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Introduction: Respiratory infections have significant effects on childhood asthma. Viral respi-
ratory infections, such as rhinovirus and respiratory syncytial virus are likely to be important in
the development and exacerbation of asthma. In this study, we investigated the nasopharyngeal
colonization in children with asthma to determine the prevalence of pathogens and their con-
tribution to respiratory symptoms and airway resistance during winter.

Methods: From December 2016 to March 2017, 50 nasopharyngeal specimens were collected
from 18 patients (age, 5.0£1.1 years) with asthma and 9 specimens from 9 control children (age,
4.9£1.0 years). Samples were tested for 19 viruses and 7 bacteria, using multiplex real-time
PCR. Respiratory disease markers included the Global Asthma Network Questionnaire, the
Common-Cold Questionnaire, the Global Initiative for Asthma assessment of asthma control,
and the airway resistance at 5 Hz by forced-oscillation technique.

Results: The most commonly isolated organisms in both groups (patients and controls) were
Streptococcus pneumoniae, Haemophilus influenzae, and rhinovirus. Most patients had multiple
isolates (median, 3.5; range, 1-5), which changed during the study period. Types of isolates were
4 bacteria (S. pneumoniae, H. influenzae, Bordetella pertussis, and Bordetella parapertussis) and
6 viruses (rhinovirus, enterovirus, metapneumovirus, adenovirus, coronaviruses, and parainflu-
enza viruses). Similar isolates, including influenza A-H3 virus and bocavirus, were detected in
the controls. Of the 9 patients with “wheezing disturbing sleep =1 per week”, 6 had rhinovirus,
2 coronaviruses, and 1 no detectable viruses. Patients with mild common cold symptoms had
significantly higher airway resistance at 5 Hz z-score (P=0.025).

Conclusion: Multiple respiratory pathogens were isolated from many patients with asthma,
which appeared to contribute to disease symptoms and airway resistance. Minimizing children’s
exposure to respiratory pathogens might be beneficial, especially during winter.

Keywords: asthma, inhaled corticosteroids, respiratory pathogens, nasopharyngeal coloniza-
tion, communicable diseases

Introduction
Viruses and bacteria contribute to the pathogenesis and natural history of childhood
asthma.! Respiratory syncytial virus (RSV) predominates in infants and toddlers, while
human rhinovirus (hRV), influenza (Flu) viruses, parainfluenza virus (PIV), adeno-
virus (AdV), coronavirus (CoV), and human enterovirus (hEV) are more prevalent
in older children.?

It is common for children with asthma to develop respiratory symptoms, especially
during winter. Many of their clinical findings, however, result from respiratory infec-
tions that require supportive care and minimizing exposure to respiratory pathogens.**
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The prevailing practice, nevertheless, is escalating the use
of short-acting B-agonists (SABAs), long-acting B-agonists
(LABASs), inhaled corticosteroids (ICSs), and leukotriene
receptor antagonist. These medications are expensive and
may impose serious adverse events, especially in young
children.’ Therefore, identifying and controlling triggers of
asthma deserve further studies.

There are no studies from the United Arab Emirates
(UAE) or surrounding countries that have evaluated respira-
tory infections or nasopharyngeal isolates in patients with
asthma. However, few studies have addressed respiratory
viral infections at community level. For example, in Saudi
Arabia, most cases of RSV occur from November through
March and some cases have been reported at other months
of the year.’ In Kuwait, a study that has investigated the
causative agents in >1,000 patients with lower respiratory
tract infections using PCR revealed that RSV and hRV are
the major isolates among hospitalized children from October
to March. PIV-2 and human CoV were not detected in any
of the patients’ samples.’

Regular surveillance, especially during the winter is nec-
essary if pathogens are to be identified with a view to possible
prevention. This prospective, case—control pilot study aimed
to estimate the prevalence of nasopharyngeal isolates in
children with asthma during winter season and identify their
clinical impact on respiratory symptoms and function. Its
main objective was to address the importance of controlling
respiratory pathogens in the treatment of childhood asthma.

Materials and methods

This study was conducted between December 2016 and March
2017 in the Pediatric Pulmonary Clinic at Tawam Hospital (Al
Ain, UAE). It was approved by the Research Ethics Commit-
tee of the UAE University — College of Medicine and Health
Sciences (ERH 2015 3235 15 111). Written informed consent
was obtained from the parents of all participants.

Children 3-6 years of age, with a diagnosis of asthma,
were eligible to participate in the study. The clinical diagnosis
of asthma was made by the pediatric pulmonologist, based
on the Global Initiative for Asthma (GINA) criteria.® Asthma
staging ranged from mild to moderate, according to sever-
ity level and if the children required either ICS alone or in
association with either LABA or montelukast. The study was
explained to the parents of all eligible patients, and, if they
agreed to the procedures, their children were enrolled in the
study. The control group consisted of age-matched children
without asthma, mainly relatives of our co-workers.

Immunization was up-to-date in all the studied partici-
pants. Children were excluded from the study if they had
significant illnesses, such as chronic lung disease of pre-
maturity, cystic fibrosis, congenital heart disease, immune
deficiency, or upper airway anomaly. Demographic, medical,
and vaccination data were reviewed. History of asthma symp-
toms was obtained using a modified global asthma network
questionnaire.’ For the assessment of symptoms of viral
infection, we used a validated Common Cold Questionnaire
(CCQ)."" This questionnaire inquired about the presence of
fever, chills, muscle pain, watery eyes, runny nose, sneez-
ing, sore throat, cough, and chest pain during 2 days prior to
specimen collection; each complaint was scored as none (0),
mild (1), moderate (2), or severe (3). The GINA assessment
of asthma control was used to assess the level of asthma
control over the past 4 weeks.® This instrument scored the
presence (1) or absence (0) of each of the 4 clinical variables,
day symptoms, night symptoms, reliever use, and exercise
limitation. A score of zero indicated well-controlled asthma,
1-2 partly-controlled asthma, and 3—4 uncontrolled asthma.

Forced oscillation technique (FOT) was used to assess
airway resistance using a commercial device (tremoFlo™
C-100, tremoFlo software, version 1.0.34 build 32; Thorasys
Medical Systems, Montreal, QC, Canada), as previously
described.!" Briefly, measurements were performed with
the child sitting upright with the head in a neutral position,
the cheeks supported, and the nose clipped. The child was
instructed to breathe tidally through a mouthpiece. Data
were collected over several seconds and the average of 3
acceptable measurements (coefficient of variation <15%)
was taken. Airway resistance at 5 Hz (RS, in cmH,O.s.L™)
was expressed as R5 z-score.!!

Sample collection and processing

Multiple (1-3 and 4-6 weeks apart) nasopharyngeal speci-
mens were collected from each patient between December
2016 and March 2017 (Tables 1, 2, S1, and S2). For controls,
each participant had only 1 sample collected between Janu-
ary and March 2017 (Table 3). The specimens were stored
at —70°C until analysis, which was performed using the All-
plex™ Respiratory Full Panel Assay (Seegene Biotechnology
Inc., Seoul, Korea) as instructed by the manufacturer.'? The
assay was composed of four panels and utilized a multiplex
one-step real-time PCR to identify 16 viruses (with three
influenza A subtypes) and seven bacteria. The viruses were
influenza (Flu A, B, A-H1, A-Hlpdm09, and A-H3), PIV
(1-4), RSV (A and B), AdV, hEV, human metapneumovirus
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Table | Nasopharyngeal isolates, airway resistance (R5), “common cold” symptoms (CCQ), and GINA assessment of asthma control
in the 18 patients with asthma (33 pathogens of 10 types); December 2016—January 2017.

Patients, ID Isolates CCQ score GINA score R5 z-score Treatment modification
number (sex,

age)

I (M, 6.2 years) HI, hRV 0 3 0.59 None

2 (F, 4.8 years) SP 2 I 1.48 None

3 (M, 3.7 years) hRV 2 4 Not done Increased dose of ICS

4 (M, 4.8 years) SP, HI, BPP, hRV 10 4 -0.14 Salmeterol added to ICS
5 (M, 4.4 years) SP, hRV, hEV, AdV 0 4 1.40 None

6 (M, 6.2 years) SP, HI, CoV 229E, CoV NL63 3 | 1.36 None

7 (M, 6.4 years) None detected 2 2 0.46 None

8 (M, 4.9 years) SP, CoV OC43 3 3 1.12 None

9 (M, 6.5 years) SP I 2 0.24 None

10 (M, 6.4 years) hRV 0 4 —0.06 ICS started

I'l (F, 4.9 years) SP 2 Not done 1.69 None

12 (M, 4.4 years) SP, HI, hRV 7 4 1.54 Montelukast added to ICS
13 (F, 4.2 years) HI, hRV 16 3 0.20 Salmeterol added to ICS
14 (M, 4.2 years) SP, HI, hEV, PIV3 4 | 3.05 None

15 (F, 4.9 years) SP | Not done 1.34 None

16 (M, 3.6 years) hRV 0 4 3.55 ICS started

17 (M, 6.1 years) HI 8 3 -0.24 ICS started

18 (M, 3.2 years) Not done Not done Not done Not done None

Notes: The treatment modifications were based on clinical findings at the discretion of the primary physician (pediatric pulmonologist).

Abbreviations: AdV, adenovirus; BP, Bordetella pertussis; BPP, Bordetella parapertussis; CCQ, common cold questionnaire; CoV 229E, coronavirus 229E; CoV NL63,
coronavirus NL63; CoV OC43, coronavirus OC43; F, female; GINA, Global Initiative of Asthma; hEV, human enterovirus; HI, Haemophilus influenzae; hRV, human rhinovirus;
ICS, inhaled corticosteroid; M, male; SP, Streptococcus pneumoniae; PIV 1, parainfluenza virus |; PIV3, parainfluenza virus 3; R5, airway resistance at 5 Hz

Table 2 CCQ score, GINA assessment of asthma control score, R5 z-score, nasopharyngeal isolates, and escalation of asthma

prophylaxis

CCQscore GINAscore N* RS5z-score Isolates Treatment escalated N (%) P

0 (] 5 —0.48 (1.22)  SP, HI, hRY, CoV 229E 0 (0) 0.4
>2 4 3.50 (0.54) SP, HI, hRV, hEV, AdV, PIVI 2 (33)

1-7 0-1 ] 1.42 (1.11) SP, HI, hEV, PIV3, CoV 229E, CoV NL63, BP 2 (20) 1.0
>2 10 1.33 (1.96) SP, HI, hRV, CoV OC43, AdV, MPV 2 (20)

8-16 0-I 4 —0.43 (1.76)  SP, HI, BP, PIVI 2 (50) 1.0
>2 4 0.03 (0.90) SP, HI, hRY, BPP 2 (50)

Notes: P-values are Fisher’s exact test. *N indicates the number of patients with the stated CCQ score and GINA score.

Abbreviations: AdV, adenovirus; BP, Bordetella pertussis; BPP, Bordetella parapertussis; CCQ, common cold questionnaire; CoV 229E, coronavirus 229E; CoV NLé63,
coronavirus NL63; CoV OC43, coronavirus OC43; GINA, Global Initiative of Asthma; hEV, human enterovirus; HI, Haemophilus influenzae; hRV, human rhinovirus; MPV,
metapneumovirus; SP, Streptococcus pneumoniae; PIV |, parainfluenza virus |; PIV3, parainfluenza virus 3; R5, airway resistance at 5 Hz

(MPV), human bocavirus (hBoV), hRV, and CoV NL63,
CoV 229E, and CoV OC43. The bacteria were Streptococ-
cus pneumoniae (SP), Haemophilus influenzae (HI), Myco-
plasma pneumoniae, Chlamydophila pneumoniae, Legionella
pneumophila, Bordetella pertussis (BP), and Bordetella
parapertussis (BPP).

Statistical analysis

The data were analyzed with the SPSS statistical package
(version 20). Descriptive statistics included the number and
percentage, or the measured value of the observed variables,

as appropriate. ANOVA was used to compare the RS z-score
on one hand, with the number of isolated pathogens, the
GINA asthma control score, and the CCQ score on the
other hand. The unpaired #-test was used to compare the RS
z-score between the children with asthma and the controls.
For all tests, statistical significance was defined by a 2-sided
P-value <0.05.

Results
Fifty nasopharyngeal specimens were collected between
December 2016 and March 2017 from 18 patients with
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Table 3 Nasopharyngeal
“common cold” symptoms in the 9 control children (23 isolates
of 8 different types); December 2016—March 2017.

isolates, airway resistance, and

Children, ID Age Isolates CCQ R5
number (sex) (years) score z-score
I (F) 35 SP, HI, hRV, hBoV 0 2.45°
2 (M) 5.5 SP, Flu A-H3 5 0.85
3(F) 4.0 SP, HI, hEV 4 -0.60
4 (M) 5.9 SP, AdV 0 -0.82
5(M) 5.1 SP, HI, hRV 0 -1.99
6 (F) 5.5 SP, Flu A-H3 6 2.45
7 (M) 5.1 hRV, hEV Not done 0.25
8 (M) 42 SP, hRY, hBoV, PIV4 |1 2.09
9 (F) 33 HI Not done .57

Note: *Child | was found subsequently to have symptoms of allergic rhinitis and
mild night cough.

Abbreviations: AdV, adenovirus; CCQ, common cold questionnaire; F, female;
Flu A-H3, influenza A virus-H3; hBoV, human bocavirus; hEV, human enterovirus;
HI, Haemophilus influenzae; hRV, human rhinovirus; M, male; SP, Streptococcus
pneumoniae; R5, airway resistance at 5 Hz

asthma (age, 5.0%1.1 years). As patient 18 was recruited
into the study only in February 2017 (Table 1), no data
are available on him prior to that time, and his later results
are included in Table S1. The results of studies performed
between December 2016 and January 2017 are shown in
Table 1, between January 2017 and February 2017 in Tables
S1, and in March 2017 in Tables S2. Patients’ responses to
the Global Asthma Network Questionnaire are shown in
Table S3. Only 6 patients used daily asthma prophylaxis
(Table S3). In addition, 9 nasopharyngeal specimens were
also collected from 9 control children who had no history of
asthma (age, 4.9%1.0 years); their results are shown in Table 3.

The prevalence of each isolate in patients and controls
are shown in Figures 1 and S1. The most common organisms
were SP, HI, and hRV for both groups.

Patients (December 2016—January 2017): Thirty-three
pathogens (18 bacteria and 15 viruses) of 10 different types
were isolated from 16 (94%) of 17 patients with asthma;
Patient 7 had no detectable isolate (Table 1). These organ-
isms were SP (10 patients), HI (7 patients), BPP (1 patient),
rhinovirus (7 patients), CoV (2 patients), hEV (2 patients),
AdV (1 patient), and PIV-3 (1 patient). Four (23%) patients
had 4 pathogens, 1 (6%) had 3 pathogens, 3 (18%) had
2 pathogens, 8 (47%) had 1 pathogen, and 1 (6%) had none.
Six (75%) of 8 patients with rhinovirus had a treatment
modification, such as starting ICS (3 patients), increased ICS
dosing (2 patients), or adding montelukast or salmeterol to
the ICS (3 patients), Table 1.
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S February
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€
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Figure | Nasopharyngeal pathogens isolated from the 18 patients with asthma and
the 9 healthy children during the studied winter periods.

Abbreviations: AdV, adenovirus; BP, Bordetella pertussis; BPP, Bordetella
parapertussis; CoV, coronavirus; Flu A-H3, influenza A virus-H3; hBoV, human
bocavirus; hEV, human enterovirus; hRV, human rhinovirus; HI, Haemophilus
influenzae; PIV, parainfluenza virus; SP, Streptococcus pneumoniae.

Nine (52%) patients had mild common cold symptoms
(CCQ scores ranged from 1 to 7 of a maximum score of 27),
4 (24%) had moderate symptoms (CCQ scores ranged from
8 to 16), and 4 (24%) had no symptoms (CCQ score =0),
Table 1. Isolates from patients with CCQ score =7 included
SP (Patients 4, 9, and 12), HI (Patients 4, 12, and 17), BPP
(Patient 4), and hRV (Patients 4, 12, and 13).

Twelve (80%) of 15 patients had GINA assessment of
asthma control score of 22 (maximum score, 4; Table 1). The
R5 z-score (airway resistance) was not significantly differ-
ent when compared among children with different number
of pathogens isolated (P=0.2, ANOVA). Similarly, the RS
z-score was not significantly different among children with
different CCQ scores (P=0.1, ANOVA) or GINA control
scores (P=0.5, ANOVA).

Patients (February—March 2017): Isolate profiles changed
in the majority of patients (Tables S1 and S2). For example,
Patient 3 acquired BP and Patient 6 rhinovirus (Table S1).
Many of previously detected viruses were not present on the
subsequent testing; eg, Patients 6 and 8 lost their coloniza-
tions with CoV (Table S1). Different strains of PIV also
appeared in March 2017 (PIV1 in Patient 11, and PIV4 in
Patient 12; Table S2); while the strain detected in Decem-
ber—January was PIV3 (Patient 14, Table 1).

It is worth noting that BP and BPP were detected during
the entire study period. The 2 patients with BP (Patients 2
and 3, Tables S1 and S2) had increased ICS dosing.

Table 2 shows the pathogens isolated from patients sorted
by varying degrees of CCQ and GINA assessment of asthma
control scores. The 4 patients with CCQ scores =0 and GINA
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assessment of asthma control scores >2 had increased airway
resistance (high mean RS z-scores), suggesting poor asthma
control. However, only 2 of these patients had treatment
escalation.

The impact of common cold symptoms on airway resis-
tance is shown in Figure 2A. Patients with a CCQ score of
1-7 had significantly higher R5 z-score (P=0.025).

Nine of the 18 patients had “wheezing disturbing sleep >1
per week” (Table S3). Six of these patients had rhinovirus, 2
had CoV, and 1 had severe atopy (Patient 18), Table 1.
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Treatment modifications: The treatment modifications,
based on clinical findings, were made at the discretion of
their pediatric pulmonologist and are detailed in Table 1.
Many patients were already on controller medications prior
to the study as shown in Table S3.

Controls (December 2016—March 2017): Twenty-three
pathogens isolated from the control children: SP (7 chil-
dren), HI (4 children), rhinovirus (4 children), Flu A-H3 (2
children), enterovirus (2 children), hBoV (2 children), PIV4
(1 child) and AdV (1 child), Table 3 and Figure 1. Two (22%)
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Figure 2 The horizontal lines are mean values. The P-values are Mann—-Whitney (2-tailed) between CCQ score =0 and the other groups. Kruskal-Wallis test that compared
3 CCQ groups revealed an asymptotic significance (2-tailed) of 0.013. Panel (A): R5 z-scores in the patients with asthma as function of CCQ score. Panels (B=D): R5 z-scores
as function of Global Initiative of Asthma assessment of asthma control score in the patients with asthma grouped by their CCQ score.

Abbreviations: ACT, asthma control test; CCQ, Common Cold Questionnaire; R5, airway resistance at 5 Hz.
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children had 4 pathogens, 2 (22%) had 3 pathogens, 4 (45%)
had 2 pathogens, and 1 (11%) had 1 pathogen. The results
of their airway resistance and CCQ scores are detailed in
Table 3. The RS z-score (airway resistance) was not signifi-
cantly different between children with asthma and controls
(P=0.8, unpaired #-test).

Discussion

The nasopharynx is a reservoir for pathogens associated with
respiratory diseases, such as asthma. Airway microbiome
studies have shown that bacteria may play a substantial role
in the onset, evolution, and severity of asthma.!?

This study was conducted to test the hypothesis that
nasopharyngeal colonizations with community-acquired
pathogens have an adverse impact on the natural history of
asthma in young children. The results show that the majority
of patients with asthma had several viral pathogens, which
contributed to symptoms and airway resistance (Tables 1 and
2). The clinical impact of the respiratory pathogens on asthma
control is shown in Table 1. Patients 2 and 3 had increased
CCQ scores in association with colonizations with HI and
BP on the second sampling. The increased airway resistance
in Patient 5 on the second sample collection could be due
to colonization with HI or adverse events of prior AdV.
Similarly, the increased airway resistance in Patient 8 could
be due to prior CoV OC43. The high airway resistance in
Patient 14 could be due to PIV-3. As the course and severity
of asthma are also related to the role of many environmental
factors (such as air pollution, humidity, and smoking), medi-
cation adherence, and poor inhaler technique, it is not totally
unexpected that the role of respiratory pathogens cannot
be considered in isolation and cannot be solely responsible
for asthma control. With respect to the controls (Table 3),
Children 1 and 6 both had high airway resistance associated
with multiple colonizations. Child 1 was found subsequently
to have symptoms of allergic rhinitis and mild night cough.

The 2 patients who were found to have pertussis had
increased symptoms, possibly falsely attributed to worsening
asthma control, leading to inappropriate escalation of their
medications before the infection was diagnosed (Tables S1
and S2). In addition, patients with asthma are at increased
risk for pertussis infection. This was highlighted during the
2004 pertussis outbreak in MN, USA where the population
attributable risk percentage of asthma for risk of pertussis
was calculated to be 17%.'* Consistently, humoral immuno-
reaction to BP could be suppressed in patients with asthma."
Therefore, targeting patients with asthma for pertussis

surveillance and vaccination as a selective high-risk group
might be an appropriate strategy.

Children with asthma may have an increased risk of
pneumonia.'® This might be facilitated by their use of ICS,
as these medications also inhibit mucosal immune responses,
thus encouraging colonization with organisms.’

In children with no common cold symptoms, 33% had
asthma prophylaxis therapy escalated in association with
an elevated GINA assessment of asthma control score and
increased airway resistance (probably justifiably; Table 2). In
those with mild common cold symptoms, 20% had asthma
prophylaxis therapy increased in association with increased
airway resistance, although 50% had low GINA assessment
of asthma control score. In those with more severe common
cold symptoms, 50% had asthma prophylaxis therapy esca-
lated, regardless of the GINA assessment of asthma control
score and without increase in airway resistance (probably
intensification triggered by the severity of cold symptoms
instead of asthma score or airway resistance; probably not
justified here), Table 2.

In the northern hemisphere, most asthma-related emer-
gency department visits are higher in September than other
months. In late fall, there is often a “second wave” with
fluctuations throughout winter probably coinciding with rhi-
novirus episodes.'”'® Symptomatic rhinovirus infections are
found to be an important contributor to asthma exacerbations
in children.'® In this study, rhinovirus (hRV) was detected in
the majority of patients (Figure 1). Future studies are needed
to address important variables relevant to this organism, such
as serotypes (especially HRV-16), upper vs lower respiratory
colonization, and host susceptibility (eg, variability in expres-
sion of intercellular adhesion molecule-1).2

Airway inflammation has been reported in infections with
Flu viruses, which are well known to induce severe exacerba-
tion in adults.* M. pneumoniae and C. pneumoniae, on the
other hand, seem to be involved in asthma persistence.* The
atypical bacteria C. pneumoniae and M. pneumoniae were
not detected in our studied population. These pathogens may
be more important in adults with chronic asthma. Similarly,
RSV and MPV were not detected in the patients. This finding
could be due to the small sample size of the study or to the
regional epidemic pattern of these pathogens. Thus, surveil-
lances that cover the entire year are necessary.

In 1 study, children (3 months to 16 years of age) with
asthma exacerbation had a high prevalence of respiratory
pathogens that included RSV, hRV, M. pneumoniae, and C.
pneumoniae. Most hospitalizations were associated with
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seasonal hRV and RSV.* MPV and hBoV were previously
reported in children with asthma exacerbation.!'>!32%2! In this
current study, hBoV was detected in 1 healthy child (Table 3)
and MPV in 1 patient (Table S2).

It is worth noting that R5 z-score in patients with a CCQ
score 28 was similar to those with CCQ score =0 (Figure
2A). In addition, R5 z-scores correlated best with GINA
assessment of asthma control scores in patients with CCQ
score =0 (R>0.695) (Figure 2B-D). These findings reflect
a limitation in using FOT in patients with significant upper
respiratory symptoms, which have been shown to influence
FOT resistance measurements.

The study finding supports the need for strategies that
limit children’s exposure to respiratory viruses and bacteria,
especially those with poorly controlled disease. Specific
measures that have been suggested to minimize recurrent
infections in children with asthma include hand hygiene, a
healthy balanced diet, active probiotic supplements, and the
immunostimulant OM-85.22 Further studies, however, are
needed to investigate whether reducing exposure to pathogens
would improve asthma control. In addition, the role of other
environmental factors (such as air pollution, humidity, and
smoking), medication adherence, and poor inhaler technique
has to be taken into consideration in future studies.

Conclusion

The majority of patients with asthma had viral and bacterial
pathogens contributing to their disease. Regular surveillance
could play a role in asthma care, especially in those with
poorly controlled disease. Effective strategies to minimize
exposure to respiratory pathogens, such as hand hygiene
should be incorporated in childhood asthma guidelines.
Such approach would emphasize the importance of envi-
ronmental control measures rather than relying solely on
escalating asthma drug therapy with its potential toxicity.
Further studies are needed to evaluate whether strategies that
minimize children’s exposure to pathogens would improve
asthma control.
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Figure S| Percent positive nasopharyngeal pathogens isolated from the 18 patients with asthma (A) and the 9 healthy children (B) during the studied winter periods.
Note: “x”, not detected.

Abbreviations: AdV, adenovirus; BP, Bordetella pertussis; BPP, Bordetella parapertussis; CoV coronavirus; Flu A-H3, influenza A virus-H3; hBoV, human bocavirus; hEV, human
enterovirus; HI, Haemophilus influenzae; hRV, human rhinovirus; PIV1, parainfluenza virus |; PIV3, parainfluenza virus 3; SP, Streptococcus pneumoniae.

Table S| Nasopharyngeal isolates, airway resistance (R5), “common cold” symptoms (CCQ), and GINA score in the 18 patients with
asthma

Patients, ID February 2017 (34 pathogens of five different types)

number (sex, age) Isolates CCQ scores GINA scores R5 z-scores
1 (M, 6.2 years) SP, HI, PIVI 0 Not successful
2 (F, 4.8 years) SP, HI 7 | 0.94

3 (M, 3.7 years) HI, BP 5 0 1.67

4 (M, 4.8 years) HI, hRV 0 0 —0.02

5 (M, 4.4 years) SP, HI, hRV 4 2 4.45

6 (M, 6.2 years) SP, HI, hRV 4 0 Not done

7 (M, 6.4 years) SP, HI, hRV 2 | Not done

8 (M, 4.9 years) SP | 2 3.14

9 (M, 6.5 years) SP 9 3 —-1.06

10 (M, 6.4 years) Not done Not done Not done Not done

Il (F, 4.9 years) SP 0 Not done Not done

12 (M, 4.4 years) SP, HI 0 0 —0.14

13 (F, 4.2 years) SP, hRV 0 3 Not done

14 (M, 4.2 years) SP, hRV 7 2 0.94

15 (F, 4.9 years) SP, HI, hRV 5 0 Not done

16 (M, 3.6 years) hRV 0 0 -3.00

17 (M, 6.1 years) SP 9 0 Not done

18 (M, 3.2 years) SP, HI 0 Not done 5.29

Note: Patients 2 and 3 had treatment modifications, which included increased inhaled corticosteroid dosing.

Abbreviations: AdV, adenovirus; BP, Bordetella pertussis; BPP, Bordetella parapertussis; CCQ, common cold questionnaire; CoV 229E, coronavirus 229E; CoV NL63,
coronavirus NL63; CoV OC43, coronavirus OC43; F, female; GINA, Global Initiative of Asthma; hEV, human enterovirus; HIl, Haemophilus influenzae; hRV, human rhinovirus;
M, male; SP, Streptococcus pneumoniae; PIV 1, parainfluenza virus |; PIV3, parainfluenza virus 3; R5, airway resistance at 5 Hz.
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Table S2 Nasopharyngeal isolates, airway resistance (R5), “common cold” symptoms (CCQ), and GINA in the |8 patients with asthma

Patients, ID March 2017 (28 pathogens of 9 different types)

number (sex, age) Isolates CCQ scores GINA scores R5 z-scores
1 (M, 6.2 years) Not done Not done Not done Not done
2 (F, 4.8 years) SP, BP 9 | -3.02

3 (M, 3.7 years) CoV 229E 0 0 -0.75

4 (M, 4.8 years) None detected 0 0 -0.48

5 (M, 4.4 years) SP, HI, hRV 5 3 5.04

6 (M, 6.2 years) SP, HI, hRV 4 0 243

7 (M, 6.4 years) SP, HI, HEV, Adv | 2 -0.41

8 (M, 4.9 years) SP, HI, MPV 4 2 Not done
9 (M, 6.5 years) SP, HI 3 0 0.85

10 (M, 6.4 years) None detected Not done Not done Not done
I'l (F, 4.9 years) SP, PIVI 8 | -0.43

12 (M, 4.4 years) HI, hRV, PIV4 9 | Not done
13 (F, 4.2 years) None detected Not done Not done Not done
14 (M, 4.2 years) SP, HI 13 4 1.68

15 (F, 4.9 years) HI, hRV 3 0 —0.67

16 (M, 3.6 years) None detected Not done Not done Not done

17 (M, 6.1 years) HI 8 0 0.35
18 (M, 3.2 years) Not done Not done Not done Not done

Note: Patient 2 had increased inhaled corticosteroid dosing.

Abbreviations: AdV, adenovirus; BP, Bordetella pertussis; BPP, Bordetella parapertussis; CCQ, common cold questionnaire; CoV 229E, coronavirus 229E; CoV NL63,
coronavirus NL63; CoV OC43, coronavirus OC43; F, female; GINA, Global Initiative of Asthma; hEV, human enterovirus; HI, Haemophilus influenzae; hRV, human rhinovirus;
M, male; SP, Streptococcus pneumoniae; PIV1, parainfluenza virus |; PIV3, parainfluenza virus 3; R5, airway resistance at 5 Hz.

Table S3 Responses to the Global Asthma Network Questionnaire (based on symptoms in the past 12 months) in the |8 patients

with asthma

Patients Number of Wheezing Wheezing Emergency Days Exercise- Rhinitis Eczema Chest Use of Use of

ID wheezing disturbing limiting wheezing® missed induced infection SABA LABA/
episodes night sleep speech school wheezing in infancy ICS

| ? ? ? >2 0 No Yes Yes >6 Every day Every day

2 4-12 Never No 2 0 No No No ? As needed ?

3 1-3 >1/wk no | No Yes Yes | As needed ?

4 >12 =1 /wk Yes | 4-12 Yes Yes No 2-5 ? ?

5 1-3 >|/wk No | 4-12 Yes No Yes 0 As needed Courses

6 4-12 >1/wk Yes | 0 Yes Yes No | ? ?

7 ? ? ? 0 0 No Yes Yes 0 Courses  Every day

8 4-12 >1/wk No 2 >12 No Yes Yes 2-5 As needed Every day

9 1-3 <liwk No 2 1-3 No Yes No 2-5 Courses  ?

10 1-3 >1/wk No [ 0 Yes Yes No | As needed ?

Il 1-3 <I/wk No | 0 Yes Yes Yes As needed Courses

12 1-3 >1/wk No | 1-3 Yes Yes Yes | Courses !

13 ? ? ? 2 1-3 Yes Yes No 2-5 ? ?

14 1-3 <liwk No 2 0 No Yes No 0 ? Every day

15 ? ? ? 0 0 Yes Yes No 0 As needed As needed

16 4-12 >1/wk No | 4-12 Yes No Yes 0 As needed Every day

17 1-3 <l/wk No | 4-12 Yes Yes No | As needed Every day

18 4-12 >|/wk No 0 0 ? ? ? ? ? ?

wn

Note: *Wheezing requiring urgent doctor or emergency department visit or hospitalization; *“?”, skipped responses.
Abbreviations: ICS, inhaled corticosteroid; LABA, long acting B-agonist; SABA, short acting B-agonist; wk, week.

242 submit your manuscript
Dove

Journal of Asthma and Allergy 2018:1 |


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Respiratory isolates in children with asthma

Journal of Asthma and Allergy Dove

Publish your work in this journal

The Journal of Asthma and Allergy is an international, peer-reviewed  new therapies. This journal is included in PubMed. The manuscript
open access journal publishing original research, reports, editorials ~ management system is completely online and includes a very quick
and commentaries on the following topics: Asthma; Pulmonary physi- and fair peer-review system, which is all easy to use. Visit http://www.
ology; Asthma related clinical health; Clinical immunology and the dovepress.com/testimonials.php to read real quotes from published
immunological basis of disease; Pharmacological interventions and  authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-asthma-and-allergy-journal

Journal of Asthma and Allergy 2018:1 | submit your manuscript 243

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 


