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Objective: To study the association between bacterial colonization/infection and respiratory 

outcomes in <3-year-old children hospitalized for their first wheezing episode. 

Methods: This was an observational study. The primary outcome was a hospitalization time 

and the secondary outcomes included relapses within 2 months and time to recurrent 

wheezing (i.e. 3 physician confirmed wheezing episodes) within 12 months. Bacterial 

antibody assays for Streptococcus pneumoniae, Haemophilus influenzae, Moraxella 

catarrhalis, Mycoplasma pneumoniae and Chlamydia pneumoniae, nasopharyngeal bacterial 

culture for the 3 former and urine pneumococcal antigen were studied.  

Results: Nasopharyngeal bacterial culture was positive in 31/52 (60%) children, serologic 

evidence of bacterial infection was found in 17/96 (18%) children, urine pneumococcal 

antigen was positive in 24/101 (24%), and any bacterial detection method was positive in 

53/106 (50%) children. The children with positive nasopharyngeal bacterial culture had 

longer duration of hospitalization (hazard ratio 2.4) and more often relapse within two 

months than those with negative culture (odd’s ratio 7.3). 

Conclusion: In this study, a half of the first time wheezing children had bacterial 

colonization or symptomatic or asymptomatic bacterial infection. The bacterial colonization 

(i.e. positive nasopharyngeal bacterial culture) was associated with longer duration of 

hospitalization and higher risk of recurrent wheezing. 

 

Word count of the abstract: 196. 



Introduction 

 

Acute wheezing illnesses in children are almost exclusively associated with respiratory viral 

infection (1, 2). Symptoms are mainly caused by the host immune response to infection, 

although a direct cytopathic effect of the virus may also contribute (3). 

 

Bacterial etiology of acute wheezing has been studied in the past and the negative results as 

well as no effect from antibiotics have reduced the amount of more recent studies. Evidence 

of bacteria in the upper airways of children has been found using culture or serology in up to 

40% of wheezing children (4-6). These have included Streptococcus pneumoniae (S Pne), 

Haemophilus influenzae (H infl), Moraxella catarrhalis (M cat), Mycoplasma pneumoniae 

(M pne) and Chlamydia pneumoniae (C pne). Approximately a half of wheezing children 

have had clinical signs of possible bacterial complication (otitis 44%, alveolar infiltrates 

10%, or sinusitis 17%); highest numbers (>70%) are for acute otitis media infections in the 

cases of respiratory syncytial virus induced bronchiolitis (7). 

 

The reports on the association between bacterial colonization of the airway and severity of 

illness are scarce. One study found that children with recurrent wheezing and coexistent 

bacterial colonization and virus infection presented longer duration of hospitalization than 

those with virus infection but without bacterial colonization (8). Interestingly, the risk for 

recurrent wheezing or asthma has been linked, not only to viral etiology of early wheezing as 

shown in many studies, but also to bacterial colonization of asymptomatic neonates in one 

other study (9-13). Of the latter, hypopharyngeal colonization with S pne, H infl and/or M cat 

at age one month has predicted recurrent wheezing and asthma at age 5 years in a birth cohort 

born to mothers with asthma (13). Moreover, patients with asthma may be more susceptible 

to serious pneumococcal disease (14, 15). 

 

The understanding of the significance of bacterial colonization and/or infection in young 

wheezing children is likely to give clinically relevant information that could help in 

understanding the risk of recurrent wheezing and in designing early prevention and treatment 

strategies. Therefore, we studied specific findings of bacterial colonization/infections in less 



than 3-year-old children hospitalized for their first wheezing episode, and how these findings 

were associated with the duration of initial hospitalization and occurrence of recurrent 

wheezing in a 12-month follow-up. 



Methods 

 

Subjects 

 

This cross-sectional study is a substudy of the VINKU study which took place in the 

Department of Pediatrics of Turku University Hospital (9/2000-5/2002). Its original aim was 

to study the efficacy of oral prednisolone in hospitalized wheezing children in relation to viral 

etiology, i.e. a half of the patients were randomized to receive oral prednisolon for 3 days and 

the other half placebo in a double blind design (first dose 2 mg/kg, then 2 mg/kg/d in 3 

divided doses). The methods have been described earlier (7, 16, 17). The present study 

included all children of the VINKU study that had their first wheezing episode and age 3 – 35 

months (Fig. 1). Predefined exclusion criteria were chronic disease (other than asthma or 

allergy), systemic glucocorticoid treatment within 4 weeks prior to the study, severe 

wheezing necessitating intensive care unit treatment, and previous participation in this study. 

Here, we only included children aged <3 years and experiencing their first wheezing episode 

since 12 month follow-up data was only available from them. Other children were only 

followed up to 2 months. The study protocol was approved by the Ethics Committee of the 

Turku University Hospital and informed consent was obtained from the guardian before 

commencing the study. 

 

Definitions 

 

Atopy was defined as positive immunoglobulin (Ig) E antibodies to any of the common 

allergens (cut-off level 0.35 kU/L for codfish, cow’s milk, egg, peanut, soybean, wheat, cat, 

dog, horse, birch, mugwort, timothy, Cladosporium herbarum and Dermatophagoides 

pteronyssinus; fluoro-enzyme immunoassay, CAP FEIA, Phadiatop Combi
®

, Phadia, 

Uppsala, Sweden). Aeroallergen sensitization was defined as positive IgE antibodies to any 

of the latter 8 allergens. Perennial aeroallergen sensitization was defined as positive IgE 

antibodies to dog, cat or Dermatophagoides pteronyssinus. Birch, mugwort, timothy and 

Cladosporium herbarum were considered as seasonal aeroallergens. Eczema was diagnosed 

by physician and referred as atopic eczema if any sensitization was present. 



Outcome measures 

 

The predefined primary outcome was the time until ready for discharge (hospitalization 

time), which was defined as a duration of respiratory symptoms score > 3  during the 

hospital stay. The respiratory symptoms score, which was assessed every 1 2  hours 

during hospitalization, is a summed score for the degree of dyspnea (0  =  none, 1  =  

mild, 2  =  moderate, 3  =  severe), type of breathing (0  =  normal, 1  =  use of stomach 

muscles, 2  =  use of intercostal muscles, 3  =  nasal flaring), severity of auscultatory 

findings on wheezing (0  =  none, 1  =  expiratory, 2  =  inspiratory and expiratory, 3  =  

audible without stethoscope) and assessment of expiratory:inspiratory time (0  =  1 :2 , 1  

=  1 :1 , 2  =  2 :1 , 3  =  3 :1 ). An estimation of 6  hours was used for the last 1 2 -hour 

period between hospital assessments, i.e. the period during which the patient became 

ready for discharge. The predefined secondary outcomes were clinic visits for recurrent 

wheezing during a 2-month period after the discharge for all recruited subjects (n=293) and 

time to recurrent wheezing (i.e. 3 physician confirmed wheezing episodes) within 12 months 

after discharge for the first-time wheezing children (n=131) (11, 16, 17). In this observational 

study, we report the associations between specific findings of bacterial 

colonization/infections and clinical outcomes of the study. 

 

Sample collection and analysis 

 

On
 
admission, a nasopharyngeal

 
aspirate sample was obtained

 
using a standardized procedure,

 

as described previously (18). Blood samples were collected at study entry and 2-3 weeks 

later, and analysed as previously described (11, 16, 17). Urine samples were collected at 

study entry. Culture and antigen analyses were done on fresh samples. Otherwise, samples 

were stored in -70 ºC for later analysis.
 
Bacterial antibody assays to confirm acute S pne, H 

inf, M cat, M pne and C pne infection were performed on acute and convalescent serum 

samples as described previously (7).
 
Urine pneumococcal antigen and nasopharyngeal 

bacterial cultures (S pne, H inf, or M cat) were analyzed according to the standard clinical 

routine of the Central Laboratory, Turku University Hospital, Turku, Finland. 



Nasopharyngeal bacterial cultures were added to the protocol in the middle of the study and 

obtained only from the second study year. Other methods of the study have been previously 

described (2, 16-18). 

 

Statistics 

 

No statistical power calculation was done for this analysis. Kolmogorov-Smirnov test was 

used to test the normality of data distributions. In the analysis of baseline data, Mann-

Whitney U test was used for continuous data since data distributions were skewed, and Chi-

square test or Fischer’s exact test (when counts <5) were used for categoric data. The 

outcome data was analysed using Cox or logistic regression analyses. The analyses including 

bacterial serology were repeated with adjustment to prednisolon treatment due to baseline 

difference. The statistical analyses were carried out using SPSS/ PC 1 3 .0  software (SPSS 

Inc, Chicago, IL, USA). 



Results  

 

Data set 

 

Of the 293 randomized patients, 131 children fulfilled the criteria for the long-term follow-

up, i.e. the first episode and age 3 - 35 months (Fig. 1). Lost to follow-up were 13 children. 

Thus, 118 children completed the follow-up. Eleven children (9%) were treated for prolonged 

cough with a continuous inhaled corticosteroid (by non-study physicians) and were excluded 

from analyses because of unclear diagnosis. Of the final study cohort (n = 107), 87 children 

were clinically examined and their parents personally interviewed at 12-month follow-up 

visit, and the parents of 20 children were interviewed by phone. 

 

Patient characteristics 

 

The median age of the final study cohort was 1.1 years (range 0.3, 2.9). Table 1 shows the 

characteristics of the study children. Nasopharyngeal bacterial culture (S pne, H inf, or M cat) 

was positive in 31 of 52 (60%) children, serologic evidence of bacterial infection (S pne, M 

pne, C pne, H inf, or M cat) was found in 17 of 96 (18%) children, urine pneumococcal 

antigen was positive in 24 of 101 (24%) children, and evidence of bacterial colonization or 

infection by any bacterial detection method was found in 53 of the 106 (50%) children (Table 

2). Of the 107 children, 100 (93%) had a viral infection. Most common findings were as 

follows: RSV (46%), rhinovirus (29%), human bocavirus (23%), enteroviruses (16%) and >2 

viruses (40/107, 37%). No significant differences were found in patient characteristics 

between nasopharyngeal bacterial culture + vs. –, bacterial serology + vs. -, or urine 

pneumococcal antigen detection + vs. – groups except that the children who received 

prednisolone had more often positive bacterial serology (14/47, 30%) than those receiving 

placebo (3/49, 6%, P = 0.0029) (data shown for nasopharyngeal bacterial culture + vs. – 

groups in Table 3; otherwise data not shown). 



Hospitalization Time 

 

The median hospitalization time in children with positive vs. negative nasopharyngeal 

bacterial culture was 4 8  h (innerquartile range 24 , 6 4 ; n =  3 1 ) vs. 1 8  h (1 2 , 2 7 ; n =  

2 1 ). The difference was significant (univariable hazard ratio 2 .3 8 ; 9 5 % confidence 

interval 1 .3 2 , 4 .3 6 ; P =  0 .0 0 4 ) (Fig. 2 A). 

 

Relapse within two months 

 

Children positive for nasopharyngeal bacterial culture were more often readmitted to an 

outpatient clinic within two months due to recurrent wheezing than those with negative 

culture. Thirteen of 30 (43%) children with positive nasopharyngeal bacterial culture had a 

relapse compared to 2 of 21 (10%) children with negative nasopharyngeal bacterial culture 

(univariable analysis, P = 0.017, Table 4).  

 

Recurrent wheezing within 12 months  

 

Eleven of 3 1  (3 5 %) children positive for nasopharyngeal bacterial culture and 5  of 2 1  

(2 4 %) children negative for nasopharyngeal bacterial culture had recurrent wheezing 

within a year (univariable analysis P =  0 .4 9 , Fig. 2 B). Nine of 1 7  (5 3 %) children 

positive for bacterial serology and 2 8  of 7 9  (3 5 %) children negative for bacterial 

serology had recurrent wheezing within a year (univariable analysis P =  0 .1 1 , 

multivariable analysis including prednisolon treatment, P =  0 .1 8 , Fig. 2 C). No other 

significant differencies or tendencies were found.  



Discussion 

 

This study showed that bacterial colonization or asymptomatic or symptomatic bacterial 

infection can be demonstrated in a half of the young children experiencing their first 

wheezing episode. Moreover, children with positive nasopharyngeal bacterial culture, an 

indication of bacterial colonization, had a prolonged hospitalization time and more often 

relapse within 2 months after discharge. Since there were no differences in many baseline 

characteristics of patients between bacterial culture positive and negative groups, we only 

used univariate analysis in bacterial colonization data. 

 

Our prevalence numbers for bacterial colonization and infection are comparable to previous 

studies on normal and wheezing children (4, 6, 19-2 2 ). In wheezing children, Nagayama et 

al. (2007) reported the prevalence of 17% for S pne, H infl and M cat cultured from sputum 

samples (6). Serologic evidence for M pne infection has ranged from 4% to 23% and for C 

pne from 3% to 17% in children with acute wheezing (4, 19, 22). Serologic evidence of H infl 

and M cat has been <5% in wheezing children (19). The antigenuria for S pne was quite high 

in our study (24%) in contrast to one previous study (1%) (20).  

 

We did not find association to age, but other studies suggest that nasopharyngeal colonization 

of respiratory bacteria increase after birth and peak during early childhood, and then steadily 

decrease (6, 13, 23, 24). Although there is variability in the peak age during childhood 

between studies, the nasopharyngeal colonization is much less during early adulthood 

compared to childhood (23, 25). An increase in respiratory bacterial colonization has been 

associated with low socio-economic status, autumn-winter seasons, exposure to other 

children, prone sleeping position, upper respiratory or otitis media infection, 

immunosuppression or lack of immunization, use of pacifiers, hospitalization and xylitol 

consumption (21, 24, 2 6 ). Allergy has been found to be associated with S pne and H infl 

carriage in children (27, 28). No association or controversial association has been found with 

gender, diet and parental smoking (5 , 6 , 1 3 , 2 1 , 2 4 -2 6 ). Of the factors listed above, we 

did not find an association between bacterial colonization and atopy, atopic eczema, gender, 

season, older siblings/day-care, or parental smoking. Children with positive bacterial 



serology (i.e. indication of symptomatic or asymptomatic infection), however, had more often 

prednisolone treatment. Although we could not show link between age and bacterial 

seroconversion, M pne or C pne seroconversion associated wheezing may increase by age 

(4). 

 

Poorer prognosis in children with nasopharyngeal bacterial carriage is in line with one 

previous study which showed that hypopharyngeal colonization with S pne, H infl, and/or M 

cat in asymptomatic neonates at 1 month of age was associated with increased risk of a first 

wheezy episode, persistent wheeze, acute severe exacerbation of wheeze, hospitalization for 

wheeze, increased blood eosinophil counts and total IgE and, eventually, increased 

reversibility of airway resistance and development of asthma by the age of 5 years (13). 

Interestingly, atopy was not connected with the influence of bacterial findings on prognosis – 

either in our study nor in the previous study (13). In another study, the frequency of bacterial 

colonization in children with recurrent wheezing was higher than that of children with 

bronchiolitis, which is in line with our results (8). Moreover, among the cases with recurrent 

wheezing, children who had coexisted non-invasive bacterial colonization and virus infection 

presented more frequent cyanosis, longer duration of hospitalization, higher concentration of 

IL-10, and higher percentage of neutrophil compared with children with virus infection but 

without bacterial colonization. In a population-based study on adolescents, pneumococcal 

colonization was independently associated with a history of an exacerbation of asthma during 

the preceding year (25). The association to allergies was not reported. 

 

The causal direction of the association between nasopharyngeal bacterial colonization and 

respiratory outcome is unknown: are bacteria triggering susceptible individuals to recurrent 

wheeze, (13) or are children predisposed to recurrent wheeze more susceptible to bacteria as 

part of such constitution (14, 15)? Susceptibility to recurrent wheezing is associated with pre-

existing airway inflammation, altered host defenses and increased risk to bacterial or viral 

infections or their carriage. Both airway inflammation and decreased resistance for microbes 

probably predispose for more severe illness and poorer long-term outcome. A normal local 

immune response to an organism would prevent colonization and limit its duration (21, 29). 

In general, mucosal immunity matures earlier than systemic immunity, and therefore, 



bacterial colonization pattern may be a first sign of biased immune functions (21, 26). These 

suggestions are supported by studies showing that asthmatics have increased risk for serious 

pneumococcal infection (14, 15, 30). An inability of asthma prone children to resist bacterial 

infections may also be comparable to their inability to limit viral infections to the upper 

respiratory tract (1, 2). This increased susceptibility to lower respiratory tract viral infections 

has been shown to relate to defective innate immune responses (3 1 , 3 2 ). Moreover, 

bacterial and virus infections may have synergistic actions due to the destruction of 

respiratory epithelium by viral infection which may increase bacterial adhesion, due to the 

possible virus-induced immunosuppression which may cause more severe bacterial 

infections, and/or due to the inflammatory response to viral infection which may up-regulate 

expression of molecules that bacteria utilize as receptors (33). We, however, speculate that 

bacterial colonization is probably just a “by-stander” factor since it was not linked to most 

distant outcome, recurrent wheezing, in our study. 

 

Antibiotic treatment did not influence the prognosis in our study. This is in line with general 

consideration that antibiotics do not effectively eradicate bacterial colonization from the 

nasopharynx (2 1 ). The reduction in carriage is considered only temporary. Antibiotics 

induce suppression of susceptible bacteria, but after antibiotic treatment, a rapid replacement 

of strains usually occurs with either overgrowth of more resistant strains that were masked by 

other organisms or by newly acquired resistant strains. Although our study was not properly 

designed to answer the effect of antibiotic treatment (antibiotic use was decided on clinical 

bases), our results are in agreement with Kusel et al. (2008), who did not find association 

between the receipt of antibiotics in the first year of life and subsequent development of 

atopy, current wheeze or asthma at age 5 years (34). Overall, prognosis being independent of 

antibiotic treatment further supports the hypothesis that bacteria in predisposed children are 

most likely just by-standers indicating high risk individuals. Possible interventions should not 

primarily be directed against the microbe, instead they should be designed to reduce the 

underlying inflammatory condition predisposing to an infection or colonization. Interestingly, 

our finding of increased prevalence of bacterial seropositivity in the prednisolone group 

raises naturally a question whether systemic corticosteroids even with therapeutic doses could 



increase the risk of bacterial infections. However, short courses of systemic corticosteroids 

have been found safe in the treatment of childhood wheezing (35). 

 

Our study has some limitations. Since nasopharyngeal bacterial colonization increases 

significantly during acute respiratory infections, we can not differentiate bacterial 

colonization from asymptomatic or symptomatic bacterial infection in our study (2 1 ). 

However, positive findings in nasopharyngeal bacterial culture or urine pneumococcal 

antigen detection are usually considered as an indication of bacterial colonization, and 

seroconversion as an indication of symptomatic or asymptomatic infection. Isolation of a 

potential bacterial pathogen from upper respiratory secretions does not exactly reflect 

infection of the lower airways. Instead, bronchoalveolar lavage sampling is considered as the 

most optimum methods for lower airway colonization since it is believed to be sterile. In 

agreement with our findings, bacteria and increased numbers of inflammatory cells have been 

reported in bronchoalveolar lavage fluid in wheezing and asthmatic children (36-39). The 

follow-up period was limited to 12-months, and data were only available from children 

experiencing their first wheezing episode. Nasopharyngeal bacterial cultures where obtained 

only from the second study year which explains their low number. Comparisons were done 

within wheezing children and there was no healthy control group. Sample size was rather 

small, and no statistical power analysis was not done since this was a post hoc analysis.  

 

In conclusions, bacterial colonization and/or infection was found in a half of the children with 

acute wheezing in this study. Most importantly, the bacterial colonization was associated with 

prolonged hospitalization and increased risk of relapse, which is a new finding. Since the 

prevalences of traditional risk factors of recurrent wheeze/asthma in young children, any 

sensitization and especially aeroallergen sensitization, are low during infancy, new risk 

markers are needed (41, 42). Nasopharyngeal bacterial colonization could serve as a new and 

early marker for those at an increased risk for a relapse. This data provides preliminary 

evidence for doing a larger prospective study. 
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Legends to the figures 

 

Figure 1. Study flow chart. 

 

Figure 2. A. The Kaplan-Meier plot of the hospitalization time in the first-time wheezing 

children with positive (bolded line) and negative nasopharyngeal bacterial culture (dashed 

line). Univariable hazard ratio 2.38; 95% confidence interval 1.32, 4.36. B. Time to recurrent 

wheezing (i.e. 3 physician confirmed wheezing episodes) within 12 months in the first-time 

wheezing children with positive (bolded line) and negative nasopharyngeal bacterial culture 

(dashed line). Univariable hazard ratio 1.46; 95% confidence interval 0.50, 4.28. C. Time to 

recurrent wheezing within 12 months in the first-time wheezing children with positive 

(bolded line) and negative bacterial serology (dashed line). Univariable hazard ratio 1.86; 

95% confidence interval 0.88, 3.95. See text for details. 



Table 1. Patient characteristics.  

Factor n = 107 

Age, years 1.0 (0.5; 1.5) 

Male gender 72 (67%) 

Prematurity 18 (17%) 

Eczema 34/106 (32%) 

Atopic eczema, No (%) 7/104 (7%) 

Atopy, No (%)
1
 18/105 (17%) 

   Food sensitization, No (%) 18/105 (17%) 

   Aeroallergen sensitization, No (%) 2/105 (2%) 

      Perennial, No (%) 1/105 (1%) 

      Seasonal, No (%)  2/105 (2%) 

B-Eos, x 10
9
/L 0.1 (0; 0.4) 

B-Eos ≥0.4 x 10
9
/L 19/106 (18%) 

Rhinovirus, No 31 (29%) 

Respirtory syncytial virus, No 49 (46%) 

Enterovirus, No 17 (16%) 

Bocavirus, No 25 (23%) 

Mixed viral infection, No. 40 (37%) 

Exhaled nitric oxide, ppb 5.4 (3.8, 8.8) 

Parental asthma, No (%) 18/106 (17%) 

Parental allergy, No (%) 55/106 (52%) 

Parental smoking, No (%) 45/106 (43%) 

Older sibling or day care, No (%) 93 (87%) 

Antibiotic treatment, No (%) 70 (65%) 

Acute otitis media, No (%) 63 (59%) 

Oral prednisolon, No. 54 (50%) 

B-Eos, blood eosinophils; ppb, parts per billion. 

Values are shown as medians (interquartile range) or number (%). 



Table 2. Bacterial findings. 

Bacterial detection positive n (%) 

Any nasopharyngeal bacterial culture 31/52 (60%) 

   Streptococcus pneumoniae 13/52 (25%) 

   Haemophilus influenzae 11/52 (21%) 

   Moraxella catarrhalis 16/52 (31%) 

Any bacterial serology 17/96 (18%) 

   Chlamydia pneumoniae 2/97 (2%) 

   Mycoplasma pneumoniae 5/101 (5%) 

   Streptococcus pneumoniae 7/97 (7%) 

   Haemophilus influenzae 3/97 (3%) 

     Moraxella catarrhalis 2/97 (2%) 

Urine pneumococcal antigen 24/101 (24%) 

Any bacterial detection method (>1 method done) 53/106 (50%) 

   Streptococcus pneumoniae 31/106 (29%) 

   Haemophilus influenzae 13/101 (13%) 

   Moraxella catarrhalis 17/100 (17%) 

 



Table 3. Patient characteristics in children with positive and negative nasopharyngeal bacterial 

culture. 

Factor Nasopharyngeal bacterial culture P 

Positive 

n = 31 

Negative 

n = 21 

Age, years  1.1 (0.5; 1.5) 0.8 (0.5; 2.0) 0.73 

Male gender  18 (58%) 15 (71%) 0.33 

Prematurity  5 (16%) 4 (19%) 1.00 

Eczema  11 (35%) 7 (33%) 0.87 

Atopic eczema, No (%)  3 (9.7%) 1 (4.8%) 0.51 

Atopy, No (%)
 
  4 (13%) 2 (9.5%) 0.71 

   Food sensitization, No (%) 4 (13%) 2 (9.5%) 0.71 

   Aeroallergen sensitization, No (%)  2 (6.5%) 0 (0.0%) 0.24 

      Perennial, No (%)  1 (3.2%) 0 (0.0%) 0.41 

      Seasonal, No (%)   2 (6.5%) 0 (0.0%) 0.24 

B-Eos, x 10
9
/L  0.1 (0.0; 0.2) 0.1 (0.1; 0.2) 0.24 

B-Eos ≥0.4 x 10
9
/L  4 (13%) 2 (9.5%) 0.71 

Rhinovirus, No 7 (23%) 4 (19%) 1.00 

Respirtory syncytial virus, No 22 (71%) 13 (62%) 0.56 

Enterovirus, No 4/29 (14%) 4 (19%) 0.71 

Bocavirus, No 5/27 (19%) 3 (14%) 1.00 

Mixed viral infection, No. 13 (42%) 8 (38%) 0.78 

Exhaled nitric oxide, ppb  5.0 (3.8; 8.2) 5.2 (4.0; 7.5) 0.81 

Parental asthma, No (%)  5 (16%) 5 (24%) 0.49 

Parental allergy, No (%)  19 (61%) 12 (57%) 0.76 

Parental smoking, No (%)  16 (52%) 10 (48%) 0.78 

Older sibling or day care, No (%)  28 (90%) 18 (86%) 0.61 

Antibiotic treatment, No (%)  24 (77%) 16 (76%) 0.92 

Acute otitis media, No (%)  20 (65%) 14 (67%) 0.87 

Oral prednisolon, No. 15 (48%) 11 (52%) 0.78 

B-Eos, blood eosinophils; ppb, parts per billion. 

Values are shown as medians (interquartile range) or number (%).  

Mann-Whitney U test, Chi-square test, or Fischer’s exact test were used when appropriate.  



Table 4. Associations between bacterial finding and clinic visits due to a relapse within two 

months after hospitalization. 

Bacterial detection positive n
1
 Odds ratio 95% CI P 

Nasopharyngeal bacterial culture 51 7.27 1.43, 36.94 0.017 

Bacterial serology 90 1.39 0.39, 4.99 0.62 

Urine pneumococcal antigen 92 0.93 0.32, 2.71 0.89 

Any bacterial detection method 97 2.30 0.91, 5.86 0.080 

CI, confidence interval.  

Univariable regression analysis. 

1
The numbers for those completing the 2-month follow-up. 
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Figure 1. Study flow chart. 

 

Figure 2. A. The Kaplan-Meier plot of the hospitalization time in the first-time wheezing 

children with positive (bolded line) and negative nasopharyngeal bacterial culture (dashed 

line). Univariable hazard ratio 2.38; 95% confidence interval 1.32, 4.36. B. Time to recurrent 

wheezing (i.e. 3 physician confirmed wheezing episodes) within 12 months in the first-time 

wheezing children with positive (bolded line) and negative nasopharyngeal bacterial culture 

(dashed line). Univariable hazard ratio 1.46; 95% confidence interval 0.50, 4.28. C. Time to 

recurrent wheezing within 12 months in the first-time wheezing children with positive 

(bolded line) and negative bacterial serology (dashed line). Univariable hazard ratio 1.86; 

95% confidence interval 0.88, 3.95. See text for details. 



 



 



 


