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The purpose of this study is to clarify the incidence of
bacterial coinfection associated with RSV bronchopulmo-
nary infection in pediatric inpatients using washed sputum
culture.

Materials and methods

Subjects were 188 pediatric inpatients aged 0 month to
5 years having RSV bronchopulmonary infection including
bronchitis, bronchiolitis, and pneumonia in two hospitals in
Chiba Prefecture between September 2005 and March
2007. On admission, after informed consent was obtained
from the child’s parents or guardians, nasopharyngeal
aspirate and sputum were obtained. Nasopharyngeal aspi-
rates were tested by BD RSV Examan (Becton-Dickinson,
Fukushima, Japan) to detect RSV infection. Washed spu-
tum bacterial culture was performed to detect bacterial
infection.

Clinical diagnoses such as bronchitis, bronchiolitis, or
pneumonia were made by the pediatricians in charge.
Underlying conditions such as bronchial asthma or con-
genial heart disease were also evaluated by the
pediatricians.

To obtain good-quality sputum samples from children,
we typically use a tongue depressor with a light to depress
the tongue and induce the cough reflex, then pick out
sputum with a swab or aspirate sputum with a 1-ml dis-
posable syringe. Within a few hours of sampling, the
sample was alternatively washed three times in sterilized
saline solution to remove contaminating bacteria from the
saliva and upper respiratory tract. Small samples of washed
sputum were cultured in sheep blood agar medium and
horse blood chocolate agar medium.

Antimicrobial susceptibility tests were performed on
isolated pathogenic bacteria using the micro-broth dilution
method according to the recommendations of the Clinical
and Laboratory Standards Institute (CLSI). Antimicrobial
susceptibility of Haemophilus influenzae was determined
by assessing minimum inhibitory concentration (MIC) to
ampicillin (ABPC), and all H. influenzae strains were tes-
ted for f-lactamase production using nitrocefin-impreg-
nated disks. Strains with ABPC-MIC values >2 pg/ml
were considered to be ABPC resistant and those that did
not produce f-lactamase and gave ABPC-MIC values
>2 pg/ml were considered to be f-lactamase-nonproduc-
ing ABPC-resistant (BLNAR) strains. Strains with ABPC-
MIC values of 2 pg/ml were considered to be ABPC
intermediate sensitive (BLNAI) strains.

Antimicrobial susceptibility of Streptococcus pneumo-
niae was determined by MIC to penicillin G (PcG). Strains
with PcG-MIC values of 4 pg/ml were considered to be
penicillin intermediate resistant (PISP) strains and strains
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Fig. 1 Age distribution and underlying condition of pediatric inpa-
tients with respiratory syncytial virus (RS8V) bronchopulmonary
infection. M months

with PcG-MIC values >4 pg/ml were considered to be
penicillin-resistant (PRSP) strains.

Results

Figure 1 shows the age distribution and underlying con-
dition of pediatric inpatients with RSV bronchopulmonary
infection. Of the 188 inpatients with RSV bronchopulmo-
nary infection, median age was 11 months (interquartile
range, 4-21); 95 (50.5%) patients were aged less than
1 year, 57 (30.3%) were aged 1-2 years, and 36 (19.1%)
were aged 2 years or more. Although all patients were
admitted for respiratory disease, 29.3% (55/188) had
underlying disease. Thirty-six patients (19.1%) exhibited
bronchial asthma attacks. Overall, 28.7% (54/188) received
oral antibiotics before admission to the hospital, most often
amoxicillin and macrolide.

Pathogenic bacteria were isolated from 43.6% of the
patients. The three most frequently isolated bacteria were
H. influenzae (43.9%), S. pneumoniae (36.6%), and Mor-
axella catarrhalis (29.3%) (Table 1). Figure 2 shows the
antimicrobial susceptibility of H. influenzae isolated from
pediatric patients with RSV infection. We found that
472% of H. influenzae strains were f-lactamase-nonpro-
ducing ABPC-sensitive strains, whereas 38.9% were
BLNAR strains. All S. pneumoniae strains were PcG
sensitive, but 21.9% showed PcG-MIC values of 2 pg/ml.

Discussion

RSV is the most important viral cause of lower respiratory
infection in infants and young children throughout the
world. Many advocate against the routine use of antibiotics
in bronchiolitis because of the reported low incidence of
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Table 1 Washed sputum culture result for 188 children with respi-
ratory syncytial virus (RSV) bronchopulmonary infection

Dominantly isolated bacteria Number of cases

Hi 28

Sp 24

Mc 18
Multiple bacteria 10

(Hi + Mc, Hi + Sp, Sp + MC) 4, 4,2

Others 2

No pathogenic bacteria 106
Total 188

Hi, Haemophilus influenzae; Sp,
Mec, Moraxella catarrhalis

Streptococcus  pneumoniae;

DBLNAS
BLNAI

BBINAR
#EBLPAR

5.6%

BINAS : B-lactamase non-producing ampicillin sensitive H.influenzae (ABPC MIC $1)

i

BLNAIL @ §-lactamase non-proditcing ampicillin i itibe H.infl (ABPC MIC=2)
BLNAR : 3-lactamase non-producing ampicillin resistant H.influenzae (ABPC MIC 24)
BLPAR { §3-1 producing ampicillin resi H.infl

Fig. 2 Antimicrobial susceptibility of Haemophilus influenzae
isolated from pediatric patients with RSV infection (n = 36)

concurrent or secondary bacterial infections in patients
with RSV [12-17]. However, these studies focused on
extrapulmonary bacterial coinfection, such as bacteremia
and urinary tract infection. Some retrospective studies
investigated the occurrence of bacterial coinfection in
children with severe RSV infection requiring PICU
admission and found the incidence of pulmonary bacterial
coinfection to vary between 17.5 and 44% [4-6]. In these
studies, the diagnostic yields of bacterial coinfection were
obtained by bronchotracheal lavage. However, the inci-
dence of bacterial coinfection with RSV bronchopulmo-
nary infection in pediatric inpatients not requiring PICU
admission and the prevalence of antimicrobial-resistant
pathogenic bacteria isolated from these patients are
unclear.

Physiologically, the lower airways are normally sterile.
Nevertheless, the relationship between bacterial coinfec-
tion and viral respiratory disease has previously been rec-
ognized, having an escalating incidence with increasing
severity of respiratory illness. The dilemma in young
children with bronchopulmonary infection is that sensitive
and specific laboratory methods for the detection of

bacterial infections have not been established. Pathogenic
bacteria can seldom be cultured from the blood, and
invasive procedures such as lung puncture are not benefi-
cial and are not used in clinical practice. Measurement of
antibody responses to these bacteria offers a noninvasive
approach. Several studies have shown that 30-70% of
children with pneumonia develop IgG antibodies against
these bacteria, and measurement of specific antibody
responses has been used in research [18-21]. However,
very few patients with viral upper respiratory tract infec-
tion develop serological responses to bacteria [22, 23],
suggesting that respiratory viral infections do not provide
nonspecific immune stimulation.

Conventionally, physicians and bacteriologists have
accepted that microbiological examination of expectorated
sputum should be performed to identify the bacterial
pathogens in bronchopulmonary infections. Few studies
have been carried out to evaluate the usefulness of sputum
culture in the bacteriological diagnosis of pediatric patients
with bronchopulmonary infection, as the collection of
satisfactorily expectorated sputum samples in children is
more difficult than in aduits [8, 9, 11]. However, most
pediatric inpatients with RSV bronchopulmonary infec-
tions had productive cough. Therefore, sputum can easily
be obtained from children with RSV infection, irrespective
of age. In this study, we clarified the etiology of bacterial
coinfection associated with RSV bronchopulmonary
infection in children using washed sputum culture, which is
a useful means for improving sputum microbiological
examinations. Pathogenic bacteria were isolated from
43.6% of the patients, which suggests that RSV broncho-
pulmonary infection in hospitalized children is often
associated with bacterial infection in the lower airway.
H. influenzae, S. pneumoniae, and M. catarrhalis are the
most common causes of bacterial respiratory tract infec-
tions in children. We found that 38.9% of H. influenzae
strains were BLNAR. In Japan, the frequency of BLNAR
strains causing respiratory infections has been increasing
substantially, and this can diminish the antibiotic efficacy
of both ampicillin and some cephems [24]. Our results
indicate that suitable antibiotic selection is crucial for the
treatment of bacterial coinfection with RSV bronchopul-
monary infection.

The mechanisms by which RSV predisposes individuals
to secondary bacterial infections are not completely
understood. Some researchers recently reported that RSV
infection increases the numbers of non-typeable H. influ-
enzae and S. pneumoniae adhering to human respiratory
epithelial cells in vitro and non-typeable H. influenzae and
S. pneumoniae have been isolated more commonly and in
larger numbers from patients with antecedent RSV infec-
tions than from patients without RSV infection, thus sug-
gesting that viral infection increases bacterial colonization
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[25-27]. RSV infection of respiratory epithelial cells pro-
motes colonization by these bacteria. Secondary bacterial
infection is an important risk factor for hospitalization with
RSV infection. Strategies to prevent bacterial—RSV
interaction in the lower respiratory tract may reduce the
incidence of secondary bacterial complications of RSV
infection.

We are aware of the limitations of our study. First,
specific methods such as viral culture or real-time poly-
merase chain reaction (PCR) to detect viral RNA should be
done instead of using conventional kits for detection of
RSV to diagnose RSV infection. Second, not all the cases
that yielded pathogenic bacteria did not require antibiotic
treatment during RSV infection in this study (data not
shown), so it is difficult to know which cases actually need
antibiotics. We could say that the physician in charge
should decide antibiotics use according to clinical findings,
course, and washed sputum culture result. Further study
will be needed to clarify the indication of antibiotic use
during RSV infection,

In conclusion, nearly half of the pediatric inpatients with
RSV bronchopulmonary infection showed secondary bac-
terial infection. The most common bacterial respiratory
pathogens associated with RSV bronchopulmonary infec-
tion in children were BLNAR H. influenzae and S. pneu-
moniae. Therefore, we should pay attention to bacterial
coinfection in the management of pediatric inpatients with
RSV bronchopulmonary infection.
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Clinical analysis of pediatric bacterial bronchopulmonary infection in which
B-lactam~resistant strains were isolated from sputum
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Katsuaki ABE”, Jiro Aizawa®, Nobuyasu Istikawa®, Yoshiko Honpa?,
Junko Tanaka?, Haruka Hismikr?, Yoichi Kono?

1) Division of Infectious Diseases, Chiba Children’s Hospital

2) Department of Pediatrics, Chiba University Graduate School of Medicine
3) Department of Pediatrics, Chiba Municipal Kaihin Hospital

4) Department of Pediatrics, Chiba Municipal Aoba Hospital

We retrospectively analyzed 289 cases of pediatric bacterial bronchitis/pneumonia to make
clear the risk factor of §-lactamase-non-producing ampicillin-resistant Haemophilus tnfluen-
zae, (3 -lactamase-producing amoxicillin-clavulanic acid-resistant H. influenzae and penicil-
lin—resistant Streptococcus pneumoniae infection. Correlation between the rate of B8 -lactam-—
resistant strain and five factors ; 1) severity of pneumonia classified by scoring system pre-
sented in guideline for management of respiratory infectious disease in children in Japan
2007, 2) duration of fever and cough, 3) premedication of antibiotics, 4) complication of otitis
media and 5) group nursing, were evaluated. Statistical analysis revealed a high rate of resis-
tant strain in the patients with premedication or otitis media. However, in these patients, the
resistance rate was only about 50%. Hence, it seemed to be difficult to select the patient
infected with a resistant strain by such factors. Results of this study indicate the significance
of identification of causative bacteria for prompt usage of antimicrobial agents.

(Zft:20015E 4 H25H, FH: 201146 H13A)
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