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Table 2 Causative bacteria of childhood respiratory infections by disease location (Adapted from The Guidelines for the Management of
Respiratory Infectious Diseases in Children in Japan 2007, Uehara and Sunakawa [eds.]? with permission)
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@OOA: frequency of occurrence from high to low.

4 Causative bacteria of upper respiratory infections and their

detection: The Guidelines describe detection methods for
Group A Streptococcus (GAS), including rapid diagnostics,
and for Corynebacterium diphtheriae.

5 Causative bacteria of bronchopulmonary infections and their
detection: The major bacteria responsible for childhood
bronchopulmonary infections are S. pneumoniae, Haemophi-
lus influenzae, Moraxella catarrhalis, and Staphylococcus
aureus. These organisms are isolated with blood agar
medium and chocolate agar medium. The clinical laboratory
should be contacted in advance about suspected cases of
pertussis and Legionella infections, which require specialized
media for isolation.

6 Selection and determination of causative bacteria of bron-
chopulmonary infections: As previously stated, contamina-
tion with bacteria from the upper respiratory tract is a
problem when diagnosing the causative bacteria for bronchi-
tis, pneumonia, and other bronchopulmonary infections.
Clinical specimens for culturing the causative bacteria for
pneumonia as proposed by Moffet* are presented in Table 3.
Sputum and nasopharyngeal and throat secretions are catego-
rized as being of dubious value for diagnosing the causative
bacteria of pneumonia. Moffet states that bacteria cultured
from blood, pleural fluid, and lung puncture are definitive.
Blood culture is less sensitive than culture from lung punc-
ture.’ Surveys conducted by Uehara of the causative bacteria
determined from blood, pleural fluid, and lung puncture at
pediatric training hospitals throughout Japan showed that the
number of cases caused by S. aureus became fewer and those
caused by S. pneumoniae and H. influenzae increased, begin-
ning in the 1990s (Fig. 2).° It must be noted that only a small
number of the total cases were confirmed by these conclusive
culture sources.
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Pneumonia is transmitted via the airways as well as the
bloodstream. We were able to raise the significance of sputum
from “3. Cultures of dubious significance”, which included
sputum and nasopharyngeal and throat secretions to “2.
Occasionally significant culture sources”.

7 Assessment of causative bacteria identified in sputum culture:

As sputum consists of bronchopulmonary secretions covered
by upper respiratory secretions, it is difficult to differentiate
bacteria of bronchopulmonary origin and those of upper res-
piratory tract when it is cultured as is.>® Washed sputum
culture®® and quantitative culture are used to detect the true
causative bacteria of bronchopulmonary infections. In
washed sputum culture, a sputum specimen is washed with
sterile saline solution, airway secretions thought to originate
from the lower airway based on cytological evidence are
cultured, and the predominant bacterium as determined semi-
quantitatively is considered as the causative bacterium.

Table 3 Clinical specimens for identifying causative bacteria for
pneumonia (created with modification from Moffet*)

1.

Conclusive Culture Sources

blood

pleural fluid

lung puncture

Occasionally Significant Culture Sources
transtracheal aspiration

tracheotomy aspiration

bronchoscopy aspiration

(washed sputum)

. Cultures of Dubious Significance

tracheal aspiration
sputum
throat

nose/nasopharynx
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1984-1986

(r=137) S. aureus

1993-1994
(n=68)

S. pneumoniae anaerobes

1997-1998
(n=92)

H. influenzae o-streptococeus

1999-2000.7
(n=80)

GAS, GBS

2000.8-01.12
(n=53)

Fig. 2 Causative bacteria detected from blood, pleural fluid and/or lung tissue samples from pediatric pneumonia patients. GAS, Group A
Streptococcus; GBS, Group B Streptococcus; GNR, gram-negative rods. (Reproduced from The Guidelines for the Management of Respiratory
Infectious Diseases in Children in Japan 2007, Uehara and Sunakawa [eds.]* with permission.)

Pathogenic respiratory bacteria are predominantly isolated
from purulent sputum and are often the likely causative bac-
terium. However, if the sputum is viscous, the isolated
species may be from the oral flora. Broad classification of the
causative bacterium can be made by Gram staining of
sputum. The classifications defined by Geckler et al.'® are
used for the quality control of sputum. Sputum is Gram-
stained and observed under weak magnification (x100).
Evaluation is based on squamous epithelial cells and neutro-
phil counts. The predominant organism detected in a Gram-
stained smear of a washed sputum culture is of greater
significance as the likely causative bacterium of a bronchop-
ulmonary infection when found in close contact with alveolar
macrophages (Fig. 3).°

Table 4 lists criteria for determining causative bacteria.?
For M. catarrhalis to be confirmed as the causative species,
the bacterium must be the predominant species in sputum
culture and detected in macrophages by sputum cytology.”

Sputum collection in infants and children”® is shown in
Figure 4. Sputum collection should be attempted when the
patient has a productive cough. If the patient is able to expec-
torate sputum, they should be instructed to discharge sputum
into a sterile Petri dish with saline without contaminating the
specimen by further productions of saliva, as far as possible.
If the patient is an infant or preschool child who is unable to
expectorate, the tongue should be depressed using a tongue
depressor with a lamp to induce coughing. When the patient
expectorates into the throat, a sterile swab should be promptly
swiped around the sputum and placed in sterile saline.
Recently, 1-mL disposable syringes have been used to aspi-
rate specimens.’

8 The value of sputum washing and nasopharyngeal and pha-

ryngeal culture:" Figure 5 shows the results of simultaneous
culturing washed sputum, non-washed sputum, and nasopha-
ryngeal and pharyngeal secretions for cases in which the
causative bacteria was detected predominantly in washed
sputum samples. Washed sputum samples showed better
results than non-washed sputum samples. In the same
patients, nasopharyngeal swabs showed better results than
pharyngeal swabs, though detection was lower than in non-
washed sputum samples.”! Direct culturing of sputum

Table 4 Criteria for determination of causative bacteria in broncho-
pulmonary infection (adapted from Uehara® with permission)

® Pathogens occupying more than half of the colonies in culture
or presenting >107 cfu/mL of washed sputum were regarded as
“dominant”.

@ The same dominant pathogens were grown by repeated cultures.

® The pathogens were seen perialveorally in smeared specimens.

@ Heavier growth of pathogens was observed with washed sputum
than with nasopharyngeal or throat swabs.

® The pathogens in washed sputum correlated with the clinical

course of the disease: signs and symptoms, acute phase

reactants, and especially the purulence (neutrophilia) of the

sputum.

Fig.3 Alveolar macrophage and perialveolar existence of Gram-
positive diplococci (Streptococcus pneumoniae) and Gram-negative
bacilli (Haemophilus influenzae) on gram-stained washed sputum.

© 2011 The Authors
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Fig. 4 Placement of instruments for the collection of sputum from
pediatric patients.

(non-washed) results in inferior identification of causative
bacteria, as it is covered with bacteria from upper airway
secretions. Sputum specimens should be pretreated to remove
contamination from the upper airway as completely as pos-
sible before culturing. Use of nasopharyngeal and pharyngeal
cultures is only of limited value in etiological diagnosis
of bronchopulmonary infections. Nasopharyngeal culture
should therefore be conducted when sputum cannot be col-
lected. Nasopharyngeal culture, however, should be used to
postulate rather than definitively identify the bacterium
responsible for pneumonia.

9 Detection of bacterial antigens in urine: Pneumococcal
antigen may show false-positive results in urine because of
the high prevalence of S. pneumoniae in the upper respiratory
tract of children."” Urinary antigens are of excellent value in
diagnosing legionellosis. Urinary antigen testing for
Legionella spp. should be performed as a precaution in the
critical cases of pneumonia.

Washed | ‘
sputum |

Non-washed |
sputum|

Nasopharyn-
geal swab

10 Blood culture: Although sensitivity is not as high as other
methods, blood cultures are of extreme value in selecting
drugs for treatment when identifying the causative pathogen.
Blood culture should be conducted whenever possible. Blood
culture is discussed in detail in Cumitech 1C: Blood Cultures
IV, a publication of the American Society for Microbiology."

Mycoplasma, Chlamydia

Mycoplasma pneumoniae and Chlamydia infections are diag-
nosed by: (i) confirming significantly elevated or abnormally
high serum antibody titers; and (ii) performing isolation culture,
antigen detection, and nucleic acid detection on specimens from
the infection site.

1 Mycoplasma: M. pneumoniae is the only significant pathogen
involved in childhood respiratory infections. Mycoplasma
infections are diagnosed by detection of Mycoplasma from the
infection site and confirmation of increased antibody titers.
Mycoplasma is detected in nasopharyngeal swab specimens,
sputum, and pleural fluid. Detection is accomplished with
direct fluorescent antibody assay, isolation culture, enzyme
immunoassay, DNA probe assay, polymerase chain reaction
(PCR), and other methods. Liquid pleuropneumonia-like
organism (PPLO) media and other special media are used for
isolation culture, which typically requires at least 7 days. PCR
features excellent sensitivity and specificity. Serological diag-
nosis is accomplished with methods including particle agglu-
tination (PA), cold agglutinin titer, complement fixation,
indirect hemagglutination assay, and enzyme immunoassay.'*
Although serum antibody titer is at least fourfold higher in the
acute and convalescent phases, increased immunoglobulin
(Ig)M antibody levels must be identified to reach a definitive
diagnosis. Infection may be strongly suspected if a PA titer of
at least 320 or a complement fixation titer of at least 64 is
detected in single serum. Infections in infants show poor anti-
body response.

2 Chiamydia: The three species Chlamydophila pneumoniae,
Chlamydophila psittaci, and Chlamydia trachomatis are the
causes of childhood Chlamydia respiratory infections. Chlamy-
dia infections are diagnosed by detection of Chlamydia from

[l 250%
| |30-49%
1-29%
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bacteria in

Pharyngeal |
swab |

microflora)
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Fig. 5 Simultaneous culturing of washed and non-washed sputum specimens and nasopharyngeal and pharyngeal swabs from cases in which
causative bacteria could be identified from washed sputum cultures. (Reproduced from Takeda ef al.,"! with permission.)
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the infection site and confirmation of significantly increased
antibody titer. Chlamydia is detected in nasopharyngeal swab
specimens, sputum, and pleural fluid. Direct fluorescent anti-
body, enzyme immunoassay, PCR, and other techniques are
used for detection. Isolation culture in cell culture requires at
least 7 days. PCR offers good sensitivity and specificity. The
Committee on Serological Diagnosis of Chlamydophila pneu-
moniage infection (chaired by Toshio Kishimoto) sets related
diagnostic standards in Japan.'

Although serum antibody titer is at least fourfold higher in the
acute and convalescent phases, increased IgM antibody levels
must be identified to achieve serological diagnosis. For initial
infections, a diagnosis can be reached in a relatively early stage
using IgM antibody assay. Infections in infants show poor anti-
body response.

It should be noted that legionellosis is attributable to aspira-
tion of Legionella pneumophila and other Legionella spp. from
water coolers and other climate-control equipment. Only a few
infants have acquired legionellosis in a neonatal intensive care
unit. Legionellosis is more often diagnosed through rapid antigen
diagnostics of urine specimens (61%) than it is from serum
antibody titers. Rapid antigen diagnostics should therefore be
attempted in cases of critical pneumonia. Isolation culture
requires special media (B-CYEx medivm, World Health Organi-
zation [WHO] agar medium).

Viruses

The characteristics of the viruses often isolated in childhood
respiratory tract infections differ according to the infection site.
Determining causative microorganisms according to symptoms
alone is often difficult. The flow of testing is presented in the
original Guidelines.

Medical staff collecting specimens for testing must be careful
to perform collection at initial presentation in the early stage of
the disease and to place specimens in a preserving solution for
specimens for isolation (such as those designated by testing
facilities). Specimens should be stored at low temperature (often
4°C). Specimens should be promptly shipped refrigerated to the
testing facility. Serum specimens must be collected as paired sera
once during the acute phase and again during the convalescent
phase, 14-21 days after onset. A definitive diagnosis is reached
when antibody titer is increased at least fourfold. The microplate
method used by Numazaki et al. at the Virus Research Center of
Sendai National Hospital'® is well svited for the co-detection of
viruses, is recommended by the WHO, and is increasingly used at
Prefectural Institutes of Public Health in Japan, but the method is
not feasible in all cases and must be selected according to the
reason for culturing. The 2007 Guidelines refined the list of rapid
diagnostic testing, isolation culturing, nucleic acid detection
testing, and serological detection methods for influenza virus,
respiratory syncytial virus (RSV), and adenovirus pathogens.

Testing for rapid diagnosis of childhood respiratory infections

The Guidelines summarize: (i) trends in testing for the rapid
diagnosis of childhood respiratory infections; (ii) the strengths
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and limits of immunochromatography; (iii) reagents for blood
assay for Mycobacterium tuberculosis (BAMT), including
whole-blood interferon-y assay for diagnosing tuberculosis; and
(iv) points to consider when performing rapid diagnostic testing.

Upper respiratory infections

1 Common cold (nasopharyngitis): Colds, which are caused pri-
marily by viruses, are not treatable with antimicrobials. Anti-
microbials fail to improve the course or prognosis of colds and
have been found not to protect against lower respiratory tract
infections. Fever alone with no respiratory symptoms is differ-
entiated based on the presence of occult bacteremia, urinary
tract infections, and other conditions.

2 Pharyngitis/tonsillitis: These conditions are often of viral
origin. Antimicrobial treatment is indicated for primarily GAS
infections. The Guidelines now recommend penicillin (PC)-
based antimicrobials'? as first-line treatments for GAS based
on the discussions of GAS treatment that have taken place
since 2004, but also list cephem antimicrobials for short-term
therapy. Cephem or macrolide antimicrobials are recom-
mended for children with penicillin allergies, but some chil-
dren are also allergic to cephem antimicrobials. Not a few GAS
isolates in Japan show resistance to macrolide antimicrobials,
making cross-resistance a concern.

3 Croup syndrome
(1) Viral croup: Viral croup is to be treated symptomatically.

Dexamethasone therapy is an option for severe cases.

(2) Acute epiglottitis: The course of this serious disease can
include asphyxiation occurring 10 h after onset. A tongue
depressor must not be used. Securing the airway is an
urgent priority. Lateral radiography of the neck can show
any epiglottic enlargement. H. influenzae type b (Hib) is
the causative microorganism in 290% of all cases. The
disease is treated with the antimicrobials: ceftriaxone,
cefotaxime, meropenem, or tazobactam/piperacillin. Now
that the Hib vaccine (approved in January 2007 in Japan)
has been found to be safe and effective, Hib epiglottitis can
be almost completely prevented through vaccination.'

(3) Laryngeal diphtheria: Although very rare (only one case
has been officially reported over the past several years),
the possibility of laryngeal diphtheria must be kept in
mind in unvaccinated and older children. Antitoxin
therapy should be administered first and foremost.

(4) Bacterial tracheitis: Although very rare, bacterial tracheitis
can cause asphyxiation. S. aureus and other organisms
cause this disease.

Bronchitis

1 Acute bronchitis:" Although acute bronchitis is usually viral,
oral antimicrobials (consistent with those used for pneumonia)
are used when bacterial bronchitis (H. influenzae, S. pneumo-
niae) is suspected based on fever, productive cough, or puru-
lent sputum.

2 Protracted bronchitis (protracted, recurrent, and chronic bron-
chitis):.” If infection is confirmed, the causative bacteria (H.
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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 preumonia.

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
poneumonia 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 240 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
floid culture in a nation-wide survey, the incidence of
infections caused by S. pneumoniae and H. influenzae
have exceeded those caused by S. aureus since the 1990s
(Fig. 2).5 Trends in S. awureus 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 S. preumoniae,

© 2011 The Authors
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and M. catarrhalis, in that order. S. pneumoniae poeu-
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. pneumoniae, 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. pneumoniae 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 ppneumonia is more
common from 10 years old, reported that most cases of
pneumonia are attributed to C. preumoniae 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

chest X-ray examination

22/3 of one lung

Pleural effusion Absent Measurable quantity
SpO, >96% <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

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

@

©)

“4)

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.?5?

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 (250 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.

(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.

(6) Important factors when considering initial antimicrobial

therapy

(1) 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. preumo-
nige, C. pneumoniae, H. influenzae, and S.
pneumoniae.

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

(iii) Pharmacokinetics of oral antibiotics: The
pharmacokinetics-pharmacodynamics ~ (PK-PD)



)
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(vi)

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

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

Synthetic penicillin therapy for S. preumoniae 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 [-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. pneumoniae 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. pneumoniae (PSSP),
penicillin-intermediate resistant S. preumoniae
(PISP), and penicillin-resistant S. preumoniae
(PRSP).?? (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 pg/mL; PISP, PcG-MIC, 0.12-1 pg/mL; and
PRSP, PcG-MIC = 2 ug/mL). The H. influenzae
ampicillin resistance criteria of the Clinical Labo-
ratory Standards Institute (CLSI) of the USA™®
defines sensitivity as <1 ug/mL, moderate resis-
tance as 2 ug/mlL, and resistance as 24 pg/mL by
the broth microdilution method. Most broncho-
pulmonary infections caused by [-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 B-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.

Synthetic penicillin therapy for M. catarrhalis:
Synthetic penicillin is clinically effective in treating
M. catarrhalis infections even though the micro-
organism produces P-lactamase and is bacterio-
logically resistant to amoxicillin®>* because the
produced PB-lactamase has low activity.
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(vii) Penicillin-binding protein (PBP) mutations: PBP
of S. pneumoniae 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.¥’

(7) 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 h 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 pneamonia.
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.

(10) 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 Tnitial antimicrobial therapy in children for unknown etiological pathogen

Severity 2 months to 5 years old*1#2#5 26 years old
Outpatient Mild AMPC + CVA or SBTPC p.o. Macrolide p.o.
or or

Broad-spectrum cephem p.o.**

Tetracyclin p.o.**

Inpatient Moderate to Severe

or

Broad-spectrum cephem i.v.¥3

Critical

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

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

Broad-spectrum cephem i.v.*?
+

Macrolide p.o./d.i.v.

or

Tetracycline p.o./d.iv.**

Carbapenem d.i.v. £ Macrolide p.o./d.i.v.*S

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

*1: With concomitant macrolide when Chlamydia trachomatis 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. mﬂuenzae Representative oral drugs: CDTR-PI; CFPN-PI;

CFTM-PL 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-PL cefditoren pivoxil; CFPN-PI, 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:

° If a B-lactam antibiotic was initially used: Pneu-
monia is often caused by H. influenzae and S.
preumoniae, 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,
Mpycoplasma 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 3-lactam antibiotic
to treat macrolide-resistant S. preumoniae 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
Pediatrics International © 2011 Japan Pediatric Society

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.



Main diseases controlled 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. preumoniae 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. pneumoniae
and H. influenzae is discussed in Ubukata®). Most strains with an
ampicillin-MIC < 2 pg/mL are treatable using oral amoxicillin or
i.v. ampicillin, but when therapy must be changed, oral faro-
penem, cefditoren, or cefcapene or i.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. aureus 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.

Acknowledgments

The authors wish to express their sincere gratitude to the follow-
ing individuals who assisted with the preparation of the Guide-
lines and this manuscript: Drs Morimasa Yagisawa, Naruhiko
Ishiwada, Yoshitake Sato, Masayoshi Shinjo, Isamu Takamatsu,
Shinichiro Nishimura, Keizo Horibe, and Shigeki Yoshiba.

References

1 Uehara S, Sunakawa K. (Editorial Supervisors). Guidelines for the
Management of Respiratory Infectious Diseases in Children in
Japan 2004. KYOWA KIKAKU Ltd., Tokyo, 2004 (in Japanese).

2 Uehara S, Sunakawa K. (Editorial Supervisors). Guidelines for
the Management of Respiratory Infectious Diseases in Child-
ren in Japan 2007. KYOWA KIKAKU Ltd., Tokyo, 2007 (in
Japanese).

Respiratory infections guidelines 275

3 Uehara S. Microbiological examination, bacterial infection. In:
Kobayashi N (ed). New Encyclopedia of Pediatrics 9A. Pediatric
Respiratory Infectious Diseases 1. Nakayama Shoten, Tokyo,
1982; 24061 (in Japanese).

4 Moffet HL. Pediatric Infectious Disease — A Problem Oriented

Approach, 3rd edn. Lippincott; Philadelphia, PA, 1989; 146

96.

Silverman M, Stratton D, Diallo A, Egler LJ. Diagnosis of acute

bacterial pneumonia in Nigerian children. Value of needle aspira-

tion of lung of countercurrent immunoelectrophoresis. Arch. Dis.

Child 1977; 52: 925-31.

6 Uehara S. Fundamental studies on guidelines for diagnosis and
treatment of childhood pneumonia 1) Introduction: Nationwide
survey of causative organisms in childhood pneumonia by golden
standard. Jpn. J. Pediatr. Pulmonol. 2003; 14: 172-77 (in Japanese
with English abstract).

7 Kubo S, Funabashi S, Uehara S, Toba T, Muramatsu Y, Sanada K.
Clinical aspects of asthmatic bronchitis and chronic bronchitis in
infants and children. J. Asthma Res. 1978; 15: 99-132.

8 Uehara S. A method of bacteriological examination of washed
sputum in infants and children. Acta Pediatr. Jpn. 1988; 30: 253~
60.

9 Bucher U. Die Sputimuntersuchung bei unspezifischen
‘Krankheiten der tiefen Luftwege. Verlag Hans Huber, Bern und
Stuttgart, 1965 (in German).

10 Geckler RW, Gremillion DH, McAllister CK, Ellenbogen C.
Microscopic and bacteriological comparison of paired sputa and
transtracheal aspirates. J. Clin. Microbiol. 1977; 6: 396-9.

11 Takeda N, Kuroki H, Ishikawa N ef al. The usefulness of washed
sputum culture in children with lower respiratory infections. J. Jpn.
Pediatr. Soc. 1998; 102: 975-80 (in Japanese with English
abstract).

12 Adegbola RA, Obaro SK, Biney E, Greenwood BM. Evaluation of
Binax now Streptococcus pneumoniae urinary antigen test in chil-
dren in a community with a high carriage rate of pneumococcus.
Pediatr. Infect. Dis. J. 2001; 20: 718-19.

13 Baron EJ. (Coordinating editor). Cumitech (Cumulative Tech-
niques and Procedures in Clinical Microbiology) 1C: Blood Cul-
tures IV. ASM Press, Washington, DC, 2005.

14 Jacobs E. Serological diagnosis of Mycoplasma pneumoniae infec-
tions: A critical review of current procedures. Clin. Infect. Dis.
1993; 17 (Suppl. 1): S79-82.

15 Kishimoto T, Matsushima T, Morikawa T, Kawagoe K. Assay of
specific anti-Chlamydia pneumoniae antibodies by ELISA method.
3. Setting of serological criteria. J. Jpn. Assoc. Infect. Dis. 1999;
73: 457-66 (in Japanese with English abstract).

16 Numazaki Y, Oshima T, Ohmi A et al. A microplate method for
isolation of viruses from infants and children with acute respiratory
infections. Microbiol. Immunol. 1987; 31: 1085-95.

17 American Academy of Pediatrics. Group A streptococcal infec-
tions. In: Pickering LK, Baker CJ, Long SS (eds). Red Book: 2006
Report of the Committee on Infectious Diseases, 27th edn.
American Academy of Pediatrics, Elk Grove Village, IL, 2006;
610-20.

18 Peltola H. Haemophilus influenzae type b disease and vaccination
in Europe: Lessons learned. Pediatr. Infect. Dis. J. 1998; 17: S126~
32.

19 Cherry JD. Acute bronchitis. In: Feigin RD, Cherry JD, Demmler
GJ, Kaplan S (eds). Textbook of Pediatric Infectious Diseases, 5th
edn. W.B. Saunders, Philadelphia, PA, 2004; 266-9.

20 Hall CB, McBride JT. Bronchiolitis. In: Mandell G (ed). Principles
and Practice of Infectious Diseases. Churchill Livingstone, Phila-
delphia, 2005; 812-19.

21 Sasaki A, Suzuki H, Saito R et al. Prevalence of human metapneu-
movirus and influenza virus infections among Japanese children
during two successive winters. Pediatr. Infect. Dis. J. 2005; 24:
905-8.

W

© 2011 The Authors
Pediatrics International © 2011 Japan Pediatric Society



276 S Uehara et al.

22 Mclntosh K. Community-acquired pneumonia in children. N. Engl.
J. Med. 2002; 346: 429-37.

23 Ouchi K, Kanamoto Y, Ushio M. Prevalence of antibodies to
Chlamydia pneumoniae (strain TWAR) and other Chlamydia in
Japan. J. Jpn. Assoc. Infect. Dis. 1991; 65: 19~25 (in Japanese with
English abstract).

24 Kishimoto T. Studies on Chlamydia pneumoniae, strain TWAR,
infection 2. Seroepidemiology of TWAR on healthy controls and
patients with acute respiratory infections. J. Jpn. Assoc. Infect. Dis.
1990; 64: 986~93 (in Japanese with English abstract).

25 Grayston JT. Chlamydia pneumoniae (TWAR) infections in chil-
dren. Pediatr. Infect. Dis. J. 1994; 13: 675-84.

26 Ishiwada N, Kurosaki T, Toba T, Niimi H. Etiology of pediatric
inpatients with pneumonia-analysis of clinical symptoms, physical
examination and simple laboratory findings. J. Jpn. Assoc. Infect.
Dis. 1995; 69: 284-90 (in Japanese with English abstract).

27 Kurosaki T. Fundamental studies on guidelines for diagnosis and
treatment of childhood pneumonia, management of childhood
pneumonia. Jpn. J Pediatr. Pulmonol. 2003; 14: 198-204 (in Japa-
nese with English abstract).

28 Swischuk LE, Hayden CK Jr. Viral vs. bacterial pulmonary infec-
tions in children (is roentgenographic differentiation possible?).
Pediatr. Radiol. 1986; 16: 278-84.

29 Khamapirad T, Glezen WP. Clinical and radiographic assessment
of acute lower respiratory tract disease in infants and children.
Semin. Respir. Infect. 1987; 2: 130-44.

30 World Health Organization. Programme for the control of acute
respiratory infections: Technical bases for the WHO recommenda-
tions on the management of pneumonia in children at first-level
health facilities. WHO/AR1/91.20.

31 Heffelfinger JD, Dowell SF, Jorgensen JH et al. Management of
community-acquired pneumonia in the era of pneumococcal resis-
tance: A report from the Drug-Resistant Streptococcus pneumoniae
Therapeutic Working Group. Arch. Intern. Med. 2000; 160: 1399
408.

32 Kurosaki T. Bronchopulmonary infections caused by penicillin-
resistant Streptococcus pneumoniae — Problems in selection of
antimicrobials and anticipated vaccine therapy. Igaku no Ayumi
2004; 208: 19-22 (in Japanese).

33 NCCLS. Performance standards for antimicrobial susceptibility
testing; eleventh informational supplement. MIC interpretive

© 2011 The Authors
Pediatrics International © 2011 Japan Pediatric Society

standards (ug/mL) for Haemophilus spp. 2001; 21: 98-9, in
NCCLS document M100-S11.

34 Sudo F, Ishiwada N, Hoshino T et al. Clinical effects of piperacil-
lin and tazobactam/piperacillin on Haemophilus influenzae lower
respiratory tract infection in pediatric patients. J. Jpn. Assoc. Infect.
Dis. 2005; 79: 637-43 (in Japanese with English abstract).

35 American Academy of Pediatrics. Moraxella catarrhalis infection.
In: Abramson IS (ed). Red Book:2003 Report of the Committee on
Infectious Diseases. American Academy of Pediatrics, Elk Grove
Village, IL, 2003; 438-9.

36 Oshima H, Kurosaki T, Ota F, Tamai K, Uehara S, Niimi H.
Clinical studies on lower respiratory tract infections caused by
Moraxella catarrhalis in childhood. J. Jpn. Pediatr. Soc. 1998;
102: 23-8 (in Japanese with English abstract).

37 Ubukata K. Problems associated with high prevalence of
multidrug-resistant bacteria in patients with community-acquired
infections. J. Infect. Chemother. 2003; 9: 285-91.

38 Sakata H. Evaluation of antibiotic treatment of pneumonia pre-
sented in Guideline for Management of Respiratory Infectious
Diseases in Children in Japan 2004. Jpn. J. Pediatr. Pulmonol.
2006; 17: 24-30 (in Japanese with English abstract).

39 Fukasawa C, Ishiwada N, Nagai F eral. Assessment of clinical
usefulness of ‘Guidelines for Pediatrics Respiratory Infection
2004’; retrospective analysis of pediatric inpatient with pneumo-
nia. J. Jpn. Pediatr. Soc. 2006; 110: 1256-62 (in Japanese with
English abstract).

40 Hasui M, Kobayashi Y, Harada Y ez al. Clinical and bacteriologi-
cal studies of ceftriaxone (CTRX) once daily administration in
pediatric patients with respiratory tract infections. Jpn. J. Antibiot.
2001; 54: 53240 (in Japanese).

41 Ubukata K, Chiba N, Hasegawa K, Kobayashi R, Iwata S, Suna-
kawa K. Antibiotic susceptibility in relation to penicillin-binding
protein genes and serotype distribution of Streptococcus pneumo-
niae strains responsible for meningitis in Japan, 1999 to 2002.
Antimicrob. Agents Chemother. 2004; 48: 1488-94.

42 Morozumi M, Hasegawa K, Kobayashi R eral. Emergence of
macrolide-resistant Mycoplasma preumonige with a 23S TRNA
gene mutation. Antimicrob. Agents Chemother. 2005; 49: 2302-6.

43 Suzuki S, Yamazaki T, Narita M et al. Clinical evaluation of
macrolide-resistant Mycoplasma pneumoniae. Antimicrob. Agents
Chemother. 2006; 50: 709-12.



Evaluation of ELISA Kit for Detection of

Pertussis—associated IgG Antibodies

Kenji Okada
National Hospital Organization Fukuoka National Hospital

BES2 2 MES2 sl Vol 65 No. 4 2011

Japanese Journal of Medicine and Pharmaceutical Science (Jpn J Med Pharm Sci)

SRR

Tel 03-3234-4121



65 : 531

Evaluation of ELISA Kit for Detection of

Pertussis—associated IgG Antibodies

Kenji Okada
National Hospital Organization Fukuoka National Hospital

Abstract
We had an opportunity to test a kit manufactured by Denka Seiken Co. Ltd. that
measures anti-PT and anti-FHA antibodies (hereinafter referred to as “this product”)
and evaluate its fundamental performance. This product was an ELISA reagent with a 96~
well microplate and we found that it was versatile and easy-to-handle, and had a high
reproducibility of data. We also observed a high correlation of measured values between
an in vitro diagnostic using a bead-based ELISA test and this product.

Introduction

Although pertussis is a vaccine-preventable disease, it may become severe in some unvaccinated
infants. Meanwhile, if adults are infected, their symptoms are not always typical coughs and it is
difficult to diagnose. Furthermore, adult pertussis patients are sources of infection in unvaccinated
infants."™

In 1981, Japan lead the world in the introduction of diphtheria pertussis tetanus vaccine (DTaP)
including the acellular pertussis vaccine, which mainly consisted of PT (pertussis toxin) and FHA
(filamentous hemagglutinin), and the number of reported pertussis patients decreased significantly,
but in recent years, the number of adult pertussis patients has relatively increased.” It has been
considered that they replace DT routine vaccination of period II with DTaP to discourage this
tendency.® IgG antibodies against PT and FHA must be measured to evaluate the vaccine effect,
and these have been used to diagnose pertussis.”® In regards to the measurement of serum
antibodies, although the measurement of agglutination titers by bacterial aggregation is more
widespread in routine clinical practice in Japan, care should be taken in the interpretation of most
agglutinin titers because some of the DTaP vaccines include agglutinin®. It has been difficult to
compare data of agglutination titers with that of Western countries because the ELISA test is
usually used to measure anti-PT antibodies in the West.

In this study, we tested a kit manufactured by Denka Seiken Co., Ltd. that measures anti-PT and
anti-FHA antibodies and evaluated its fundamental performance.

I. Materials and Methods

1. Measurement Kit
The reagents used in this study were included in an ELISA kit newly developed by Denka Seiken

Key words : Pertussis kit, pertussis toxin (PT), filamentous hemagglutinin (FHA)
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Co., Ltd. that measures serum anti-PT and anti-FHA IgG antibodies. This product consisted of the
following reagents : O A PT immobilized plate, a freeze~dried plate, @ A FHA immobilized plate, a
freeze—dried plate, @ Buffer solution, liquid form, ® Enzyme-labeled antibodies (for PT)z liquid
form, ® Enzyme-labeled antibodies (for FHA), liquid form, ® Substrate solution, liquid form, @
Concentrated washing solution, liquid form, ® Stop solution, liquid form

2. Measurement Principle and Procedure for this product

The measurement principle for this product is a general ELISA test. The following is the practical
procedure provided by Denka Seiken Co., Ltd.

< Preparation of Reagents >

Dilute the concentrated washing solution ten times with purified water depending on the number
of samples, and use as a washing solution. Other reagents should be used without dilution.

< Preparation of Pre~diluted Samples>

Add 2 mL of buffer solution into some small test tubes according to the number of samples. Then
distribute 10 pL. of each sample into each test tube and mix well. Use these solutions as pre-diluted
samples. :

<Procedure >

Use control for PT or FHA provided separately to prepare a calibration curve. Pull out PT or FHA
immobilized plates from aluminum bags according to the number of samples and set in the plate
holder. Prepare a well for each blank, pre-diluted sample and each antibody titer (0, 5, 10, 20, 40, 80
and 160 EU/mL) of the control for PT or FHA. ‘

<Step 1 (The Primary Reaction) > Instillations of Pre—-diluted Samples and Controls

1) Add 100 L of corresponding control or pre-diluted sample to PT or FHA immobilized plates
in a certain order and at regular intervals. No sample or control should be added to the wells of the
blank.

2) Mix for a few seconds with a microplate mixer. Cover with plastic wrap, etc., and make them
stand still for 1 hour at 20-30C.

<Step 2 (The Secondary Reaction) > Instillations of Solutions of Enzyme-labeled Antibodies

1) Remove the reaction solution in each well by aspiration in the same order and at the same
intervals as in <Step 1>.

2) Add approximately 200 pL of washing solution to each well and mix for a few seconds with a
microplate mixer. Remove the solution again by aspiration. Repeat these washing procedures twice
more. Flip the plates upside down and beat them on some clean paper towels to remove the residual
washing solution completely.

3) Add 100 gL of solutions of enzyme-labeled antibodies (for PT or for FHA) to each well in the
same order and at the same intervals as in <Step 1> and mix for a few seconds with a microplate
mixer. Cover with plastic wrap, etc.,, and make them stand still for 1 hour at 20-30C. No solutions of
enzyme-labeled antibodies should be added to the wells of the blank.

. <Step 3 (Enzyme Reaction) > Instillations of Substrate Solution

1) Remove the reaction solution in each well by aspiration in the same order and at the same
intervals as in <Step 1>.

2) Add approximately 200 yL of washing solution to each well and mix for a few seconds with a
microplate mixer. Remove the solution again by aspiration. Repeat these washing procedures four

“more times. Flip the plates upside down and beat them on some clean paper towels to remove the
residual washing solution completely.

3) Add 100 uL of substrate solution to each well in the same order and at the same intervals as in
<Step 1> and mix for a few seconds with a microplate mixer. Cover with plastic wrap, etc, and
make them stand still for 1 hour at 20-30C under protection from light. In addition, add 100 zL of
the substrate solution to the wells of the blank.
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<Step 4> Instillations of Stop Solution and Measurement

1) Add 100 L of stop solution to each well in the same order and at the same intervals as in <
Step 1>>. In addition, add 100 «L of the stop solution to the wells of the blank.

2) Measure with an automatic reader (dominant wavelength : 450 nm, reference wavelengths :
600~700 nm) within 30 minutes using the well of the blank as a control. '

<Evaluation of Measurement Results>

1) Subtract the absorbance of the blank from that of each control.

2) Confirm that each value obtained by subtracting the absorbance of the blank from that of 10
EU/mL of antibody titer in each control is within 0. 15-0. 60.

3) Define the value obtained by subtracting the absorbance of the blank from that of sample as

a.
4) Plot antibody titers (EU) of each control on the horizontal axis and values obtained in 1) on
the vertical axis to prepare calibration curves.

5) Based on these calibration curves, calculate the antibody titer corresponding to the
absorbance of each sample (a) and display. The obtained values should be rounded down to whole
numbers.

3. Serum Sample

We used serum samples from 158 patients who had visited National Hospital Organization
Fukuoka National Hospital from 2005 to 2010 and had been suspected of pertussis infection.

4. Standard Substance

We dissolved the standard serum JNTH-10 (PT : 250 EU/vial, FHA : 400 EU/vial) obtained from
the National Institute of Infectious Diseases in Japan into 1 mL of purified water and used this as a
standard substance.

5. International Standard Serum
We dissolved the international standard serum 06/140 (PT : 335 IU/vial, FHA : 130 IU/vial)
obtained from the National Institute for Biological Standards and Control (NIBSC, U.K.) into 1 mL

of purified water and used this as an international standard serum.

6. Measurement of Serum Samples, the Standard Substance and the International Standard

Serum

We measured a twofold dilution series of the standard substance JNIH-10 in accordance with the
above procedure and evaluated the range of absorbance and the effects by dilution. We then
measured a dilution series of the international standard serum 06/140 as well and compared it with
the results in JNTH-10 to evaluate the correlation between the standard unit in Japan (EU) and the
international standard unit (IU).

All the serum samples were evaluated by JNTH-10. Antibody titers (EU/mL) were calculated
using calibration curves prepared by controls for PT or FHA provided separately.

7. Evaluation of Changes in Measured Values by Repeated Measurement of the Same

Sample

We measured two samples of known anti-PT and FHA antibody titers, a total of four samples, four
times and calculated the coefficient of variation (CV, %) to evaluate within-run reproducibility of
this product. We used two types of samples of known antibody titers, 20 and 80 EU/mL.

8. Correlativity with the Contrel Product

We used Reagent Wako for Measurement of Pertussis Bacteria Antibody Titer (Wako Pure
Chemical Industries, Ltd.) as a control product and evaluated correlativity with this product. Since
the measurement range of this product was 1~160 EU/mL and that of the control product was 1~
100 EU/mL, if the antibody titer of the sample showed as out of the range for both or either of them,
the sample was excluded. We calculated the slopes of regression lines and correlation coefficients for
137 samples of anti-PT antibody titers and 145 samples of anti-FHA antibody titers.

9)10)
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Fig.2 Comparison between the standard unit in Japan (EU) and the international unit (IU)

II. Results

1. Changes of Absorbance in a Dilution Series of JNIH-10

We prepared a twofold dilution series of JNIH-10 and measured absorbance in accordance with
the above procedure (Fig.1). As a result, the absorbance obtained from the pre-diluted sample of
the undiluted solution of JNIH-10 (diluted to 201-fold with the buffer solution) showed around 20D
in both anti~PT and FHA antibodies. In the lots of reagents shown in Fig. 1, the absorbance of anti-
PT antibodies was usually slightly higher than that of anti-FHA antibodies in the same EU values,
but their absorbance was considered to be practically equivalent. It can be considered that increases
of absorbance of anti-PT and anti-FHA antibodies slow down as increases of antibody titers and the
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Table 1 Simultaneous reproducibility

PT 1 1.3 2.9 2.1
(20 EU/mL) 2 3.6 2.7 4.1
3 2.8 2.0 5.5
PT 1 4.5 3.9 1.0
(80 EU/mL) 2 2.6 3.9 3.2
-3 2.4 0.5 1.9
FHA 1 2.2 2.1 2.9
(20 EU/mL) 2 2.4 L1 L4
3 2.0 2.7 2.4
FHA 1 2.0 2.4 2.9
(80 EU/mL) 2 0.9 1.9 1.5
3 2.5 1.2 1.3
Anti-PT antibody titers Anti~FHA antibody titers
1204 - 120 7
PT FHA ®
n=137 n =145
y = 0.96x + 1.42 y = 0.96x + 2.13 ®
r=0.95 r=0.93 @
5 ® k3]
3 ]
= S
(o] O
3 601 &
= B~
0 1 |
0 60 120 120
The control product The control product

Fig.3 Correlation with the control product

dilution curves reach plateau. This is a common phenomenon in the plate ELISA test.

2. Comparison between the Standard Unit in Japan (EU) and the International Unit (I1U)

We simultaneously measured (seven times per lot) the dilution series of JNIH-10 (Fig. 2, x—axis)
and the international standard serum 06/140 (Fig. 2, y-axis) using this product to compare them.
The results showed a good correlation, y=0. 77x (r=0. 996) in PT and y=0. 79x (r=0. 999) in FHA.

3. 'Evaluation of Changes in Measurement Values by Repeated Measurement of the Same

Sample

As shown in Table 1, the coefficient of variation (CV, %) obtained with a four-time measurement
of two types of samples with known antibody titers were 0. 5~5. 5% in anti~PT antibody titers and
0.9~2.9% in anti-FHA antibody titers. These results showed a good reproducibility in all evaluated
lots of reagents.
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4. Correlation with the Control Product
As shown in Fig. 3, the linear regression formula of PT (n=137) wasy=0.96x+1.42 (r=0.95)
and that of FHA (n=145) was y=0. 96x+2. 13 (r=0. 93), and both of them showed high correlations.

II. Discussion

Since this product adopts a general 96-well microplate, it is considered to have good versatility
and can easily conform to automation in sites such as testing centers, which treat many samples.
From the results of fundamental performance in this study, this product is a stable reagent with a
good reproducibility and is expected to enable the comparison of data with that by Reagent Wako
ELISA test due to a high correlation with that test, which is currently the only reagent used to
measure anti-PT and anti-FHA antibodies in Japan. Furthermore, this product is also considered to
allow the possibility of comparing data with anti-PT antibody titers obtained in IU in other
countries™?. We believe that this product can be widely used in support of clinical diagnosis of
pertussis, as well as in the evaluation of vaccine effects, epidemiological studies and for other
purposes.

However, the results of this study were insufficient to calculate a conversion factor between EU
and IU. The purities of antigens, purification methods, strains, compositions of buffer solutions, etc.,
used in the test differ for every manufacturer of reagents, which affects the reactivity of reference
and standard substances. Since serum antibodies are polyclonal, the composition rates of recognition
epitopes may differ in every serum. In view of the fact that a certain tendency is expected to be
present in the products by the same manufacturer, we estimated that the IU value was
approximately 70-80% of the EU value in this product.
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