Received: 27 February 2019 | Revised: 7 June 2019

Accepted: 11 June 2019

DOI: 10.1111/pai.13102

ORIGINAL ARTICLE

WILEY

Multi-season analyses of causative pathogens in children
hospitalized with asthma exacerbation

Nozomi Abe!

| Hiroki Yasudo®
Seigo Okada' | Hiroyuki Wakiguchi®

| Reiji Fukano' | Tamaki Nakamura® |
| Fumiko Okazaki' | Komei Shirabe? |

Shoichi Toda? | Reiko Okamoto? | Kazunobu Ouchi® | Shouichi Ohga'* |

Shunji Hasegawa!

'Department of Pediatrics, Yamaguchi
University Graduate School of Medicine,
Ube, Japan

2Yamaguchi Prefectural Institute of Public
Health and Environment, Yamaguchi, Japan

3Department of Pediatrics, Kawasaki
Medical School, Kurashiki, Japan

4Department of Pediatrics, Graduate School
of Medical Sciences, Kyushu University,
Fukuoka, Japan

Correspondence

Hiroki Yasudo, Department of Pediatrics,
Yamaguchi University Graduate School
of Medicine, 1-1-1 Minamikogushi, Ube,
Yamaguchi 755-8505, Japan.

Email: yasudo@yamaguchi-u.ac.jp

Edited by: Omer Kalayci

Abstract

Background: Respiratory viral and mycoplasma infections are associated with child-
hood asthma exacerbations. Here, we explored epidemiologic profile of causative
pathogens and possible factors for exacerbation in a single center over a three-year
period.

Methods: Hospitalized asthmatic children with attack aged 6 months-17 years were
recruited between 2012 and 2015 (n = 216). Nasopharyngeal mucosa cell samples
were collected from the participants and examined by reverse transcription-poly-
merase chain reaction to detect rhinovirus (RV), respiratory syncytial virus (RSV), en-
terovirus (EV), parainfluenza virus (PIV), Mycoplasma pneumoniae, and others. Clinical
features, laboratory data, asthma exacerbation intensity, and asthma severity were
compared among participants. Epidemiologic profile of causative pathogens and pos-
sible factors for exacerbation were explored.

Results: Viruses and/or Mycoplasma pneumoniae were detected in 75% of the partici-
pants. Rhinovirus (48%) was the most commonly detected virus in the participants
with single infection, followed by RSV (6%). The median age at admission in the RV
group was significantly higher than that in the RSV group. Insufficient asthma control
and allergen sensitization were significantly related to RV-associated asthma exacer-
bation. There was no seasonality of pathogen types associated with asthma exacer-
bation although a sporadic prevalence of EV-D68 was observehinovirud. Rhinovirus
were repeatedly detected in multiple admission cases.

Conclusion: Our three-year analysis revealed that patients with RV infection were
significantly prone to repeated RV infection in the subsequent exacerbation and
good asthma control could prevent RV-associated asthma development and exacer-
bation. Multiple-year monitoring allowed us to comprehend the profile of virus- and/

or mycoplasma-induced asthma exacerbation.
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1 | INTRODUCTION

Respiratory viral infections are associated with the pathophysiology
of childhood asthma exacerbation.! The major pathogens involved
are human rhinovirus (RV), respiratory syncytial virus (RSV), entero-
virus (EV), influenza virus, and human metapneumovirus (hMPV).2 In
previous studies, RSV has been associated with wheezing during in-
fancy, whereas RV has been detected more frequently in school-age
children with Wheezing.3 However, most studies on the association
of viral infection with asthma exacerbation were conducted for only
one season.*® One season analysis is insufficient to comprehend the
prevalence of virus- and mycoplasma-induced asthma exacerbation
as viral or mycoplasma prevalence might show seasonal variation or
some might be found temporary as an epidemic, suggesting that a
longer-term analysis is needed.

Therefore, this study aimed to clarify the association between
asthma exacerbation and causative pathogens for three seasons. In
addition, epidemiologic profile of causative pathogens and possible

factors for exacerbation were explored.

2 | PARTICIPANTS AND METHODS

2.1 | Participants

Asthmatic children hospitalized with asthma attack (n = 226) were
enrolled at the Department of Pediatrics, Yamaguchi University
Hospital, between April 2012 and May 2015. Five subjects were ex-
cluded due to lack of the consents from the patients and parents, and
three subjects were excluded due to sufficient clinical and labora-
tory data. Two subjects were excluded because the nasopharyngeal
samples were not properly obtained. As a result, 216 participants

were enrolled for the analysis (Figure S1).

2.2 | Asthma definition

Bronchial asthma was diagnosed according to the Japanese Pediatric
Guideline for the Treatment and Management of Bronchial Asthma
2012 (JPGL 2012),” which includes recurrent respiratory symptoms
such as whistling, wheezing, difficulty in breathing, and chest tight-
ness appearing during the night or early morning, chest auscultation
for wheezing, respiratory function tests, IgE tests, and family and
patients' past histories of allergic diseases.

Asthma exacerbation was defined as respiratory symptoms such
as wheezing, cough, difficulty in breathing, chest tightness with chest
auscultation for wheezing, and/or decrease in airway flow relieved
by inhaled short-acting beta-2 adrenergic agonists (SABA), and the
intensity of asthma exacerbation was classified into four stages: mild,
moderate, severe exacerbation, and respiratory failure according to
JPGL 2012 The level of asthma control was categorized in accor-
dance with International Consensus on (ICON) Pediatric Asthma.®
The criteria for hospitalization were episodes of difficulty in sleep-

ing at night, or oral ingestion difficulty, and/or oxygen saturation of
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Key Message

e Asthma children (n = 216; 6 months-17 years) hospital-
ized with exacerbation were enrolled consecutively for
3 years in a single center.

e Multi-season analyses allowed us to explore epidemio-
logical profile of causative pathogens and possible fac-
tors for exacerbation.

e Rhinovirus (RV) and respiratory syncytial virus were
most frequently detected.

e Although a sporadic epidemic of EV-D68 was detected,
no seasonality in pathogen types were observed.

e Children with RV-associated exacerbation were more
likely infected with RV on the subsequent admission.

e Multivariate analyses suggested that good asthma con-
trol and avoidance of allergy sensitization could prevent

RV-associated asthma.

peripheral artery (SpO,) < 95%. Patient demographic information
was obtained from the hospital chart and questionnaires. Informed
consent was obtained from the parents and/or the patients recruited
in this study. This protocol was approved by the Institutional Review
Board of Yamaguchi University Hospital (H24-11).

2.3 | Virus detection

Nasopharyngeal samples were collected from all patients.
Sampling from the nasopharyngeal and transportation of the
specimen to Yamaguchi Prefectural Institute of Public Health and
Environment were performed by well-experienced pediatricians.
The samples were analyzed by reverse transcription-polymerase
chain reaction (RT-PCR) to amplify specific genes from EV,9 RSV,10
PIV,'t hMPV,'2 RV (subtypes A, B, and C),® influenza viruses
(subtypes A and B), adenoviruses (AdV),* Coxsackie virus (Cox),”
human coronavirus (HCoV),*> and Mycoplasma pneumoniae® fol-
lowed by nucleotide sequence determination and phylogenetic
analysis. Virus detection and phylogenetic analysis for enterovi-
rus D68 (EV-D68) were performed as described previously.”” In
brief, nasopharyngeal swab specimens were collected with a ster-
ile swab (Nippon Menbo). After collection, each swab was placed
into 3 mL of Universal Viral Transport Medium (Becton, Dickinson
and Company) for DNA extracts. Mycoplasma pneumonia DNA was
detected by real-time PCR targeting a conserved part of the gene

encoding the P1 adhesin.*®%?

2.4 | Statistical analysis

Pathogen-specific clinical and laboratory features such as bron-
chial asthma severity, intensity of asthma exacerbation, the level of
the asthma control, and hematologic and immunologic tests were
analyzed both by univariate analyses (Mann-Whitney U test or
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Median (range) Total (n = 216) RV (n = 87)

Age (mo: months, 3.4 (6 mo-17y) 4.5 (6 mo-13y)

RSV (n = 10)
1.6 (8 mo-6y) .008

TABLE 1 Clinical characteristics,
asthma exacerbation intensity, and asthma
severity in the total subjects and the
asthmatic subjects with single infection of

P
RV vs RSV

y: years) RV and RSV
Body tempera- 37.5(36.0-40.0) 37.5(36.1-40.4) 37.3(37.0-39.1) 916
ture (°C)
SpO, (%) 94 (84-100) 94 (84-100) 96 (94-100) 109
WBC (x10%/L) 12.0(3.4-32.8) 12.8 (4.7-32.8) 11.0(5.1-18.8) .558
CRP (mg/dL) 0.97 (0.01-14.86) 0.82(0.01-12.16) 0.62(0.03-14.86)  .309
Total IgE (IU/mL) 207 (4-11,800) 508 (4-5,440) 103 (10-1,970) .254
Mite IgE (UA/mL)  19.0 (0.1-100) 90.1 (0.1-100) 0.1 (0.1-100) .002
Duration of 10 (2-75) 9 (2-56) 10 (6-14) .999
hospitalization
(days)
Exacerbation severity
Mild 21 (10%) 5 (6%) 1(10%) .824
Moderate 146 (68%) 59 (68%) 6 (60%)
Severe 49 (22%) 23 (26%) 3 (30%)
BA control
Good 138 (64%) 48 (55%) 9 (90%) .098
Partial 28 (13%) 24 (28%) 1 (10%)
None 50 (23%) 15 (17%) 0 (0%)

Abbreviations: BA, bronchial asthma; CRP, C-reactive protein; IgE, immunoglobulin E; RSV, respira-
tory syncytial virus; RV, rhinovirus; SpO2, oxygen saturation of peripheral artery; WBC, white

blood cell.
P <0.05.

chi-square test) and by multiple logistic regression analysis. Analyses
and calculations were performed using BellCurve for Excel and
StatFlex for Windows Ver 7.0 (Artech Inc).

3 | RESULTS

3.1 | Participants' characteristics

The characteristics of clinical and laboratorial data were summa-
rized (Table 1). The median age of the participants for this study was
3.4 years old [range: 0.5-17]. Exacerbation severity in 21 (10%), 146
(68%), and 49 patients (22%) was classified as mild, moderate, and
severe, respectively. No participants with respiratory failure were
observed. As for bronchial asthma control, 138 (64%), 28 (13%), and
50 patients (23%) were classified as mild, moderate, and severe, re-
spectively. The median values of total IgE and house-dust mite-spe-
cific IgE were 207 IU/mL [range: 4-11 800 IU/mL] and 19.0 UA/mL
[range: 0.1-100 UA/mL], respectively.

3.2 | Prevalence of detected viruses in asthmatic
patients with exacerbation

First, we evaluated the relationship of asthma exacerbation with vi-

ruses and/or M pneumoniae infection (s). Causative pathogens were

observed in 171 patients (viruses: n = 199, M pneumoniae: n = 13).
Because 35 patients had superinfection of two or three viruses, we
summarized the results of 181 participants with a single virus infec-
tion and without detected pathogen (Figure 1). Rhinovirus (n = 87;
48%) was the most commonly detected virus in participants with
asthma exacerbation followed by RSV (n = 10; 6%).

3.3 | Comparison of clinical characteristics among
RV and RSV groups

As RV and RSV were mostly detected in the participants with asthma
exacerbation, we compared clinical characteristics among partici-
pants with single infection in whom we detected RV or RSV (Table 1).
The median age and serum house-dust mite IgE levels at admission
were significantly higher in the RV group than those in the RSV groups
(P < .01). There was no significant difference in body temperature,
SpO,, duration of admission, the median number of peripheral white
blood cells (WBCs), and serum levels of C-reactive protein (CRP) be-
tween the two groups. No significant difference was observed in the
intensity of asthma exacerbation on admission, bronchial asthma se-
verity, and the level of asthma control between the groups as well.
Although RV type A and type C were detected in the majority
of participants infected with RV (type A, n = 33; type B, n = 1; type
C, n = 52; unknown, n = 1), there were no significant differences in
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FIGURE 1 The relationship between
causative viruses and/or Mycoplasma
pneumoniae infection and asthma
exacerbation

Mpycoplasma
Pneumoniae
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TABLE 2 Clinical characteristics, asthma exacerbation intensity,
and asthma severity in the asthmatic patients with single infection
and superinfection

Single infection  Superinfection

Median (range) (n=136) (n = 35) P
Age (mo: months, 4.0 (6 mo-14y) 1.4 (6 mo-5.9y) <.001
y: years)
Body temperature (°C) 37.5(36.1-40.4)  37.7(36.0-40.0)  .372
SpO, (%) 94 (84-100) 95 (84-99) .333
WBC (x107/L) 12.2(3.6-32.8) 11.8 (5.6-24.0) .853
CRP (mg/dL) 0.93(0.01-14.86)  1.14(0.02-7.28) 772
Total IgE (IU/mL) 332 (4-7,070) 60 (4-3,500) 152
Mite IgE (UA/mL) 53.2(0.1-100) 0.34 (0.1-100) <.001
Duration of hospitali- 9.5 (2-56) 10 (2-26) .330
zation (d)
Exacerbation severity
Mild 10 (6%) 5 (14%) 413
Moderate 93 (51%) 23 (66%)
Sever 33 (18%) 7 (20%)
BA control
Good 85 (62%) 25 (71%) 163
Partial 31 (23%) 9 (26%)
None 20 (15%) 1 (3%)

body temperature, SpO,, duration of admission, laboratory data, in-

tensity of asthma exacerbation, bronchial asthma severity, and the

level of asthma control between the two groups (data not shown).
To explore epidemiologic features of RV-associated asthma exacer-

bation, multiple logistic regression analyses were performed by setting

the status of RV vs. non-RV-associated exacerbation as objective vari-
able (Table S1). It revealed that insufficient control status and higher
serum house-dust mite IgE levels are related to RV-associated asthma

exacerbation requiring hospitalization (P < .05 and P < .01, respectively).

3.4 | Comparison of clinical characteristics between
asthma exacerbation with single infection and
superinfection

Next, clinical characteristics, intensity of asthma exacerbation,
bronchial asthma severity, and the level of asthma control were
compared in the asthmatic patients with single infection and super-
infection (Table 2). The median age and house-dust mite IgE levels
at admission were significantly higher in the single infection group
than those in the superinfection group (P < .001), whereas there
were no significant differences in body temperature, SpO,, dura-
tion of hospitalization, serum levels of CRP, intensity of asthma ex-
acerbation, and bronchial asthma severity between the two groups.
Multiple logistic analyses revealed that elder age and higher house-
dust mite IgE levels at admission were related to single infection as
well (P <.001 and P < .05, respectively, data not shown).

3.5 | Seasonal pathogen distribution associated with
asthma exacerbation

Seasonal pathogen distribution associated with asthma exacerba-
tion has not been conducted so far because most studies on the as-
sociation of pathogens with asthma exacerbation were conducted
for only one season.*® Therefore, we just evaluated the relation-
ship between asthma exacerbation and virus and/or M pneumoniae
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FIGURE 2 The relationship between asthma exacerbation and virus and/or Mycoplasma pneumoniae distribution based on the month of

admission

distribution based on the month of admission (Figure 2). There were
no seasonal peaks in virus and/or M pneumoniae detections, al-

though RV and PIV were detected in all seasons.

3.6 | Prevalence of detected viruses in the patients
with asthma exacerbation on multiple admissions

Next, we evaluated the detected pathogens in the patients with
asthma exacerbation on multiple admissions. Among the 31 pa-
tients on multiple admissions, RVs were repeatedly detected in 18
patients on subsequent admissions as well as on the initial admission
(Table 3), which showed that those with initial RV infection associ-
ated asthma exacerbation were likely to be infected with RV on the
subsequent admission as well (P < .01).

3.7 | Prevalence of EV-D68 during the study period

In this study, six asthmatic patients had EV infection, and EV-D68
was detected in all six patients. We evaluated the relationship be-
tween EV-D68 infection and hospital admission due to asthma ex-
acerbation (Figure 3). A low prevalence was observed only in 2013,
but notin 2012 or 2014, suggesting that EV-Dé8 prevalence was not
annual, unlike that of RV, RSV, or PIV.

4 | DISCUSSION

In this study, RV (48%) was the most detected virus among subjects
with asthma exacerbation followed by RSV (6%), and the age on admis-
sion was significantly higher in the RV group than in the RSV group.
The detection frequency of RV and RSV in our study was consistent
with that in previous reports on the relationship between causative vi-
ruses and exacerbation in asthmatic patients, suggesting that our study
illustrates the actual virus prevalence associated with asthma exacer-
bation.?® Heymann et al?° reported prevalence of rhinovirus infection
was much less in the wheezing patients aged <3 years compared to
those above the age. Thus, we compared RV prevalence between the
patients with <2 years old (n = 67) and those above the age (n = 149).
Pathogens were identically detected in 79% in both groups. However,
RV was detected in only 38% of the patients <2 years of age, whereas
the virus was detected in 57.6% of those >2 years. This difference in
the RV detection rate was statistically significant (P = .002), which ex-
plains an overall lower prevalence of RV in our study (data not shown).

There are several studies showing that RV infection is more asso-
ciated with wheezing in older children.®?! In our three-season anal-
ysis, the median age of subjects with RV infection was significantly
higher than that of participants with RSV infection, which was consis-

tent with the results of previous reports based on one season analysis.
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TABLE 3 Causative pathogens in the hospitalized patients on multiple admissions

WILEY—72

Patient Age (mo) 1st admission 2nd (mo) 3rd (mo) 4th (mo) 5th (mo)
1 8 RSV + Cox hMPV (12)
2 8 PIV RSV (1)
3 11 RV type C + AdV RV type C + EBV (6)
4 12 Negative RV type A (5)
5 12 RV type C + PIV RV type C + PIV (1)
6 14 RV type C RV (9)
7 16 RV type C + RSV RV type C (24)
8 17 EV-D68 RV type C (15)
9 20 Negative AdV (17)
10 24 RV RV type C + PIV (0.5)
11 29 RV type A Others (1)
12 29 RV type C RV type C (24)
13 37 RV type A RV type C (12)
14 45 RV type A RV type C (10)
15 55 RV type A RV type B (19)
16 72 RV type C RV type C (0.75)
17 82 RSV RV type C (15)
18 84 RV type A RV type A (16)
19 90 RV type A RV type A (3)
20 129 RV type C RV type C (4)
21 202 Negative Negative (13)
22 8 hMPV + PIV RSV (3) RV type B + RSV+Cox (4)
23 17 Negative RV type C (12) RV type A (6)
24 20 RV type A+ AdV +Echo  EV-D68 (2) RV type A (11)
25 56 Myco RV type A (20) HCoV (2)
26 99 RV type C RV type A (9) RV type A (8)
27 11 hMPV + Adeno Negative (2) Negative (2) RV type C (6)
28 14 RV type C Flu type A (3) RV type C (1) hMPV (4)
29 24 PIV + Myco RV type C (4) HCoV (14) hMPV (2)
30 153 Negative Negative (6) Negative (3) HCoV (15)
31 8 RV type A Negative (1) RV type C (3) Myco (8) RV type A(9)

Note: Months in 2nd, 3rd, 4th, and 5th represent the number of months showing the interval from the previous admission.
Abbreviations: AdV, adenovirus; Cox, Coxsackie virus; EBV, Epstein-Barr virus; EV-D68, enterovirus Dé8; Flu, influenza virus; HCoV, human coro-
navirus; hMPV, human metapneumovirus; Myco, mycoplasma; others, other virus; PIV, parainfluenza virus; RSV, respiratory syncytial virus; RV,

rhinovirus.

Allergic sensitization was reported to be related to RV-associ-
ated wheeze.?? Interestingly, we observed a closer association of
house-dust mite-specific IgE with the RV group than with the RSV
group. Multiple logistic regression analysis revealed that there is
a closer association of insufficient asthma control and house-dust
mite-specific IgE with the RV group than with the non-RV group.
These suggest that RV-associated asthma exacerbation is related to
allergen sensitization and that good asthma control could prevent
RV-associated asthma exacerbation.

Rhinovirus type C is reported to cause more severe attacks than
other RV types.?®>?* However, there was no significant difference

in the intensity of asthma exacerbation between the RV type A and

type C groups in our study. Zheng et al?’ reported that RV type A in-
fection with high viral load leads to severe asthma exacerbation; we
therefore speculate that the difference in the viral load of subjects
between RV type A and type C may reflect similar results in asthma
exacerbation intensity and asthma severity in our study.

There was no significant difference in intensity of asthma ex-
acerbation and bronchial asthma severity between the single
infection group and the superinfection group, suggesting that su-
perinfection does not exert additional effect on asthma exacerba-
tion. Interestingly, we observed the association of elder age and
higher house-dust mite IgE levels with single infection in multiple

logistic analyses. Allergic sensitization was suggested as leading to
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increased susceptibility to RV, and RV-associated wheeze.?? Our
results confirmed the reported finding of exacerbation of asthma
associated with RV.

It is interesting that RVs were repeatedly detected in multiple
admission cases based on our three-season analysis; that is, patients
with initial RV-associated asthma exacerbation were likely to be in-
fected with RV again on the subsequent admission. This observation
has not been reported in previous studies that were all based on
one season analysis. In our study, RV infections were not seen in six
non-attack asthmatic patients, mentioning the existence of RV in na-
sopharyngeal airway could be pathogenic for asthma exacerbation
(data not shown).

Several lines of evidence indicate that RV-induced wheezing ill-
nesses in the first few years of life are closely associated with the
risk of subsequent asthma.® We postulated the possibility that this
close association could be ascribed to not only RV infection in it-
self but also repetitive RV infection inducing wheezing illnesses or
asthma exacerbations.

The unprecedented outbreak of EV-Dé68 infection in the au-
tumn of 2014 that led to an upsurge in hospitalization and admis-
sion to intensive care units has raised a concern about a potential
uncontrollable epidemic of severe respiratory disease?®; we have
therefore evaluated the relationship between hospital admission
due to asthma exacerbation and infection with EV-D68. EV-D68
was only detected in 2013 during the three-season study, which
is in agreement with the outbreak that occurred in Japan during
the study period.27 We previously reported EV-D68 outbreak in
the same area in 2010.2% There has never been an outbreak of
EV-D68 since autumn 2010 to spring 2015 (data not shown). This
suggests that EV-D68 outbreak is not an annual but a time-lim-
ited event.

There are some limitations in this study. First, this is a pilot study
conducted in a single center. Further multi-center studies involving
different regions are warranted to confirm the relationship between
causative pathogens and asthma exacerbation. Second, the patients
with asthma exacerbations requiring hospitalization were recruited
in our study, which may have resulted in a selection bias; that is,
children presenting with mild exacerbation in relatively good con-
trol were not included. Therefore, there can be some limitation in
analyzing the impact of pathogens for the entire range of asthma
exacerbation.

In conclusion, our three-season analysis on the prevalence of
causative pathogens in hospitalized children with asthma exacer-
bation revealed that RV and RSV were most frequently detected.

Insufficient asthma control and allergen sensitization were clearly

related to RV-associated asthma exacerbation. Rhinovirus were re-
peatedly detected in multiple admission cases in our three-season
analysis, suggesting that repetitive RV infections could contribute to
subsequent aggravation of asthma. Putting these findings together,
good asthma control could prevent RV-associated asthma develop-
ment and exacerbation.

Additionally, epidemic of EV-Dé8 infection was observed during
a few months, suggesting the requirement for multiple-year moni-
toring to comprehend the prevalence of asthma exacerbation with
viral infections including temporary small epidemic.
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