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the year after treatment when the patients were followed up 
by specialists (p < 0.001).  Conclusion:  This study shows that 
appropriate diagnosis and treatment of childhood asthma 
significantly reduce the frequency of antibiotic usage and 
the number of asthmatic episodes.  © 2014 S. Karger AG, Basel 

 Introduction 

 Undiagnosed asthmatic patients who present with 
cough, wheezing, shortness of breath and other common 
respiratory symptoms are sometimes mistakenly diag-
nosed with upper or lower respiratory tract infections  [1] . 
In children with asthma-like symptoms, such as recurrent 
episodes of wheezing, cough and shortness of breath, it 
has been reported that treatments more often consist of 
antibiotics and cough medicines than of asthma drugs 
 [2] . Contrary to the recommendations in the internation-
al guidelines, antibiotics are often prescribed instead of 
drugs to treat asthma  [1] . Excessive antibiotic usage by 
asthmatic patients has been reported in the literature  [1–
5] . A   doctor’s education, training and experience can re-
sult in an appropriate   diagnosis, which in turn can reduce 
antibiotic usage by asthmatics  [6] . Knowledge of appro-
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 Abstract 

  Introduction:  This study compared the frequency of antibi-
otic usage and the number of asthma episodes before and 
after the diagnosis and treatment of pediatric asthma pa-
tients who were followed up by specialists.  Subjects and 

Methods:  Included in this study were 334 patients (211 
males and 123 females) of 2–16 years of age who were diag-
nosed with asthma and followed up for at least 1 year in our 
clinic. The frequency of antibiotic usage and the number of 
asthma episodes in the year prior to diagnosis and treatment 
were compared to these same variables after 1 year of fol-
low-up by specialists.  Results:  The median age was 84 
months (range: 24–192) and 212 (63%) children were at 
school or in day care centers. Atopy and a family history of 
asthma were present in 200 (60%) of the patients, and 137 
(41%) reported that at least one member of their household 
smoked. Antibiotics were used a median number of 7 times 
[interquartile range (IQR) = 6] in the year before the asthma 
diagnosis, and 2 times (IQR = 3) during the year after treat-
ment (p < 0.001). The mean number of asthma episodes be-
fore diagnosis, i.e. 4 (IQR = 8) was reduced to 0 (IQR = 2) in 
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priate medication as recommended in the guidelines 
could result in fewer prescriptions of antibiotics for asth-
ma patients  [1] , and the education and regular follow-up 
of patients also improve asthma self-management. This 
study compared the frequency of antibiotic usage and the 
number of asthma episodes before and after the diagnosis 
and treatment of asthma. 

  Subjects and Methods 

 Study Design and Patients 
 Included in the study were 334 patients (2–16 years of age) who 

were diagnosed with asthma and admitted to the Divisions of Pe-
diatric Allergy and Pediatric Pulmonology, Faculty of Medicine, 
Bezmialem Vakif University. Their demographic data and medical 
history for the year prior to diagnosis were obtained from parent 
reports at the first visit and retrospectively from a national data-
base. After enrollment into the study, patients were prospectively 
followed up between September 2012 and September 2013. Those 
with immunodeficiency or on antibiotic prophylaxis for other dis-
eases such as latent tuberculosis or repeating urinary tract infec-
tions were excluded. The study was approved by the Research Eth-
ics Committee of the Bezmialem Vakif University. Signed in-
formed consent forms were obtained from the families of all 
patients.

  Asthma Diagnosis 
 The diagnosis of asthma was based on symptoms and medical 

history supported by laboratory findings. In patients younger than 
5 years, the modified Asthma Predictive Index and the 2011 Glob-
al Initiative for Asthma (GINA) report were used  [7, 8] . Patients 
were considered positive for asthma if they had a history of  ≥ 4 
wheezing episodes in 1 year. Besides this primary threshold, they 
had to fulfill at least one major or two minor criteria. The major 
criteria included a parental history of asthma, physician-diagnosed 
atopic dermatitis and allergic sensitization to at least one aeroal-
lergen. The minor criteria included wheezing unrelated to colds, 
peripheral blood eosinophils ( ≥ 4%) and allergic sensitization to 
milk, eggs or peanuts. Skin prick tests, total immunoglobulin E 
levels, blood eosinophil counts and specific immunoglobulin E 
status (inhalant and food allergens) were used to evaluate the pa-
tients according to the criteria.

  For patients older than 5 years, the GINA recommendations 
were used. Besides a family history of asthma or atopic disease, the 
suspicion of asthma increased in the presence of signs and symp-
toms which responded to antiasthma therapy  [8] . Pulmonary 
function tests were used to measure airflow limitation and its re-
versibility. Skin prick tests, total immunoglobulin E levels, blood 
eosinophil counts and specific immunoglobulin E status (inhalant 
and food allergens) were also performed to establish an asthma 
diagnosis.

  Evaluation of the Patients 
 At the first visit, simple questionnaires were filled out by a spe-

cialist, either a pediatric pulmonologist or an allergologist. These 
forms contained the demographic characteristics of the patients, 
their age at diagnosis, the parents’ level of education, a history of 

smoking in the household, a history of atopy, the number of upper 
and lower airway infections (e.g. bronchitis and pneumonia) in the 
year prior to being diagnosed with asthma, the number of episodes 
of transient airway obstruction or respiratory distress and the fre-
quency of antibiotic usage.

  Turkish children younger than 18 years have government 
health insurance. In all health institutions including public and 
private hospitals as well as primary settings, children can be exam-
ined and given prescriptions free of charge. In addition, these pre-
scriptions have to be entered into a database controlled by the Min-
istry of Health. It is against the law to buy antibiotics from phar-
macies without digital prescriptions. The database also contains 
patients’ International Statistical Classification of Disease and re-
lated problems (ICD) codes.

  Data about wheezing, transient airway obstruction or respira-
tory distress episodes in the year prior to the diagnosis of asthma 
were obtained from the database. Antibiotic usage and respira-
tory infection data for this period were taken from the same data-
base and confirmed by the parents at the first visit. The antibiotics 
used were obtained from digital prescriptions and parent reports; 
most common were amoxicillin-cluvulanate, cefuroxime-axetil, 
clarithromycin, ampicillin-sulbactam and azithromycin.

  After diagnosis, patients were classified into 4 groups depend-
ing on their symptoms. Group 1 had mild and intermittent symp-
toms, group 2 had mild and persistent symptoms, group 3 had 
moderate and persistent symptoms and group 4 had severe symp-
toms. Patients received treatments based on the GINA recommen-
dations  [8] . The 80 (24%) patients in group 1 received rapid-acting 
β2-agonist as needed. The 184 (55%) patients in group 2 were giv-
en low-dose inhaled corticosteroids (ICS). According to the sever-
ity of the symptoms, low-dose ICS plus a leukotriene modifier or 
low-dose ICS plus a long-acting β2-agonist were used in the 53 
(16%) patients enrolled in group 3. The 17 subjects in group 4 were 
given medium- or high-dose ICS plus a long-acting β2-agonist. All 
patients were routinely evaluated every 3 months, during acute 
exacerbations and for other complaints. 

  At every visit, for each patient, the number of asthma episodes, 
antibiotic usage and the occurrence of respiratory infections were 
obtained from the parent reports and database and recorded. In 
addition, patients were educated about asthma and asthma medi-
cation, and an experienced nurse educated the patients about tech-
niques for the inhalation of asthma drugs. At the end of 1 year, the 
frequency of antibiotic usage, the number of asthma episodes and 
upper or lower airway infections were again recorded.

  Statistical Analysis 
 SPSS version 15.0 was used for analysis. The numerical pa-

rameters were described as the mean, median and standard de-
viation; distributions of the categorical measurements were de-
termined by frequencies and percentages. The one-sample Kol-
mogorov-Smirnov test was used to evaluate the distributions of 
the number of episodes and frequency of antibiotic usage before 
and after diagnosis as well as during the treatment of asthma. As 
no normal distributions were found in either variable, the Wil-
coxon signed-ranks test was used to compare differences between 
before and after diagnosis and during treatment with regard to 
the number of episodes and frequency of antibiotic use. Differ-
ences or change in the frequency of antibiotic use and the number 
of asthma episodes before and after the diagnosis and treatment 
of asthma were determined and written in two other columns in 
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the SPSS. The Spearmans correlation test and the Mann-Whitney 
U test showed associations between other factors such as gender, 
age at diagnosis, number of people in the household, parents’ 
education levels, smoking status in the household, atopy history 
and any changes in the frequency of antibiotic usage or the num-
ber of asthma episodes. Multivariate linear regression analyses 
were used to evaluate the effect modification according to these 
factors. The multivariate analyses were adjusted for all factors 
simultaneously. p < 0.05 was considered to be statistically sig-
nificant.

  Results 

 The median age was 84 months (range 24–192) and 
the median age at diagnosis was 48 months (range 24–
156). Of the 334 children, 212 (63%) were at school or 
in day care centers. Household size was 4 ± 1, and there 
was at least one smoker in the households of 137 (41%) 
of the patients. A family history of doctor-diagnosed 
asthma and atopy was present in 200 (60%) of the pa-
tients. The mothers of 20 patients (6%) and the fathers 
of 33 patients (10%) had graduated from university. Be-
fore study enrollment, all patients had had at least four 
wheezing episodes in their lives, 207 (62%) had inhaled-
allergen positivity, 187 (56%) had high immunoglobu-
lin E levels and 160 (48%) had eosinophilia. Allergic 
rhinitis symptoms were seen in 160 (48%) patients, 77 
(23%) had atopic dermatitis and 40 (12%) had food al-
lergies. The patients were treated according to the 
GINA recommendations  [8] ; all took their drugs regu-

larly and 301 (90%) came to their evaluations every 3 
months. The characteristics of the patients are shown in 
 table 1 . 

  For the year prior to diagnosis, 11 (3.2%) parent re-
ports about antibiotic usage and respiratory infections 
differed from what was recorded in the database. The 
number of times antibiotics were used differed by 1 in 9 
of the patients and by 2 in 2 patients; such differences 
were due to the uncontrolled and spontaneous use of an-
tibiotics prescribed at previous consultations. The agree-
ment was 96.8% between the parent reports and the data-
base for the year prior to the diagnosis of asthma. For the 
year after the diagnosis, there were no differences, i.e. the 
agreement was 100%.

30

20

10

0

N
um

be
r o

f a
st

hm
a 

ep
is

od
es

(m
ed

ia
n 

an
d 

IQ
R)

Patients before
asthma diagnosis

Patients after
asthma diagnosis

30

20

10

0Fr
eq

ue
nc

y 
of

 a
nt

ib
io

tic
 u

sa
ge

(m
ed

ia
n 

an
d 

IQ
R)

Patients before
asthma diagnosis

Patients after
asthma diagnosis

 Table 1.  Characteristics of the patients

Gender 
Male 211 (63)
Female 123 (37)

Median age (range), months 84 (24 – 192)
Mean age at diagnosis ± SD, months 61.40 ± 33.29
Attendance at school or day care center 212 (63)
Household size 4 ± 1
At least one smoker in the household 137 (41)
Family history of doctor-diagnosed

asthma and atopy 200 (60)
Inhaled-allergen positivity 207 (62)
High immunoglobulin E levels 187 (56)
Eosinophilia 160 (48)
Food allergies 40 (12)
Allergic rhinitis symptoms 160 (48)
Atopic dermatitis 77 (23)

Unless otherwise indicated values represent n (%).

  Fig. 1.  Number of asthma episodes per patient per year before and 
after asthma diagnosis and treatment. 

  Fig. 2.  Frequency of antibiotic usage by patient per year before and 
after asthma diagnosis and treatment. 
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  The median number of upper airway diseases before 
diagnosis of asthma was 5 [interquartile range (IQR) = 6] 
per year which decreased to 1 (IQR = 3) after treatment 
(p < 0.001). The median number of lower airway diseases 
before diagnosis of 2 (IQR = 5) per year dropped to 0 after 
treatment (p < 0.001). The annual median number of 
asthma episodes before the asthma diagnosis was 4 (IQR 
= 8), decreasing to 0 (IQR = 2) in the year after treatment 
(p < 0.001;  fig. 1 ). The median number of antibiotic ad-
ministrations was 7 (IQR = 6) per year before diagnosis 
and 2 (IQR = 3) in the year following treatment (p < 0.001; 
 fig. 2 ).

  No statistically significant association was found be-
tween change in the frequency of antibiotic usage and 
number of asthma episodes before and after the diagnosis 
and gender, diagnosis age, number of household mem-
bers, parents’ education levels, household smoking status 
or history of atopy ( table 2 ). 

  Discussion 

 This study showed that the frequency of antibiotic us-
age and the number of asthma episodes decreased to a 
statistically significant level after patients received appro-
priate treatment and regular follow-up by specialists. 

  The asthmatic children had more doctor visits, due to 
the fact that they are more symptomatic; this has been re-
ported previously  [3, 9] . The possibility of misdiagnosing 
an acute asthma episode together with symptoms of in-
creasing severity, like bronchiolitis, atypical pneumonia 
and other respiratory tract infections, means clinicians 
may choose to treat multiple possible etiologies  [1] . Gen-
erally, 35% of asthmatics who experience episodes of re-

spiratory tract infections are treated with antibiotics  [10] , 
even though these infections are most commonly viral in 
origin and trigger wheezing in young children  [11] . Prior 
to admission to our clinic, the children had been frequent-
ly diagnosed with upper and lower airway infections, and 
so the use of antibiotics was high, which is similar to pre-
vious studies  [1, 12] . Reasons for using antibiotics include 
diagnostic uncertainty, the prophylaxis of secondary in-
fections, an attempt to utilize the anti-inflammatory prop-
erties of macrolide antibiotics and the belief that unknown 
or noncultivable bacteria may be important in some asth-
matic patients  [1, 12] . Marra et al.  [6]  demonstrated that 
children eventually diagnosed with asthma had a higher 
rate of antibiotic usage than those who had never been di-
agnosed with asthma. In contrast to the outcomes of rou-
tine examinations, international guidelines specify that 
antibiotics should not be used for chronic asthma therapy 
or for acute exacerbations  [8] . After enrollment, patients 
experiencing exacerbations were examined without delay 
as well as at regular follow-up appointments. If no evi-
dence of bacterial infection was detected, we did not use 
antibiotics; exacerbations were treated with asthma drugs. 

  Numerous studies have assessed the role of antibiotics as 
a part of asthma therapy  [13, 14] . De Boeck et al.  [3]  men-
tioned the strong tendency for health care providers to 
coprescribe antibiotics and asthma drugs. Paul et al.  [1]  de-
termined that each year in the USA, antibiotics are pre-
scribed for nearly 16% of patients with asthma who present 
to pediatric ambulatory care settings. According to Knapp 
et al.  [15] , visits to an emergency department for moderate 
to severe asthma result in 29% of the patients receiving an 
antibiotic prescription. Coprescribing antibiotics and asth-
ma drugs might be due to asthma severity. However, some 
studies have shown that, compared to visits to pediatricians, 
visits to emergency departments by children with respira-
tory tract infections are less likely to result in a prescription 
for broad-spectrum antibiotics  [16] . Marra et al.  [6]  also 
demonstrated that, for pediatric asthmatic patients, rates of 
prescribing antibiotics were higher in visits to physicians 
than to specialists. The latter resulted in increased diagnos-
tic certainty of asthma exacerbation and less antibiotic us-
age. Likewise, our patients were followed prospectively by 
specialists, which resulted in a decreased use of antibiotics.

  Patient asthma education is increasingly being viewed 
as an important aspect of the ambulatory care setting  [17] . 
Paul et al.  [1]  demonstrated that asthma education during 
patient visits is associated with a reduced number of anti-
biotic prescriptions. The results from this finding suggest 
other potential benefits for asthma education, as it seems 
to be associated with more judicious prescribing of antibi-

 Table 2.  Associations between characteristics of patients and 
change in outcomes before and after the diagnosis

Factors Asthma episode Antibiotic use

beta p b eta p

Gender 0.021 0.726 0.061 0.321
Diagnosis age –0.119 0.051 –0.290 0.772
Household number 0.045 0.466 0.035 0.582
Mother’s education –0.038 0.551 –0.031 0.626
Father’s education –0.039 0.538 –0.079 0.214
Smoking in the

household 0.064 0.296 0.007 0.915
History of atopy 0.042 0.489 –0.035 0.559
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otics by providers. Parent-doctor communication during 
visits is associated with the prescription of antibiotics with 
the asthma medication. Some parents who believe their 
children have a disease which should or could be treated 
with antibiotics may directly request antibiotics  [18] . If the 
patients and their parents are informed and educated 
about asthma during the visit to the specialist, they are less 
likely to request antibiotics. This, of course, leads to a gen-
eral decrease in antibiotic usage  [1] . Our patients and their 
parents were informed and educated at every visit.

  The limitation of this study was that for the year prior 
to the diagnosis of asthma, the patients were evaluated 
retrospectively. The number of episodes and the frequen-
cy of antibiotic usage were obtained from the database 
and parent reports. The use of a standard classification 
system for antibiotics may be more reliable. However, in 
the year after the diagnosis of asthma, patients were regu-
larly followed up prospectively by the specialists and no 
patients were excluded from the study. 

  Conclusion 

 This study showed that the appropriate diagnosis and 
treatment of childhood asthma significantly reduce the 
frequency of antibiotic usage and the number of asthma 
episodes. Diagnostic certainty about asthma exacerba-
tions, appropriate therapies and regular follow-up con-
tributed to these results as well as follow-up visits to a 
specialist.
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