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Abstract

Background: Asthma is a chronic inflammatory disorder of lung airways, affecting about 300 million people worldwide. Several
risk factors are involved in asthma development, such as environmental allergens, genetic susceptibility, and respiratory viral infec-
tions. Viral infections induce NF-kB and inflammatory pathways that lead to the production of cytokines, chemokines, and inflam-
matory proteins and, finally, a reduction of lung volume and function.
Objectives: The aim of this study was to evaluate viral infections’ prevalence in children with asthma from 2016 to 2017.
Methods: One hundred throat swab samples were collected from asthmatic children. Extraction of RNA and cDNA synthesis were
performed to recognize parainfluenza viruses, rhinoviruses, influenza viruses, and respiratory syncytial virus (RSV) using real-time
PCR. Also, the associations of age, sex, and other studied factors with asthmatic attacks were evaluated.
Results: In this study, 41 viruses were detected, including 21 cases of rhinoviruses (51.22%), 10 cases of parainfluenza (24.39%), seven
cases of respiratory syncytial virus (17.07%), and three cases of the influenza virus (7.32%). Regarding seasonal incidence, the preva-
lence of the viruses was high in autumn and winter, and there was a significant relationship between seasonal incidence and gender.
However, there were no statistically significant relationships between the prevalence of the viruses and age or gender.
Conclusions: The most important viral causes of childhood asthma in this study were found to be rhinoviruses, followed by parain-
fluenza. The lowest prevalence was related to the RSV and influenza virus, which the two viruses also showed the lowest seasonal
outbreaks. Therefore, it can be said that with an increase in the seasonal incidence of respiratory viruses, the effects of these viruses
will be greater on asthma.
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1. Background

Asthma is a common and severe chronic inflammatory
disease of the airways and usually presents with feelings
of tightness and pressure on the chest, wheezing, cough-
ing, and sore throat (1). The most common and charac-
teristic clinical symptom is smooth muscle contraction,
leading to airway stenosis and obstruction. Allergic reac-
tions, exercises, irritants, non-steroidal anti-inflammatory
drugs, inflammation, and respiratory infections have been
noted among the most important risk factors of asthma
(2). Asthma affects 300 million people around the world,
inflicts an annual death of about 250,000 cases globally,
and imposes millions of dollars of costs on society every
year (3, 4). Asthma symptoms occur in about 11.6% of 6- to 7-
year-old children (5). Asthma is the most common chronic
pulmonary disease among children, affecting 6.6 million

children in the United States alone and 10% of children in
the world (6). The prevalence of asthma and severe asthma
in pediatric populations in Iran (10.9%) was similar to that
of other developing countries in 2018 (7).

Asthma pathogenesis is a complex process, including
various clinical endotypes. Complex interactions between
genetic, epigenetic, and environmental factors lead to in-
appropriate and abnormal immunological patterns that
bring asthma clinical manifestations to patients (8). Some
environmental factors affect the pathogenesis of asthma,
and after genetic factors, they have a great influence on
the development of asthma in susceptible individuals, es-
pecially children who are vulnerable to severe infections
of the respiratory system. The association of infections
with asthma has been reported in 20 to 38% of cases (9,
10). Childhood infections are among the most important
factors contributing to asthma development. Infections
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within the first months of infancy increase the risk of
asthma several times (11). The infectious agents exagger-
ating the risk of asthma include bacteria, fungi, parasites,
and viruses (12). Although all these infectious agents can
contribute to asthma development, the role of viruses, in
particular respiratory viruses, is more pronounced in the
development of asthma, as well as other respiratory dis-
eases such as idiopathic pulmonary fibrosis (IPF).

The inflammation caused by viruses alters lung vol-
ume, followed by a decrease in airflow and an increase in
airways’ sensitivity (13-15). Moreover, nitric oxide levels
rise in viral respiratory infections following a surge in vi-
ral titers, sharing a role in the progression of inflammation
and development of asthma (16). Various viruses can play
a role in asthma pathogenesis and creation. In Iran, sev-
eral studies have examined the prevalence of various res-
piratory viruses such as a respiratory syncytial virus (RSV),
influenza A and B, coronaviruses, rhinoviruses, metapneu-
movirus, and the Bocavirus in asthmatic patients using
molecular methods, reporting a range of 0 to 46% (17-19).

The rhinovirus is one of the common cold-induced
viruses in children and adolescents. The virus has a high re-
productive capacity in the bronchial epithelium, causing
bronchiolitis and aggravating inflammation and asthma
symptoms. In some studies, the virus has been demon-
strated an association between viral infection and the
severity of asthma symptoms (30% of patients) (20, 21).
Parainfluenza is another respiratory virus that causes air-
way histological changes and increases sensitivity to aller-
gens, which augments susceptibility to asthma. On the
other hand, eosinophils, lymphocytes, and neutrophils,
which migrate to the site of infection, increase inflamma-
tion and facilitate asthma development (22, 23). The res-
piratory syncytial virus is also one of the most effective
viruses for the development of chronic bronchitis in chil-
dren. This virus shows widespread seasonal outbreaks and
increases the risk of asthma in children (30 - 40%). The in-
fluenza virus is another important viral agent that, due to
its high prevalence and easy transmission, can play a key
role in childhood respiratory infections (24, 25).

2. Objectives

In this study, the prevalence and seasonal incidence
of influenza viruses, parainfluenza, rhinoviruses, and RSV
were investigated. Also, the relationship between these
viruses and patients’ age and sex was assessed.

3. Methods

3.1. Patients

In this cross-sectional study, 100 throat swab sam-
ples were obtained from children with severe asthma at-
tacks, diagnosed by a specialist, referred to the hospi-

tals affiliated with Kermanshah University of Medical Sci-
ences between April 2015 and December 2016. Of pa-
tients, 31% referred from cities other than Kermanshah.
The patients were breathless and had chest pain, wheez-
ing, cough, and sputum production. Standard diagnostic
criteria for asthma (26, 27), including radiological, clinical,
and spirometry findings, were confirmed by a specialized
team. All required information (e.g., age, sex, history of vi-
ral infections, and consumed drugs) were also recorded.
Based on their clinical conditions, the patients were cate-
gorized into two groups including exacerbating (n = 26)
and stable (n = 74). The two scoring systems of Asthma
Control Questionnaire (ACQ) and asthma control test (ACT)
were used to monitor the efficacy of treatments.

3.2. Inclusion Criteria and Exclusion Criteria

Inclusion criteria were asthma diagnosis by a spe-
cialist, hospitalization due to asthma, and having acute
asthma symptoms like wheezing. Patients with connective
tissue diseases and chronic hypersensitivity pneumonitis
or asbestosis were excluded.

3.3. Sample Collection

Samples were collected under sterile conditions, and
the swabs were placed into a virus transport media (Hardy
Diagnostics, CA, the USA). The specimens were well-mixed
by a vortex before removing the swab and preserved in a
freezer (-70°C).

3.4. Nucleic Acid Extraction

RNA extraction was performed by a QIAamp Viral RNA
Mini Kit (Qiagen, Hilden, Germany) according to the man-
ufacturer’s instructions. The extracted genomic DNA/RNA
was stored at -70˚C.

3.5. Real-Time PCR

For cDNA synthesis, 1 µg of total RNA was reverse tran-
scribed using the QuantiNova Reverse Transcription Kit
(QIAGEN, Hilden, Germany) according to the manufac-
turer’s instructions and stored at -70°C. Real-time PCR was
performed with 11 ng of cDNA, 900 nM forward primer, 300
nM reverse primer, 100 nM probe, and 2X master mix in
a final volume of 25 µL. Each sample was run in triplicate
for 40 cycles at standard real-time PCR cycling conditions.
The primers and probes for each virus were designed based
on standard guidelines. The sequences of the primers and
probes used in this study have been presented in Table 1.
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Table 1. The Sequences of the Probes and Primers Used in Real-Time PCR

Virus Name Sequences

Parainfluenza

F1 ATCCAAGAGGRGGAATAGA

F2 ACCCAAGAGGGGGTATAGA

R GTCTCCTTGAACCATTGC

Probe FAM-TCTATAAGTGCAATMCATCTAGCAGCTGTT-TAMRA

RSV

F AACAGATGTAAGCAGCTCCGTTATC

R CGATTTTTATTGGATGCTGTACATTT

Probe FAM-TGCCATAGCATGACACAATGGCTCCT-TAMRA

Rhinovirus

F CGGCCCCTGAATGYGG

R TGGAAACACGGACACCCAA

Probe FAM-YGGGAYGGGACCAACT-BHQ1

Influenza A

F GACCRATCCTGTCACCTCTGAC

R AGGGCATTYTGGACAAAKCGTCTA

Probe FAM-TGCAGTCCTCGCTCACTGGGCACG-BHQ1

Influenza B

F TCCTCAAYTCACTCTTCGAGCG

R CGGTGCTCTTGACCAAATTGG

Probe FAM-CCAATTCGAGCAGCTGAAACTGCGGTG-BHQ1

3.6. Statistical Analysis

In this study, the frequencies of four types of res-
piratory viruses including influenza, parainfluenza, rhi-
novirus, and RSV in asthmatic children under the age of 5
years were investigated. Also, the prevalence of mentioned
viruses in different seasons were demonstrated. For data
analysis, SPSS v20 and GraphPad Prism were used. The two-
way ANOVA statistical method was used to determine the
relationships between viruses’ frequencies and children’s
age and sex, as well as different seasons. A significant rela-
tionship or correlation between these factors was noted at
a P value of < 0.05.

4. Results

From a total of 100 participants, 53 (53 %) were males,
and the mean age was 4.26 ± 0.80 years. The patients had
been diagnosed with asthma based on CT scan findings.
The patients’ demographic information has been shown
in Table 2.

Patients with exacerbating clinical conditions had
higher ACQ and ACT scores compared with children with
stable conditions (P < 0.001); on the other hand, the rate

Table 2. Patients’ Demographic and Clinical Information

Variables Values

Gender, No. (%)

Male 53 (53)

Female 47 (47)

Age group (y), No. (%)

< 2 63 (63)

2 - 5 37 (37)

Clinical history

Viral infection 17

Using interfering drug 4

Identified viruses, No. (%)

Rhino 21 (51.22)

Parainfluenza 10 (24.39)

RSV 7 (17.07)

Influenza 3 (7.32)

Association of viral infections with age and gender, P-value

Viral infection and Age

Rhino 0.12

Parainfluenza 0.7

RSV 0.1

Influenza 0.2

Viral infection and Gender

Rhino 0.2

Parainfluenza 0.9

RSV 0.5

Influenza 0.5

of inhaled corticosteroid (ICS) maintenance therapy was
lower among patients with stable conditions (47.1 vs. 92.3%,
P < 0.001). There were no significant differences in the du-
ration of asthma, parents’ smoking status, and rhinitis co-
morbidity between the two groups of patients (P > 0.05).
Forty-one out of 100 samples (41%) were positive for the as-
sessed viral infections. The highest and lowest prevalence
of viral infections were related to rhinoviruses (51.21%) and
influenza viruses (7.32%), (Figure 1 and Table 2).

No significant correlations were found between the
studied viruses and asthmatic children’s age and gender
(Table 2). The highest and lowest incidence of the viral
infections was in winter and summer, respectively. Rhi-
noviruses were detected in three out of four seasons, but
influenza was detected in winter only. A significant correla-
tion was observed between the seasonal incidence and the
gender (P = 0.02) but not age of patients (P = 0.08).
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Figure 1. Viral infections’ prevalence in children with asthma

5. Discussion

Several risk factors such as occupational and environ-
mental exposure have been found in epidemiological stud-
ies to be involved in asthma pathogenesis. Viral infections,
especially respiratory viruses, have been reported as ma-
jor triggers of asthma exacerbation. In previous studies,
viral infections were detected in 25% of asthma patients;
however, this rate has changed in recent years, suggesting
a more significant role for viral infections in asthma de-
velopment (28). In fact, severe respiratory infections have
been associated with increased sensitivity to common al-
lergens in children, leading to a surge in IgE level and risk
of asthma (29). Also, these viruses can induce inflamma-
tion that plays an essential role in asthma pathogenesis.
The results of the current study showed a frequency of 41%
(41/100) for viral infections in asthma patients.

In the present study, the prevalence of influenza
viruses, parainfluenza, RSV, and rhinovirus in children
with asthma was investigated. We also scrutinized the as-
sociation of these viral infections with patients’ age and
sex, as well as seasonal outbreak. Our results demonstrated
that 41 patients were positive for the genomes of these
viruses, including 21 (51.21%), 10 (24.39%), 7 (17.07%), and 3
(7.31%) for rhinoviruses, parainfluenza, RSV, and influenza
viruses, respectively. Our results were consistent with the
results of several previous studies, reporting a positivity
rate ranging from 33 to 76.42% for rhinoviruses (30, 31). Ac-
cording to the results of these and other studies around
the world, it can be noted that rhinoviruses are among im-
portant viral etiologies of asthma (32, 33). Likewise, be-
sides being a major cause of common cold in children and
adults, rhinoviruses are also considered to be the leading
cause of asthma (6, 34).

The cytopathic effects of the rhinovirus on aerial path-
ways facilitate asthma development and progression. Spe-
cific receptors for different strains of the rhinovirus are ex-
pressed on the epithelial cells of airways, largely contribut-
ing to the role of the virus in asthma pathologic features
(35, 36). On the other hand, previous studies have shown
that the virus infects children under two years of age more
than the children aged two to five years old, which might
seed a background for allergic reactions in early childhood
(37).

Another important virus causing infections in chil-
dren is the parainfluenza virus. In our study, 24.3% of asth-
matic children were positive for the parainfluenza virus.
In most studies, this virus has been identified as the third
most important factor in asthma development, preceded
by the rhinovirus and RSV with the respective prevalence
of 10 and 21.2% in children with asthma. In this regard, our
results were consistent with the findings of similar stud-
ies (33, 34). In some studies, the prevalence of the parain-
fluenza virus was reported to be less than 10%, and the virus
showed a lower seasonal incidence and also a lower preva-
lence in > 5-year-old children with advanced asthma com-
pared with the rhinovirus and RSV (38, 39). In the present
study, the seasonal prevalence of the parainfluenza virus
was lower than that of the rhinovirus. There was a sea-
sonal outbreak of the RSV and influenza virus, explaining
the presence of these viruses in the respiratory tract.

In the current study, the prevalence of RSV was 17.07%
that was almost identical to the prevalence of the parain-
fluenza virus. In terms of the seasonal incidence, the virus
was reported only in autumn and winter. This virus infects
boys and girls under two years of age. In some investiga-
tions, the prevalence of respiratory tract syndrome was in
the range of 15 to 22%, which was similar to the ratio ob-
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served in our study (28, 40). The RSV has been reported as
the dominant virus in asthma patients in some other stud-
ies (33, 41). Bronchiolitis due to RSV has been suggested as
the main reason for the development and progression of
asthma in children younger than two years of age (42).

In this study, the influenza virus showed a prevalence
of 7.3%. The seasonal outbreak of this virus was low (exclu-
sively in winter), indicating a relatively low prevalence in
children with asthma, which is due to the presence of in-
fluenza viruses with different genotypes. In most studies;
however, two different genotypes of this virus have been
investigated. Also, different seasons in which viruses were
isolated, as well as different geographical locations can in-
fluence the genotypes of isolated viruses (34, 43). The in-
fluenza virus in this study was observed only in children
aged 2 to 5 years old and was not observed in children un-
der the age of 2 years. Molecular methods have recently
offered an increase in the sensitivity of detecting some
viruses up to 10 times, rendering more reliable results (44,
45).

Our study had several limitations including a small
sample size and being a single-center research. The as-
sessed pathogens were also specific to the study area. Thus,
our results are probably not applicable to other patient
populations. Finally, we did not assess other possible mi-
croorganisms such as respiratory bacteria that may be in-
volved in asthma pathogenesis. Overall, the association be-
tween viral infections and asthma requires further investi-
gations.

5.1. Conclusions

Respiratory viruses were detected in 41% of the stud-
ied asthma patients. We here noticed that the patients in-
fected with these viruses had more prominent and persis-
tent cough symptoms, suggesting that respiratory viruses
are involved in asthma pathogenesis. Nevertheless, con-
firming such associations requires further studies with
larger sample sizes.
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