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1. Introduction

Sepsis is one of the most serious conditions among all infectious
diseases. To establish a sepsis treatment system as the basis of
bacterial infection treatment, knowledge regarding infectious dis-
ease medicine/chemotherapeutics must be collected. Due to the
recent appearance of various antimicrobial-drug-resistant bacteria,
it is necessary to flexibly switch strategies to treat bacterial infec-
tion. This is not exceptional in the field of sepsis. It is also necessary
to manage such infection, considering the involvement of
antimicrobial-drug-resistant bacteria, including MRSA(methicillin
resistant Staphylococcus aureus) and ESBL(extended spectrum -
lactamase)-producing bacteria. Antimicrobial-drug-resistant bac-
teria have been routinely detected in patients not only with noso-
comial but also with community-acquired infection.

* Corresponding author.

https://doi.org/10.1016/j.jiac.2019.11.011

Sepsis is defined as a severe condition derived from a primary
infection site. On the other hand, we often encounter patients with
narrow-sense blood stream infection caused by intravascularly
inserted catheters in clinical practice. Although there is a dissoci-
ation as a condition to be described in the “Sepsis” section, it was
included in this section for convenience. In patients with sepsis, as a
rule, a primary infected focus should be investigated, and treatment
must be performed in accordance with the site of infection and
condition. However, in the present guidelines, antimicrobial
chemotherapy as empiric therapy is described, focusing on initial
treatment with antimicrobial drugs for sepsis at a time point when
a primary focus is unclear or inaccurate. In the “Catheter-related
bloodstream infection” section, definitive therapy after the identi-
fication of causative bacteria is concretely described.

In the JAID/JSC Guide for Management of Infectious Diseases
2011, which were published in 2012, and a revision published in
2014: the JAID/JSC Guide for Management of Infectious Diseases
2014, “sepsis” is described in the first chapter. In the year of 2017, an
additional revision will be edited. In this article, the “guidelines”
structure was adopted to provide additional explanations. We hope
that the present guidelines will contribute to the appropriate use of
antimicrobial drugs by health care professionals in clinical practice
through the understanding of the descriptive background of the
above guides as pocket versions and evidence. Recent guidelines
have been prepared according to Minds' regulations. Essentially, it
is ideal to prepare the present guidelines according to them.
However, to avoid a delay in book publication and clinical appli-
cation related to persistence to the system in a restricted time, the
present guidelines were not always prepared according to Minds’
regulations. This article was completed by publishing a draft of the
present guidelines on the homepages of the Japanese Association
for Infectious Diseases and Japanese Society of Chemotherapy,
collecting public comments, and revising the draft in accordance
with proper advice. The most important point of this project was to
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clarify which antimicrobial drug should be selected by physicians/
pharmacists facing sepsis treatment and contribute to therapeutics
in clinical practice. On the assumption that incomplete points, such
as the absence of “Clinical Questions”, may be complemented or
revised at the next committee meeting, we hope that the present
guidelines will be applied in clinical practice.

The present guidelines will be revised every few years based on
the above viewpoint, future appearance or spreading of new
resistant bacteria, and necessity of providing information on the
development of new antimicrobial drugs.

In Japan, the “Japanese Clinical Practice Guidelines for Man-
agement of Sepsis and Septic Shock 2016” [ 1], which were prepared
by the Japanese Society of Intensive Care Medicine and Japanese
Association for Acute Medicine, were recently published. Interna-
tionally, “Surviving Sepsis Campaign: International Guidelines for
Management of Sepsis and Septic Shock: 2016” [2] were published.
In these guidelines, entire sepsis treatment is described, consisting
of extremely abundant contents as a golden standard in accordance
with close guideline-preparing methods. However, the contents are
not specific to antimicrobial therapy, and no concrete antimicrobial
drug name is mentioned. On the other hand, the contents of the
present guidelines primarily consist of antimicrobial chemo-
therapy, especially drugs selected for empiric therapy (concerning
catheter-related bloodstream infection, definitive therapy is
mentioned) on the assumption that the above two guidelines may
be sufficiently understood [1,2]. Briefly, the purpose of the JAID/]SC

1. Recommendation grade and evidence level of references

Recommendation grades Evidence levels

A Strongly recommended I Randomized controlled study
B General recommendation Il Non-randomized controlled study
C Comprehensive evaluation il Case report

v Specialist's opinion

2. Definition of first- and second-choice drugs

First-choice drug
Second-choice drug

Drugs to be initially used

Drugs to be selected when a first-choice
drug cannot be used due to allergy, organ
disorder, or local factors

Guidelines for Management of Sepsis is to support the more ac-
curate selection of an antimicrobial drug, which plays a role in
treatment, in the presence of septic conditions requiring life-saving
management such as shock and multiple organ failure.

As the most important point, physicians must consider that the
start of antimicrobial chemotherapy for sepsis, that is, fatal organ
failure, in the early phase (within 1 h) is the sole requirement, and
that source-of-infection control and intensive care control
involving the airway/respiration/circulation are essential for sepsis
treatment from the viewpoint of lifesaving.

3. A list of doses for neonates is shown on the last page.

4, 1:The mark indicates a condition that is not covered by health
insurance in Japan (including the name of an infectious disease,
dose, and type of bacteria).

2. Sepsis
A) Adults

—Executive summary—

1) Definition/diagnosis

M Definition of sepsis: Life-threatening organ dysfunction
caused by a dysregulated host response to infection.

B As sepsis causes shock or organ failure, infectious disease
treatment should be performed while managing the general
condition (A: airway management, B: breath stabilization in
the respiratory state, C: circulation: withdrawal from shock,
stabilization of circulation)(A I).

M Sepsis had been defined as presented in Table 1, but a new
definition and diagnostic criteria (Table 2, Fig. 1) were pro-
posed in 2016.

2) Summary of treatment: Community-acquired sepsis

W If a diagnosis of sepsis is made, physicians should make
maximum efforts to start antimicrobial chemotherapy, as
empiric therapy, within 1 h.

M In patients with severe community-acquired sepsis (or a
tentative diagnosis of community-acquired sepsis), treatment
with 3rd-generation cephalosporins should be started,
considering causative microorganisms such as Escherichia coli,
Staphylococcus aureus, and Streptococcus pneumoniae (A II).

W Carbapenems should be selected for high-risk patients
regarding infection with ESBL-producing bacteria, that is, those
with the following histories: i) a history of ESBL-producing
bacteria detection, ii) recent antimicrobial drug administra-
tion (especially B-lactams), iii) the presence of organ disorders
such as chronic respiratory disease and liver disease, iv) a his-
tory of invasive urological treatment, and v) admission to long-
term care facilities (B II).

M [n patients in whom infection with S. pneumoniae is sus-
pected, combination therapy with VCM should be consid-
ered if infection with low B-lactam-sensitive bacteria is
suspected based on the patient background (A II).

3) Summary of treatment: Nosocomial or community-acquired,
healthcare-associated infection

H Assuming that causative microorganisms may include gram-
negative bacilli, such as Pseudomonas aeruginosa, and
multidrug-resistant gram-positive coccus, such as methicillin-
resistant Staphylococcus aureus (MRSA), combination therapy
with B-lactams, which exhibits anti-P. aeruginosa activity, and
anti-MRSA drugs should be considered (A II).

M As the susceptibility of causative microorganisms to antimi-
crobial drugs differs among medical institutions, drugs should
be selected by reviewing institutional antibiograms (A IV).

M In severe-status patients or those with neutropenia/immuno-
deficiency, such as cell-mediated immunodeficiency, the risk of
infection with Candida is high. In such cases, combination
therapy with antifungal drugs should be considered (C II).

1 Explanation

[Epidemiological background: Infected organs]

According to a study, infectious diseases affected the lungs
(35%), abdomen (21%), urinary tract (13%), skin & soft tissue (7%),
and others (8%), causing sepsis, whereas foci were unclear in 16% of
the patients [5]. According to the Sepsis Registry Survey conducted
by the Japanese Association for Acute Medicine, the most frequent
organ/system was the respiratory system (436 patients, 39.5%),
followed by the intraabdominal organs (268 patients, 24.3%), uri-
nary tract (160 patients, 14.5%), and soft dermal tissue (110 patients,
10.0%) [6].

[Epidemiological background: Causative microorganisms]|

Trends in microorganisms that cause sepsis depend on the patient
background. The most frequent microorganism that causes adult
sepsis through community-acquired infection is Escherichia coli, fol-
lowed by Streptococcus pneumoniae and Staphylococcus aureus [7].
However, among patients with sepsis related to community-acquired
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Table 1
Definition of sepsis and diagnostic criteria for sepsis in 2001.

Infection in which some of the followings are observed or suspected

General parameters

Fever (>38.3 °C)

Hypothermia (core temperature <36 °C)

Heart rate >90 bpm or >2 SD above the normal value for age

Tachypnea

Altered mental status

Significant edema or positive fluid balance (>20 mL/kg over 24 h)

Hyperglycemia (plasma glucose >140 mg/dL) in the absence of diabetes
Inflammatory parameters

Leukocytosis (>12,000/uL)

Leukopenia (<4000/pL)

Normal white blood cell count with >10% immature forms

Plasma CRP >2 SD above the normal value

Plasma procalcitonin >2 SD above the normal value
Hemodynamic parameters

Arterial hypotension (SBP <90 mmHg, MAP <70, or an SBP >40 mmHg in adults or <2 SD below normal for age)

Organ dysfunction parameters
Arterial hypoxemia (PaO,/FIO, <300)

Acute oliguria (urine output: <0.5 mL/kg/hr for at least 2 h despite sufficient fluid infusion loading)

Creatinine increase >0.5 mg/dL

Coagulation abnormalities (INR>1.5 or aPTT >60 s)

Ileus (absent bowel sounds)

Thrombocytopenia (platelet count <100,000/uL)

Hyperbilirubinemia (plasma total bilirubin >4 mg/dL)
Tissue perfusion parameters

Hyperlactatemia (>1 mmol/L)

Decreased capillary refill or mottling

SD: standard deviation.

CRP: C-reactive protein.

SBP: systolic blood pressure.

MAP: mean arterial pressure.

INR: international normalized ratio.
aPTT: activated partial thromboplastin.

Diagnostic criteria for sepsis in the pediatric population: signs and symptoms of inflammation plus infection with hyper-or hypothermia (rectal temperature >38.5 °C or
<35 °(C), tachycardia (may be absent in hypothermic patients) and at least one of the following indications of altered organ function: altered mental status, hypoxemia,

elevated serum lactate level, and bounding pulses.

(Referenced from: Levy MM, Fink MP, Marshall JC et al., 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Crit Care Med 2003;31:1250—6 [3]).

Table 2

Definition of sepsis and diagnostic criteria in 2016 (Sepsis-3), In 2016, a new definition and diagnostic criteria for sepsis were proposed, as presented in 2-1 to 2-3. However,

few studies have examined their usefulness.

2-1 Definition of sepsis (Sepsis-3)

Life-threatening organ dysfunction caused by a dysregulated host response to infection

2-2 Diagnosis of sepsis (Sepsis-3)

In ICU-admitted patients with a 2-point or greater increase in the SOFA score (Table 3) related to an infectious disease, or in non-ICU patients meeting >2 items of qSOFA,
sepsis should be suspected, and organ disorder must be confirmed using the SOFA score (Fig. 1). qSOFA score

-Respiratory rate: >22 times/min
-Systolic blood pressure: <100 mmHg
-Abnormal changes in consciousness

2-3 Diagnosis of septic shock (when all of the following criteria are met)

-After adequate initial fluid infusion

-Hypotension requiring vasopressors to maintain a mean blood pressure of >65 mmHg

-Serum lactic acid level: >2 mmol/L

Modified from the translated Reference 4: Singer M. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016;315:801-10.

infection, causative microorganisms differ in those admitted to long-
term care facilities. Concretely, as gram-negative bacilli, Enterobac-
teriaceae, such as E. coli and Proteus, and P. aeruginosa cause sepsis.
Furthermore, the detection rate of S. aureus is high, as demonstrated
for community-acquired infection, but MRSA accounts for 1/3 of that
[8]. As the reason for this, the frequent exposure of those admitted to
long-term care facilities to medical practice may result in healthcare-
associated infectious diseases.

The Sepsis Registry Survey, which was conducted by the Japa-
nese Society of Intensive Care Medicine, epidemiologically

examined sepsis patients admitted to the intensive care units of
medical institutions in Japan. In the study, 66 patients were regis-
tered in the field of internal medicine, 58 in the field of surgery, and
142 (including 3 with trauma) in the field of emergency medicine.
According to this survey, MRSA (22.0%), E. coli (14.0%), Klebsiella
pneumoniae (11.8%), methicillin-sensitive Staphylococcus aur-
eus(MSSA) (9.7%), P. aeruginosa (9.2%), Enterobacter spp. (7.4%), and
S. pneumoniae (6.0%) were frequently detected as causative mi-
croorganisms [9].
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Patient with suspected infection

Y
qSOFA22? \ No Sepsisstill \ No
(see (D) suspected?
Yes Yes
Y
Assess for evidence

of organ dysfunction

Y
Monitor clinical condition;

SOFA 22? No ; o
(see ®) > reevaluate for possible sepsis
if clinically indicated

Yes
Y

Sepsis <

Y
Despite adequate fluid resuscitation,
1. vasopressors required to maintain
MAP 265 mm Hg
AND
2. serum lactate level >2 mmol/L?

No

Yes
Y

Septic shock

Monitor clinical condition;
> reevaluate for possible sepsis
if clinically indicated

(A) GSOFA Variables
Respiratory rate
Mental status
Systolic blood pressure

SOFA Variables
Pa0,/Fi0, ratio
Glasgow Coma Scale score
Mean arterial pressure

Administration of vasopressors
with type and dose rate of infusion

Serum creatinine or urine output
Bilirubin
Platelet count

The baseline Sequential [Sepsis-related] Organ Failure Assessment (SOFA) score should be assumed to be zero unless the patient is known to have preexisting
(acute or chronic) organ dysfunction before the onset of infection. gSOFA indicates quick SOFA; MAP, mean arterial pressure.

Fig. 1. Algorithm for the diagnosis of sepsis. Modified from the translated Reference 4: Singer M. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-
3). JAMA 2016;315:801—10. * The above contents were quoted from Reference [4], and modified.

Table 3
SOFA score. Sepsis-related Organ Failure Assessment — Sequential Organ Failure Assessment.
0 1 2 3 4
Pa0,/FiO, [mmHg] >400 <400 <300 <200 <100
+Respiratory support + Respiratory support
Platelet count [x103/uL] >150 <150 <100 <50 <20
T.Bil [mg/dL] <1.2 1.2-1.9 2.0-5.9 6.0-11.9 >12.0
Arterial hypotension Mean arterial Mean arterial DOA <5y or DOA >5.1-15y or AD DOA >15y or AD >0.1y
pressure pressure DOB (regardless of the dose) <0.1y or NAD <0.1y or NAD >0.1y
>70 mmHg <70 mmHg
GCS 15 13-14 10-12 6—9 <6
Serum Cr [mg/dL] <1.2 1.2-1.9 2.0-34 3.5-49 >5.0

Urine output

<500 mL/day <200 mL/day

Pa0,/FiO,: Partial pressure of oxygen in arterial blood/Fraction of inspired oxygen, DOA: Dopamine, DOB: Dobutamine, AD: Adrenaline, NAD: Noradrenaline, Catecholamine:

Dose administered over >1 h, GCS: Glasgow coma scale.

Modified from the translated Reference 4: Singer M. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016;315:801—10.

It is possible to predict causative microorganisms at the
bacteremia level to some degree by investigating trends in the re-
sults of blood culture in medical institutions. According to an
annual report published by the Clinical Laboratory Division of the
Japan Nosocomial Infections Surveillance(JANIS), Ministry of
Health, Labour and Welfare, which is a public surveillance system in
Japan, in 2011, S. aureus (14.7%), E. coli (13.2%), Staphylococcus epi-
dermidis (11.3%), coagulase-negative Staphylococcus (CNS)(9.5%),
K. pneumoniae (6.0%), Enterococcus faecalis (3.4%), and P. aeruginosa
(3.4%) were frequently detected on blood culture [10].

According to the Sepsis Registry Survey conducted by the Japa-
nese Association for Acute Medicine, 314 strains were detected in
blood samples from 624 patients, including 147 g-positive coccus
and 140 g-negative bacillus strains. The most frequent type of bac-
teria was E. coli, accounting for 14.0%, followed by S. aureus (9.9%)
(MSSA: 6.4%, MRSA: 3.5%), K. pneumoniae (8.6%), S. pneumoniae
(4.5%), P. aeruginosa (3.8%), and Bacteroides (3.2%) [11].

Naturally, the definition of bacteremia differs from that of sepsis.
The former refers to a type of infectious disease (or its suspicion)
with a positive reaction on blood culture. The latter refers to severe
infection regardless of positive/negative reactions on blood culture.
It must be considered that the entity of bacteremia has recently
changed. The purpose of this chapter is to introduce antimicrobial

chemotherapy for sepsis, but we review changes in the entity of a
blood-culture-positive state (bacteremia) as an assumption. Briefly,
bacteremia is classified into 3 entities: 1) community-acquired
bacteremia, 2) community-acquired, healthcare-associated bacter-
emia, and 3) nosocomial bacteremia. The different characteristics of
respective types have been demonstrated. In 2002, Friedman et al.
defined healthcare-associated bacteremia as a condition meeting
one of the following criteria: 1) home transvenous treatment,
wound treatment, enteral nutrition, or home nursing within the
past 30 days, 2) hemodialysis or chemotherapy by intravenous in-
jection within the past 30 days, 3) a history of admission to an acute
care hospital for >2 days within the past 90 days, and 4) admission
to a long-term care facility [12]. They regarded “patients with
positive reactions on a culture test using blood samples collected on
admission or within 48 h after admission who do not meet the
definition of healthcare-associated infection” as having
community-acquired bacteremia, “those with positive reactions on
a culture test using blood samples collected >48 h after admission
(however, on admission or later in patients referred from long-term
care facilities)” as having nosocomial bacteremia, and “those, with
positive reactions on a culture test using blood samples collected on
admission or within 48 h after admission, meeting the definition of
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healthcare-associated infection” as having community-acquired,
medical-care-associated hbacteremia.

As a result, it was shown that many patients with healthcare-
associated bacteremia had undergone endovascular catheter
insertion, with a high detection rate of S. aureus as a causative
microorganism, and that the detection rate of MRSA, as a causative
microorganism, was high even in patients with community-
acquired, healthcare-associated bacteremia, being similar to that
in those with nosocomial bacteremia. In summary, the distribution
of causative microorganisms and resistance tendency in patients
with community-acquired, healthcare-associated bacteremia are
similar to those in patients with nosocomial bacteremia. As
bacteremia is concomitantly present in many severe-status patients
with sepsis, this must also be considered when selecting empiric
therapy for sepsis.

[Precautions for the selection of treatment]

@ Community-acquired sepsis

Definition: Sepsis before admission or within 48 h after
admission that does not meet the definition of healthcare-
associated infection.

* Healthcare-associated infection (described above): A condi-
tion meeting one of the following criteria: 1) home transvenous
treatment, wound treatment, enteral nutrition, or home nursing
within the past 30 days, 2) hemodialysis or chemotherapy by
intravenous injection within the past 30 days, 3) a history of
admission to an acute care hospital for >2 days within the past 90
days, and 4) admission to a long-term care facility.

In patients with community-acquired sepsis (or a tentative
diagnosis of community-acquired sepsis), E. coli, S. pneumoniae, and
S. aureus should be considered as causative microorganisms.
Treatment with 3rd-generation cephalosporins should be started
(AT [11].

Even in patients with community-acquired infection, the
involvement of antimicrobial-drug-resistant bacteria must be
considered in accordance with the patient background. Recently,
infection with extended-spectrum f-lactamase (ESBL)-producing
bacteria has become a community issue. High-risk states for
infection with ESBL-producing bacteria include: 1) a history of
ESBL-producing bacteria detection, 2) recent antimicrobial drug
administration (especially B-lactams), 3) the presence of organ
disorders such as chronic respiratory disease and liver disease, 4) a
history of invasive urological treatment, and 5) admission to long-
term care facilities [11]. In such cases, treatment should be selected,
considering infection with ESBL-producing bacteria (B II).

When infection with S. pneumoniae is suspected, the involve-
ment of low B-lactam-sensitive strains should be considered in
some areas/medical institutions. This is particularly important in
the case of meningitis. In this case, combination therapy with VCM
must be considered (A II) [12].

® Nosocomial or community-acquired, healthcare-associated
infection

Definition: Nosocomial sepsis is defined as “sepsis that occurred
>48 h after admission”, and community-acquired, healthcare-
associated sepsis as “healthcare-associated infection-derived sepsis
that occurred before admission or within 48 h after admission”.

In this case, gram-negative bacillus, especially P. aeruginosa, and
multidrug-resistant gram-positive coccus, such as MRSA, should be
initially considered as causative microorganisms. As empiric ther-
apy, B-lactams, which exhibit anti-P. aeruginosa actions, should be
combined with anti-MRSA drugs (A II). In particular, the risk of
MRSA-related bacteremia is high in patients undergoing

hemodialysis and those after venous catheter insertion at outpa-
tient clinics; therefore, combination therapy with VCM should be
considered (A II).

The most important point is that the tendency of microor-
ganisms that cause infectious diseases varies among medial in-
stitutions. Concretely, the susceptibility of gram-negative bacilli,
such as P. aeruginosa, to antimicrobial drugs markedly differs
among medical institutions. Therefore, drugs should be selected
by reviewing the antibiograms of the medical institution (A
V) [12].

In severe-status patients evaluated based on the SOFA score or
those with neutropenia/immunodeficiency, such as cell-mediated
immunodeficiency, the risk of infection with Candida is high. In
such cases, combination therapy with antifungal drugs should also
be considered. (C II) [13].

2. Empiric therapy
(1) Community-acquired infection.
First choices
- Standard recommendations
o Drip infusion of CTRX at 2 g/session, once to twice a day
e Drip infusion of CTX at 2 g/session, 3{times a day
o Drip infusion of TAZ/PIPC at 4.5 g/session, 3 to 4ttimes a day
- High-risk group for infection with ESBL-producing bacteria
Carbapenems should be used in patients meeting one of the
following criteria: 1) a history of ESBL-producing bacteria
detection, 2) recent antimicrobial drug administration (espe-
cially p-lactams), 3) the presence of organ disorders such as
chronic respiratory disease and liver disease, 4) a history of
invasive urological treatment, and 5) admission to long-term
care facilities.
e Drip infusion of MEPM at 1 g/session, 3 times a day
Drip infusion of IPM/CS at 0.5 g/session, 4 times a day
Drip infusion of DRPM at 0.5—1 g/session, 3 times a day
Drip infusion of PAPM/BP at 1 g/session, twice a day
Drip infusion of BIPM at 0.3 g/session, 4 times a day
Areas where low B-lactam-sensitive S. pneumoniae has been
frequently detected
e The twice-a-day drip infusion of VCM at 1 g/session (or
15 mg/kg) should be added to one of the above regimens.
Note) sacond choices
- In the presence of allergy to p-lactams,
e Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a
day
+ one of the following regimens:
e Drip infusion of PZFX at 1000 mg/session, twice a day
e Drip infusion of CPFX at 400 mg/session, 3 times a day
o Drip infusion of LVEX at 500 mg/session, once a day
Note) When administering glycopeptides, therapeutic drug
monitoring (TDM) must always be conducted.
(2) Nosocomial or community-acquired, healthcare-associated
infection.
First choices
- Among the following B-lactams, which exhibit anti-P. aeruginosa
actions, drugs to which the susceptibility of bacteria is main-
tained should be selected by reviewing the antibiograms of the
medical institution against non-glucose-fermenting bacteria,
such as P. aeruginosa, and Enterobacteriaceae(including ESBL-
producing bacteria) such as E. coli:
e Drip infusion of CFPM at 1 g/session, 3 to 4 times a day
e Drip infusion of CZOP at 1 g/session, 3 to 4 times a day
Drip infusion of CAZ at 1 g/session, 3 to 4 times a day
Drip infusion of TAZ/PIPC at 4.5 g/session, 3 to 4{times a day
Drip infusion of MEPM at 1 g/session, 3 times a day
Drip infusion of IPM/CS at 0.5 g/session, 4 times a day

Note)
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e Drip infusion of DRPM at 0.5—1 g/session, 3 times a day
e Drip infusion of BIPM at 0.3 g/session, 4 times a day
One of the above regimens + one of the following ones
(when MRSA infection cannot be ruled out):
e Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a
dayNote)
e Drip infusion of TEIC at 400 mg/session, twice a day on Day
1 and once a day from Day 2N°®)
o Drip infusion of ABK at 200 mg/session, once a day
In severe-status patients or those with neutropenia/immu-
nodeficiency, such as cell-mediated immune disorder, com-
bination therapy with one of the following regimens should
be adopted, considering infection with Candida:
e Drip infusion of MCFG at 100 mg/session, once a day
¢ Drip infusion of CPFG at 70 mg/session on Day 1 (once a
day) and at 50 mg/session from Day 2 (once a day)
e Drip infusion of L-AMB at 2.5—5.0 mg/kg/session, once a
day
Second choices.
- In the presence of allergy to p-lactams,
e Drip infusion of PZFX at 1000 mg/session, twice a day
e Drip infusion of CPFX at 400 mg/session, 3 times a day
e Drip infusion of LVEX at 500 mg/session, once a day
One of the above regimens + one of the following ones
(when MRSA infection cannot be ruled out):
e Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a
dayNote)
o Drip infusion of TEIC at 400 mg/session, twice a day on Day
1 and once a day from Day 2N°t®)
¢ Drip infusion of ABK at 200 mg/session, once a day
In severe-status patients or those with neutropenia/immu-
nodeficiency, such as cell-mediated immune disorder, com-
bination therapy with one of the following regimens should
be adopted, considering infection with Candida:
o Drip infusion of MCFG at 100 mg/session, once a day
e Drip infusion of CPFG at 70 mg/session on Day 1 (once a
day) and at 50 mg/session from Day 2 (once a day)
e Drip infusion of L-AMB at 2.5—5.0 mg/kg/session, once a
day
Note) When administering glycopeptides, TDM must always
be conducted.
3. Definitive therapy

If the primary focus or causative bacteria are clarified, the
regimen should be switched to antimicrobial drugs of which the
favorable transfer to the infected organ, cost-effectiveness, and
clinical efficacy were demonstrated (de-escalation). See various
guidelines.

Indications for DAP include sepsis, but the type of bacteria to be
targeted is limited to MRSA. If pneumonia is absent in the presence
of MRSA-related sepsis, DAP may be selected. In adults, 6 mg/kg of
DAP should be slowly injected through an intravenous route or
intravenously dripped over 30 min every 24 h.

B) Children (after infancy, normal immune state): Community-
acquired sepsis

—Executive summary—

M Recently, S. pneumoniae and E. coli have been frequently
detected as causative bacteria for community-acquired
sepsis in infants/children aged >4 months in Japan. In in-
fants aged <4 months, Streptococcus agalactiae has been
frequently detected (A II).

M In patients with serious conditions, such as shock, shock
management should be initially performed as a top priority,

and an adequate antimicrobial drug should be administered
as early as possible after collecting samples for culture (A I).

B To neonates aged <1 month, 1- to 3-month-old infants with
an unfavorable general condition, and infants/children with
a leukocyte count of <5000/uL or >15,000/uL, parenteral
antimicrobial drugs should be administered under hospital
care (A II).

B For empiric therapy, CTX or CTRX should be used. In areas
where infection with S. aureus is frequent, VCM should be
added (A 1I).

B When examining the effects of antimicrobial drugs with
respect to the administration period, there was no significant
difference between short (5—7 days) and long (7—21 days)
periods (A II).

1. Explanation

[Characteristics and classification of the disease]

In the field of pediatrics, diagnostic criteria were published
based on the entity of SIRS in 2005, which was delayed by > 10
years in comparison with those for adults [14]. Only a few studies
have adopted the diagnostic criteria. Therefore, in this chapter,
sepsis was defined as “an infectious disease or bacteria (fungus)-
related SIRS, causing serious symptoms that may influence the
prognosis in the absence of treatment, with persistent or inter-
mittent bacteria (fungus)-related bacteremia” and “a condition of
which the clinical characteristics meet the definition of sepsis,
although a diagnosis of bacteremia cannot be made” [15,16], as
previously defined. Concerning the distribution of age, sepsis
frequently develops in infants aged <1 year to 1-year-old children.
Its incidence decreases with age.

Sepsis is classified into two types: primary sepsis, in which local,
primary, infected foci, such as meningitis, pneumonia, and urinary
tract infection, are unclear, and secondary sepsis, in which bacteria
are released into blood from local, infected foci [6,7]. Secondary
sepsis is described in guidelines for the management of respective
infected foci, such as meningitis, pneumonia, and urinary tract
infection, therefore, primary sepsis is introduced in this article.

Initial symptoms of sepsis include abnormalities in body tem-
perature regulation (high fever, hypothermia), tachycardia, and
tachypnea. Advanced sepsis causes serious symptoms such as
shock, respiratory failure, consciousness disorder, and convulsion.
In patients with secondary sepsis, symptoms associated with local,
infected foci initially occur. However, in some patients with pri-
mary sepsis, secondary organ disorder induces local symptoms
[15,16].

Occult bacteremia refers to a condition in which bacteria are
detected on blood culture despite the appearance of only mild
symptoms of upper airway inflammation in addition to fever and a
favorable general condition, which does not meet criteria for SIRS
[17,18]. However, meningitis occurs in 3—5% of untreated patients
with occult bacteremia [19—21]. The incidence of sepsis depends on
the arrangement of social infrastructure, involving health, welfare,
and medical practice, race, and climate. In Japan, previous studies
regarding community-acquired sepsis in children presented the
results of treatment in a single institution alone [22—24]; its inci-
dence remains to not be clarified. According to studies before the
widespread use of Haemophilus influenzae type b (Hib) vaccine and
heptavalent/13-valent pneumococcal conjugate vaccine (PCV7/13),
occult bacteremia accounted for 3—5% of infants/children, aged
3—36 months, who were brought to hospitals with fever (39 °C or
higher) [25—27]. However, studies after the widespread use of Hib
vaccine and PCV7/13 indicated that the incidence of occult
bacteremia had decreased to 0—3% [28—30].

[Type and frequency of causative microorganisms]
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In Japan, most studies regarding causative microorganisms for
community-acquired sepsis reported that the most frequent caus-
ative microorganism was S. pneumoniae [22—24], although they
involved a single hospital.

According to a study involving 176 infants/children with septic
shock who were brought to 16 emergency hospitals by ambulance
in 12 European countries in 2010—2011 [31], 98 isolated strains
consisted of 25 Neisseria meningitidis strains, 15 E. coli strains, 11
S. pneumoniae strains, 7 S. epidermidis strains, 6 Pseudomonas
strains, 5 Streptococcus pyogenes strains, 5 S. aureus strains, 4
Klebsiella strains, and 3 S. agalactiae strains. With respect to age, the
detection rate of S. agalactiae was particularly high in infants aged
<4 months.

After the widespread use of Hib vaccine, the incidence of
H. influenzae-related sepsis rapidly decreased [18,19]. That of
S. pneumoniae-related sepsis also decreased after the widespread
use of PCV7 [28—30], but a serum type that is not contained in
PCV7 or 13 is involved in the etiology [32,33], and the efficacy is
less marked than that for H. influenzae-related sepsis. A study
regarding changes in causative bacteria from 1998 until 2003 [22]
indicated that H. influenzae was not detected, and that there was a
slight decrease in the detection rate of S. pneumoniae. There was
an increase in the detection rate of E. coli, but urinary tract
infection was present in most cases. There was a slight increase in
the detection rate of S. aureus [34], and many studies reported
community-acquired sepsis related to MRSA [35,36]. The detec-
tion rates of N. meningitidis and S. pyogenes differed among the
years [34]. However, the incidence of N. meningitidis-related
sepsis in Japan is markedly lower than in other countries,
although the reason is unclear; only a few patients per year have
been reported [37]. Concerning Salmonella, non-typhoidal Sal-
monella was detected in most cases; there were no marked
changes [34]. As a rare type of causative bacteria, Listeria mono-
cytogenes was reported. In Japan, the incidence of
L. monocytogenes-related sepsis in children and adults is 0.65/
1,000,000 persons, being estimated to be approximately 1/10 of
that in Europe and the United States [28].

[Rule of antimicrobial therapy]

With respect to antimicrobial therapy for community-acquired
sepsis, many studies have not established any control group, and
no randomized, comparative study has been conducted. Even if it
had been performed, no study would have adopted the double-
blind method. Therefore, currently, antimicrobial drugs selected
based on trends in the susceptibility of causative bacteria and
antimicrobial drugs selected based on these characteristics are
empirically used. When examining antibacterial activity against
main bacteria isolated from children's blood samples in Japan
based on the MIC value alone, PAPM [38] exhibited potent anti-
bacterial activity against S. pneumoniae, PAPM [39] against
S. agalactiae, CTRX [39] against E. coli, and DRPM [40] against
S. pyogenes.

For empiric therapy, CTRX or CTX, which have a potent anti-
bacterial activity against gram-negative bacilli such as
S. pneumoniae, S. agalactiae (especially infants aged <4 months),
S. aureus, S. epidermidis, N. meningitidis, and E. coli, should be
selected. In the National Institute for Health and Care Excellence
(NICE) guidelines [41], it is described that parenteral antimicrobial
drugs should be administered to neonates aged <1 month, 1- to 3-
month-old infants with an unfavorable general condition, and in-
fants/children with a leukocyte count of <5000/uL or >15,000/uL
under hospital care. In textbooks [5,6] in Europe and the United
States, including the NICE guidelines [41], it is recommended that
ABPC should be combined with CTRX or CTX as empiric therapy,
considering L. monocytogenes. However, in Japan, L. monocytogenes
is rare [42], so the necessity of combination therapy is low.

Furthermore, VCM should be added in areas where infection with
MRSA is frequent among types of S. aureus. If neither CTRX nor CTX
is available for some reason, MEPM should be selected. A study
suggested that the efficacy and safety of MEPM are similar to those
of CTX [43]. However, the routine use of carbapenems should be
avoided.

In patients with shock or a shock-like condition, shock
management should be performed as a priority, and antimi-
crobial drugs should be administered as early as possible
(within 1 h) after collecting samples for culture [44,45]. For
patients with occult bacteremia, drugs that may control
S. pneumoniae and gram-negative bacilli, such as E. coli, should
be selected, considering the frequency of causative bacteria.
Concerning antimicrobial drug administration for occult
bacteremia, a meta-analysis showed that there was no signifi-
cant difference in the efficacy between oral and parenteral
routes [18]. With the widespread use of Hib vaccine and PCV13,
occult bacteremia has been rarely reported, and the risk of
meningitis is low; therefore, for infants/children with a favor-
able general condition despite fever in whom occult bacteremia
is suspected, there is an option to collect blood samples for
culture and avoid the administration of antimicrobial drugs until
the results of blood culture become clear [15].

Concerning the administration period, the completion
of administration should be decided based on improvements
in laboratory data and clinical findings. A meta-analysis
comparing a short period (5—7 days) with a long period (7—21
days) showed that there was no significant difference in the
efficacy [46].

2. Empiric therapy

First choices.

e Intravenous injection or drip infusion of CTRX at 50—100 mg/
kg/session, once to twice a day (maximum: 100 mg/kg/day,
4 g/day)

e Intravenous injection or drip infusion of CTX at 50 mg/kg/
session, 4 times a day (maximum: 4 g/day)

One of the above regimens -+ (institutions where the detection

rate of MRSA is high, or cases in which MRSA cannot be ruled

out)

e Drip infusion of VCM at 15 mg/kg/session, 4 times a day
(maximum: 2 g/day)

Second choices.

o Drip infusion of TAZ/PIPC at 112.5 mg/kg/session, 3 times a
day (maximum: 13.5 g/day)

e Drip infusion of MEPM at 40 mg/kg/session, 3 times a day
(maximum: 3 g/day)

e Drip infusion of DRPM at 40 mg/kg/session, 3 times a day
(maximum: 3 g/day)

+ (institutions where the detection rate of MRSA is high, or

cases in which MRSA cannot be ruled out)

e Drip infusion of VCM at 15 mg/kg/session, 4 times a day
(maximum: 2 g/day)

If allergy to B-lactams is present, the administration of AZT or

CPFX should be considered instead of these drugs.

e Drip infusion of AZT at 30 mg/kg/session, 4 times a day
(maximum: 4 g/day)

e Drip infusion of CPFX at 10 mg/kg/session, 3 times a day
(maximum: 1.2 g/day)

When administering VCM, its blood concentration should be

measured (TDM) at appropriate points so that an optimal level

may be maintained.

3. Definitive therapy

If the primary focus or causative bacteria are clarified, the

regimen should be switched to antimicrobial drugs which show
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the favorable transfer to the infected organ, cost-effectiveness,

and clinical efficacy were demonstrated (de-escalation). See

various guidelines.

Occult bacteremia.

o Intravenous injection or drip infusion of CTRX at 25—50 mg/
kg/session, once to twice a day (maximum: 50 mg/kg/day,
2 g/day)

o Intravenous injection or drip infusion of CTX at 25 mg/kg/
session, 3 to 4 times a day (maximum: 4 g/day)

C) Children: Nosocomial sepsis (excluding neonates)

Limitations.

M This section was described, considering a severe, rapidly
progressing infectious disease in which infection is sus-
pected, but the focus is unclear, that is, severe sepsis (cor-
responding to “severe sepsis [14]” defined at the
International Pediatric Sepsis Consensus Conference in
2005).

M In patients in whom the focus was clarified and those with
sepsis related to catheter or neutropenia, see various
guidelines.

—Executive summary—

M The nosocomial-sepsis-related mortality rate in children is
not low.

M Physicians must make maximum efforts to promptly conduct
adequate initial management by evaluating the emergency
level and severity based on the general condition.

B Empiric therapy should be started within 1 h after severe
sepsis is recognized.

M Drugs for empiric therapy should be selected, considering
the regional prevalence, place of onset (community/hospi-
tal), underlying disease/patient, and presence or absence of
risks (for example: presence or absence of devices, neu-
tropenia)(B IV).

W Positive control of the source of infection should be per-
formed in the early stage (B IV).

1. Explanation

In the United States, a study examined the severe-sepsis-related
mortality rate in children, and reported that the rates were 2% in
children without underlying diseases and 8% in those with chronic
diseases [47]. In Japan, a study of 127 children with severe sepsis
admitted to pediatric intensive care units (PICUs) indicated
that PICU-acquired sepsis accounted for 37% (47/127), and that
hospital-acquired sepsis accounted for 28% (36/127), with 28-day
mortality rates of 10.6 and 33.3%, respectively. According to the
study, risk factors for mortality included concomitant blood dis-
eases (OR: 8.97, 95%CI: 1.56—51.60) and shock (OR: 5.35, 95%CI:
1.04—27.44) [48].

To evaluate the emergency level and severity in the initial phase,
“vital signs” and “appearance” are important. If children play
cheerfully despite high fever, the possibility of a severe condition
may be extremely low. “Cyanosis, rapid breathing, poor peripheral
perfusion, petechial rash, parental concern, and clinician instinct”
are clinical findings suggestive of severe childhood infection [49].
Whether the condition may become severe should be evaluated in
the early stage by promptly assessing the presence or absence of
airway obstruction, respiratory disorder (tachypnea, effort respi-
ration, hypoxemia), and tissue circulatory failure (weak pulse, cold/
wet/white skin, prolongation of the capillary refilling time (CRT),
anuria/oliguria) [50].

Initially, it is important to evaluate whether life-threatening
circumstances, such as shock and respiratory failure, are pro-
gressing through adequate severity assessment. If the condition is
evaluated as severe, antimicrobial drugs must be administered
earlier. Briefly, antimicrobial drug administration within 1 h after

septic shock diagnosis is recommended [51,52]. As the efficacy of
empiric therapy is significantly associated with an improvement in
the prognosis [53], broad-spectrum antimicrobial drugs that suffi-
ciently cover frequently detected causative bacteria should be
administered.

Few randomized controlled trials (RCTs) or observational studies
have examined antimicrobial therapy limited to nosocomial, non-
focus-identified sepsis in children. As frequent causative bacteria
for nosocomial childhood sepsis that may become severe, S. aureus
(including MRSA), Enterobacteriaceae (E. coli, Klebsiella), and non-
glucose-fermented bacteria (especially, P. aeruginosa) have been re-
ported [54—56]. In particular, if Enterobacteriaceae-related sepsis is
suspected, ESBL-producing bacteria must be considered [57].

For antimicrobial therapy for nosocomial sepsis, S. aureus and
gram-negative bacteria should be extensively covered until causa-
tive bacteria become clear [58]. It is unnecessary to cover anaerobic
bacteria, but it should be considered in patients in whom intra-
pelvic infection is suspected, those with neutropenia, and those
receiving steroids [59]. In vitro studies demonstrated the syner-
gistic effects of broad-spectrum penicillins and aminoglycosides
against P. aeruginosa [60,61]; this may be considered. However,
some investigators opposed it [62,63], and the risk of kidney
dysfunction may be increased; therefore, combination therapy
with aminoglycosides is not recommended in the present
guidelines.

A monobactam, aztreonam (AZT), is available even in patients
with allergy to penicillins/cephems. In the United States, a study
indicated that 15% of Enterobacteriaceae was resistant to AZT. This
drug should be selected in reference to institutional antibiograms
[64]. Fluoroquinolones, such as CPFX, were reported to cause
arthropathy, with an incidence of approximately 2—3%; their use is
limited [65]. However, if severe sepsis related to gram-negative
bacillus, for which B-lactams, including AZT, are ineffective, is
suspected, the emergent use of fluoroquinolones should be
considered.

Source-of-infection control, such as debridement, drainage, and
device removal, is important. Early, positive intervention is signif-
icant. The usefulness of such control in patients with necrotic fas-
ciitis [66], perforative peritonitis [67], lung abscess, or empyema
[68] was demonstrated. If there is no treatment response despite
the use of adequate antimicrobial drugs during the course, the
necessity of source-of-infection control should be reviewed.

2. Empiric therapy

First choices.

Of the following B-lactams, which exhibit anti-P. aeruginosa
actions, drugs to which the susceptibility is maintained should be
selected based on institutional antibiograms against gram-negative
bacteria (P. aeruginosa, Enterobacteriaceae):

e Intravenous injection or drip infusion of PIPC at 100 mg/kg/
session, 3 times a day (maximum: 12 g/day)
o Drip infusion of TAZ/PIPC at 112.5 mg/kg/session, 3 times a day

(maximum: 13.5 g/day)

e Intravenous injection or drip infusion of CAZ at 50 mg/kg/ses-
sion, 3 to 4 times a day (maximum: 4 g/dayt)

e Intravenous injection or drip infusion of CFPMtat 50 mg/kg/
session, 3 times a day (maximum: 4 g/day)

* High-risk group for infection with ESBL-producing bacteria
(ESBL-producing bacteria-positive reactions on previous cul-
ture, institutional prevalence)

e Drip infusion of MEPM at 40 mg/kg/session, 3 times a day

(maximum: 3 g/day)
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e Drip infusion of DRPM at 40 mg/kg/session, 3 times a day
(maximum: 3 g/day)
* When MRSA infection cannot be ruled out, in addition to the
above B-lactams,
e Drip infusion of VCM at 15 mg/kg/session, 4 times a day
(maximum: 2 g/day)
¢ Drip infusion of ABK at 4—6 mg (titer)/kg/session, once a day
* When fungal infection cannot be ruled out, in addition to the
above B-lactams,
e Drip infusion of FLCZ at 6—12 mg/kg/session, once a day
(maximum: 400 mg/day)
o Drip infusion of AMPH-B at 0.25 mg/kg/session (the dose may be
increased to 1.0 mg/kg at maximum), once a day
¢ Drip infusion of L-AMB at 2.5—5 mg/kg/session, once a day
e Drip infusion of MCFG at 3—6 mg/kg/session, once a day
(maximum: 150 mg/day)

Second choices.
In the presence of allergy to B-lactams, the use of AZT or CPFX
must be considered instead of them.

e Drip infusion of AZT at 30 mg/kg/session, 4 times a day
(maximum: 4 g/day)

e Drip infusion of CPFX at 10 mg/kg/session, 3 times a day
(maximum: 1.2 g/day)

When administering VCM, its blood concentration should be
measured (TDM) at appropriate points so that an optimal level may
be maintained.

3. Definitive therapy

If the primary focus or causative bacteria are clarified, the
regimen should be switched to antimicrobial drugs which show the
favorable transfer to the infected organ, cost-effectiveness, and
clinical efficacy were demonstrated (de-escalation). See various
guidelines.

D) Neonatal sepsis
—Executive summary—

B Neonatal sepsis may rapidly exacerbate in a few hours, and, if
sepsis is suspected, physicians must make maximum efforts
to start antimicrobial therapy as early as possible (within 1 h)
after collecting samples for culture.

M In Japan, group B Streptococcus (GBS) is the most frequently
detected in neonates with early-onset sepsis, which occurs
<7 days after birth. Gram-negative bacilli, such as E. coli, and
S. aureus are frequently detected in those with late-onset
sepsis, which occurs >7 days after birth (A II).

B As empiric therapy for early-onset sepsis, combination
therapy with ABPC and GM or that with ABPC and CTX is
selected (A II).

M Late-onset sepsis is caused by bacteria existing under the
environment of the institution in most cases. Therefore,
drugs for empiric therapy should be established by preparing
institutional and regional antibiograms (A II).

M As the risk of resistant bacteria or fungus proliferation may
increase with the prolongation of the antimicrobial-drug
administration period, administration should be promptly
completed after the disappearance of bacteria in blood and
improvements in symptoms/laboratory data (A II).

M If bacterial infection is ruled out, administration should be
discontinued within 48 h after the start of treatment (A I).

M Education and guidance for physicians prescribing drugs
regarding the adequate use of antimicrobial drugs decreased
the number of resistant bacteria. Education is very important
(ATD).

1. Explanation

[Characteristics and classification of the disease]

Neonatal sepsis is invasive, systemic bacterial infection that
occurs during the neonatal period. The WHO defined this period as
<28 days after birth, but some studies defined it as <1 month
after birth, whereas others included sepsis in low-birth-weight
infants, aged even over 1 month, admitted to the NICU as
neonatal sepsis.

Neonatal sepsis is classified into 4 types based on the timing of
infection, but there are many duplicated neonates: (1) trans-
placental infection: placenta-mediated fetal infection following
maternal infection with microorganisms, (2) intrauterine infection:
premature rupture-related transvaginal ascending infection causes
chorioamnionitis, and a fetus sucks infected amniotic fluid, leading
to infection, (3) birth canal infection: infection with bacteria
existing in the birth canal at the time of birth, and (4) postnatal
infection: infection with bacteria acquired from the environment or
family after birth [69].

With respect to the timing of onset, neonatal sepsis is classified
into two types: early-onset sepsis (<7 days after birth) and late-
onset sepsis (>7 days after birth) [69,70]. However, some studies
defined early-onset sepsis as occurring within 72 h after birth.
Early-onset sepsis may be primarily associated with intrauterine or
birth canal infection. Late-onset sepsis may be associated with birth
canal or postnatal infection. Furthermore, some studies regarded
the onset of sepsis in low-birth-weight infants, aged over 1 month,
admitted to the NICU as its very late onset [69].

In neonates, neither cell-mediated nor humoral immunity is
advanced. This is more marked in premature babies [69,70]. In
premature low-birth-weight and high-risk neonates admitted to
the NICU, neither respiratory/circulatory nor digestive tract func-
tions are advanced, and various disorders may occur; therefore, to
maintain their lives, endotracheal tubes, central venous catheters,
and gastric tubes must be used over a long period. Furthermore,
many cares, such as postural changes, aspiration, and lactation, by
staff are necessary. The temperature and humidity of incubators for
neonates admitted must be established as high to maintain the
body temperature. However, such an environment may cause the
proliferation of many microorganisms or cross infection. Therefore,
the NICU is an environment in which infection may frequently
occur [69,70].

Furthermore, initial symptoms of severe infection are not spe-
cific in many neonates [69,70]. If antimicrobial therapy is delayed,
the condition may rapidly deteriorate; therefore, antimicrobial
drugs tend to be administered before a definitive diagnosis of
bacterial infection is made. Although the prophylactic administra-
tion of antimicrobial drugs after intubation or umbilical catheter
insertion is ineffective [71—73], these drugs are administered in
many cases. The routine administration of antimicrobial drugs
leads to the invasion/proliferation of resistant bacteria or fungus in
inpatients or NICU environments [74,75].

There is no specific clinical symptom of neonatal sepsis. Rela-
tively frequent symptoms are presented below. There is no fever,
and hypothermia is noted in many cases. Various symptoms, such
as convulsion, a reduction in body motion, apparent death,
polypnea/retractive breathing, deterioration of ventilation condi-
tions (in respirator-wearing neonates), brady-/tachycardia, shock,
unfavorable suckling, vomiting/abdominal swelling, enhancement
of jaundice, and purpura, are observed. Furthermore, vague signs,
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such as “not doing well”, suggest the onset of sepsis in some cases
[69,70].

[Type and frequency of causative microorganisms]

The incidence of neonatal sepsis and causative bacteria depend
on the social infrastructure, involving health, welfare, and medical
practice, race, and climate. In Europe and the United States,
S. agalactiae is the most frequently detected in neonates with early-
onset sepsis, followed by E. coli, S. aureus, and CNS [76—79]. As
relatively rare causative bacteria, L. monocytogenes, S. pyogenes,
H. influenzae, S. pneumoniae, and Enterococcus spp. have been re-
ported [76—79]. In neonates with late-onset sepsis, gram-negative
bacilli, such as E. coli, Pseudomonas spp., Serratia spp., Enterobacter
spp., and Klebsiella spp., additionally S. aureus, CNS, and Candida are
detected. In addition, antimicrobial-drug-resistant bacteria, such as
MRSA and ESBL-producing bacteria, are frequently detected, which
is a characteristic [80—83].

Most of the data on neonatal sepsis in Japan is based on reports
from a single institution [84—87]. According to these reports,
S. agalactiae was the most frequently detected in neonates with
early-onset sepsis, followed by E. coli and Staphylococcus spp. Late-
onset sepsis was caused by gram-negative bacilli, such as Entero-
bacter cloacae, K. pneumoniae, and P. aeruginosa, which exist in
hospital environments, MRSA, CNS, and Candida. Community-
acquired sepsis may occur after discharge from obstetric in-
stitutions. See the section “Children tentatively diagnosed with
sepsis in whom the primary focus is unclear (after infancy, normal
immune state): Community-acquired sepsis”.

[Rules of antimicrobial therapy]

Neonatal sepsis may rapidly exacerbate within a few hours. If
sepsis is suspected, antimicrobial therapy should be started as
early as possible (within 1 h) after collecting samples for culture
[69,70].

With respect to antimicrobial therapy for neonatal sepsis,
almost no comparative controlled study has been conducted, and
drugs are empirically selected based on trends in the suscepti-
bility of causative bacteria and the characteristics of antimicrobial
drugs. As empiric therapy for early-onset sepsis, combination
therapy with penicillins (PCG, ABPC) and GM or that with ABPC
and CTX is routinely selected, considering gram-negative bacilli,
such as S. agalactiae and E. coli, and L. monocytogenes
[69,70,88,89]. The NICE indicated that combination therapy with
penicillins (PCG, ABPC) and GM covered 95—97% of bacteria that
cause early-onset sepsis, and that combination therapy with ABPC
and CTX covered 100% [89]. As GM affects the kidney and auditory
sense, therapeutic drug monitoring (TDM) should be performed
[90]. For neonates at a gestational age of >32 weeks, it is rec-
ommended that a daily dose should be administered at one time
rather than at several divided doses [91,92]. CTX has a more
potent antibacterial activity against gram-negative bacilli
compared with GM, and its transfer to cerebrospinal fluid is
favorable. TDM is not necessary, differing from GM; therefore, CTX
is frequently used instead of GM [93]. A study reported that the
efficacy of CTX was similar to or more marked than that of com-
bination therapy with ABPC and GM [94]. However, the routine
use of CTX should be avoided for the following reasons: CTX
therapy may induce resistant bacteria [95,96]; it increases the
incidence of fungal infection [97—99]; and it leads to the forma-
tion of abnormal intestinal flora [100,101]. The protein binding
rate of CTRX, which is another 3rd-generation cephem, is high,
and CTRX administration to neonates with hyperbilirubinemia
should be avoided. As crystals can form, the simultaneous
administration of CTRX and calcium-containing fluid preparations
should be avoided. CTRX must be carefully administered to neo-
nates [102].

Late-onset sepsis during admission to the NICU is related to
bacteria existing in the institutional environment in many cases
[103,104]. As an etiological factor, infectious diseases associated
with artificial respirators or catheters inserted into blood vessels
are frequent, which is a characteristic [105]. A study indicated that
sepsis that can be managed by combination therapy with ABPC
and GM accounted for approximately 30% in some institutions
[106]; there are many types of causative bacteria against which
3rd-generation cephalosporins or carbapenems must be selected
on a priority basis [107]. Drugs for empiric therapy should be
established by preparing institutional and regional antibiograms
[108].

Concerning the administration period, the results of a ran-
domized, comparative study involving 7- and 14-day administra-
tion showed that there was no difference between the two groups
among neonates with sepsis caused by bacteria other than
S. aureus. However, among those with sepsis caused by S. aureus,
the results of treatment in the 7-day group were unfavorable [109].
In another randomized, comparative study involving 10- and 14-
day administration, there was no significant difference between
the two groups [110]. As the risk of resistant bacteria or fungus
proliferation in the normal flora may increase with the prolonga-
tion of the antimicrobial-drug administration period [74,111],
administration should be promptly completed after the disap-
pearance of bacteria in blood and improvements in symptoms/
laboratory data. If bacterial infection is ruled out, administration
should be discontinued within 48 h after the start of treatment
[69,70].

According to a study [112], education and guidance for physi-
cians prescribing drugs regarding the adequate use of antimicrobial
drugs decreased the number of resistant bacteria, suggesting the
importance of education. The arrangement of a systematic educa-
tion/guidance system regarding antimicrobial drugs, drug man-
agement system to limit the use of carbapenems and anti-MRSA
drugs, and examination system to promptly report the frequency of
bacteria detection and state of resistance for effective empiric
therapy is essential for the adequate use of antimicrobial drugs
[108].

2. With respect to the dosage and administration for empiric
therapy, see “Appendix. Doses for neonates” on the last pages.
- Early onset
e Intravenous injection or drip infusion of ABPC + drip infusion
of GM
e Intravenous injection or drip infusion of ABPC + intravenous
injection or drip infusion of CTX

* If meningitis cannot be ruled out, ABPC + CTX therapy
should be selected.

* In institutions where infection with S. aureus is frequent, the
drip infusion of ABPC + CTX + VCM should be performed.

- Late onset
e Intravenous injection or drip infusion of ABPC + drip infusion
of GM
e Intravenous injection or drip infusion of ABPC + intravenous
injection or drip infusion of CTX

* In institutions where infection with S. aureus or CNS is
frequent, the drip infusion of ABPC + CTX + VCM or
MEPM + VCM should be performed.

* In institutions where ESBL-producing bacteria or
strongly resistant gram-negative bacilli are frequently
isolated, the drip infusion of MEPM should be
performed.

* If fungal infection cannot be ruled out, FLCZ, AMPH-B, L-
AMB, or MCFG should be added.

- In the presence of allergy to B-lactams,
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The use of AZT should be considered instead of them.
3. Definitive therapy

If the primary focus or causative bacteria are clarified, the
regimen should be switched to antimicrobial drugs of which the
favorable transfer to the infected organ, cost-effectiveness, and
clinical efficacy were demonstrated (de-escalation). See various
guidelines.

See “Appendix. Doses for neonates”.

3. Catheter-related bloodstream infection

A) Adult catheter-related bloodstream infection

—Executive summary—

M A diagnosis of catheter-related bloodstream infection
[113,114] is made based on the detection of the same
microorganism on the culture of >1 set of blood collected
from the peripheral vein through skin and catheter end
culture (A I) [113,115] or on percutaneously and catheter-
collected blood culture (A II) [113,116].

M There are peripheral and central venous catheters. In
particular, central venous catheter infection is frequent,
causing serious complications [114].

M As representative causative microorganisms, CNS, S. aureus
(including MRSA), Candida spp., Enterococcus spp., and gram-
negative bacilli (E. coli, Enterobacter spp., P. aeruginosa,
Klebsiella spp.) have been reported (B II) [5,117].

B Antimicrobial therapy should be performed after blood cul-
ture (>2 sets if possible)(1 set: catheter blood collection)(A
II) [118]. However, a blood culture priority-related delay in
antimicrobial therapy must be avoided (A II) [119,120].

M As empiric therapy, combination therapy with anti-MRSA
drugs and broad-spectrum antimicrobial drugs is recom-
mended (A II) [8].

M For definitive therapy, antimicrobial drugs should be selected
based on causative bacteria.

1. Explanation

[Clinical symptoms]

As catheters to be inserted into blood vessels, various catheters,
such as peripheral venous catheters, central venous catheters, pe-
ripheral arterial catheters, pulmonary artery catheters, and
pressure-monitoring systems, are used. Bloodstream infection
associated with the use of these devices is termed “catheter-related
bloodstream infection (CR-BSI)”. Infectious-disease-specific symp-
toms, such as fever, chills, and shivering, are observed, but pyr-
etolysis is achieved by catheter removal alone in some cases. In
severe-status patients, CR-BSI complicated by organ disorder
related to systemic inflammatory response syndrome (SIRS) is not
rare.

[Diagnosis]

To diagnose CR-BSI, blood culture is necessary. It is important to
collect blood before the use of antimicrobial drugs (A I) [121].
Before blood collection, >0.5% chlorhexidine alcohol should be used
to disinfect the skin at the site of collection (A II) [122,123]. If it is
not available, povidone iodine should be used.

Two sets or more of blood should be collected. If possible, 1 set
of blood should be collected from a catheter that may be contam-
inated, and 1 set from a peripheral vein [124,125].

A definitive diagnosis of CR-BSI is made based on positive re-
actions on percutaneously(from peripheral vein) collected blood
culture (>1 set) and catheter end culture (A I), or such reactions on
percutaneously and catheter-collected blood culture (A 1I) [115,116].

With respect to quantitative blood culture as a criterion for CR-
BSI, a definitive diagnosis of CR-BSI may be made if the number of
microorganism colonies in blood collected from a catheter is > 3
times greater than in blood collected from the periphery (A II)
[113,115]. Concerning the differential time to positivity (DTP), a
definitive diagnosis of CR-BSI may be made if a blood sample
collected from a catheter becomes positive >2 h earlier than that
collected from the periphery (A II) [113,116].

[Causative bacteria]

As causative bacteria, CNS, S. aureus, Enterococcus spp., and
Candida spp. have been frequently detected [117,126]. According
to CDC [126] and epidemiologically important pathogen surveil-
lance/control (SCOPE) database reports [127], gram-negative
bacilli accounted for 19 and 21% of CR-BSI pathogens, respectively.

Concerning all pathogens that cause CR-BSI, the issue of drug
resistance has been raised. Currently, MRSA accounts for approxi-
mately 50% of all strains of S. aureus isolated from ICU inpatients,
but the incidence of CR-BSI with MRSA has recently decreased
[128]. With respect to gram-negative bacilli, the rates of 3rd-gen-
eration cephalosporin-resistant Klebsiella spp. and E. coli strains
have markedly increased, and the rates of imipenem-resistant and
ceftazidime-resistant P. aeruginosa strains have also increased
[129]. Concerning Candida spp., attention must be paid to an in-
crease in the rate of fluconazole-resistant strains.

[Etiological factors]

The following 4 routes may be involved in the development of
catheter infection [113]: (1) dermal microorganisms at the site of
insertion invade a subcutaneous catheter route, or enter along
the catheter surface, forming a colony at the catheter end
[114,129—131], (2) direct catheter or catheter hub contamination
related to contacts with the fingers or contaminated fluid prepa-
rations or instruments [113,117,132], (3) hematogenous dissemi-
nation from other infected foci into a catheter (the incidence is
unclear) [118,133], and (4) fluid contamination [134].

Considering the above etiological factors for CR-BSI, physicians
must pay attention to the following points regarding the handling
of endovascular catheters:

@ Peripheral venous catheters should be exchanged every 3—4
days (B I) [135—137]. Concerning central venous catheters,
regular exchanges are unnecessary. These catheters should
be exchanged in the presence of functional failure or signs of
infection (A II) [138,139].

® Neither a CVC nor PICC should be removed in the presence of
fever alone. If infection related to other factors is clarified, or
if the non-infectious etiology of fever is suspected, the val-
idity of catheter removal should be clinically evaluated (A II)
[140].

® Guidewire exchanges should be conducted to exchange a
non-tunnel-type catheter with functional failure if evidence
on infection is absent (B I) [141,142].

® When preserving a catheter, antimicrobial drugs should be
administered through a catheter with bacterial colonization
(C III). Furthermore, prophylactic antibiotic lock should be
used in patients, on long-term catheter insertion, with a
history of CR-BSI (several times) despite optimal, maximum
aseptic techniques [143,144] (antibiotic lock is not routinely
performed in Japan).

® If sepsis, infectious endocarditis, or thrombophlebitis is
present, if there is no response despite antimicrobial
chemotherapy for >72 h, or if patients are infected with
S. aureus, P. aeruginosa, Fungi, or Mycobacterium, long-term
indwelling catheters should be removed (A II). If patients
are infected with gram-negative bacilli, S. aureus, Enterococci,
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Fungi, or Mycobacterium, short-term indwelling catheters
should also be removed (A II) [145,146].

® If a positive reaction is detected on blood culture despite
after 72 h antimicrobial chemotherapy in catheter-preserved
patients, catheters should be removed (B II) [145,146].

@ If the possibility of contamination is ruled out in the presence
of microorganisms that are difficult to sterilize (Bacillus spp.,
Micrococcus spp., Propionibacterium spp.), long- and short-
term indwelling catheters should be removed (B III)
[147—149].

To cases in which fungemia or bacteremia persists after
catheter removal (>72 h): Antimicrobial chemotherapy for
6—8 weeks should be performed, considering infectious
endocarditis, thrombophlebitis, and myelitis (A II) [150,151].

[Rules of treatment]

Antimicrobial therapy for CR-BSI should be started within 1 h
after onset, considering that early administration improves the
prognosis [51]. As described above, samples for blood culture
should be collected before the start of antimicrobial therapy (A I)
[152], but a blood culture priority-related delay in antimicrobial
therapy must be avoided. When selecting antimicrobial drugs,
empiric therapy should be started using drugs that have activities
against all expected bacteria, and combination therapy with VCM
and broad-spectrum antimicrobial drugs is recommended based on
trends in pathogenic microorganisms (A II) [45,118,153]. Concern-
ing LZD, a previous clinical trial of CR-BSI did not show any differ-
ence from VCM; currently, it is not necessary to select LZD for
empiric therapy (A 1) [154]. Empiric therapy covering gram-
negative bacteria should be selected, considering the regional
antimicrobial susceptibility of bacteria and severity of disease (A II)
[154]. Furthermore, combination therapy that may cover resistant
bacteria, including P. aeruginosa, should be performed in patients
with neutropenia, sepsis, or multidrug-resistant gram-negative
bacteria (A II) [45,154,155]. In severe-status patients in whom CR-
BSI is suspected after catheter insertion through the inguinal re-
gion, antifungal drugs against Candida spp. must be added [156]. Of
strains recently isolated from patients with candidemia, Candida
albicans accounted for 45—58%, and Candida glabrata accounted for
12—-24%; the rate of non-albicans Candida has increased. As
C. glabrata is strongly resistant to FLCZ, the use of MCFG, CPFG, or L-
AMB should be considered under a tentative diagnosis of candi-
demia (B I) [156,157]. Doses should be established based on PK/PD
from the viewpoints of the efficacy, safety, and attenuation of
resistant bacteria [155]. If the type of bacteria and susceptibility are
clarified based on the results of blood culture, the regimen should
be promptly switched to the most appropriate antimicrobial drug
(de-escalation, definitive therapy).

2. Empiric therapy (With respect to the doses of f-lactams, see the
notes on page 48—49)

First choices.

e Drip infusion of DAP at 6 mg/kg/session, once a day
o Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a day

One of the above regimens + one of the following regimens:
e Drip infusion of 4th-generation cephems
o Drip infusion of carbapenems

e Drip infusion of TAZ/PIPC

Second choices.

o Drip infusion of LZD at 600 mg/session, twice a day
-+ one of the following regimens:

o Drip infusion of PZFX at 1000 mg/session, twice a day

e Drip infusion of CPFX at 400 mg/session, 3 times a day

¢ Drip infusion of LVEX at 500 mg/session, once a day

For severe-status patients (shock, signs of organ disorder) or
those with background factors such as immune depression and
long-term antimicrobial therapy

First choices.

o Drip infusion of DAP at 6 mg/kg/session, once a day
o Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a day

One of the above regimens + one of the following regimens:

e Drip infusion of 4th-generation cephems
¢ Drip infusion of carbapenems
e Drip infusion of TAZ/PIPC

+ one of the following regimens:

o Drip infusion of MCFG at 150 mg/session, once a day

e Drip infusion of CPFG at 70 mg/session (loading dose) on Day 1
(once a day) and at 50 mg/session from Day 2 (once a day)

e Drip infusion of FLCZ at 400 mg/session, once a day, or drip
infusion of L-AMB at 2.5—5 mg/kg/session, once a day (alter-
native drug: F-FLCZ)

Note: MCFG or CPFG should be selected as a priority in areas
where non-albicans Candida is frequent.

Biofilm formation reduces the antifungal activities of all anti-
fungal drugs. In particular, its influence on azoles is marked. These
are primarily based on data from in vitro studies and animal ex-
periments. For patients in whom endovascular catheter removal is
impossible, L-AMB or Candins are recommended.

Second choices.

e Drip infusion of LZD at 600 mg/session, twice a day

+ one of the following regimens:

Drip infusion of PZFX at 1000 mg/session, twice a day
Drip infusion of CPFX at 400 mg/session, 3 times a day
Drip infusion of LVFX at 500 mg/session, once a day

+ one of the following regimens:

e Drip infusion of MCFG at 100 mg/session, once a day

o Drip infusion of CPFG at 70 mg/session (loading dose) on Day 1
(once a day) and at 50 mg/session from Day 2 (once a day)

o Drip infusion of FLCZ at 400 mg/session, once a day

e Drip infusion of L-AMB at 2.5—5 mg/kg/session, once a day
(alternative drug: F-FLCZ)

Note: Doses of pf-lactams.

Drip infusion of CFPM at 1 g/session, 2 to 3 times a day
Drip infusion of CZOP at 1 g/session, 2 to 3 times a day
Drip infusion of MEPM at 1 g/session, 3 times a day
Drip infusion of DRPM at 0.5 g/session, 3 times a day
Drip infusion of IPM/CS at 0.5 g/session, 4 times a day
Drip infusion of PAPM at 1 g/session, twice a day
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Thrombophlebitis
Endocarditis
Myelitis

4
\ 4

Complication:
present

Catheter removal
Antimicrobial therapy for 4 to 6 weeks
Case of myelitis: antimicrobial therapy for 6 to 8 weeks

—»| CNS >

Catheter removal, Antimicrobial therapy for 5 to 7 days
Case of catheter preservation: antimicrobial therapy for
10 to 14 days (antibiotic lock)

S.aureus

Catheter removal
Antimicrobial therapy for >14 days

Complication:
absent

—
—V‘ Enterococcusspp. |—>

Catheter removal
Antimicrobial therapy for 7 to 14 days

Gram-negative
bacilli

Catheter removal
Antimicrobial therapy for 7 to 14 days

—»| Candida spp.

Catheter removal
Antimicrobial therapy for 14 days after the detection of
a negative reaction on blood culture

Fig. 2. Management of bloodstream infection in patients wearing a CVC or AC for a short period. Note: Complications refer to pacemaker insertion, signs of infectious endocarditis
or thrombophlebitis, and immunocompromised states related to malignant tumors or other factors. A study indicated the efficacy of antibiotic lock, and it is recommended in the
IDSA guidelines. However, it should be conducted, considering that the appearance of resistant bacteria may increase.

Drip infusion of BIPM at 0.3 g/session, 4 times a day
Drip infusion of TAZ/PIPC at 4.5 g/session, 3 times a day
3. Definitive therapy

Basic concept.

M Empiric therapy is switched due to its ineffectiveness in
some cases, whereas it is switched to narrow-spectrum
antimicrobial drugs for de-escalation despite its effective-
ness in other cases. In any case, antimicrobial drugs should be
selected based on the results of blood culture/drug suscep-
tibility tests.

In cases of endovascular indwelling catheter-associated
bloodstream infection, the antimicrobial-drug administra-
tion period should be established based on the duration of
catheter insertion (short or long)(See Figs. 2 and 3: Man-
agement of bloodstream infection.).

The following antimicrobial drugs against respective detected
bacteria should be selected:

S. aureus:

MSSA:

First choice.

Drip infusion of CEZ at 2 g/session, 3 times a dayt

Second choice.

Drip infusion of SBT/ABPC at 3 g/session, 4 times a day

MRSA:
First choices.

Drip infusion of DAP at 6 mg/kg/session, once a day
Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a day

Second choice.

e Drip infusion of LZD at 600 mg/session, twice a day
CNS:
MS(methicillin-sensitive)-CNS:
First choice.

o Drip infusion of CEZ at 2 g/session, 3 times a dayt
Second choice.

e Drip infusion of SBT/ABPC at 3 g/session, 4 times a day

MR(methicillin-resistant)-CNS:
First choices.

e Drip infusion of DAP at 6 mg/kg/session, once a day
o Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a day

Second choice.

e Drip infusion of LZD at 600 mg/session, twice a day
Enterococcus faecalis/faecium:
ABPC-susceptible bacteria:
First choice.

o Drip infusion of ABPC at 2 g/session, 4 to 6 times a day
Second choice.

e Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a day

ABPC-resistant, VCM-susceptible bacteria:

Please cite this article as: Arakawa S et al., The JAID/JSC guidelines for management of infectious diseases 2017 — Sepsis and catheter-related
bloodstream infection, ] Infect Chemother, https://doi.org/10.1016/j.jiac.2019.11.011




14 The JAID/JSC Guide/Guidelines to Clinical Management of Infectious Disease Preparing Committee / ] Infect Chemother xxx (xxxx) xxx

Subcutaneous
tunmel _ Cathet.er rerpoval
infection, Antimicrobial therapy for 7 to 10 days
abscess
Complication:
present
Bacterial
embolism, Catheter removal, Antimicrobial therapy for 4 to 6 weeks
Endocarditis, » Case of myelitis: antimicrobial therapy for 6 to 8 weeks
Myelitis
The route may be preserved by the systemic
administration of antimicrobial drugs for 10 to 14 days (+
CNS antibiotic lock).
In cases of symptom deterioration or recurrent
bacteremia, the catheter should be removed.
Catheter removal, antimicrobial therapy for 4 to 6 weeks
in cases of symptom (fever) relief within 72 hours after
S.aureus L . . . . .
antimicrobial drug administration, with no signs of
immune depression, endocarditis, or thrombophlebitis
Complication- The route may be preserved by the systemic
bo mplcation: —>_.( Ente s l_’ administration of antimicrobial drugs for 7 to 14 days (+
absent nierococcus Spp. antibiotic lock). In cases of symptom deterioration or
recurrent bacteremia, the catheter should be removed.
Catheter removal, Antimicrobial therapy for 7 to 14 days,
- Case of catheter preservation: antimicrobial therapy for
|| Gram-negative | | 10 (o 14 days (+ antibiotic lock)
bacilli If there is no response, the catheter should be removed,
and the possibility of endocarditis or phlebitis should be
ruled out.
Catheter removal
Candida spp. Antimicrobial therapy for 14 days after the detection of a
negative reaction on blood culture
Fig. 3. Management of bloodstream infection in patients wearing a CV catheter or CV port over a long period.

e Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a o Drip infusion of PZFX at 1000 mg/session, twice a day
day =+ drip infusion of GM at 60 mg/session, 3 times a day e Drip infusion of CPFX at 400 mg/session, 3 times a day
ABPC-resistant, VCM-resistant bacteria: ESBL-producing bacteria:

o Drip infusion of LZD at 600 mg/session, twice a day o Drip infusion of MEPM at 0.5—1 g/session, 3 times a day

o Drip infusion of DRPM at 0.5—1 g/session, 3 times a day
E. coli, K. pneumoniae:
Non-ESBL-producing bacteria: Enterobacter spp., Serratia marcescens:
First choices.
Drip infusion of MEPM at 0.5—1 g/session, 3 times a day
Drip infusion of DRPM at 0.5—1 g/session, 3 times a day
Drip infusion of CFPM at 1 g/session, 3 times a day
Drip infusion of PZFX at 1000 mg/session, twice a day
Drip infusion of CPFX at 400 mg/session, 3 times a day

e Drip infusion of CEZ at 2 g/session, 3 times a dayt
e Drip infusion of CTM at 2 g/session, 3 times a dayt
e Drip infusion of CTRX at 2 g/session, once a day

Second choices.
Acinetobacter spp.:
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Drip infusion of SBT/ABPC at 3 g/session, 3 to 4 times a day

Drip infusion of MEPM at 0.5—1 g/session, 3 times a day + drip

infusion of MINO at 100 mg/session, twice a day

Drip infusion of DRPM at 0.5—1 g/session, 3 times a day + drip

infusion of MINO at 100 mg/session, twice a day

P. aeruginosa:

Drip infusion of CFPM at 2 g/session, 3 times a dayf
Drip infusion of CZOP at 2 g/session, 3 times a dayf
Drip infusion of MEPM at 1 g/session, 3 times a day
Drip infusion of DRPM at 0.5 g/session, 3 times a day
Drip infusion of TAZ/PIPC at 4.5 g/session, 3 to 4 times a dayt
+

Drip infusion of AMK at 15 mg/kg/session, once a day
Burkholderia cepacia:

Drip infusion of MEPM at 0.5—1 g/session, 3 times a day
Fungi.

C. albicans or other types of Candida spp.:

First choices.

Drip infusion of MCFG at 100 mg/session, once a day

Drip infusion of CPFG at 70 mg/session on Day 1 (once a day) and

at 50 mg/session from Day 2 (once a day)
Drip infusion of FLCZ at 400 mg/session, once a day

Second choice.
Drip infusion of L-AMB at 2.5—5 mg/kg/session, once a day
Rare causative microorganisms.

Corynebacterium spp.:
First choice.

Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a day

Second choice.
Drip infusion of LZD at 600 mg/session, twice a day

Chryseobacterium spp.:
First choices.

Drip infusion of MINO at 100 mg/session, twice a day
Drip infusion of LVFX at 500 mg/session, once a day

Second choices.
Drip infusion of MEPM at 1 g/session, 3 times a day
Drip infusion of DRPM at 0.5 g/session, 3 times a day

Drip infusion of ST at 3—5 mg/kg/session, 3 times a day

Ochrobacterium spp.:
First choices.

Drip infusion of CPEX at 400 mg/session, 3 times a day
Drip infusion of ST at 3—5 mg/kg/session, 3 times a day

Second choices.

e Drip infusion of MEPM at 1 g/session, 3 times a day
e Drip infusion of DRPM at 0.5 g/session, 3 times a day

Bacillus spp.:
First choice.

e Drip infusion of VCM at 1 g/session (or 15 mg/kg), twice a day
Second choice.
e Drip infusion of CLDM at 600 mg/session, 3 times a day

Note: When administering glycopeptides, TDM should always
be performed. To prevent the appearance of resistant bacteria, the
drug susceptibility of bacteria should be confirmed as a rule, and
the administration period should be reduced to a minimum
necessary for disease treatment.

B) Childhood catheter-related bloodstream infection

—Executive summary—

B CNS is the most frequently detected as causative bacteria.
Although there are differences among institutions, frequent
causative bacteria include MRSA, Enterococcus spp,
enteric bacteria, non-glucose-fermenting bacteria, and
fungus (A II).

M As empiric therapy, combination therapy with VCM and 3rd-
or 4th-generation cephems or carbapenems should be per-
formed. Concrete drugs should be selected in reference to
institutional and regional antibiograms (A II).

M If CR-BSI is suspected, catheter removal should be consid-
ered, but it is difficult to secure a new blood vessel in many
children; therefore, when continuing catheter insertion
unavoidably, follow-up must be carefully conducted based
on culture tests (A II).

M In patients on total parenteral nutrition, those receiving long-
term therapy with broad-spectrum antimicrobial drugs, those
with hematological malignancy, those who underwent
transplantation, and those in whom fungus was detected from
various sites, fungus may be etiologically involved, and anti-
fungal drugs should also be combined (A II).

1. Explanation

[Characteristics and classification of the disease]

As the definition, characteristics, and diagnosis of the disease
are similar between children and adults, see the “Adult catheter-
related bloodstream infection(CR-BSI)” section.

There are no marked differences in initial symptoms between
this disease and sepsis. In children/school children, abnormalities
in body temperature regulation (high fever, hypothermia),
tachycardia, and polypnea are observed. If the condition is
advanced, shock, respiratory failure, consciousness disorder, or
convulsion may occur. In neonates and infants, abnormalities in
body temperature regulation (high fever, hypothermia), a reduc-
tion in body motion, apparent death, unfavorable suckling, vom-
iting/abdominal swelling, and polypnea/retractive breathing are
noted. In respirator-wearing neonates and infants, the deteriora-
tion of ventilation conditions brady-/tachycardia, shock, and
convulsion are observed. As an initial symptom, “not doing well”
alone is noted in some cases. When the route of infection is the
site of skin needling or port insertion, local signs of infection, such
as flare around the skin, swelling, and exudate, are observed in
some cases.

According to the NHSN report (United States) on neonates (in
the NICU) in 2011, the incidence of CR-BSI was 0.9—2.5 per 1000
total days of central vein insertion, and it was higher in neonates
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with a lower birth weight. In children (in the PICU), its incidence
was 0.9—1.8, but it was higher (2.1-2.2) in those with hematolog-
ical malignancy [158]. In Japan, no large-scale survey regarding
catheter-associated sepsis has been conducted.

[Type and frequency of causative microorganisms]

The causative bacteria for CR-BSI registered on the NHSN from
2009 until 2010 [159] were published, involving adults and chil-
dren. CNS accounted for 20.5%, followed by S. aureus (12.3%) and
E. faecalis (8.8%). As the other types of bacteria, gram-negative
bacilli, especially enteric bacteria, such as E. coli, Klebsiella spp.,
and Enterobacter spp., non-glucose-fermenting bacteria, such as
Pseudomonas spp. and Acinetobacter spp., and fungus were
frequently detected. MRSA accounted for approximately 50% of
S. aureus strains detected. Various resistant bacteria, such as ESBL-
producing gram-negative bacilli and VCM-resistant Enterococcus,
were detected, although their detection rates were lower than that
of MRSA. Most studies involving children alone indicated CNS as
the most frequent type of causative bacteria, but its detection rate
ranged from 30 to 80%; it varied among the studies [160—165]. As
on bacteria following CNS, similar types of bacteria have been re-
ported, although there were differences between the NHSN results
and detection rates. Furthermore, >2 types of bacteria were
simultaneously detected in many patients. The detection rates of
MRSA and MR-CNS differed among studies, but they ranged from
30 to 60% [160—165].

[Rules of antimicrobial therapy]

For empiric therapy, VCM, which has a potent antibacterial ac-
tivity against CNS, which is the most frequent type of causative
bacteria, MRSA, and Enterococcus spp., should be selected [118]. As
the antibacterial activity of VCM against gram-negative bacilli is
weak, combination therapy with B-lactamase inhibitor/penicillin
combination drugs and 3rd- or 4th-generation cephems or carba-
penems against gram-negative bacilli is recommended [118]. As the
antimicrobial susceptibility of gram-negative bacilli markedly dif-
fers among areas or institutions, regional and institutional anti-
biograms should be prepared, and antimicrobial drugs for empiric
therapy should be selected based on them. In patients on total
parenteral nutrition, those receiving long-term therapy with
broad-spectrum antimicrobial drugs, those with hematological
malignancy, those who underwent transplantation, and those in
whom fungus was detected from various sites, fungus may be
etiologically involved, and antifungal drugs should also be com-
bined [166,167].

If CR-BSI is suspected, catheter removal should be consid-
ered, as described for adults. However, it is difficult to secure a
new blood vessel in many children; therefore, catheter removal
must be carefully selected. Some studies involving neonates
compared a group in which catheter removal was performed
early after a definitive diagnosis was made with a group in
which it was not conducted, and reported that the success rate
of treatment was slightly lower in the latter [168—170]. When
catheter removal is considered difficult, careful follow-up is
necessary [13]. If clinical symptoms deteriorate or repeatedly
appear, or if the disappearance of causative bacteria in blood is
not achieved, a catheter must be removed. According to several
studies, when preserving a catheter, a treatment procedure to
lock it with antimicrobial drugs [171,172] or ethanol [173—175]
while performing the systemic administration of antimicrobial
drugs was effective. However, the results in small-scale pop-
ulations were published, and a larger number of patients must
be investigated in the future.

No study has presented evidence regarding the administration
period of antimicrobial drugs for childhood CR-BSI. Currently, it is
established in accordance with the treatment of adult CR-BSI. See
the “Adult CR-BSI (Figs. 2 and 3).

2. Empiric therapy
First choices.

e Drip infusion of VCM at 15 mg/kg/session, 4 times a day
(maximum: 2 g/day)

+ one of the following regimens:

e Intravenous injection or drip infusion of CFPMt at 50 mg/kg/
session, 3 times a day (maximum: 4 g/day)

e Intravenous injection or drip infusion of CAZ at 50 mg/kg/ses-
sion, 3 to 4 times a day (maximum: 4 g/day)

o Drip infusion of TAZ/PIPC at 112.5 mg/kg/session, 3 times a day
(maximum: 13.5 g/day)

e Drip infusion of MEPM at 40 mg/kg/session, 3 times a day
(maximum: 3 g/day)

e Drip infusion of DRPM at 40 mg/kg/session, 3 times a day
(maximum: 3 g/day)

Second choices.

e Drip infusion of LZD at 10 mg/kg/session, 3 times a day
(maximum: 600 mg/session) in children/infants aged <12 years
or twice a day (maximum: 600 mg/session) in children aged
>12 years

+ one of the following regimens:

¢ Intravenous injection or drip infusion of CFPMtat 50 mg/kg/
session, 3 times a day (maximum: 4 g/day)

e Intravenous injection or drip infusion of CAZ at 50 mg/kg/ses-
sion, 3 to 4 times a day (maximum: 4 g/day)

o Drip infusion of TAZ/PIPC at 112.5 mg/kg/session, 3 times a day
(maximum: 13.5 g/day)

e Drip infusion of MEPM at 40 mg/kg/session, 3 times a day
(maximum: 3 g/day)

e Drip infusion of DRPM at 40 mg/kg/session, 3 times a day
(maximum: 3 g/day)
1In the pediatric field, CFPM is not covered by health insurance.

3. Definitive therapy

Empiric therapy is switched due to its ineffectiveness in some
cases, whereas it is switched to narrow-spectrum antimicrobial
drugs for de-escalation despite its effectiveness in other cases. In any
case, antimicrobial drugs should be selected based on the results of
blood culture/drug susceptibility tests (See regimens for adults.).

The following antimicrobial drugs should be selected against
respective detected bacteria:

MSSA, MS-CNS:

First choices.

¢ Intravenous injection or drip infusion of CEZ at 33 mg/kg/ses-
sion, 3 times a day (maximum: 5 g/day)

e Intravenous injection or drip infusion of ABPC at 50 mg/kg/
session, 4 times a day (maximum: 12 g/day)

Second choice (for patients with allergy to p-lactams)

e Drip infusion of VCM at 15 mg/kg/session, 4 times a day
(maximum: 2 g/day)

MRSA, MR-CNS:
First choice.
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e Drip infusion of VCM at 15 mg/kg/session, 4 times a day e Drip infusion of TOB at 2—2.5 mg/kg/session, 3 times a day
(maximum: 2 g/day)
Second choices.
Second choice.
o Drip infusion of TAZ/PIPC at 112.5 mg/kg/session, 3 times a day

e Drip infusion of LZD at 10 mg/kg/session, 3 times a day (maximum: 13.5 g/day)
(maximum: 600 mg/session) in children/infants aged <12 years e Drip infusion of MEPM at 40 mg/kg/session, 3 times a day
or twice a day (maximum: 600 mg/session) in children aged (maximum: 3 g/day)
>12 years e Drip infusion of DRPM at 40 mg/kg/session, 3 times a day
(maximum: 3 g/day)
E. faecalis:
First choice. one of the above regimens +
e Intravenous injection or drip infusion of ABPC at 50 mg/kg/ e Drip infusion of TOB at 2—2.5 mg/kg/session, 3 times a day

session, 4 times a day (maximum: 12 g/day)
Candida spp.:
Second choice.
e Drip infusion of MCFG at 3—6 mg/kg/session, once a day

e Drip infusion of VCM at 15 mg/kg/session, 4 times a day (maximum: 150 mg/day)
(maximum: 2 g/day) o Drip infusion of CPFG at 70 mg/m? (loading dose) on Day 1 (once
a day) and at 50—70 mg/m? from Day 2 (once a day)
E. faecium: e Drip infusion of L-AMB at 2.5—5 mg/kg/session, once a day
First choice. e Drip infusion of FLCZ at 3—12 mg/kg/session, once a day

(maximum: 400 mg/day)
e Drip infusion of VCM at 15 mg/kg/session, 4 times a day

(maximum: 2 g/day) Self-reporting of the conflict of interest:
Soichi Arakawa received a lecture fee from Taisho Toyama
Second choice. Pharmaceutical Co., Ltd.

Hiroshi Sakata received a lecture fee from Meiji Seika Pharma
e Drip infusion of LZD at 10 mg/kg/session, 3 times a day Co., Ltd.

(maximum: 600 mg/session) in children/infants aged <12 years Toshiyuki Mayumi received research funds from Roche Di-
or twice a day (maximum: 600 mg/session) in children aged agnostics K.K. and scholarship contributions from the Japan Blood
>12 years Products Organization and Pfizer Japan Inc.

Enterobacteriaceae (non-ESBL-producing): Appendix A. Supplementary data

First choices.
Supplementary data to this article can be found online at
¢ Intravenous injection or drip infusion of CTX at 50 mg/kg/ses- https://doi.org/10.1016/j.jiac.2019.11.011.
sion, 4 times a day (maximum: 4 g/day)
e Intravenous injection or drip infusion of CTRX at 50—100 mg/kg/ References
session, once to twice a day (maximum: 100 mg/kg/day, 4 g/day)

e Drip infusion of TAZ/PIPC at 112.5 mg/kg/session, 3 times a day [1] Nishida O, Ogura h, Inoue S, Iba T, Imaizumi H, Egi M, et al. The Japanese

: . clinical practice guidelines for management of spesis and spetic shock 2016

(maximum: 13.5 g/day) (J-SSCG 2016). J Jpn Soc Intensive Care Med 2017;24(Suppl. 2):232. ] Jpn
Assoc Acute Med 2017;28(Suppl):232.

Second choices. [2] Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, et al.
Surviving sepsis Campaign: international guidelines for management of
L. . . . sepsis and septic shock: 2016. Intensive Care Med 2017;43:304—77.
e Drip .ll‘lfUSIOI‘l of MEPM at 40 mg/kg/sesswn, 3 times a day [3] Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, et al. 2001
(maximum: 3 g/day) SCCM/ESICM/ACCP/ATS/SIS international sepsis definitions conference. Crit
o Drip infusion of DRPM at 40 mg/kg/session, 3 times a day Care Med 2003;31:1250-6. ,
. -3 o/d [4] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
(maXImum' g/ ay) Bauer M, et al. The third international consensus definitions for sepsis and
septic shock(sepsis-3). JAMA 2016;315:801—10.
Enterobacteriaceae (ESBL-producing): [5] Nguyen HB, Rivers EP, Abrahamian FM, Moran GJ, Abraham E, Trzeciak S,
et al. Severe sepsis and septic shock: review of the literature and emergency
. . i i department management guidelines. Ann Emerg Med 2006;48:28—54.
e Drip infusion of MEPM at 40 mg/kg/session, 3 times a day [6] Fujishima S, Gando S, Saitoh D, Mayumi T, Kushimoto S, Shiraishi S, et al.
(maximum: 3 g/day) A multicenter, prospective evaluation of quality of care and mortality in
o Drip infusion of DRPM at 40 mg/kg/session, 3 times a day J2(10p1a‘111;)3.s;3;:15cﬂ12216 Surviving Sepsis Campaign guidelines. ] Infect Chemother
(maximum: 3 g/day) [7] Valles ], Rello ], Ochagavia A, Garnacho ], Alcala MA. Community-acquired

bloodstream infection in critically ill adult patients: impact of shock and
inappropriate antibiotic therapy on survival. Chest 2003;123:1615—24.
N . [8] Mylotte JM, Tayara A, Goodnough S. Epidemiology of bloodstream infection
First choices. in nursing home residents: evaluation in a large cohort from multiple homes.
Clin Infect Dis 2002;35:1484—90.

P. aeruginosa:

e Intravenous injection or drip infusion of CAZ at 50 mg/kg/ses— [9] The Japanese Society of Int‘ensive Care Medicine Committee of Sepsis Reg-
. . . . istry. The Japanese guidelines for the management of sepsis. ] Jpn Soc
sion, 3 to 4 times a day (maleum' 4 g/d‘3y) Intensive Care Med 2012. 109p. (ref. 2013), http://www.jsicm.org/
SepsisJapan2012.pdf.
+
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