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Abstract  
We investigated the nasopharyngeal microbiota in preschool patients hospitalized with lower respi-
ratory tract infection to clarify the relationships between culturable nasopharyngeal bacteria and 
prognosis. From 2016 to 2018, nasopharyngeal culture was performed on inpatients under 6 years 
of age with a lower respiratory tract infection. Among the 1,056 study patients, 1,046 provided na-
sopharyngeal samples that yielded positive cultures, yielding 1,676 isolated strains. Streptococcus 
pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis, were isolated in 25%, 27%, and 31% 
of the samples, respectively, and were the major causes of respiratory tract infection in these chil-
dren. The only factor associated with the isolation of antibiotic-resistant strains from the nasophar-
ynx was daycare attendance, which did not affect clinical severity, such as duration of fever and hos-
pitalization. This study demonstrated that resistant bacteria in the nasopharynx did not affect the 
severity of lower respiratory tract infection and supports the use of narrow-spectrum antimicrobial 
agents in accordance with published guidelines when initiating therapy for pediatric patients with 
community-acquired pneumonia. 
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Introduction

Lower respiratory tract infection in children is 
often preceded by a viral upper respiratory tract in-
fection which is accompanied by respiratory epithe-
lium injury, swelling-related airway obstruction, ab-
normal secretions, and cell debris, because upper 
respiratory tract infections may spread along the air-
ways1). The disturbance of normal host defense 
mechanisms and modification of host bacterial flora 
predisposes affected individuals to secondary bacte-
rial infection1). The nasopharyngeal microbiota 
may be involved in the onset and/or progression of 

lower respiratory tract infections through the mech-
anisms described above ; nevertheless, it is difficult 
to evaluate the relationship between the nasopha-
ryngeal microbiota and the causal bacteria of lower 
respiratory tract infections2,3). Washed sputum cul-
ture collection is standard procedure for diagnosis of 
non-intubated children. However, it is difficult to 
collect sputum in infants and young children ;  
nasopharyngeal swab sample collection is therefore 
considered non-invasive and clinically relevant.

In the nasopharynges of children with upper or 
lower respiratory tract infections, Streptococcus 
pneumoniae, Haemophilus influenzae, and Moraxella 
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catarrhalis are often detected4,5). S. pneumoniae 
and H. influenzae are becoming increasingly resis-
tant to penicillin and amoxicillin4), and the growing 
likelihood of antibiotic-resistant bacteria must be 
considered in general clinical practice. 

Here, we retrospectively analyzed the medical 
records of patients under 6 years of age who had 
been hospitalized and treated for lower respiratory 
tract infection during the period from 2016 to 
2018. We performed nasopharyngeal culture at ad-
mission in all patients to examined their bacterial 
carriage statuses. We also compared the clinical 
backgrounds of the children from whom any of the 
three major causative bacteria (S. pneumoniae, H. 
influenzae, and M. catarrhalis) and their resistant 
strains, or other antibiotic-resistant bacteria were 
isolated, then evaluated the effects of these patho-
gens on the patient clinical course.

Materials and methods

Study design
Participants in this study were children under 6 

years of age who had been admitted to the Depart-
ment of Pediatrics, Soma General Hospital, with a 
diagnosis of lower respiratory tract infection during 
the period from January 2016 to December 2018.  
Their medical records, including their nasopharyn-
geal bacterial culture results, were retrospectively 
evaluated. Bronchitis, bronchopneumonia, and 
bronchiolitis, all diagnosed based on physical find-
ings and chest X-ray examination results, were re-
garded as lower respiratory tract infection. Only 
patients treated at our hospital were included in the 
study ; children who required ventilatory manage-
ment (involving transfer to a tertiary hospital) were 
excluded. The study protocol was approved by the 
Ethics Committee of Soma General Hospital on De-
cember 29, 2017. A document was posted in the 
hospital describing the details of the study and stat-
ing that patients and their families could opt out of 
the study if they wished.

Specimen collection and detection

Nasopharyngeal swabs were obtained by trained 
staff from all patients immediately upon admis-
sion. Aerobic culture was performed using blood 
agar medium and mannitol salt medium ; 5%-6% 
carbon dioxide gas cultures were performed using 
chocolate medium. Drug susceptibility analysis 
was performed by using a microliquid dilution meth-

od with a microscan panel (Beckman Coulter, Brea, 
CA, USA) that complied with the 2012 criteria of the 
Clinical and Laboratory Standards Institute. In ac-
cordance with these criteria, S. pneumoniae with a 
minimum inhibitory concentration (MIC) for penicil-
lin of ≤0.06 µg/ml, 0.12-1.0 µg/ml, or ≥2.0 µg/ml 
was defined as penicillin-susceptible S. pneumoniae 
(PSSP), penicillin-intermediately resistant S. pneu-
moniae (PISP), or penicillin-resistant S. pneumoniae 
(PRSP). H. influenzae was categorized in accor-
dance with the combined results of a β-lactamase 
production test and the MIC for ampicillin (ABPC).  
β-lactamase-nonproducing, ABPC-susceptible H. in-
fluenzae (BLNAS) isolates had an ABPC MIC of 
<4 µg/ml ; β-lactamase-nonproducing, ABPC-resis-
tant H. influenzae (BLNAR) isolates had an ABPC 
MIC of ≥4 µg/ml ; and β-lactamase producing, AB-
PC-resistant H. influenzae (BLPAR) isolates had an 
ABPC MIC of ≥4 µg/ml. S. aureus with an MIC of 
≥4 µg/ml for oxacillin was defined as methicillin-re-
sistant S. aureus (MRSA).

Clinical background of patients

For each patient, the following clinical back-
ground information was obtained from medical 
records : age, sex, presence of cohabiting siblings, 
daycare use, underlying diseases (e.g., preterm 
birth/low birthweight, congenital heart disease, con-
genital abnormalities, or chromosomal abnormali-
ties), and history of vaccination with the H. influen-
zae type b (Hib) vaccine and pneumococcal vaccine 
(PCV7/PCV13). Information concerning the use of 
antibacterial drugs at other clinics or at our hospital 
until immediately before admission was also collect-
ed from medical records. For each patient, the fol-
lowing clinical information was obtained : leukocyte 
count and C-reactive protein (CRP) value from a 
blood test at admission ; length of hospital stay ;  
period of post-hospitalization fever ; and adminis-
tration of antibacterial drugs, oxygen, and/or hydro-
cortisone during hospitalization. 

Statistical analysis

Statistical analysis was conducted to ascertain 
the relationships between isolation of any of the 
three major causative bacteria or antibiotic-resistant 
bacteria and clinical characteristics (i.e., clinical 
background and course factors). Univariate analy-
ses were performed using the chi-square test (for 
categorical variables) or the Mann-Whitney U test 
(for continuous variables). Logistic regression 
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analysis was performed for multivariate analysis ;  
each factor with a p-value of <0.05 in univariate 
analysis was used in the multivariate analysis. Re-
sults with a p-value of <0.05 were considered statis-
tically significant. SPSS Statistics (version 
25.0 ; SPSS, Inc., Chicago, IL, USA) was used for 
statistical analysis.

Results

Bacteria isolated from the nasopharynx

In total, 1,056 children under 6 years of age 
were hospitalized for lower respiratory tract infec-
tion between 2016 and 2018. Among the 1,056 pa-
tients, 1,046 provided samples that yielded positive 
nasopharyngeal cultures. Because multiple strains 
of bacteria were isolated from some patients, 1,676 
total strains of bacteria were isolated (Fig. 1). S. 
pneumoniae comprised 401 (25%) of the isolated 

strains, of which 226 (14%) were PSSP, 125 (8%) 
were PISP, and 50 (3%) were PRSP. Similarly, H. 
influenzae comprised 463 (27%) of the isolated 
strains, of which 291 (17%) were BLNAS, 123 (7%) 
were BLNAR, and 49 (3%) were BLPAR. M. ca-
tarrhalis accounted for 525 (31%) of the isolated 
strains, methicillin-sensitive S. aureus comprised 
105 (6%) strains, MRSA comprised 35 (2%) strains, 
and resident and other bacteria comprised 147(9%) 
strains.

Clinical background of patients from whom one of the 
three major causative pathogens were isolated

At least one of the three major causative patho-
gens was isolated from 874 children ; the clinical 
backgrounds and clinical courses of these children 
are described below. The median age was 14 
months ; of the 874 children, 52% were boys, 75% 
had cohabiting siblings, 63% used daycare, 12% had 
underlying diseases, 84% had received three or 
more doses of Hib and PCV7/PCV13 vaccine, and 
20% had received antibacterial drugs before admis-
sion. The median duration of hospitalization was 5 
days and the median duration of post-hospitalization 
fever was 1 day ; moreover, 76% of children used 
antibacterial drugs during hospitalization, 1% of chil-
dren received oxygen, and 5% of children received 
hydrocortisone.

Analysis of clinical background and course factors ac-
cording to isolation of antibiotic-resistant bacteria

Of the 874 patients from whom at least one of 
the three major causative pathogens was isolated, 
antibiotic-resistant bacteria (PISP, PRSP, BLNAR, or 
BLPAR) were  iso la ted  f rom 328 pat ients ;  
antibiotic-resistant bacteria were not isolated from 
546 patients (Table 1). Univariate analyses re-
vealed that the patients from whom antibiotic-resis-
tant bacteria were isolated were more likely to use 
daycare and had higher CRP values at admission, 
compared with patients from whom antibiotic-resis-
tant bacteria were not isolated. A history of three 
or more Hib and PCV7/PCV13 vaccinations also 
tended to be associated with increased isolation of 
resistant bacteria, although this difference was not 
statistically significant. In the multivariate analy-
sis, daycare use was the only significant predictor 
for isolation of antibiotic-resistant bacteria.

Fig. 1. Breakdown of bacterial species and strains 
isolated from the nasopharynx of study partici-
pants.

 Pie chart of the proportions of bacterial species 
and strains isolated from the nasopharynges of pa-
tients under 6 years of age who were hospitalized 
for lower respiratory tract infection from 2016 to 
2018. No strains were isolated from 10 pa-
tients ; 1,676 strains were isolated from the re-
maining 1,046 patients. Eighty-three percent of 
the bacteria isolated from the nasopharynx were 
one of the three major causative agents. 

 PSSP : penicillin-susceptible Streptococcus 
pneumoniae ; PISP : penicillin-intermediately re-
sistant S. pneumoniae ; PRSP : penicillin-resis-
tant S. pneumoniae ; BLNAS : β-lactamase-

nonproducing, ampicillin-susceptible Haemophilus 
influenzae ; BLNAR : β-lactamase-nonproducing, 
ampicillin-resistant H. influenzae ; BLPAR : β-
lactamase-producing, ampicillin-resistant H. 
influenzae ; MSSA :  methicillin-sensitive Staphy-
lococcus aureus ; MRSA : methicillin-resistant S. 
aureus
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Discussion

We investigated the nasopharyngeal culture on 
admission in children with lower respiratory tract 
infection and found that 99% (1,046 of 1,056) of 
these children had positive bacterial culture results ;  
either S. pneumoniae, H. influenzae, or M. catarrha-
lis was isolated from 83% (874 of 1,046) of them.

Definitive methods for diagnosing the causative 
bacteria of pneumonia include isolation of bacteria 
from blood, pleural effusion, or lung puncture ;  
however, these invasive methods were hardly suit-
able for the children in this study. In practice, 
transtracheal aspirations are routinely collected from 
intubated children and sputum from the pharynx is 
collected from non-intubated children for washed 

Table 1.  Factors associated with patients’ background and clinical course : PSSP, BLNAS, or M. catarrhalis isolates vs 
PISP, PRSP, BLNAR, or BLPAR isolates 

Univariate analysis Multivariate analysis

PSSP, BLNAS or  
M. catarrhalis isolates 

(n = 546)

PISP, PRSP, BLNAR, 
or BLPAR isolates  

(n = 328)
p Odds 

ratio

95%  
confidence 

interval
p

C
linical backgrounds

Age (months) 14 (1-71) 13 (0-71) 0.378

Sex : male 264 (52) 152 (54) 0.576

Cohabitation with siblings 393 (72) 246 (75) 0.345

Daycare use 345 (63) 237 (72) 0.005* 1.461 1.075-1.987 0.016*

Underlying diseases 68 (12) 35 (11) 0.450

History of Hib and pneumococcal vac-
cine ≥3 times 447 (82) 285 (87) 0.058 1.298 0.870-1.936 0.202

History of Hib and pneumococcal vac-
cine ≥1 times 509 (93) 315 (96) 0.098

Antibacterial drugs use before admis-
sion 102 (19) 74 (23) 0.191

Cephem use before admission 33 (6) 25 (8) 0.400

Penicillin use before admission 36 (7) 20 (6) 0.887

Macrolide use before admission 22 (2) 18 (5) 0.321

Quinolone use before admission 11 (2) 11 (3) 0.266

C
linical course

Days in hospital 5 (2-15) 5 (3-10) 0.750

Days with fever after hospitalization 1 (0-14) 1 (0-6) 0.717

Leukocyte count at admission (cells/μl) 11,000 (1,300-37,500) 11,550 (3,000-29,100) 0.201

C-reactive protein value at admission 
(mg/dl) 1.14 (0.04-24.11) 1.52 (0.04-19.18) 0.040* 1.019 0.971-1.069 0.442

Antibacterial drug use during hospital-
ization 414 (76) 246 (75) 0.808

Oxygen use during hospitalization 7 (1) 5 (2) 0.771

Hydrocortisone use during hospitaliza-
tion 26 (5) 20 (6) 0.435

The chi-square test was used to compare categorical variables, shown as n (%) ; the Mann-Whitney U test was used to 
compare continuous variables, shown as median (range).
Logistic regression analysis was performed for the multivariate analysis ; each factor with a p value of <0.05 was used as 
an independent factor for the univariate analysis.
*Statistically significant values.
Hib : Haemophilus influenzae type b vaccine ; pneumococcal vaccine : pneumococcal conjugate vaccines 7 and 
13 ; PSSP : penicillin-susceptible Streptococcus pneumoniae ; PISP : penicillin-intermediately resistant Streptococcus 
pneumoniae ; PRSP : penicillin-resistant Streptococcus pneumoniae ; BLNAS : β-lactamase-nonproducing, ampicillin-

susceptible Haemophilus influenzae ; BLNAR : β-lactamase-nonproducing, ampicillin-resistant Haemophilus 
influenzae ; BLPAR : β-lactamase-producing, ampicillin-resistant Haemophilus influenzae
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sputum culture6). As a practical matter, it is quite 
difficult to collect sputum from infants. The naso-
pharyngeal swab sample collection applied in this 
study has the advantage of noninvasive and reliable 
sampling. A matched case-control study demon-
strated high concordance between nasopharyngeal 
and endotracheal aspirate samples or bronchoalveo-
lar lavage fluid samples ; thus, the authors pre-
sumed that nasopharyngeal microbiota can serve as 
a valid proxy for lower respiratory tract microbio-
ta7). In contrast, another report indicated low con-
cordance between isolates from nasopharyngeal 
swabs and bronchoalveolar fluid8). Because it is 
controversial whether the nasopharyngeal microbio-
ta can reflect the lower respiratory tract microbiota, 
nasopharyngeal culture results should be collected 
as a reference finding ; sputum and tracheal aspirate 
cultures should be performed as needed, especially 
in patients with severe respiratory infection.

S. pneumonia, H. influenzae, and M. catarrhalis, 
the three species most often isolated from the naso-
pharynx among patients in this study, are bacteria 
that colonize the nasopharynx early in life9) ; thus, it 
is unlikely that all isolated bacteria were pathogen-
ic. However, the isolation rate of these bacteria is 
reportedly higher in children with upper respiratory 
tract infections than in healthy children10,11). Bacte-
ria that proliferate in the upper respiratory tract af-
ter airway inflammation triggered by viral infection 
may also influence the development of lower respi-
ratory tract inflammation by mechanisms such as 
entry into the lower respiratory tract and aspiration 
of airway secretions12,13). Accordingly, the nasopha-
ryngeal microbiota is presumed to affect the onset of 
both upper and lower respiratory tract infections9).  
Furthermore, recent 16S RNA profiling-based analy-
sis of the nasopharyngeal microbiota has revealed an 
association with subsequent wheezing14,15). Be-
cause of changes in environmental factors and their 
mutual relationship to the host, the nasopharyngeal 
microbiota presumably comprises both resident spe-
cies and species involved in the development of low-
er respiratory tract infection7,16).

Regarding the involvement of S. aureus, our pre-
vious study showed that the number of children with 
isolates of the three major causative pathogens and 
the number of children with isolates of S. aureus or 
other bacteria were almost equal among older chil-
dren (i.e., ≥4 years of age ; data not shown). Multi-
variate analysis of factors associated with clinical se-
verity between these two groups did not identify any 
statistically significant factors (data not shown).  
Thus, we concluded that the clinical impact of S. au-

reus or other bacteria on lower respiratory tract in-
fection is low ; additionally, the isolation rates of 
these bacteria were lower in patients under 6 years 
of age in the present study. Accordingly, we fo-
cused on children from whom at least one of the 
three major causative pathogens had been isolated.

Further analysis in this study comprised exami-
nation of the clinical backgrounds and clinical course 
of patients in whom antibiotic-resistant bacteria 
were isolated from the nasopharynx. A multivari-
ate analysis of all patients revealed that daycare use 
was the only significant predictor of antibiotic-resis-
tant bacteria isolation. In the field of otolaryngolo-
gy, it has been reported that children with recurrent 
otitis media frequently carry resistant bacteria17).  
However, children with resistant strains of bacteria 
do not necessarily exhibit refractory or recurrent 
otitis media ; they are often asymptomatic18). Day-
care facilities are densely populated and prone to 
droplet infection, and then may promote the spread 
of bacteria. Children recovering from upper respi-
ratory tract infections are likely to be repeatedly in-
fected by surrounding healthy carriers, leading to a 
high incidence of resistant strains17). The present 
study which investigated nasopharyngeal bacteria in 
preschool children, confirmed the association be-
tween daycare use and the transmission of antibiot-
ic-resistant bacteria. These findings imply that 
daycare users should refrain from attending daycare 
facilities when they are symptomatic ; daycare staff 
should perform thorough infection control measures. 

In univariate analyses of clinical factors, the iso-
lation of antibiotic-resistant strains was higher 
among patients who had received the Hib and pneu-
mococcal vaccines, but this factor was not statisti-
cally significant in the multivariate analysis. This 
may be due to the high vaccination and hospital visit 
rates of patients using daycare facilities.

In this study, the isolation of antibiotic-resistant 
bacteria was not associated with factors related to 
the severity of lower respiratory tract infection (i.e., 
hospital stay length ; period of post-hospitalization 
fever ; or administration of antibacterial agents, ox-
ygen, or hydrocortisone). For patients with lower 
respiratory tract infection who were treated with an-
tibacterial agents, the need for such treatment was 
determined by comprehensively considering the 
clinical symptoms, laboratory findings, and clinical 
course. Piperacillin (2016-2017) or ampicillin 
(2018) was usually selected as the initial drug for 
treating lower respiratory tract infection ; its selec-
tion was not based on an assumption of antibiotic-
resistant bacteria. Because we found no association 



148 A. Takeyama et al.

between the antibiotic resistance of nasopharyngeal 
bacteria and severity of lower respiratory tract infec-
tion, we recommend against using the results of naso-
pharyngeal culture as a basis for antibiotic selection 
or modification. For the initial selection of antibiot-
ics to treat lower respiratory tract infection, our 
findings support the selection of narrow-range anti-
biotics without considering the possibility of antibi-
otic-resistant strains, except in patients with serious 
systemic infections that yield positive blood culture 
findings.

This study had a few limitations. First, viro-
logical examination of the patients was insuffi-
cient. Rapid antigen tests were performed in the 
patients according to the epidemic season, but not in 
all cases, and detection by polymerase chain reaction 
or other methods was not performed. Virus infec-
tion may be involved in the development of lower 
respiratory tract infection. In other reports, virus-
es and bacteria were simultaneously detected in the 
nasopharynx of children with lower respiratory tract 
infections19-21), and their interaction is assumed.  
Further studies are needed to evaluate the relation-
ship between viral infections and resistant bacte-
ria. Second, evaluations of the presence or absence 
of otitis media and sinusitis, blood culture, and anti-
body tests were not performed in some patients ;  
moreover, some bacterial infections were insuffi-
ciently evaluated. Blood culture was performed for 
analysis of patients whose admission blood tests re-
vealed a highly inflammatory reaction, but there 
were no patients with positive blood culture results 
who exhibited invasive bacterial infection.

This study suggests that the increased detec-
tion rate of resistant bacteria may be related to day-
care use. In many instances, the isolation of such 
bacteria does not affect the severity of lower respi-
ratory tract infection. Therefore, if antibacterial 
agents are used in the initial treatment of lower re-
spiratory tract infection, narrow-range antibacterial 
agents should be selected in accordance with current 
guidelines for treatment of respiratory diseases in 
children.
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