kg, followed by
TDM (peak/MIC 8-10, trough value <5 pg/mL)*!

Name of Bacterial | Bacterial
antibacterial Recommended dose strains strains
agent A** B**
Ceftriaxone Intravenous infusion, 1-2 g/dose, every 12—24 hours X A
Cefepime Intravenous infusion, 1-2 g/dose, every 8 hours{>>>4 o o
(MIC <2 pg/mL)
Tazobactam/ Intravenous infusion, 4.5 g/dose, every 6 hours{* A A
piperacillin
Meropenem Intravenous infusion, 1 g/dose, every 8 hours o) o)
Levofloxacin Intravenous infusion, 500-750 mg/dose, every 24 hours, oralf*+>® o o
Infusion duration: 1 hour for the dose of 500 mg
In the FDA package insert, 90 minutes for the dose of 750 mg
Co-trimoxazole | Cystitis (oral dose): o) o)
2 tablets/dose (160 mg/dose as trimethoprim [80 mg/tablet]),
twice daily
Other infections:
<Oral dose>
2—4 tablets/dose (4—6 mg/kg/dose as trimethoprim
[80 mg/tablet]), twice dailyq*
<Intravenous infusion>
2—4 ampules (4—6 mg/kg/dose as trimethoprim [80 mg/ampule]),
every 12 hoursq
Amikacin Cystitis: o) o

* See pages 10-13 of the Appendix for details including points to consider.

** Bacterial strains A: Strains with a relatively high risk for AmpC overproduction (E. cloacae, K. aerogenes,
C. freundii, etc.); Bacterial strains B: Strains with a relatively low risk or unknown risk of AmpC overproduction
(S. marcescens, M. morganii, P. rettgeri, H. alvei, etc.)

9| As the table includes doses overseas, see pages 10—13 of the Appendix for indications and doses in the
package insert in Japan.

13
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Table 5. Examples of Recommended Therapeutic Drugs Against AmpC-producing
Enterobacterales Infections (See Above and Pages 10-13 of the Appendix for Details)

Recommended drugs
(confirm susceptibility to
each drug; for cefepime,
MIC <2 pg/mL)

Bacterial strains with

relatively high risk of AmpC

overproduction

(E. cloacae, K. aerogenes,

C. freundii, etc.)

Bacterial strains with relatively low risk or
unknown risk of AmpC overproduction

(S. marcescens, M. morganii, P. rettgeri,

H. alvei, etc.)

First-line agents

Cefepime, co-trimoxazole,

levofloxacin, amikacin (UTI)

Cefepime, co-trimoxazole, levofloxacin,
amikacin (UTI)

If the strain is not sensitive
to first-line agents

Meropenem

Meropenem

Alternative therapeutic
drugs

Tazobactam/piperacillin

Ceftriaxone, tazobactam/piperacillin
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(iv) Carbapenem-resistant Enterobacterales

Overview of epidemiology and clinical characteristics

Carbapenem-resistant Enterobacterales (CRE) infection is classified into Category V
of infectious diseases requiring all cases to be reported.’® Approximately 16% to 17% of CRE
isolated in Japan are carbapenemase-producing Enterobacterales (CPE), and the remaining
80% or more are non-carbapenemase-producing Enterobacterales (non-CP-CRE). There are
several enzyme types of carbapenemase, and the most frequently isolated type in Japan is the
IMP-type, classified as a metallo-p-lactamase (MBL), which accounts for 85% to 90% of
CPE.>” On the other hand, common types overseas are the NDM-type, VIM-type, KPC-type,
OXA-48-like, etc.>’ See page 14 of the Appendix for risk factors for the acquisition of CRE
(including both colonization and infection).

Among CRE infections, UTI is the most frequent infection, followed by bacteremia
and respiratory tract infections.?”” Mortality from CRE infections in Japan is approximately
15% to 20%, which tends to be lower than that in other countries.>®>

Microbiological diagnosis

Discussions have remained inconclusive about whether treatment should be changed
by identifying CPE and non-CP-CRE based on the presence or absence of carbapenemase
production in CRE infections, and whether the prognosis varies.*

Moreover, it is not known what prognosis will be obtained when carbapenems are
used to treat infections caused by CPE that are susceptible to carbapenems, e.g., the IMP-6-
producing strain,®! which is frequently isolated mainly in western Japan and is susceptible to
imipenem.®® It is suggested that there is a risk of resistance development during treatment that
can lead to failure.®” Therefore, it is desirable to assess the presence or absence of
carbapenemase production wherever possible even for carbapenem-susceptible strains, and
meropenem MIC > 0.25 pg/mL is recommended as the screening criterion for CPE.%
Confirmation tests shall be performed using the modified carbapenem inactivation method
(mCIM) or the Carba NP test for strains that meet the screening criteria.*? For those strains
that are determined to be carbapenemase-positive by these tests, the mCIM and EDTA-
modified carbapenem inactivation method (eCIM) shall be used in combination to determine
whether they produce MBL or not, or specific enzyme types shall be determined using
immunochromatography or genetic testing (polymerase chain reaction [PCR], microarray)
(Figure 1).

Treatment policy
1) General remarks

The most common reason why CRE infections are difficult to treat is that they show
extensive resistance to conventional B-lactams, including carbapenem. Therefore, since 2015
in the United States (US), several novel B-lactams, including ceftazidime-avibactam,
meropenem-vaborbactam, relebactam/imipenem/cilastatin, and cefiderocol, have been
developed and introduced in the market, all of which have activity against the most common
CPE in the US.

On the other hand, if the susceptibility to non-B-lactams such as levofloxacin and co-
trimoxazole is confirmed, such agents can be used for treatment, similarly to infections
caused by carbapenem-susceptible Enterobacterales. In patients with Enterobacterales
bacteremia® or ESBL/AmpC-producing Enterobacterales bacteremia,> it has been already
shown that, especially in mild cases, the prognosis does not deteriorate despite oral stepdown
therapy with fluoroquinolones or co-trimoxazole, which have high oral availability compared
with continuation of treatment with intravenous antibacterial agents.
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It is problematic when the case with an isolate are resistant to levofloxacin or co-
trimoxazole. In such cases, there is no choice but to use non-p-lactams that lack a balance
between efficacy and side effects such as colistin, tigecycline, aminoglycosides, and
intravenous fosfomycin (hereinafter the 4 classes of antibacterial agents below are referred to
as conventional drugs) for which clinical efficacy has not been established, and which have a
high frequency of adverse events.

No conclusion has been reached regarding the efficacy of combination therapy to treat
CRE infections when novel B-lactams cannot be used (see pages 14—15 of the Appendix for
details).** There are limited data showing which antibacterial agent combinations are superior
even when providing combination therapy, and there are no data comparing combination
therapy and monotherapy, especially focusing on MBL-producing CPE infections (or non-
CP-CRE infections), which are common in Japan (see pages 14—15 of the Appendix for
details).®> CRE infections in Japan are mostly treated using monotherapy,® and although the
number of cases is limited, a decrease in the mortality rate by combination therapy has not
been confirmed.

In summary, for CRE bacteremia in Japan, there is no reasonable reason that
monotherapy with an antibacterial agent, such as fluoroquinolones or ST combination, cannot
be considered as oral stepdown therapy for mild cases of UTIs or non-UTIs, or even in severe
cases after stabilization of the condition by intravenous antibacterial therapy. On the other
hand, when novel B-lactams cannot be used in patients with non-UTIs or for severe cases for
which there is no choice but to use fluoroquinolones, co-trimoxazole, or conventional drugs,
combination therapy is suggested rather than monotherapy because the clinical efficacy has
not been sufficiently established.’® However, once the general condition becomes stable,
switching to monotherapy should be considered in consideration of the risk of adverse events.

2) Therapeutic strategy in treating CPE infections in Japan (Figure 1)

Guidelines for the Treatment of Infections Caused by Multidrug-Resistant Gram-
Negative Bacilli® issued by the European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) and Guidance on the Treatment of Antimicrobial Resistant Gram-
Negative Infections*! issued by the Infectious Diseases Society of America (IDSA) both
recommend the combination therapy of ceftazidime-avibactam and aztreonam or
monotherapy with cefiderocol for the treatment of MBL-producing CPE infections including
the IMP-type (neither ceftazidime-avibactam nor cefiderocol is available as of July 17, 2023).
Cefiderocol is the only conventional B-lactam antibacterial agent that enables single-drug
treatment of MBL-producing CPE infections including the IMP- and NDM-types, and its use
for CPE infections other than for MBL-producing CPE and for non-CP-CRE infections
should be avoided as much as possible to preserve its activity in treating MBL-producing
CPE.

When comparing the IMP-type carbapenemase producing®’ strain (the main CPE in
Japan) and the KPC-type carbapenemase producing®® strain (the main CPE in the US) from
the viewpoint of antibacterial susceptibility, the biggest difference is that the IMP-type is
more likely to remain susceptible to non-B-lactams, specifically the co-trimoxazole,
fluoroquinolones, and aminoglycosides. Therefore, treatment options include
fluoroquinolones and co-trimoxazole to treat non-UTIs, and aminoglycosides in addition to
these to treat urinary tract infections.’®%’ They are also the most frequently selected options in
the actual therapeutic experience.®’
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3) Treatment strategy for non-CP-CRE infections

See page 15 of the Appendix for the mechanism of carbapenem resistance in non-CP-
CRE. As is the case with CPE infections, non-B-lactams can be used to treat non-CP-CRE
infections as long as their susceptibility is confirmed. In addition, as a difference from CPE
infections, a high dose and extended-infusion meropenem can be a treatment option for non-
CP-CRE infections with isolates non-susceptible to imipenem but susceptible to meropenem
(particularly in mild cases and for UTIs).*! Furthermore, the new drug
relebactam/imipenem/cilastatin’®’! (and ceftazidime/avibactam, cefiderocol’?) available in
Japan as of July 17, 2023, has been reported to remain active in non-CP-CRE infections.
Therefore, it may be a potential treatment option only if no other antibacterial agents are
available.

Table 6. Treatment Examples for Carbapenem-resistant Enterobacterales Infections*!

Activity in vitro
Name of Recommended dose CPE
antibacterial (for patients with normal hepatic and renal C .
agent functions) Non-CP-CRE | (assuming the
IMP type)

Levofloxacin See the section on AmpC-producing Enterobacterales o) o)
Co-trimoxazole | See the section on AmpC-producing Enterobacterales o) o)
Amikacin See the section on AmpC-producing Enterobacterales o) o)
Colistin™ Intravenous infusion: Initial loading dose of 9 M units o o

(equivalent to 300 mg), followed by 4.5 M units/dose

(equivalent to 150 mg)

Every 12 hours,” intravenous infusion over 30 minutes

or longerq
Tigecycline™ Intravenous infusion: Initial single dose of 100-200 mg, o) o)

followed by 50100 mg/dose, every 12 hours{’*

For 30 to 60 minutes”
Meropenem Cystitis: Intravenous infusion, 1 g/dose, A X
(if it is resistant every 8 hours
to imipenem/ (over 30 minutes per dose)
cilastatin but Other infections: Intravenous infusion, 2 g/dose,
sensitive to every 8 hours’%”’
meropenem) (consider the 3-hour extended

infusion )

Relebactam/ Intravenous infusion, 1.25 g/dose, every 6 hours o) x
imipenem/ (over 30 minutes per dose)
cilastatin

* See pages 16—19 of the Appendix for details including points to note and the balance between clinical efficacy
and safety.

** For the use of tigecycline and colistin, the guideline for the proper use of each drug is published by the
Japanese Society of Chemotherapy.”®”

9] As the table includes doses overseas, see pages 16—19 of the Appendix for indications and doses in the
package insert in Japan.
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Flowchart of CRE Diagnosis and Targeted Therapy™!

In Enterobacterales.

(1) Meropenem MIC = 0.25 pg/mL

(2) If the MIC of meropenem is not measurable down to 0.12 pg/mL, latamoxef MIC = 16 pg/mL or inhibition zone of faropenem (5 ng/disk) < 14 mm is used as
a substitute.

(3) Imipenem or meropenem MIC = 2 pg/mL if neither (1) nor (2) is available

Check for the presence or absence of carbapenemase production.
mCIM or Carba NP test

Carbapenemase-producing Enterobacterales (CPE)

SuEleHrsimmes (L) e Non-carbapenemase-producing
KPC-type OXA-48-like the IMP-type (most frequent in Japan) ) - =
and NDM-type Enterobacterales (non-CP-CRE)
UTI
1. Co-trimoxazole. fluoroquinolones. aminoglycosides 1. (If susceptible) co-trimoxazole,
2. Colistin fluoroquinolones. aminoglycosides
3. (Ifboth1 and 2 are not available) Ceftazidime-avibactam. relebactam/imipenem/cilastatin 2. Meropenem™
4. (Ifnone of 1, 2, and 3 are available) Cefiderocol 3. Colistin

Non-UTIs (severe cases)

‘ (If the conditions for infected organs®? are met) Consider a combination therapy of 2 or more antibacterial agents for which susceptibility has been confirmed among the conventional drugs.

1. Either ceftazidime-avibactam or 1. Ceftazidime-avibactam 1. Either ceftazidime-avibactam + 1. Either ceftazidime-avibactam or
relebactam/imipenem/cilastatin 2. Cefiderocol aztreonam, or cefiderocol relebactam/imipenem/cilastatin
2. Cefiderocol 2. Cefiderocol

Non-UTIs (mild cases, or cases that were initially severely ill but have stablized following treatment)

1. Fluoroquinolones, co-trimoxazole 1. Fluoroquinolones, co-trimoxazole
2. (Ifall of 1 are not available) Tigecycline™ 2. Meropenem™
3. (Ifbothof1 and 2 are not available) Recommended agent for “severe cases™ 3. (Ifboth of 1 and 2 are not available)

Tigecycline™

4. (Ifnone of1. 2. and 3 are available)
Recommended agent for
“severe cases”

*1: This table assumes. in principle, that antimicrobial susceptibility tests have been conducted and that antimicrobial susceptibility to antibacterial agents listed in
the table has been confirmed.

*2: Criteria for infected organs when conventional drugs are used in combination therapy for severe cases.
Infected organs
Urinary Intra- Skin and
L Blood flow
tract ngs abdominal ooc flow soft tissues
Fluoroquinolones O @] @] @] O
Co-trimoxazole O O O @] O
Aminoglycosides™ @) X A A A
Tigecycline A A @] A O
7 -
I osfomycin A % % % %
(intravenous)
Colistin™ O X A A A
. £
Meropenem ~ - A ~ -
(MIC<8pug/mL.) - ~ ~ ~ -

Antibacterial agents X cannot be one of the concomitant drugs for relevant organs.
Priority should be given to the antibacterial agents O over &It is desirable to avoid monotherapy with the antibacterial agents & for relevant organs.

*3: If the isolate is resistant to imipenem and susceptible to meropenem, higher dose (2 g every 8 hours) and extend infusion (3 hours per dose) meropenem can be
a treatment option. expecially in UTI and mild cases.

*4: Double-dose administration (100 mg/dose, every 12 hours) should be considered, especially when used as monotherapy for pneumonia.

*5: Combination therapy with aminoglycosides and colistin should be avoided. because of the increased risk of renal impairment.

*6: Even if the strain is not susceptible to meropenem. high dose and extended infusion meropenem can be considered as candidate for combination therapy in the
case of MIC of meropenem <8 pg/mL.

Figure 1. Flowchart of CRE Diagnosis and Targeted Therapy
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9

A case that meets all the following 3 criteria may be classified as a “non-severe case.’
A case that does not meet 1 or more criteria may be classified as a “severe case.”

Table 7. Criteria for Classifying the Cases of UTIs as Severe or Non-severe®’ 3

O Hemodynamically stable

<Examples>

* Blood pressure can be maintained by initial fluid resuscitation without the use of vasopressors.

* Neither tachycardia (>130 beats per minute [bpm]) nor tachypnea (=25 bpm) is observed.

* Oxygen equivalent of the fraction of inspired oxygen (FiO2) >40% is not required to maintain an oxygen
saturation (SpO2) of >93% (>89% in patients with known chronic obstructive pulmonary disease [COPD]).

* Systolic blood pressure is >90 mmHg (or > [ordinary systolic blood pressure — 40 mmHg]).

* Anuria for >18 hours is not observed, or urine output is >0.5 mL/kg/h.

* There is no cyanosed skin/lips/tongue, pale skin, or macular rash.

* There is no “skin rash that does not fade by compression.”

O Non-immunocompromised (or immunocompromised, but general condition is stable)

<Examples>

* Neutropenia (<500 /uL)

* Confirmed acquired immunodeficiency syndrome (AIDS) (CD4 <200 mm? or the presence of any indicator
of AIDS)

* Steroid use (at least at a dose equivalent to 20 mg of prednisolone per day for >2 weeks)

* Anticancer treatment within 6 months

» Immunosuppressive or biological drug therapy within 1 month (tumor necrosis factor [TNF] inhibitors, anti-
interleukin [IL]-6 receptor antibodies, T-cell selective co-stimulation modulators, anti-CD20 antibodies,
methotrexate, etc.)

» Hematopoietic stem cell transplant within 1 year

* Solid-organ transplant

» Congenital immunodeficiency

O Successful in source control

<Examples>
» Removal of infected artificial materials/catheters/devices, drainage of accumulated infectious fluid, release
of obstruction of the infected urinary/biliary tract, etc.

Specific examples of non-UTIs (severe cases)

eCase 1: A man in his 50s who had Stage I1la rectal cancer and underwent proctectomy for
radical cure after preoperative chemotherapy. He developed secondary peritonitis due to
postoperative anastomotic leak, leading to septic shock. IMP-type CPE was isolated from a
blood culture and a culture of fluid (ascites) at the time of peritoneal drain insertion.

e(Case 2: A woman in her 60s who developed septic shock and acute kidney injury due to
acute obstructive suppurative cholangitis caused by a common bile duct stone. non-CP-CRE
was isolated from a blood culture and a culture of bile taken at the time of emergency biliary
drainage.

eCase 3: A man in his 70s with a history of COPD. During overseas travel, he developed
community-acquired pneumonia and was managed with mechanical ventilation in the ICU of
a Turkish hospital. After tracheostomy, he was transported to Japan for medical care. After
arriving, he developed pneumonia again and required oxygen supply, PaO2/FiO; ratio
deteriorated to 180. OXA-48-like CPE was isolated from a sputum culture.
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eCase 4: A woman in her 60s on chemotherapy for acute myeloid leukemia. She developed
neutropenic fever and neutropenic enterocolitis. IMP-type CPE was isolated from a blood
culture.

eCase 5: A man in his 50s with uncontrolled diabetes mellitus and a history of frequent travel
to India. He developed necrotizing fasciitis caused by infection at the site of diabetic
gangrene of the foot, leading to septic shock. NDM-type CPE was isolated from the wound
and a blood culture.

Specific examples of non-UTIs (non-severe cases)

eCase 1: A man in his 70s with Parkinson’s disease. He had a history of multiple episodes of
aspiration pneumonia. He was admitted to the hospital due to fever and was diagnosed with
aspiration pneumonia. Although CRP increased, his vital signs were stable. SpO2 was 97%
with oxygen administration at 1 L/min via a cannula. Non-CP-CRE was detected in sputum.

e(Case 2: A woman in her 70s being treated with oral prednisolone 5 mg for rheumatoid
arthritis. She had suffered from pain in the right lower leg since the previous day and had
visited the emergency room. She had redness and was diagnosed with cellulitis. There was an
effusion from the site that was partially erosive. She was hemodynamically stable and
admitted to a general ward.

Her blood culture was negative. However, Gram staining of the effusion from the wound
showed positive results for white blood cells and Enterobacterales-like Gram-negative rods,
and IMP-type CPE was isolated from the effusion culture.

Specific examples of non-UTIs (cases where the patient’s condition was severe initially
but stabilized after initiation of treatment)

e(Case 1: A woman in her 90s with old cerebral infarction and vascular dementia. She was
admitted to a hospital, with diagnoses of cellulitis, subcutaneous abscess, and osteomyelitis
around/in a sacral pressure ulcer. Non-CP-CRE was detected in a pus culture, but she had a
negative blood culture. She was in a state of septic shock on admission.
Relebactam/imipenem/cilastatin treatment and intensive care were initiated, and vital signs
returned to normal during the first week.

e(Case 2: A man in his 60s who lived in Taiwan and was on oral medication for diabetes
mellitus during a visit to Japan for sightseeing. In his hotel, he had fever and difficulty
moving and had to be transported to the hospital in an ambulance. On hospital admission, he
was in a state of septic shock, requiring fluid therapy and vasopressor treatment. He had a
10-cm liver abscess and underwent emergency drainage. KPC-type carbapenemase producing
K. pneumoniae was isolated from a blood culture obtained on admission, and liver abscess
drainage was performed. The drain that was placed provided sufficient drainage, and his
general condition improved 2 weeks later.
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(4) Pseudomonas aeruginosa

Overview of epidemiology and clinical characteristics

Drug-resistant P. aeruginosa infection is a notifiable Category V Infectious Disease to
be monitored under sentinel surveillance in Japan.® It should be noted that the definition of
drug-resistant P. aeruginosa in the Infectious Diseases Control Law differs from that of
multidrug-resistant P. aeruginosa (MDRP) in global standards (see pages 20-21 of the
Appendix for details).

In the previous definitions of antimicrobial-resistant bacteria, no weight was assigned
to each antibacterial agent, and those with a preferable balance between efficacy and toxicity
(e.g., B-lactams, fluoroquinolones) and those without it (e.g., aminoglycosides, polymyxins)
were handled in a similar manner, which was a weak point when the definitions were applied
to clinical practice. Given this fact, the concept of difficult-to-treat resistant P. aeruginosa
(DTR-PA) has been newly and recently proposed.®® DTR-PA is defined as P. aeruginosa non-
susceptible to all B-lactams and fluoroquinolones. In other words, among conventional drugs,
only aminoglycosides and polymyxins have activity against DTR-PA infections. This
clinically relevant concept of DTR-PA has been widely adopted in overseas guidance and in
the guidelines for the treatment of resistant bacteria.*!-

Microbiological diagnosis

In Japan, carbapenemase-producing strains account for only <10% of carbapenem-
resistant (or meropenem-resistant, to be more precise) P. aeruginosa,®’ with the most frequent
carbapenemase being the IMP type (see pages 20-21 of the Appendix for details). For IMP-
type carbapenemase, which is highly resistant to meropenem,®® there is little need to worry
about carbapenemase-producing strains with susceptibility to carbapenem as is the case for
CPE, and that can be screened for carbapenem (meropenem) resistance in principle.

Screen-positive strains shall be confirmed using the mCIM or Carba NP test,* or
using CIM Tris.*¥ For those strains that are determined to be carbapenemase-positive by these
tests, specific enzyme types shall be determined using immunochromatography or genetic
testing (PCR, microarray).

Treatment policy

Unless otherwise specified, the following descriptions are based on the assumption
that the strain does not produce carbapenemase. In the case of MDRP infection, a B-lactam
with confirmed susceptibility can be selected when it maintains susceptibility to any
conventional B-lactam (even if it has resistance to carbapenems).*! A novel B-lactam, which is
described below, can be another treatment option for patients with MDRP infections who
have an uncontrolled focus of infection or in whom the condition is severe.

It is more difficult to choose a treatment for DTR-PA infections. In this case, the
clinical efficacy of conventional drugs have not been established except for in the case of
UTlIs, and antibacterial treatment options only include aminoglycosides and colistin, which
have a high frequency of adverse events. Since 2014, all novel B-lactams approved overseas
can reduce the frequency of kidney injuries without worsening clinical prognosis in resistant
Gram-negative rod infections, mainly in CRE infections, compared with conventional
aminoglycoside- or colistin-based treatment.”® Of these antibacterial agents, the following
2 agents are available in Japan as of September 14, 2023: tazobactam/ceftolozane and
relebactam/imipenem/cilastatin.

Observational studies have already shown that tazobactam/ceftolozane treatment
against resistant P. aeruginosa achieves a higher clinical cure rate with a lower frequency of
kidney injuries, compared with conventional colistin- or aminoglycoside-based treatment.’!

21



Manual of Antimicrobial Stewardship, 3rd Edition - Separate Volume

For relebactam/imipenem/cilastatin, clinical experience in P. aeruginosa infection is still
limited; however, a sub-analysis of a phase 3 study suggested that it could reduce the
frequency of kidney injuries without lowering the treatment-response rate in patients infected
with P. aeruginosa that is non-susceptible to imipenem, compared with the combination of
colistin and imipenem/cilastatin (see pages 20—21 of the Appendix for details).”?> Both agents
remain active against non-carbapenemase producing carbapenem-resistant strains, and data
from the US have confirmed susceptibility to these agents in approximately 50% to 70% of
cases of DTR-PA.” Although there is no clinical study comparing tazobactam/ceftolozane
and relebactam/imipenem/cilastatin in treating P. aeruginosa infections,
tazobactam/ceftolozane is more likely to be used because there is abundant clinical
experience and because susceptibility can be measured using a commercially available
instrument (as of February 25, 2023). However, tazobactam/ceftolozane use has been
reported to lead to the appearance of resistant strains in up to 20% of cases during and after
use.” As the frequency of cross-resistance between tazobactam/ceftolozane and
relebactam/imipenem/cilastatin is relatively low,”” tazobactam-/ceftolozane-resistant strains
may remain susceptible to relebactam/imipenem/cilastatin. Regarding the use of these novel
agents, there is no evidence that combination therapy is superior to monotherapy;°!’¢ thus,
combination therapy is not recommended. In the future, ceftazidime-avibactam®”® and
cefiderocol®”!% could be available as treatment options for DTR-PA infections as well as
tazobactam/ceftolozane and relebactam/imipenem/cilastatin. Unlike other novel B-lactamase
inhibitors, however, cefiderocol has not been shown to improve treatment outcomes in
comparison with conventional drugs.” As described in the section on CRE, it is the only
B-lactam that can be used alone to treat MBL-producing CPE infections. Therefore, the use of
cefiderocol should be avoided as much as possible when other agents are available.

On the other hand, cefiderocol as well as non-f-lactam fluoroquinolones and
aminoglycosides can be a treatment option when the strain is identified as a carbapenemase-
producing one, because many such strains in Japan are IMP-type MBL-producing strains.!%!
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Table 8. Treatment Examples for Carbapenem-resistant P. aeruginosa Infections*!

Antibacterial Name of the
Qg ; Recommended dose
agent class antimicrobial agent
Conventional Ceftazidime Intravenous infusion, 2 g/dose, every 8 hours '
B-lactams
Cefepime Intravenous infusion, 1-2 g/dose, every 8 hours q'%3
Consider the 3-hour extended infusion for severe cases.!®
Piperacillin Intravenous infusion, 4 g/dose, every 6 hours
Consider the 4-hour extended infusion for severe cases.!*
Tazobactam/ Intravenous infusion, 4.5 g/dose, every 6 hours
piperacillin Consider the 4-hour extended infusion for severe cases.!%10°
Aztreonam Intravenous infusion, 2 g/dose, every 8 hours %09
Consider the 3-hour extended infusion for severe cases.!?7:1%8
Fluoroquinolones | Levofloxacin See the section on AmpC-producing Enterobacterales
Ciprofloxacin Cystitis: Intravenous infusion over 1 hour,
400 mg/dose, every 12 hours
or oral administration, 500 mg/dose,
every 12 hours *3
Other infections: Intravenous infusion over 1 hour,
400 mg/dose, every 8 hours
or oral administration, 500—750 mg/dose,
every 12 hours J*+>
Novel B-lactams Tazobactam/ Cystitis: Intravenous infusion, 1.5 g/dose,
ceftolozane every 8 hours
Other infections: Intravenous infusion, 1.5-3 g/dose,
every 8 hours (over 1 hour per dose)
Relebactam/ Intravenous infusion, 1.25 g/dose, every 6 hours (over
imipenem/ 30 minutes per dose)
cilastatin
Aminoglycosides | Amikacin See the section on AmpC-producing Enterobacterales
Tobramycin!!#! Cystitis: Single intravenous infusion, 5 mg/kg/dose
Other infections: Intravenous infusion at an initial dose of
7 mg/kg followed by dose adjustment to
achieve a peak/MIC of 8-10 and a trough of
<1 pg/mL.
Gentamicin'!#! Cystitis: Single intravenous infusion, 5 mg/kg/dose
Other infections: Intravenous infusion at an initial dose of
7 mg/kg followed by dose adjustment to
achieve a peak/MIC of 8—10 and a trough of
<1 pg/mL.
Polymyxins Colistin See the section on CRE.

9| As the table includes doses overseas, see Table 6 on pages 22—24 of the Appendix for indications and doses in
the package insert in Japan.
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Table 9. Examples of Recommended Therapeutic Agents Against Carbapenem-resistant
P. aeruginosa (See Above and Table 7 on Page 24 of the Appendix for Details)

Recommended drugs (check susceptibility to each drug)

First-line agents Ceftazidime, cefepime, piperacillin, tazobactam/piperacillin, levofloxacin, ciprofloxacin,
amikacin-tobramycin-gentamicin (for UTIs)

If the strain is not | Tazobactam/ceftolozane, relebactam/imipenem/cilastatin
sensitive to
first-line agents

Alternative Aztreonam, colistin
therapeutic drugs
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(5) Other Gram-negative rods (glucose non-fermenting Gram-negative rods
other than P. aeruginosa)

(i) Acinetobacter spp.

Overview of epidemiology and clinical characteristics

Acinetobacter spp. are small and typically glucose non-fermenting Gram-negative
rods that are widely distributed in environments such as soil and natural water.'!” They can
survive for a long time in nosocomial environments, and therefore, can cause long-term
outbreaks in hospitals. Among Acinetobacter spp., A. baumannii is the most prevalent human
pathogen.'%” 4. baumannii can cause hospital-acquired pneumonia, sepsis, wound infections,
etc. Among them, hospital-acquired pneumonia, particularly ventilator-associated pneumonia
(VAP), is clinically problematic.!%!'” Typical risk factors for Acinetobacter infections
include advanced age, severe underlying disease, immunodeficiency, traumatic injury, burn,
and surgical treatment. Additional risk factors include insertion of intrabody devices,
mechanical ventilation use, long-term hospitalization, and exposure to antibacterial agents.!!!
It is also known to cause community acquired infections (mainly pneumonia) in warm and
humid regions including Australia, Oceania, China, Taiwan, and Thailand,'!? but the number
of such cases is limited in Japan.!''

A. baumannii has abundant endogenous antimicrobial-resistance mechanisms as well
as an ability to acquire exogenous antimicrobial-resistance mechanisms (see page 25 of the
Appendix for details). Therefore, its antimicrobial-resistance is becoming problematic
worldwide.'” The most major issue is carbapenem-resistance. The World Health
Organization categorizes carbapenem-resistant 4. baumannii (CRAB) as the most emergent
“critical” bacterium among the antimicrobial-resistant bacteria, requiring urgent research and
the development of novel antibacterial agents.!!* In recent years, it has been reported that
multidrug-resistant Acinetobacter spp. (MDRA) were brought into medical institutions in
Japan via persons who had experienced medical exposure overseas, and some of these cases
led to nosocomial outbreaks. 3113116 Therefore, these species should also be recognized as
drug resistant bacteria that are likely to be carried over from overseas.!!’

Microbiological diagnosis

In Japan, the infection caused by multi-drug Acinetobacter species is defined as one
of the Category V infectious diseases in the Infectious Diseases Control Law and the
mandatory reporting disease. ''® The definition of “antimicrobial resistance” for reporting the
case is resistance to the following 3 classes of agents: broad-spectrum B-lactams
(carbapenems in standards), aminoglycosides, and fluoroquinolones (see page 25 of the
Appendix for details).!'® Reporting of carriers is not mandatory.

Treatment policy

Acinetobacter spp. are the cause of invasive infections inducing hospital-acquired
pneumonia, mainly VAP.!®!1% They can also cause CRBSIs and bacteremia with a focus
unknown.'!? Although treatment is indicated if any of them are detected in a blood culture,
they often colonize respiratory or wound specimens.!?’ Therefore, it shall be assessed
whether they are actually the cause of invasive infection when isolated from a clinical
specimen.” When the infections involve the artificial devices, the source control is essential,
for example, removal of the intrabody artificial devices in the device infections or removal of
intravascular catheter in CRBSI.
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When the strain remains susceptible to antibacterial agents, -lactams are the first-line
treatment.”!'® Among them, carbapenems are considered the most reliable and are regarded
as the first-line treatment for severe infections.!!%!2!

Sulbactam, a B-lactamase inhibitor, is effective!?? and can be a treatment option when
the strain is susceptible to this agent.*!'?1:123 It is available as a combination with ampicillin
in Japan. Carbapenem-resistant strains may be susceptible to sulbactam because the
mechanisms of resistance to these agents differ.!?* Sulbactam/ampicillin is cited as a first-line
treatment against CRAB in the IDSA guidance on treatment.*! However, it is a matter of
concern that the optimal dosage and administration method are unknown. The daily dose of
sulbactam/ampicillin recommended by the IDSA is 18 to 27 g (6 to 9 g of sulbactam), which
is much higher than that shown in the package insert in Japan (a maximum daily dose of
12 g).*! Therefore, caution is required during clinical use.

Additionally, a multicenter retrospective observational study demonstrated that the
therapeutic effect of a 4th-generation cephalosporin (cefepime) on bacteremia caused by
Acinetobacter spp. was comparable to that of carbapenems.!?* Therefore, this agent can be a
treatment option for susceptible strains.

In addition to sulbactam described above, tigecycline, minocycline, and colistin,
which are tetracyclines (glycylcyclines), can be treatment options against carbapenem-
resistant Acinetobacter spp.,'*>1?6 but there are clinical concerns. According to the IDSA
guidance, combination therapies with two or more susceptible antibiotics is recommended for
moderate to severe Acinetobacter infections, whereas single agent therapy can be used for
mild infections.*!

However, many RCTs have failed to demonstrate the superiority of combination
therapy over monotherapy.’®!?”-13! Colistin-based (polymyxin-based) combination therapy is
often used,'*? but there is a great concern about adverse reactions, and the appropriate
combination is not clear. Thus, consultation with an infectious disease specialist in or outside
a hospital should be considered for the treatment of moderate or severe CRAB infections. See
page 26 of the Appendix for details such as existing evidence for therapeutic agents.
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Table 10. Key Options and Points to Note for Antibacterial Treatment Against
Acinetobacter spp.*!

Drug name Dose .Dosmg Points to note
interval
Meropenem 1-2 g Intravenous * In the package insert, administration at a dose of 2 g
infusion, every three times a day is indicated for purulent meningitis
8 hours only.
* The concomitant use of valproic acid is
contraindicated.
Cefepime 2 g9 Intravenous » Up to 4 g/day in the package insert
infusion, every | ¢ Particularly in patients with renal impairment,
8—12 hours overdose may cause neuropsychiatric symptoms
such as disturbed consciousness and convulsions.
Sulbactam/ 3 g (sulbactam: | Intravenous * The IDSA guidance on treatment states that the daily
ampicillin 1 g)y33-136 infusion, every dose is 18-27 g, whereas the package insert states
6 hours that the dosage is up to 12 g/day.
Minocycline 100 mgq Intravenous » Combination therapy shall be considered particularly
infusion, every for moderate cases, severe cases, and poor
12 hours responders.

» The dose may be increased to 200 mg only for the
first dose.

* Administration to children aged <8 years shall be
avoided because dental pigmentation may occur.

* Vascular pain is likely to occur, but it can be
managed by prolonging the duration of infusion in
many cases.

» The IDSA guidance on treatment recommends
administration at a dose of 200 mg every 12 hours,
which exceeds the maximum dose stated in the
package insert.

Tigecycline See the section

on CRE. - o
Colistin See the section

on CRE. o o

9| As the table includes doses overseas, see pages 26—27 of the Appendix for indications and doses in the
package insert in Japan.

Table 11. Examples of Recommended Therapeutic Agents Against Acinetobacter spp.
(See the Text of This Document and Pages 26-27 of the Appendix for Details)

Recommended drugs

(check susceptibility to Mild cases Moderate/severe cases
each drug)
First-line agents Cefepime, Meropenem or cefepime + minocycline or colistin or
sulbactam/ampicillin, tigecycline (combination therapy with at least 2 agents
minocycline to which the strain has susceptibility)

Alternative therapeutic

drugs

Colistin, tigecycline
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(ii) Stenotrophomonas maltophilia

Overview of epidemiology and clinical characteristics

S. maltophilia is a glucose non-fermenting Gram-negative rod.'*”-!* It can survive in
nutritionally poor aquatic environments inside and outside hospitals and adhere to plastic,
leading to biofilm formation.'*” Therefore, it is detected on artificial materials used in clinical
practice such as venous cannulas as well as in in-hospital environments such as dialysates,
tap water, and sinks.'?’

Infections caused by S. maltophilia are commonly associated with bacteremia
(including CRBSIs) and respiratory infections.'*®!* Particularly in patients with hematologic
malignancies, rapidly progressing hemorrhagic pneumonia is known to be a pathological
condition with a high mortality.'**'*! S maltophilia infection has also been reported to cause
a wide range of other infections including endophthalmitis, endocarditis, meningitis, skin/soft
tissue infections, and implant-related infections. '’

Risk factors for S. maltophilia infection include malignant tumors (mainly
hematologic malignancies, particularly hematopoietic stem cell transplant recipients),
underlying diseases (cystic fibrosis, human immunodeficiency virus infection, etc.), use of
intravenous drugs, accidental injury, surgery, long-term hospitalization, use of
intravenous/urethral catheters, ICU stay, mechanical ventilation use, and immunosuppressive
therapy.'®’

Microbiological diagnosis

In Japan, no mandatory reporting is required in cases with S. maltophilia colonization
or infection. For the antimicrobial susceptibility tests available in Japan, the Clinical and
Laboratory Standards Institute (CLSI) has established criteria for assessing MICs for the co-
trimoxazole, levofloxacin, minocycline, and ceftazidime,*? whereas the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) has established criteria for assessing
MICs only for the co-trimoxazole (see pages 27-28 of the Appendix for details).!*?

Treatment policy

S. maltophilia mainly causes CRBSI and pneumonia in patients with the
aforementioned risk factors.!** When S. maltophilia is isolated from blood cultures,
antimicrobial therapy should invariably be administered. However, this organism is often
associated with colonization in respiratory tract, especially among the patients with long-term
ICU stay, those with intense antimicrobial therapy with carbapenems and those with
tracheostomy. Therefore, when S. maltophilia is isolated from respiratory sample, a careful
assessment for whether the isolate is related with invasive infections before the
administration of antimicrobials.'*® The focus of infection shall be controlled through
appropriate interventions, such as removal of the catheter in the case of CRBSI.!3%143

Although there are no RCTs on antimicrobial agents against S. maltophilia, co-
trimoxazole is regarded as the first-line treatment and is widely used because there is
abundant usage experience and because this bacterium has endogenous mechanisms of
resistance to several agents (see pages 27-28 of the Appendix for details).*!"'** However,
adverse reactions such as kidney injury, liver injury, volume load in intravenous preparation,
hyperkalemia, myelosuppression, and skin rash have been raised as concerns during
treatment with co-trimoxazole.'#>146

According to the IDSA guidance, monotherapy with co-trimoxazole, minocycline,
tigecycline, or levofloxacin may be adopted for mild cases, among which, co-trimoxazole and
minocycline are the most favorable.*! Regarding fluoroquinolones and tetracyclines, on the
other hand, there are concerns of acquiring resistance during treatment for
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fluoroquinolones'**!47 and achieving the poor serum concentration of tetracycline derivatives
because of their rapid tissue distribution.!?® It is, therefore, recommended that co-trimoxazole
and minocycline should be used for moderate or severe cases, or that minocycline,
tigecycline, or levofloxacin (minocycline is the most preferable) should be added for poor
responders to initial monotherapy with co-trimoxazole. However, there is no sufficient data
demonstrating the superiority of the combination therapy.'*® Ceftazidime, which has
endogenous B-lactamase activity, should not be used for treatment regardless of severity.*!
The CLSI and EUCAST have not established break points for the determination of the
susceptibility of S. maltophilia to colistin and tigecycline!*’ (a break point is a reference
value used to predict the therapeutic effect of an antibacterial agent based on the results from
the antibacterial susceptibility test).!*?

Table 12. Key Options of Antibacterial Treatment Against S. maltophilia*'

Drug name Administration method
Co-trimoxazole (infusion) See the section on AmpC-producing Enterobacterales
Levofloxacin See the section on AmpC-producing Enterobacterales|
Minocycline See the section on Acinetobacter spp.

Tigecycline See the section on CREY

Table 13. Examples of Recommended Therapeutic Agents Against S. maltophilia
(See the Text of This Document and Pages 27-28 of the Appendix for Details)

Recommended drugs
(check susceptibility to Mild cases Moderate/severe cases
each drug)
First-line agents Co-trimoxazole, minocycline Co-trimoxazole + minocycline
Alternative therapeutic drugs | Tigecycline, levofloxacin Co-trimoxazole + tigecycline or
levofloxacin

29



Manual of Antimicrobial Stewardship, 3rd Edition - Separate Volume

(6) Clostridioides difficile

Overview of epidemiology and clinical characteristics

C. difficile is an obligate anaerobic, spore-forming Gram-positive rod that causes
C. difficile infections (CDIs), which can lead to hospital-acquired diarrhea and other diseases.
In addition to diarrhea, C. difficile is known to cause ileus and toxic megacolon in severe
cases. In addition, C. difficile is known to form spores that are resistant to heat, radiation,
desiccation, high-pressure treatment, drugs, making it an important organism for hospital
infection control. It is known that toxins A and B produced by C. difficile are involved in the
pathogenesis of CDI and that C. difficile that does not produce toxin A/B does not cause
CDls.

It has also been reported in the US that C. difficile is the most frequently found
bacteria in hospitals.!** A systematic review and meta-analysis published in 2020 reported
that the frequency of hospital acquired CDIs was 8.3 events/10,000 patient-days.'>! A
multicenter prospective study in Japan reported it to be 7.4 events/10,000 patient-days. This
frequency is similar to that in Europe and the US, which means CDI is a significant infectious
disease in Japan as well.!>? Given that approximately 95% of patients with CDIs have
received services such as outpatient care and hospitalization at medical institutions or nursing
facilities, CDI can be perceived as a healthcare associated infectious disease.!™

CDIs should be suspected when diarrhea occurs at least 3 times within 24 hours
(Bristol Stool Scale score >5: soft semisolid stools, indeterminate-form mushy stools, liquid
stools without solids) or when the frequency of bowel movement is higher than usual.!>*

According to the Japanese guidelines (Clostridioides difficile Infection Treatment
Guideline 2022), it is not necessary to adhere to the frequency of bowel movement in the
elderly or other individuals who have no independent bowel movement.!>> When a new case
of diarrhea is identified in a hospital, a test shall be considered first. A patient may not have
diarrhea but may have ileus and/or toxic megacolon, although such an occurrence is
uncommon. If an inpatient develops these symptoms, then CDI should be suspected. As
exposure to antibacterial agents within the past 3 months has been reported to be a risk
factor,'® CDIs shall be included in differential diagnoses when a past history of exposure to
antibacterial agents is confirmed even in outpatients with diarrhea. It is also known that even
a single dose of antibacterial treatment can cause CDIs.">’

Other reported risk factors include age, use of gastric secretion inhibitors (including
proton pump inhibitors [PPIs] and H2 receptor antagonists), and recent hospitalization, all of
which are common risk factors in hospitalized patients.!>®

Microbiological diagnosis

A kit to detect toxin and glutamate dehydrogenase (GDH) antigen simultaneously, as
well as nucleic acid amplification test (NAAT) and stool culture test are available in Japan. A
positive result for GDH antigen suggests the presence of C. difficile. Although the available
algorithms differ among institutions, it has been proposed that a kit to detect toxin and GDH
simultaneously should be primarily used, and that NAAT or stool culture should be conducted
if the test results are negative for the toxin and positive for GDH.!3>!1%

Patients with no diarrhea, ileus, or toxic megacolon shall not be tested. It has been
pointed out that the excessive implementation of NAAT particularly yields false-positive
results, leading to excessive treatment. '

A test shall not be repeated (however, retesting may be considered if the possibility
remains 1 week later). Post-treatment testing is not recommended, and therefore it is
recommended that patients not be asked to undergo post-treatment testing, such as at the time
of hospital transfer.
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CDI is an infectious disease characterized by recurrence. Recurrent CDI is defined as
a CDI that recurs within 8 weeks after the previous onset.!*>!316! Approximately 30% of
patients experience recurrence even after appropriate treatment, with recurrence after the first
infection occurring in 10% to 20% of cases and recurrence after the first recurrence (second
recurrence) occurring in 40% to 65% of cases.!>1%° The following risk factors have been
listed:'>> advanced age (>65 years), use of antibacterial agents, serious underlying disease,
history of CDI, use of PPIs, healthcare-associated CDI (history of hospitalization within
3 months prior to onset).

Treatment policy

Any antibacterial agent being used shall be discontinued first, if possible.

There is no difference in the cure rate between fidaxomicin and vancomycin, but the
recurrence rate is lower with fidaxomicin.!®® Given the great difference in costs, however,
treatment needs to be selected based on whether or not it is recurrent and how severe it
is.166:167 The Japanese guideline defines cases with at least 2 events of recurrence as refractory
cases (cases where diarrhea does not improve after the completion of standard treatment are

also defined as refractory cases).'>
Table 14. Examples of Criteria for Assessing CDI Severity!>>!>%101

Guideline Severe Fulminant
IDSA/The Society for WBC count >15,000 cells/mL or Decreased blood pressure, shock,
Healthcare Epidemiology serum Cre >1.5 mg/dL ileus, or toxic megacolon
of America
European Society of WBC >15,000 cells/mL or serum Cre | Decreased blood pressure, shock,
Clinical Microbiology and | increased by >50% compared with that | increased lactate levels, ileus, toxic
Infectious Diseases at baseline, or body temperature megacolon, gastrointestinal

>38.5°C perforation

The Japanese Association | No clear criteria
for Infectious Diseases
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Table 15. Examples of CDI Treatment'>>'>%16!

Dose (oral
Drugs administration unless Dosing interval Therapy duration
otherwise specified)

Non-severe/non-fulminant cases (first time)

Fidaxomicin 200 mg Every 12 hours 10 days
Vancomycin 125 mg Every 6 hours 10 days
Metronidazole 500 mg Every 8 hours 10 days
Non-severe/non-fulminant cases (first recurrence)

Fidaxomicin Same as the first time

Vancomycin Same as the first time

Vancomycin Pulsed and tapered therapy (see pages 29-30 of the Appendix)
Non-severe/non-fulminant cases (second recurrence, refractory cases)

Fidaxomicin Same as the first time

Vancomycin Pulse/taper therapy (see pages 29-30 of the Appendix)

Severe cases

Vancomycin Same as the first time

Fidaxomicin Same as the first time

Fulminant cases

Vancomycin + Oral administration at a dose of 500 mg every 6 hours + intravenous infusion at a
metronidazole dose of 500 mg every 8 hours (intravenous infusion over 20 minutes)

10-14 days
Fidaxomicin Same as the first time

*See pages 29-30 of the Appendix for details including points to consider.

For indications for total colectomy or diverting loop ileostomy as surgical treatment,
consultation with an experienced surgeon or infectious disease specialist is recommended.
Fecal transplantation for recurrent cases is known to be highly effective in preventing
recurrence, but it is not covered by health insurance in Japan. As serious adverse events have
also been reported, it is advisable to consult an infectious disease specialist when considering
this treatment. The active use of probiotics is not recommended because there is insufficient
evidence regarding their use to prevent the onset/recurrence of CDI or as a concomitant
medication for the treatment of CDI. Probiotics may cause bacteremia depending on patient
characteristics, and therefore, their indications should be checked carefully before use.'®®
Treatment of CDI when discontinuation of antibacterial agents is difficult is described on
pages 29-30 of the Appendix.
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(7) Candida spp.

Overview of epidemiology and clinical characteristics

Candida infections account for approximately 70% to 90% of invasive fungal
infections, and the mortality in cases of invasive candidiasis with candidemia, deep-seated
candidiasis, or both is as high as 40% to 60%.'%%!° The main portals of entry in invasive
candidiasis are the skin, intravascular catheter, and gastrointestinal tract.'¢’

The 5 major strains of Candida spp. are Candida albicans, Candida glabrata,
Candida tropicalis, Candida parapsilosis, and Candida krusei. The resistance of C. glabrata
and C. krusei to azole, the natural resistance of C. parapsilosis to candins, and CRBSIs due to
biofilm formation currently pose problems.'¢%171:172

Candida auris, which was first detected in an ear canal specimen in 2009 in Japan,
has been found worldwide thereafter, and its resistance not only to azole but also to polyene
has become a problem.!”

Risk factors for invasive candidiasis include the use of broad-spectrum antibacterial
agents, central venous catheterization, total parenteral nutrition, post-abdominal surgery state,
high APACHEII score, malignant tumors, neutropenia, chemotherapy, post-transplantation
state, acute kidney injury, hemodialysis, diabetes mellitus, long-term hospitalization, ICU
stay, immature baby, and low birth weight.!7!:172

Microbiological diagnosis

Blood B-D-glucan measurement (sensitivity 65%—85%, specificity 75%—-85%) can be
used for screening,!”*!”* and blood culture (sensitivity approximately 50%, specificity
unknown) can be used for a definite diagnosis.'® For B-D-glucan measurement, there are
several kits currently available in Japan, but it should be noted that each of them has a
different cutoff value. It should also be noted that the negative predictive value in this
measurement is high, whereas it shows false-positive results in individuals being treated with
antibacterial agents or albumin.!’® It should be noted that blood cultures require 2-3 days to
become positive and have a low positive rate,!6%!71:172

As of February 2023, whole blood PCR (T2 Candida panel), which is not covered by
health insurance in Japan, is used in the US and other regions, and it has a sensitivity and
specificity of 91% and 94%, respectively.!%*!"172 The Candida score is a screening test to
predict invasive candidiasis, and invasive candidiasis is predicted when patients score >3 of
5 points for the following 4 items: (1) total parenteral nutrition (1 point), (2) surgery
(1 point), (3) multifocal colonization (1 points), and (4) severe sepsis (2 points) (sensitivity
81%, specificity 74%).!”

Treatment policy

Treatment is largely divided into treatment with antifungal agents and control of the
infection focus (removal of intravascular catheter/artificial material, surgical drainage, or
debridement), and the former is further divided by purposes as follows:!"!

(1) Prophylactic treatment: Administered to asymptomatic patients with persistent
neutropenia after hematopoietic stem cell transplant or organ transplant

(2) Empiric treatment: For symptomatic patients who have stayed in the ICU for
>96 hours, are receiving treatment with broad spectrum antibacterial agents, and have
a history of total parenteral nutrition, gastrointestinal surgery, or sepsis

(3) Preemptive treatment: Conducted for patients who have been confirmed to be positive
for B-D-glucan or to have multifocal colonization, as well as to meet the conditions
listed in the column on empirical treatment

(4) Targeted treatment: For patients in whom culture was detected at a sterile site
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For invasive candidiasis, echinocandins (micafungin, caspofungin) or polyenes
(amphotericin B, liposomal amphotericin B) exhibiting bactericidal action are the first-line
treatment.!”!17817% Generally, echinocandins associated with relatively few adverse reactions
and low resistance are selected. Against C. parapsilosis, azoles or echinocandins shall be
selected based on the results from the antimicrobial susceptibility test. Against C. glabrata
and C. krusei, echinocandins shall be selected.!”” In a meta-analysis comparing the effects of
echinocandins, polyenes, and azoles in invasive candidiasis, echinocandins had the highest
treatment success rate, but there was no significant difference in the survival rate.!®’ The
classification (Table 16) and dose (Table 17) of antifungal agents are shown below.

In the event of candidemia, fundoscopy to assess endophthalmitis early (within
7 days), and echocardiography to rule out infective endocarditis (preferably within 24 hours)
shall be performed.!”®!7

If resolution of candidemia, stable general condition, and sufficient susceptibility are
confirmed after 5 to 7 days of treatment, switching from echinocandins/polyenes to narrower-
spectrum agents, i.e., azoles, shall be considered.!”®!7

The typical duration of therapy with antifungal agents is as follows: until 14 days after
negative conversion of blood culture, which shall be obtained every day (or every other day)
until negative conversion is confirmed, and resolution of the symptoms of candidemia
without metastatic focus of infection or neutropenia; until at least 6 weeks after surgery for
Candida infective endocarditis (longer if surgery is not possible); until successful control of
infection focus and resolution of symptoms of intra-abdominal candidiasis; for at least 4 to
6 weeks for candidal endophthalmitis; and for 14 days for Candida complicated UTIs.!7817

Consultation with an infectious disease department is an independent improvement
factor for the 30-day prognosis of candidemia; therefore, consultation with an infectious
disease specialist shall be actively considered at institutions where possible. !®!

Table 16. Classification of Antifungal Agents

Echinocandins Polyene macrolides Azoles
Micafunein Amphotericin B
Main agents s Liposome formulation of the | Fluconazole
Caspofungin
above
Action Bactericidal Bactericidal Bacteriostatic
. Inhibition of cell wall . . Inhibition of cell membrane
Mechanism . Disruption of cell membrane .
synthesis synthesis
Difficult to penetrate the . . .
=56, Uy et o Liver/renal injury Liver injury
Points to note e ’ Electrolyte abnormality Frequent drug interaction
central nervous system 55
. Fever Teratogenicity
Infusion only
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Table 17. Dose of Antifungal Agents

Drug name Initial dose Maintenance dose (daily) Notes
Intravenous infusion at An increase in dose up to
s 3 100 mg/dose 150 mg/dose shall be
Every 24 hours considered for severe
Over 1 hour cases.
Intravenous infusion at The dose shall be
70 mg/dose on Day 1
50 mg/dose decreased to 35 mg/day
Caspofungin Every 24 hogrs . Every 24 hours for individuals with liver
Intravenous infusion over . . .
e ey Over approximately disorders (Child-Pugh
1 hour score: 7-9).
Intravenous infusion at
Liposomal 2.5-5 mg/kg/dose
amphotericin B a Every 24 hours B
Over 1-2 hours
The dose shall be
decreased by 50% when
CCr is <50.
Switching from
Intravenous infusion at intravenous infusion to
Fluconazole - 400 mg/dose oral administration at the
Every 24 hours same dose shall be
considered if oral
administration and
intestinal absorption are
possible.

Table 18. Examples of Recommended Therapeutic Agents for Invasive Candida Without

Endophthalmitis'”
Recommended drugs (check susceptibility to each drug)
<Empiric treatment> <Targeted treatment>
C. albicans C. glabrata, C. krusei C. parapsilosis
Micafungin, caspofungin | Fluconazole Micafungin, caspofungin Fluconazole, micafungin, or

caspofungin shall be
selected based on
susceptibility.
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