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influenzae > Streptococcus pneumoniae) should be identified
from the sputum and treated with the appropriate antimicrobi-
al(s). Any underlying diseases (e.g. sinusitis, immunodefi-
ciency) must be identified and superinfection by Pseudomonas
aeruginosa or other organisms must be avoided.

Bronchiolitis

Acute bronchiolitis® is common in infants and is primarily
caused by RSV (45-75%). Fever infrequently exceeds 38.5°C,
and chest radiography often shows hyperinflated lungs. Some
serious cases in infants under 3 months old require respiratory
management. Antigen testing is useful. Some infections are
caused by the human metapneumovirus, which has become a
recent focus of attention.?! No consensus has been reached on the
value of PCR detection of the human bocavirus. Palivizumab is
an effective prophylactic for RSV infection in high-risk infants.

Pneumonia

1 The definition of pneumonia: This acute respiratory infection
is characterized by fever, rhinorrhea, and cough. Chest radiog-
raphy, computed tomography (CT), and other imaging modali-
ties show acute new infiltration in the lungs. Adventitious
breath sounds and decreased respiratory sounds on chest aus-
cultation can be observed in pneumonia.

2 Diagnosis of pneumonia: Patients suffering primarily from
fever, cough, and dyspnea and who are suspected of having
pneumonia based on chest findings should undergo chest radi-
ography. Viral and Mycoplasma pneumonia are characterized
primarily by interstitial lesions, and may show no abnormali-
ties on chest auscultation. Once a definitive diagnosis of
pneumonia is made based on imaging, the causative microor-
ganisms should be identified in the blood and sputum (or in
nasopharyngeal secretions). The need for antimicrobial(s) is
determined in reference to pulmonary radiographs, acute phase
reactants, and in consideration of the presumed causative
microorganism. It must be remembered that infants and pre-
school children often cannot report dyspnea. When evaluating
severity, features to check in addition to chest imaging include
tachypnea (=50 breaths/minute in children 1 year old and
younger and >40 breaths/minute in children aged 2-5 years
old) and retractions, nasal alar breathing, shoulder breathing,
grunting, and cyanosis as signs of dyspnea (discussed later).

3 Causative microorganisms and examination

(1) Incidence of causative microorganisms: Based on the
limited number of pneumonia cases for which the caus-
ative bacterium was confirmed through blood or pleural
fluid culture in a nation-wide survey, the incidence of
infections caused by S. preumoniae and H. influenzae
have exceeded those caused by S. aureus since the 1990s
(Fig. 2).% Trends in S. aureus infection must be moni-
tored.

Of the washed sputum cultures from bronchopulmo-
nary infections, predominant bacteria were identified in
about 30% of cases, and recent trends show that H.
influenzae became more common than §. preumoniae,
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and M. catarrhalis, in that order. S. pneumoniae pneu-
monia has been increasing since 1995 and accounted
for about 30% of cases in which a causative organism
was identified in 2005 (Fig. 6). For cases in which the
causative pathogen of pneumonia was identified by
washed sputum culture, about 30% of cases were attrib-
uted to bacterial pneumonia, 10-20% were attributed to
M. preumoniae, about 20% were viral, and the cause of
the remaining 30% could not be determined. Trends in
causative pathogens identified in washed sputum culture
at three medical institutions associated with Chiba Uni-
versity showed H. influenzae and S. pneumoniae to be
the major culprits since 1965, with some cases attrib-
uted to M. catarrhalis.

(2) Causative microorganisms and age distribution: The
Guidelines summarize evidence about the age distribu-
tions associated with the causative microorganisms of
pneumonia from the publication of McIntosh.?> The Japa-
nese evidence is similar. Although C. preumoniae is well
characterized, the data on other microorganisms do not
differ substantially from those listed in medical texts, and
no frequencies are stated. An investigation of the rela-
tionship of age in childhood pneumonia at Chiba Kaihin
Municipal Hospital (1998-99) showed that of the 634
cases of childhood pneumonia treated, 170 (26.8%) were
in 1-year-old children, 115 (18.1%) were in 2-year-old
children, and 84 (13.2%) were in 4- to 11-month-old
infants. A total of 512 (80.8%) were in children 4 years
old and younger. Bacterial pneumonia was confirmed in
washed sputum culture in 163 cases (25.7%). All cases
were attributable to H. influenzae, S. pneumoniae, or
combinations of these two, with the exception of three
cases caused by M. catarrhalis, one caused by Bordetella
pertussis, and two caused by GAS. Pneumonia was more
commonly of bacterial origin in the younger age groups
of hospitalized patients at Chiba Children’s Hospital,
while the incidence of Mycoplasma pneumonia increased
with age (Fig. 7).

Although C. pneumoniae infections are relatively
common beginning at young ages outside Japan, the
prevalence of C. pneumoniae 1gG antibody in Japanese
children increases with age starting with an increased
prevalence in 4—7-year-olds, a sharp increase to 44% in
8-11-year-olds, and about 50% above the age of 11
years.”® The data provided by Kishimoto* on antibody
incidence similarly indicate an increase in prevalence
beginning at 6 years old. Grayston,” who stated that the
incidences of bronchitis and pneumonia are about equal
from 5 to 9 years old and that pneumonia is more
common from 10 years old, reported that most cases of
pneumonia are attributed to C. prneumoniae in older
children.

4 Clinical symptoms, laboratory test findings, and antimicrobial
selection

(1) Clinical symptoms and physical findings encountered
with different causative pathogens: Investigation of many
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Table 5 Community-acquired pneumonia: determining severity through physical and laboratory observations

Mild Moderate Severe Critical

General condition Good Poor
Cyanosis Absent Present
Respiratory rate’ Normal Rapid (over normal range)
Forced respiration (grunting, nasal Absent Present

alar breathing, retraction)
Extent of infiltration on =1/3 of one lung >2/3 of one lung

chest X-ray examination
Pleural effusion Absent Measurable quantity
SpO; >06% <90%
C-reactive protein (mg/dL) <3.0 >15
Neutrophils: Infant 4000-8000 <500 or >10 000

Preschool-age child 2500-5500 <500 or >10 000

School-age child 3000-5000 <500 of >10 000
Criteria All of the above Not mild _ Any one of the above Accompanied by circulatory

criteria are met or extreme conditions are met failure or when artificial

respiratory care is required

"Respiratory rate by age: (breaths/min): neonate, <60; infant, <50; preschool-age child, <40; school-age child, <30.

@

€

)

cases in which the causative pathogen has been identified
has revealed that bacterial pneumonia often involves pro-
ductive cough and that M. pneumoniae disease often
lacks labored breathing and abnormalities on ausculta-
tion. C. pneumoniae infections result in low-grade fever
and prolonged coughing. Diagnostics for causative
organisms, however, are required because postulating the

causative microorganism according to symptoms is dif--

ficult in individual patients.”**

Causative microorganisms and laboratory test findings
on admission: Bacterial and viral pneumonia had been
considered distinguishable by the intensity of the inflam-
matory response. In blood culture-negative bacterial
pneumonia, although white blood cell counts, C-reactive
protein levels, and erythrocyte sedimentation rates were
significantly different from those of viral pneumonia (P <
0.01), overlap is seen in about one-third of patients,
making differentiation of cause impossible in individual
cases.” Bacterial culture is therefore necessary before
antimicrobial treatment. The possibility of Mycoplasma
pneumonia should be considered when C-reactive
protein levels and erythrocyte sedimentation rates are
high, but white blood cell counts are not elevated.
Causative pathogens and findings from chest radiogra-
phy: The cause of pneumonia cannot be clearly differen-
tiated based on chest radiography performed on
admission using the differentiation methods of Swischuk
and Hayden® or the scoring method of Khamapirad and
Glezen.”

Classifications of pneumonia severity: Tachypnea: The
WHO established management criteria for pneumonia
in developing countries, with a focus on tachypnea and
labored breathing. Kurosaki®” compared respiratory
rates (=50 breaths/minute in children 1 year old and
younger and >40 breaths/minute in children under 5
years old) to findings from washed sputum cultures and
reported that tachypnea can be used as an index for
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determining the appropriateness of antimicrobial treat-
ment before culture results become available for 1-4-
year-old children.*® Assessing the severity of pneumonia
is a first step toward determining whether the patient
should be treated as an outpatient or admitted, whether
antimicrobials should be administered, and whether oral
or intravenous (i.v.) administration is appropriate. Cri-
teria for assessing pneumonia severity are shown in
Table 5.

Hospitalization eligibility criteria: Patients with a sever-
ity classification of mild should be treated on an outpa-
tient basis, while patients with moderate or severe
infections should be admitted for treatment.

Important factors when considering initial antimicrobial
therapy

(i) Intensity of bacterial pathogenicity: S. pneumoniae
has the strongest pathogenicity of the three caus-
ative organisms of bronchopulmonary infections:
S. pneumoniae, H. influenzae and M. catarrhalis.
Antimicrobial therapy that considers S. aureus is
occasionally recommended for infants and children
with underlying diseases.

(ii) Relationship between age and causative organism:
The organisms primarily responsible for pneumo-
nia differ with age of children as follows.

Neonates: Group B Streptococcus, Escherichia
coli, and other intestinal flora.

Infants to children aged 5 years old: viruses, H.
influenzae, and S. pneumoniae.

Children 6 years of age and older: M. pneumo-
niae, C. pneumoniae, H. influenzae, and S.
preumoniae.

Macrolide antibiotics should be considered first in
children at least 6 years old who do not exhibit
productive cough.

(iii) Pharmacokinetics of oral
pharmacokinetics-pharmacodynamics

antibiotics: The
(PK-PD)



theory indicates that new cephem antibiotics, when
recommended, should be administered at a high
dose.

(iv) Minimizing drug resistance: Care must be taken to
use antibiotics appropriately (particularly oral
cephem antibiotics).

(v) Synthetic penicillin therapy for S. pneumoniae and
H. influenzae: The Drug-Resistant Streptococcus
pneumoniae (DRSP) Therapeutic Working Group
of the Centers for Disease Control and Prevention
of the USA, reasoning that pneumonia in children
under 5 years of age is often bacterial in origin,
advocates a f-lactam antibiotic (amoxicillin,
amoxicillin/clavulanic acid, or cefuroxime for out-
patient cases) for the initial treatment of pneumo-
nia.*" We set dosages for the treatment of cases for
which S. prneumoniae was the predominant organ-
ism isolated from washed sputum based on the
breakpoint for i.v. ampicillin defined by the Japa-
nese Society of Chemotherapy of 2 pg/mL. Treat-
ment with oral amoxicillin (30-40 mg/kg/day) and
i.v. ampicillin (80-150 mg/kg/day) showed no sig-
nificant differences for pneumonia with the follow-
ing: penicillin-susceptible S. preumoniae (PSSP),
penicillin-intermediate resistant S. pneumoniae
(PISP), and penicillin-resistant S. pneumoniae
(PRSP).?2 (Note: The 2007 edition of the Guide-
lines lists penicillin G [PcG] resistance criteria that
were revised in 2008. Following are the criteria
in the 2007 edition of the Guidelines: PSSP,
PcG-minimum inhibitory concentration [MIC] <
0.06 ng/mL; PISP, PcG-MIC, 0.12-1 ug/mL; and
PRSP, PcG-MIC 2 2 pg/mL). The H. influenzae
ampicillin resistance criteria of the Clinical Labo-
ratory Standards Institute (CLSI) of the USA™®
defines sensitivity as <1 pg/mlL, moderate resis-
tance as 2 ug/ml, and resistance as >4 pug/mL by
the broth microdilution method. Most broncho-
pulmonary infections caused by [3-lactamase-
non-producing  ampicillin-resistant  (BLNAR)
strains in Japan are treatable with i.v. ampicillin.
Piperacillin, cefotaxime, and ceftriaxone offer reli-
able antibiotic activity against BLNAR strains. The
response rate to piperacillin was 95%.>* There are
few patients with pathology caused by [3-lactamase-
producing H. influenzae strains that have shown
clinical deterioration when treatment is initiated
with oral amoxicillin or i.v. ampicillin. There is still
time to switch antibiotics if resistance is identified
after treatment is initiated.

(vi) Synthetic penicillin therapy for M. catarrhalis:
Synthetic penicillin is clinically effective in treating
M. catarrhalis infections even though the micro-
organism produces B-lactamase and is bacterio-
logically resistant to amoxicillin®* because the
produced PB-lactamase has low activity.

(N

®

®

10)
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(vii) Penicillin-binding protein (PBP) mutations: PBP
of S. prneumoniae readily mutate in the presence
of cephem antibiotics.”’ Mutation leads to
increased resistance to [B-lactam antibiotics and
consequently DRSP strains. PBP mutations also
underlie BLNAR and [-lactamase-producing
amoxicillin-clavulanate resistant (BLPACR) H.
influenzae strains. The increase in the prevalence
of BLNAR strains is attributable to the wide-
spread use of oral cephem antibiotics, which
reaches a concentration that is only a fraction of
that of amoxicillin.*’

Initial antimicrobial therapy when etiological pathogen is
unknown: Antimicrobial agents recommended for initial
treatment when the pathogen is unknown are shown for
different age groups and for hospitalized patients and
outpatients in Table 6. Agreement has been reached®®?
on the appropriateness of the selections of initial antimi-
crobial agents given in the 2004 edition of the Guide-
lines. These selections must be continuously evaluated to
take trends in causative microorganisms and drug resis-
tance into account.
Selection of antimicrobial agents when the etiological
pathogen of pneumonia is known (monotherapy as a
starting point): When the pathogen responsible for the
pneumonia is known, the antimicrobial agent is selected
in consideration of drug susceptibility and pharmacoki-
netics. Macrolide-resistant Mycoplasma strains have
been increasing since 2000 (this is discussed later).

Assessment of antimicrobial agent efficacy and duration

of use: Antimicrobial agents for treating community-

acquired pneumonia are normally sufficiently effective
when administered for 3 to 7 days. Efficacy is assessed
after 2 or 3 days (48-72 4 after start of administration).

Efficacy should be initially assessed after 2 days in

younger children and severe cases. Assessment is per-

formed to determine whether the initial antimicrobial
agent is effective and whether the drug should be contin-
ued or switched. The duration of use will vary among
individual patients. For common bacteria, use can be
discontinued 3 days after the patient’s fever breaks.

A longer duration is required for S. aureus pneumonia.

For Mycoplasma and Chlamydia infections, 10 days of

new macrolide (clarithromycin) treatment or 3 days

of azithromycin treatment (5 days in the USA) is
recommended.

Actions to take and selections to make when no response

is achieved

(i) Actions to take when the patient does not respond
to antimicrobial therapy: The correctness of the
pneumonia diagnosis and the possibility of another
disease producing pneumonia-like findings on
imaging should be considered in order to distin-
guish pneumonia cases due to causative microor-
ganisms other than common causative bacteria,
such as viruses, tuberculosis, and fungi.

© 2011 The Authors
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Table 6 Initial antimicrobial therapy in children for unknown etiological pathogen

Severity

2 months to 5 years old*!%2%

26 years old

Outpatient Mild
or

Broad-spectrum cephem p.o.*?

AMPC + CVA or SBTPC p.o.

Macrolide p.o.
or
Tetracyclin p.o.**

Inpatient Moderate to Severe

ABPC + SBT i.v. or PIPC i.v.

ABPC * SBT i.v. or PIPC i.v.*?

or or
Broad-spectrum cephem i.v.*? Broad-spectrum cephem i.v.*3
+
Macrolide p.o./d.i.v.
or

Critical

Tetracycline p.o./d.i.v.%*

Carbapenem d.i.v. + Macrolide p.0./d.i.v.*°

When the causative pathogen has been identified, change to the appropriate antimicrobial agent.

*]: With concomitant macrolide when Chlamydia trachomartis infection is identified.

*2: With concomitant macrolide when MycoplasmalChlamydophila pneumoniae infection is strongly suspected.

#3: The following offer superior antibacterial activity against S. pneumoniae and H. influenzae: Representative oral drugs: CDTR-PI; CFPN-PL;

CFTM-PI. Representative intravenous drugs: CTRX; CTX.

*4: Use in children <8 years old only when other agents are ineffective or cannot be used.

*5: In principal, children <1 year old are hospitalized.

*6: With concomitant macrolide when Legionellosis cannot be ruled out.
AMPC, amoxicillin; CDTR-PI, cefditoren pivoxil; CFPN-PJ, cefcapene pivoxil; CFTM-PI, cefteram pivoxil; CTRX, ceftriaxone; CTX, cefo-
taxime; CVA, clavulanic acid; d.i.v., drip intravenous; i.v., intravenous; PIPC, piperacillin; p.o., per os; SBTPC, sultamicillin.

(ii) Selection of antimicrobials when the patient does
not respond to antimicrobial therapy:

e If a B-lactam antibiotic was initially used: Pneu-
monia is often caused by H. influenzae and S.
prneumoniae, against which ampicillin and amox-
icillin are recommended. These drugs are report-
edly effective even against BLNAR and PRSP.
For mild and moderate non-responsive cases,
Mycoplasma or Chlamydia infection should be
suspected, and the initial antimicrobial agent
should be switched to or used in combination
with a macrolide. A broad-spectrum i.v. cephem
antibiotic or i.v. carbapenem antibiotic should be
used when response is insufficient. For rapidly
progressive, severe cases and critical cases, a car-
bapenem antibiotic and macrolide antibiotic
should be used in combination. Addition of an
anti-methicillin-resistant Staphylococcus aureus
(MRSA) agent is to be considered.

If a macrolide antibiotic was initially used: Treat-
ment should be switched to a B-lactam antibiotic
to treat macrolide-resistant S. pneumoniae and H.
influenzae. Treatment should be switched to the
optimal antimicrobial agent once the causative
pathogen is identified. Table 6 provides recom-
mendations for critical cases. When the condition
of the patient is good and a Mycoplasma infection
is suspected, switching to a tetracycline antibiotic
should be considered to treat possible macrolide-
resistant Mycoplasma infection.
(11) Outpatient parenteral antimicrobial therapy (OPAT):
OPAT is sometimes used to treat patients with moderate
pneumonia who are unable to be admitted. Such patients

© 2011 The Authors
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must visit the medical institution daily and be carefully
monitored. Once-daily ceftriaxone has a long half-life
and is commonly used.”’ A first-line treatment for bacte-
rial meningitis, ceftriaxone should not be used readily
and widely until the Hib vaccine has substantially
reduced the prevalence of meningitis.

Pleurisy and pyothorax

Although pyothorax prevalence in Japan has decreased with the
waning incidence of S. aureus pneumonia, vigilance is required
because the disease is still on the increase in countries outside
Japan, despite widespread use of the pneumococcal conjugate
vaccine.

Pneumonia in patients with underlying diseases

The 2007 edition discusses pneumonia with accompanying
underlying conditions (blood diseases, immunodeficiency, neo-
nates, and cardiac diseases).

Nosocomial pneumonia

Nosocomial pneumonia is defined as pneumonia acquired after a
hospital stay of at least 48 h. Measures must be taken to prevent
children from becoming infected due to the hospital environment
and medical acts (including those leading to ventilator-associated
pneumonia) as well as from other patients, attendants, visitors,
and medical personnel. The Guidelines present measures for
preventing respiratory infections acquired through different
routes and discuss the person-to-person transmission of respira-
tory infections. The Guidelines also recommend the vaccination
of medical personnel.
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Main diseases controlied by vaccination

The Guidelines discuss influenza, measles, pertussis, diphtheria,
and tuberculosis. Also proposed are draft diagnostic criteria for
pertussis based on epidemiological data that factor in the relative
increase in the disease among older children and adolescents and
DTP-vaccinated children and adults. Although affected older
children and adults exhibit prolonged and severe coughing, no
characteristic symptoms can be identified in children without a
detailed interview. The disease lacks elevated white blood cell
and lymphocyte counts. A novel trivalent vaccine for adolescents
and adults (Tdap) has been developed in Europe and the USA.

Pathogen resistance in community-acquired
childhood respiratory infections

A classification system for S. prneumoniae and H. influenzae
based on the analysis of antibiotic resistance genes is presented.*!
Antimicrobial agents currently used to treat resistant pathogens
are listed (note: the antimicrobial susceptibility of S. preumoniae
and H. influenzae is discussed in Ubukata®). Most strains with an
ampicillin-MIC < 2 pg/mlL are treatable using oral amoxicillin or
i.v. ampicillin, but when therapy must be changed, oral faro-
penem, cefditoren, or cefcapene ori.v. panipenem or vancomycin
are recommended for resistant S. pneumoniae, and oral cefdi-
toren or azithromycin or i.v. piperacillin, ceftriaxone, or mero-
penem are recommended for BLNAR strains. Clindamycin
resistance among GAS and S. agureus and macrolide-resistant
Mycoplasma is a problem. Macrolide-resistant Mycoplasma was
first detected in culture and by PCR in 2000, and many strains are
highly resistant to erythromycin.**** Although the period of fever
following macrolide administration is significantly longer than
that for infections by susceptible strains (mean duration of fever:
4.3 days for resistant strains vs 1.4 days for susceptible strains),
the clinical symptoms are not more severe.” Changing treatment
to a tetracycline antibiotic should be considered if fever persists
for more than 48 h after macrolide antibiotic initiation.

The Guidelines for the Management of Respiratory Infectious
Diseases in Children in Japan 2007 are summarized here with a
focus on pneumonia. Only selected tables and figures to illustrate
the Guidelines could be reproduced here due to limited space.
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