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Abstract

Background Viral acute respiratory infections (ARI), including respiratory syncytial virus (RSV) and human rhinovirus (HRV),

induce acute wheezing episodes in young children. This study aimed to determine the association of wheezing with respiratory

viruses, demographic and clinical characteristics in young children. Methods A prospective viral surveillance study in children

less than two years, admitted with fever and/or respiratory symptoms in Amman, Jordan, 2010-2013. Demographic and clinical

characteristics were collected through parent interviews and medical chart abstraction. Nasal/throat swabs were collected and

tested by qRT-PCR. Multivariable logistic regression was fit to assess the association between wheezing and a-priori selected

predictors of interest. Results Of 3168 children enrolled, 1757 (55%) were wheezing-positive, who were older, more likely to

have a respiratory virus, underlying medical conditions, personal history of reactive airway disease (RAD), and a family history

of asthma, compared to wheezing-negative children. Older age, personal history of RAD, family history of asthma, RSV and

HMPV were associated with higher odds of wheezing in an adjusted regression model. Conclusion In young children, RSV and

HMPV were associated with higher odds of wheezing. Longitudinal studies are needed to evaluate the association between

early childhood viral ARI and recurrent wheezing later in childhood, to guide preventive interventions.
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Background

Viral acute respiratory infections (ARI), including respiratory syncytial virus (RSV) and human rhinovirus
(HRV) induce acute wheezing episodes in young children. This study aimed to determine the association of
wheezing with respiratory viruses, demographic and clinical characteristics in young children.

Methods

A prospective viral surveillance study in children less than two years, admitted with fever and/or respiratory
symptoms in Amman, Jordan, 2010-2013. Demographic and clinical characteristics were collected through
parent interviews and medical chart abstraction. Nasal/throat swabs were collected and tested by qRT-
PCR. Multivariable logistic regression was fit to assess the association between wheezing anda-priori selected
predictors of interest.

Results

Of 3168 children enrolled, 1757 (55%) were wheezing-positive, who were older, more likely to have a respi-
ratory virus, underlying medical conditions, personal history of reactive airway disease (RAD), and a family
history of asthma, compared to wheezing-negative children. Older age, personal history of RAD, family
history of asthma, RSV and HMPV were associated with higher odds of wheezing in an adjusted regression
model.

Conclusion

In young children, RSV and HMPV were associated with higher odds of wheezing. Longitudinal studies
are needed to evaluate the association between early childhood viral ARI and recurrent wheezing later in
childhood, to guide preventive interventions.

Key Messages

In children, less than two years, RSV and HMPV, but not HRV, were associated with wheezing. Future
studies are needed to clearly determine which virus interventions would be most effective at preventing the
development of wheezing illness.

Background

Wheezing is a continuous musical sound that can be produced by oscillation of opposing walls of an airway
that is narrowed almost to the point of closure 1; it affects approximately one-third of children at least once
by the age of nine and is a significant cause of morbidity and mortality in young children worldwide2,3.
While wheezing is only transient for most children, around 40% are still diagnosed with recurrent wheez-
ing or asthma after the age of six years2,4. Wheezing is often induced by various respiratory tract infec-
tions, which include respiratory syncytial virus (RSV), human rhinovirus (HRV), human metapneumovirus
(HMPV), influenza viruses, parainfluenza viruses (PIV), and coronavirus 2. While RSV is the leading cause
of hospitalization for lower respiratory tract infection (LRTI) and first wheezing episode in infants3,5, re-
cent improvements in virus detection through methods such as real-time reverse transcriptase polymerase
chain reaction (qRT-PCR) have allowed investigators to better elucidate the important role of HRV in LR-
TIs, wheezing and asthma development. HRV is now known to be the most common virus associated with
wheezing at ages 6-12 months and is the second most common virus detected among wheezing infants during
the first six months of life, after RSV6,7.

Developments in molecular diagnostics have also contributed to the discovery of HMPV and its role in
respiratory illnesses8. Because studies show that virus-associated wheezing and LRTI during infancy are
associated with the subsequent development of childhood asthma, it is important to determine which viruses
are most strongly associated with wheezing and to assess other risk factors that contribute to wheezing, in
order to develop interventions when possible6. Few viral epidemiological studies in the Middle East focus on
the association between wheezing and respiratory viruses9,10. Our study aimed to determine the association
of wheezing with respiratory viruses, demographic and clinical characteristics in young children.

2
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Methods

Study design and population

This was a sub-study of our main prospective viral surveillance study of hospitalized children at a large
government hospital, Al Bashir, in Amman, Jordan 11. Subjects were enrolled five days a week between
March 16, 2010 and March 31, 2013 within 48 hours of hospital admission. Eligible subjects were children
less than two years admitted to the hospital with fever and/or respiratory symptoms plus one or more of
the following admission diagnoses: acute respiratory illness, asthma exacerbation, bronchiolitis, bronchop-
neumonia, croup, pneumonia, pneumonitis, pertussis or pertussis-like cough, upper respiratory infection,
cystic fibrosis exacerbation, respiratory distress, apnea, febrile seizure, fever without localizing signs, and
sepsis rule-out. Children were excluded if they had fever with neutropenia, or if they were newborns who
were never discharged from the hospital. This study was approved by the Institutional Review Boards at
Vanderbilt University Medical Center (VUMC), Jordan University and the Jordanian Ministry of Health.
Written informed consent was obtained from parents or guardians of all participants.

Demographic and clinical information

Study personnel completed case report forms by interviewing parents or guardians and extracting clinical
information from medical records, including radiographic and laboratory data. Demographic and clinical in-
formation collected included: underlying medical conditions (UMCs), gestational age, birth weight, mode of
birth delivery [Caesarean section (C-section) or normal spontaneous vaginal delivery (NSVD)], child’s medical
history including vaccination history, feeding, including supplemental vitamins, atopic history (asthma, aller-
gic rhinitis or eczema) using the International Study of Asthma and Allergies in Childhood questionnaire12,
family history of asthma, allergic rhinitis or eczema, current or history of breastfeeding, number of sib-
lings, day care attendance, indoor pets, and household smoke exposure. Smoke exposure includes cigarette
smoke and nargila, a form of smoking traditionally found in Middle Eastern cultures, in which tobacco is
heated with charcoal and the resultant smoke is passed through a water basin before inhalation13. Sub-
jects were considered to have UMCs if they had any of the following conditions: diabetes, heart disease,
Down syndrome, kidney disease, sickle cell disease, cystic fibrosis, cancer, genetic/metabolic, cerebral palsy,
neurological, mental retardation/developmental delay, seizure disorder, chronic diarrhoea (eg, >2 weeks),
gastro-oesophageal reflux disease, immunodeficiency, asthma/reactive airway disease (RAD), liver disease
and/or other. Data were entered into a standardized, secured database - REDCap (Research Electronic
Data Capture) system (www.project-redcap.org)14.

Diagnosis

The treating physician prospectively recorded physical exam findings, including wheezing, and the admission
diagnosis on a standardized case report form. Information regarding illness severity was also collected
including length of hospital stay, intensive care unit (ICU) admission, supplemental oxygen requirement,
and mechanical ventilation.

Specimen collection and viral testing

Nasal and throat swabs were collected from hospitalized infants and combined into transport medium
(M4RT®, Remel), aliquoted into MagMAXTM Lysis/Binding Solution Concentrate (Life Technologies), snap
frozen, and stored at -80°C. Original and lysis buffer aliquots were shipped to VUMC on dry ice and were
tested using qRT-PCR assays directed at primers and probes as previously published for the following re-
spiratory viruses: RSV15 , HRV16, HMPV17, influenza A and B18, PIV 1, 2 and 3, adenovirus, and Middle
East respiratory syndrome coronavirus (MERS-CoV)19.

Statistical analysis

Summary statistics were presented as median with interquartile range (IQR) or percentage where appropriate.
Wilcoxon rank sum test or Pearson Chi-square test were used to compare variables between wheezing and
non-wheezing patients. The 14 tests were Bonferroni-corrected and interpreted based on Type I error rate of
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α=0.0036. To assess the association between demographic and clinical characteristics, and viruses with the
primary outcome of interest (i.e., wheezing), multivariable logistic regression was used to determine the odds
ratios (OR) for wheezing across a-priori selected predictors of interest, including: age, sex, smoke exposure,
breastfeeding history, birthweight, type of delivery, prematurity, personal, mother and family history of
asthma, and virus type. All analyses had a significance level of 0.05 (two-tailed) and were performed using
StataCorp, College Station, TX software (version 15.1).

Results

Clinical and demographic characteristics

During the study period, 3793 patients were eligible and 3168 subjects (83.5%) were included in the final
cohort (Figure 1). The median age at enrollment was 3.5 months, 1912 subjects (60%) were male, median
birth weight was 3 kilograms, median gestational age was 40 weeks, and 28% of children were delivered by
C-section11. Most subjects (77%) had exposure to household smoke, 84% were breastfed, and 2% attended
daycare. Fourteen percent of subjects had an atopic mother with asthma, allergic rhinitis, or eczema, 3% had
maternal asthma, 23% had a family history of asthma, and 6% had a personal history of atopy. Median length
of hospital stay was 5 days, 1013 subjects (32%) received oxygen supplementation during hospitalization,
284 (9%) were admitted to the ICU and 111 (4%) were on mechanical ventilation during hospitalization
11. Overall, 2581 (81.5%) had at least one-virus detected, with 944/2581 (37%) having at least one virus
codetected, and 1757 subjects (55%) had wheezing diagnosed by a physician (Figure 1).

Wheezing and non-wheezing subjects

On univariable analysis, children with wheezing were older; more likely to have UMCs; personal history of
RAD, allergic rhinitis, and atopy; family history of asthma; receive oxygen; have a shorter LOS, but less
likely to have a history of breastfeeding compared to non-wheezing subjects (Table 1). There were no
differences in smoke exposure, prematurity, maternal history of atopy or ICU admission between the two
groups (Table 1).

At least one virus was detected in 2581 (81%) of all subjects. In the wheezing group, viruses were detected
in 1540 (88%) subjects, compared to 1041 (74%) in the non-wheezing group (p<0.005)(Figures 1). Figure
2 illustrates compared to non-wheezing subjects, those with wheezing had a higher frequency of RSV (53%
vs. 33%), HMPV (11% vs. 6%), and any virus(88% vs. 74%). There was no difference in HRV detection
between wheezing and non-wheezing subjects.

Virus detection by age among virus-positive wheezing subjects

RSV was detected more frequently in younger subjects than older subjects; 78% of patients [?] 2 months
old had RSV compared with 41% of those aged 12-24 months (p<0.001; Figure 3). In contrast, AdV,
HMPV, and flu were detected more frequently in older versus younger patients (Figure 3).

Effect of viruses and clinical/demographic factors on wheezing

On multivariable logistic regression model, older age (OR:1.082; 95% CI: 1.064-1.100), RSV (OR:2.726; 95%
CI: 2.324-3.196), HMPV (OR:2.330; 95% CI: 1.729-3.138), family history of asthma (OR:1.231; 95% CI:
1.029-1.473), and personal history of RAD (OR:3.556; 95% CI: 1.808-6.994) were associated with increased
odds of wheezing(Figure 4). No association between wheezing and other clinical or demographic factors
including sex, gestational age, birth weight, prematurity, delivery method, smoke exposure, breastfeeding,
maternal asthma, flu, PIV, AdV or HRV (p>0.05) were noted

(Figure 4).

Discussion

In our large prospective study investigating the burden of multiple respiratory viruses in hospitalized Jorda-
nian children under two years, more than half of the subjects presented with wheezing, and the vast majority

4



P
os

te
d

on
A

u
th

or
ea

5
O

ct
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

19
29

82
.2

92
89

45
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

of subjects had virus detected. The most frequently detected viruses in wheezing subjects in order of highest
frequency were RSV, HRV, AdV and HMPV.

Other studies have demonstrated a similar relative proportion of RSV and HRV detected in subjects hos-
pitalized with wheezing illness; in a Japanese study of children under three years hospitalized with lower
respiratory tract infections, among wheezing subjects, 33% had RSV, 14% HRV, and 2% HMPV20. In a
4-year study of infants <12 months hospitalized with bronchiolitis in Greece, 79% had RSV, 17% HRV, 2%
HMPV, 10% influenza, 3% coronaviruses, and 1% PIV21. In contrast with our cohort, a Finnish cohort
of children 3 months-16 years (median age 2 years) admitted with acute wheezing, they detected a lower
frequency of subjects with RSV (14%), but more subjects had HRV (27%) and 9% had HMPV. The older
cohort may explain more HRV detected compared with RSV, as studies have shown that HRV-associated
LRTI becomes more common as children age 21. This study also excluded children with severe wheezing
and ICU treatment, but noted that RSV-positive children tend to have more severe manifestations of LRTIs
than those with HRV21.

We also found that RSV and HMPV were detected in a significantly higher percentage of subjects with
wheezing than in those without wheezing, and this persisted after adjusting for multiple variables. Supporting
our findings, RSV has been reported to be the leading cause of LRTIs requiring hospitalization in young
infants3,5,22,23. HMPV has also been identified as an important pathogen in upper and lower respiratory
tract infections8. Studies of children with acute LRTIs reported HMPV frequency similar to our cohort,
ranging from 2-13%3,5,10,20,21,24, including hospitalized children in the Middle East17. Given that HMPV
resembles RSV infection cytopathologically, clinically and epidemiologically, it is not surprising that it was
found to be an important contributor to wheezing illness in our study.

While HRV was identified in a significant proportion of young, hospitalized patients in our study, we did
not observe a significant difference in HRV among those with wheezing versus those without wheezing.
Possible reasons for this observation include the fact that the median age of our wheezing subjects was five
months, a minority had atopic mothers, relatively few of the children themselves were atopic, and all patients
presented with severe symptoms requiring hospitalization. The prevalence of HRV in patients with wheezing
and/or bronchiolitis increases with age and is more common in children with recurrent wheezing2,7,21. A
Finnish study 7 of hospitalized children found that those with HRV infection were older than those with
RSV infection; this is supported by our finding that RSV was detected more frequently in younger subjects
with wheezing than older subjects. Studies have also shown that HRV-associated wheezing is observed
more frequently in atopic children7,25and that maternal atopic asthma is a risk factor for HRV-associated
wheezing 7. An outpatient study of patients with an atopic parent found that HRV was the most frequently
detected infection in LRTIs (40.7%) and contributed to three times the number of LRTI and wheezing LRTIs
than RSV3. Our young cohort with less predominant personal and parental atopic history may explain the
predominant effect of RSV (and not HRV) on wheezing.

In our cohort, personal history of RAD or family history of asthma were associated with higher OR of
wheezing, but maternal atopy and asthma were not associated with wheezing. According to the Tucson
Children’s Respiratory Study, there are four patterns of wheezing in early childhood: never wheeze, transient
early wheeze, late-onset wheeze and persistent wheeze 26. Although the current study was not a longitudinal
study that would allow us to accurately determine the ultimate wheezing phenotype of our subjects, since
most children who wheeze before two years of age do not develop recurrent wheeze or asthma later in
childhood2,27, it is likely that a significant proportion of children in our cohort were of the transient early
wheeze phenotype. Such children do not tend to have history of maternal asthma or personal history of
atopy2,26. Alternatively, a potential impact of maternal asthma on development of childhood wheeze may
not have been detected due to the low frequency of maternal asthma in our cohort. A follow-up study of
these children could provide insight regarding whether or not they developed asthma.

This study has both strengths and limitations. Given the large cohort, we were able to compare differences
among multiple viruses and the association of wheezing. However, since this was not a longitudinal study and
there was no follow-up of subjects to determine if they developed recurrent wheezing or asthma beyond the
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age of five, we are unable to directly ascertain the link between virus-induced wheezing and recurrent wheeze
or asthma. While epidemiological studies are often limited by difficulty in accurately diagnosing wheezing in
young children, particularly through clinical assessment by parents28, in our study wheezing was diagnosed
by both clinical assessment and physical exam by a physician, making the diagnosis more reliable. This
study investigated wheezing illness specifically in hospitalized children, which provides useful information
for patients with potentially more severe disease. This is a year-round surveillance study conducted over a
period of three years, and therefore allows us to capture viruses during several seasons. It also is one of the
few studies in Jordan/Middle East that used highly a sensitive molecular diagnostic technique for detection
of viruses in such a large cohort of hospitalized patients29.

In summary, this investigation demonstrates that wheezing in children under two years is associated with RSV
and HMPV. Although HRV is a known important risk factor for wheezing, particularly in older children with
atopic parental or personal history, an association between HRV and wheezing was not seen in our cohort.
This study provides useful data on the burden of respiratory viruses with clinical and demographic factors
for wheezing illness. These data can be used to design future longitudinal studies to evaluate the association
between early childhood viral acute respiratory infections and recurrent wheezing later in childhood, and to
determine which virus interventions, such as vaccination or antiviral therapy that would be most effective
at preventing development of wheezing illness.
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Table 1. Demographic and clinical characteristics of wheezing vs. non-wheezing children

Wheezing n=1757 No wheezing n=1411 P value

Age, months, mean
± SD

6.7 ± 5.6 4.6 ± 5.3 <0.001+

Age, months, median
[IQR]

5 [2.4-9.6] 2.1 [1.2-6.3]

Male 1075 (61.2%) 837 (59.3%) 0.286§

History of or
current
breastfeeding

1452 (82.6%) 1209 (85.7%) 0.020§

Smoke exposure 1364 (77.6%) 1061 (75.2%) 0.108§

CS delivery 483 (27.5%) 410 (29.1%) 0.330§

Birthweight, kg, mean
± SD

2.98 ± 0.7 2.96 ± 0.7 0.508+

Prematurity 252 (14.3%) 198 (14%) 0.804§

Underlying Medical
Conditions

208 (11.8%) 112 (7.9%) <0.001§

Child history of
atopy

145/1756 (8.3%) 53/1408 (3.8%) <0.001§

Reactive Airway
Disease

68/1756 (3.9%) 11/1408 (0.8%) <0.001§

Eczema 12 (0.7%) 6 (0.4%) 0.339§

Allergic rhinitis 80 /1755 (4.6%) 39/1409 (2.8%) 0.009§

Mother history of
atopy

242 (13.8%) 191 (13.5%) 0.847§

Asthma 53 (3%) 38 (2.7%) 0.588§

Eczema 67 (3.8%) 55 (3.9%) 0.902§

Allergies 150 (8.5%) 116 (8.2%) 0.750§

Family history of
asthma

435 (24.8%) 285 (20.2%) 0.002§

Oxygen therapy 647 (37.2%) 366 (26.2%) <0.001§

Mechanical Ventilation 69 (4%) 42 (3.%) 0.149§

Intensive care unit 168 (9.6%) 116 (8.2%) 0.189§

Length-of-stay,
days, mean ± SD

5.2 ± 3.9 6.1 ± 4.2 <0.001+

n= number; CS: cesarean section; Kg: kilogram; SD: standard deviation: IQR: interquartile range

Categorial Data are in n (%), Continuous Data are in Mean ± SD, Median [IQR]

§Pearson’s Chi-Squared, + T-test

Figure Legends

Figure 1. Study Enrollment Diagram and Results of Respiratory Specimens and Wheezing Frequency.
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Figure 2. Comparison of Wheezing and No Wheezing Groups, By Frequency of Virus-Detection.

Figure 3. Virus Frequency by Age Among Virus-Positive Wheezing Subjects

Figure 4. Multivariable Logistic Regression Evaluate the Association Between Variables and Wheezing.

9



P
os

te
d

on
A

u
th

or
ea

5
O

ct
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

19
29

82
.2

92
89

45
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

10


