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ABSTRACT

Background: The importance of age, sex and respiratory virus prevalence in emergency department (ED)
visits and hospitalisations for respiratory tract infections (RTIs), asthma and COPD in a whole population
over time is not well established.

Methods: This study retrospectively analysed data for daily ED visits and hospitalisations from 2003 to
2013 in Ontario, Canada and the daily number of virus positive tests. Daily numbers of ED visits and
hospitalisations with RTIs, asthma and COPD listed as a primary diagnosis were collected from the
Canadian Institute for Health Information. Virus data were obtained from the Respiratory Virus Detection
Surveillance System. Multiple linear regression was used to assess the association of individual viruses with
the daily rates.

Results: There were 4365578 ED visits and 321719 (7.4%) admissions for RTIs, 817141 ED visits and
260665 (31.9%) admissions for COPD and 649666 ED visits and 68626 (10.6%) admissions for asthma.
Respiratory syncytial virus and influenza A were associated with male ED visits, whereas human
rhinovirus was associated with female ED visits for RTIs in preschool children. 19.2% of males, but only
7.2% of females were admitted. The correlation between the prevalence of each virus and ED visits and
hospitalisations for asthma was weak, irrespective of age group and sex. Influenza A was most strongly
associated with COPD ED visits and hospitalisations in males and females.

Conclusions: There are significant age and sex differences in the contribution of respiratory viruses to the
number of ED visits and hospitalisations for RTTs, asthma and COPD.
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Introduction

Viral infections are predominantly manifested in diseases of the respiratory system and present to
hospitals as respiratory tract infections (RTI) or exacerbations of a pre-existing lung disease such as COPD
[1] or asthma [2, 3]. At an individual level, the contribution of viruses to clinical disease was investigated
between 1946 and 1989 at the Medical Research Council Common Cold Unit (Salisbury, UK) [4, 5].
The inoculation of viral infections led to the recognition of the eight common respiratory viruses. These
inoculation techniques continue to the present day [6-9]. This provides unique information about
symptoms, cytokine responses and transmission. Today, with the introduction of PCR techniques, the
prevalence of these viruses can be monitored throughout the year at a population level.

The Canadian Respiratory Virus Detection Surveillance System [10] reports the percentage of positive tests
for eight viruses every week: influenza A and B, respiratory syncytial virus (RSV), parainfluenza and
adenovirus, human metapneumovirus (hMPV), human rhinovirus (hRV) and coronavirus. In addition, the
Canadian Institute for Health Information collects the daily numbers of visits to the emergency
department (ED) and the numbers hospitalised for RTI, asthma and COPD. Using these combined
datasets, respiratory viruses accounted for 66.7% of ED visits and 74.4% of hospitalisations for RTI, 52.5%
of visits and 48.2% of hospitalisations for COPD, and only 13.3% of visits and 10.4% of hospitalisations
for asthma [11]. Influenza A and RSV were the dominant viruses explaining the variability in ED visits
and hospitalisation for RTIs, while influenza A, hRV and RSV were the dominant viruses for COPD. For
asthma, only hRV provided any meaningful contribution to the variability in daily rates in ED visits and
hospitalisations [11].

The influence of age and sex on ED visits and hospitalisations and whether specific viruses influence these
outcomes differently based on age and sex is potentially important. The young and elderly are prone to
developing RTIs and have a higher mortality rate [12-15]. Males aged <15 years are more likely to be
hospitalised for an exacerbation of asthma or RTI [16]. In contrast, female COPD patients have been
associated with more severe exacerbations [17, 18] and a faster rising mortality rate in the United States
(USA) compared to males between 1980 and 2000 [19]. Between 2000 and 2014, the age-adjusted
COPD-related mortality in the USA decreased by 22.5% in males, but only 3.8% in females [20].

Many previous studies investigating viruses in RTIs, asthma and COPD have used cohort studies with a
relatively small number of highly selected participants. However, within a whole population where there is
universal healthcare, and the reasons for ED visits and hospitalisations, along with individual daily virus
rates, are being collected, a much broader perspective can be explored.

The objective of this study was first to investigate the effect of age and sex on ED visits and
hospitalisations from RTIs, asthma and COPD over 11 years in Ontario, Canada. Second, we sought to
investigate the association of individual respiratory viruses within each age and sex category.

Materials and methods

Data acquisition

The Respiratory Virus Detection Surveillance System obtains the number of daily tests performed and the
number of tests positive for respiratory viruses using multiplex PCR from laboratories across Canada.
In the province of Ontario, data are collected from 11 public health laboratories and six hospital
laboratories and are reported weekly. Data for influenza A and B, RSV, parainfluenza and adenovirus were
available for 2003-2013, and hMPV, hRV and coronavirus, which were added to the PCR panel in 2010,
were available from 2010 to 2013.

The number of ED visits and hospitalisations with RTT (International Classification of Diseases (ICD)-10
J00-J06, J09-J18, J20-22), asthma (J45), and COPD (]40-44, J47) listed as a primary diagnosis (diagnosis
most responsible for length of stay for hospitalisation data and first diagnostic field for ED data) each day
from 2003 to 2013 were obtained from the Canadian Institute for Health Information. Population data for
the province of Ontario were obtained from Statistics Canada. Asthma prevalence data were collected from
The Ontario Asthma Surveillance Information System and Statistics Canada. The Hamilton Integrated
Research Ethics Board waived the requirement for ethics approval, as only aggregate data were obtained.

Virus detection

The nasopharyngeal swabs were performed on patients presenting to community healthcare practitioners
in Ontario, Canada. Specimens were forwarded to the nearest public health laboratory, and viruses were
identified by multiplex PCR. These were collected in 17 hospital and public health laboratories across
Ontario. The number of tests positive for each virus was published on Saturday every week and expressed
as a percentage of the total number of tests performed. The percentage of positive tests for each virus
derived for each week was assumed to apply equally to every day of the previous week.
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Statistical analysis

The daily rates for ED visits and hospitalisations with RTI, asthma and COPD were calculated by dividing
the number of events that day by the population of the province at that time and then averaging across the
entire study period to obtain the mean event rate in males and females for each of five age categories
(<5 years, 5-<15 years, 15-<50 years, 50-70 years and >70 years). The ratio of ED visits to admissions was
calculated by dividing the mean daily rate of admissions by the mean daily rate of ED visits and expressed
as a percent. The 95% confidence intervals for these percentages were determined by bootstrapping using
the bias corrected and accelerated percentile method.

Multiple linear regression with the percentage of nasopharyngeal swabs positive for each virus as
regressors and an intercept term was performed using log-transformed rates of RTI, asthma and COPD
ED visits and hospitalisations for the five age groups in males and females. There were no days on which
the number of ED visits or admissions for asthma, COPD or RTIs in Ontario over the study period was
zero, so no data were excluded to facilitate log transformation. The coefficients were expressed as
standardised B-values to compare the strength of each individual virus to the variability in RTI, asthma
and COPD ED visits and hospitalisations. Standardised B is a measure that expresses how many standard
deviations of change in the dependent variable result from a 1-sp change in the predictor variable.
Standardised B-values <0.1 for viruses were deemed clinically irrelevant and are not shown in the figures.
Analyses were performed in TIBCO Statistica (Academic Package v13.2) and MATLAB Statistical Toolbox
(Release 2015a).

Results

Overall daily ED visits, hospitalisation and percentage of positive viruses

The population of Ontario increased from 12251405 in 2003 to 13606541 in 2013. There were 4365578
ED visits for RTIs, of which 321719 (7.4%) were admitted to hospital; 817141 ED visits for COPD, of
which 260665 (31.9%) were admitted; and 649666 ED visits for asthma, of which 68626 (10.6%) were
admitted. The daily number of ED visits and hospitalisations over 11 years was highest for RTI (mean+sp
1087+426.8 and 80.1+31.5, respectively), followed by COPD (203.4£61.9 and 64.9+17.3, respectively) and
lowest for asthma (161.7+52.9 and 17.1+8.3, respectively).

The data for the weekly reports of eight viruses was available from September 2010 until September 2013.
Overall, there were 159691 tests performed in the whole of Ontario, Canada. The percentages of all eight
respiratory viruses are shown in table 1. hRV had the highest overall positive rate at nearly 10%, followed
by influenza A, RSV, parainfluenza, coronavirus, hMPV, influenza B and adenovirus, in decreasing order.

Daily ED visits and hospitalisations by age and sex

Respiratory tract infections

The daily rates of ED visits and hospitalisations for RTIs across all age groups and sex are shown in figure
la. The rate of ED visits was higher for females for the age groups <5 years, 15-<50 years and 50-70 years,
but was similar in the 5-<15-year-olds and was higher in males aged >70 years. In both sexes, the rate
declined with increasing age until >70 years, after which there was an increase. The daily rate of
hospitalisations for RTIs was higher in males compared to females in the age groups <5 years, 50-70 years
and >70 years, but were similar in the age groups 5-<15 years and 15-<50 years. This was most pronounced
in the <5-years age group in which 19.2% (95% CI 18.8-19.7%) of males, but only 7.2% (7.0-7.3%) of females

TABLE 1 The positive rate of virus detection in Ontario, Canada from 2010 to 2013

Positive rate of virus detection %

Mean Median Lower quartile Upper quartile Minimum Maximum

Rhinovirus 9.96 8.75 3.79 13.47 0.62 39.46
RSV 5.30 2.20 0.88 8.40 0.00 22.97
Influenza A 4.28 1.17 0.27 3.54 0.00 32.94
Parainfluenza 4.08 3.66 1.85 5.84 0.21 12.90
Coronavirus 2.37 1.56 0.00 3.45 0.00 12.47
hMPV 2.05 0.93 0.29 353 0.00 9.37
Influenza B 2.00 0.30 0.00 2.03 0.00 23.17
Adenovirus 0.96 0.86 0.49 1.29 0.00 3.41

The total number of tests performed was 159621. RSV: respiratory syncytial virus; hMPV: human
metapneumovirus.
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FIGURE 1 Mean daily rates of emergency department (ED) visits and hospitalisations per 10° persons in Ontario, Canada from 2003 to 2013 for
a) respiratory tract infections (RTIs), b] asthma and c)] COPD. y-axis expressed on a logyo scale and is 10-fold greater for RTls. Error bars
represent 95% confidence intervals.

were admitted (table 2). In both sexes, RTI-related hospitalisations declined until the age of 50 years, followed
by a sharp increase, with over one-third of those aged >70 years being admitted (table 2).

Asthma

The daily rates of ED visits and hospitalisations for asthma across all age groups and sex are shown in
figure 1b. The rate of ED visits was higher for males in the <5-years and 5-<15-years age groups, but was
higher in females in the 15-<50-years, 50-70-years and >70-years age groups. There was a decline in ED
visits for asthma in both sexes, but the rate of decline was greater for males between ages 5-<15 years and
50-70 years. The daily rate of hospitalisations for asthma was higher in males in the age groups <5 years
and 5-<15 years, but the ratio of ED visits to admissions was similar for the two sexes (see table 2). In
patients aged <5 years, 20.8% (20.4-21.2%) of males and 21.5% (21.1-22.1%) of females were admitted,
and in those aged 5-<15 years, 9.8% (9.5-10.1%) of males and 9.5% (9.2-9.8%) of females were admitted.

TABLE 2 The ratio of the mean daily rate of admissions to the mean daily rate of emergency

department visits expressed as a percentage for respiratory tract infection (RTI), asthma and
COPD by age group and sex in Ontario, Canada from 2003 to 2013

Admissions % (95% Cl)

<5 years 5-<15 years 15-<50 years 50-70 years >70 years

RTI

Males 19.2 (18.8-19.7) 2.4 (2.4-2.5) 3.0 (2.9-3.0) 12.6 (12.4-12.7) 35.4 (35.1-35.7)

Females 7.2 (7.0-7.3) 1.9 (1.9-2.0) 1.9 (1.9-1.9) 6.5 (6.4-6.7) 34.0 (33.8-34.4)
Asthma

Males 20.8 (20.4-21.2) 9.8 (9.5-10.1) 4.4 (4.3-4.6) 7.5 (7.2-7.9) 13.7 (12.8-14.5)

Females 21.5(21.1-22.1) 9.5 (9.2-9.8) 6.1(6.0-6.2) 11.0 (10.7-11.3) 22.6 (21.9-23.4)
COPD

Males 3.9 (3.8-4.0) 29.4 (29.1-29.7) 60.8 (60.4-61.3)

Females 3.3 (3.2-3.4) 26.6 (26.3-26.9) 57.1 (56.7-57.5)
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In the age categories from 15-<50 years to >70 years, the daily rate of admissions and the ratio of ED
visits to admissions was higher for females. For example, in the >70-years group, 22.6% (21.9-23.4%) of
females but only 13.7% (12.8-14.5%) of males were admitted after an ED visit.

COPD

The daily rates of ED visits and hospitalisations for COPD across all age groups and sex are shown in
figure 1c. The rate of ED visits was higher in females in the 15-<50-years age category, but the rate of
increase by age was higher in males, resulting in a higher daily ED visit rate for males in the >70-years age
group. The daily rate of hospitalisations increased with age for both sexes and was similar between males
and females for between the ages of 15 and 70 years, but was higher in males after the age of 70 years. The
ratio of ED visits to hospitalisations for COPD increased by approximately seven-fold from 15-<50 years
to 50-70 years and two-fold from 50-70 years to >70 years such that almost two-thirds of those aged
>70 years were hospitalised (table 2). Differences in sex in COPD-related hospitalisations were small across
all age groups (figure 1c and table 2).

Association of respiratory viruses with ED visits and hospitalisations by age and sex

Influenza A, RSV and hRV were selected for representation in all figures, as the remaining viruses
(influenza B, adenovirus, coronavirus, hMPV and parainfluenza) were not meaningfully associated with
the rates of ED visits and hospitalisations (standardised B-values <0.1).

Respiratory tract infections

The standardised B-values representing the association of influenza A, RSV and hRV with RTT ED visits is
shown in figure 2a. Influenza A was the most strongly associated with ED visits across all age groups in
males and females. Influenza A had a stronger association in males aged <5 years, but RSV had a stronger
association in females aged <5 years. In both sexes between the ages of 5 and 15 years, the strength of
association for influenza A was similar to that of RSV. The strength of association of hRV was lower for all
age groups in both males and females, but was greater in males compared to females aged <5 years.

The standardised B-values representing the association of influenza A, RSV and hRV with RTI-related
hospitalisations are shown in figure 2b. RSV was most strongly associated with RTI-related hospitalisations
in <5-year-olds, and then decreased with age. The association of influenza A increased with age and was
the most strongly associated virus in the >70-years age category. Influenza A was modestly associated in
males aged 50-70 years, but not in females. The association with hRV was low for all age groups, with no
differences between the sexes.

Asthma

The standardised B-values representing the association of influenza A, RSV and hRV with asthma ED
visits and hospitalisations are shown in figure 3a and b, respectively. Rhinovirus was modestly associated
with ED visits, which peaked in the 15-<50-years age category. Influenza A was not associated until the
age of 15 years, after which there was a small increase in standardised B-values in those aged 50-70 years
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FIGURE 2 Association of influenza A (Inf A), respiratory syncytial virus (RSV) and human rhinovirus (hRV) with respiratory tract infection-related
a) emergency department visits and b) hospitalisations in Ontario, Canada for males and females in different age groups from 2010 to 2013.
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FIGURE 3 Association of influenza A (Inf A), respiratory syncytial virus (RSV) and human rhinovirus (hRV) with asthma-related a) emergency
department visits and b) hospitalisations in Ontario, Canada for males and females in different age groups from 2010 to 2013.

and >70 years. RSV was weakly associated only in those aged <5 years. There were no differences in the
association of viruses between the sexes.

The association of all three viruses with asthma hospitalisations was minimal, with no differences between
the sexes (figure 3b).

COPD

The standardised B-values representing the association of influenza A, RSV and hRV with COPD-related
ED visits are shown in figure 4a. Influenza A was the most strongly associated with ED visits for all age
groups and was similar in both sexes. The standardised B-values for hRV were small, and were similar
across age groups within each sex, but they were consistently higher for females. The association of RSV
was minimal in all age categories and was similar in both males and females.

The standardised B-values representing the association of influenza A, RSV and hRV to COPD-related
hospitalisations is shown in figure 4b. The association of all viruses was minimal in the 15-<50-years age
category. Influenza A was the most strongly associated virus in the 50-70-years and >70-years age groups
and this association increased with age. In males and females, the association of influenza A was similar
until 70 years, after which it was greater in females. The B-values for hRV in 50-70-year-olds in both sexes
were small, but in males aged >70 years the association became minimal, whereas in females it persisted.
RSV was minimally associated in males across all age groups, but this increased with age in females and
was thus more strongly associated in the >70-years age category.
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FIGURE 4 Association of influenza A (Inf A), respiratory syncytial virus (RSV) and human rhinovirus (hRV) with COPD-related a] emergency
department visits and b) hospitalisations in Ontario, Canada for males and females in different age groups from 2010 to 2013.
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Discussion

To our knowledge, this is the first study to evaluate age and sex differences in the rates of ED visits and
hospitalisations for RTI, asthma and COPD, and concurrently assess the association of respiratory viruses
with the observed rates at the population level. The primary findings were 1) the ratio of ED visits to
hospitalisation for RTI in males was significantly higher than that of females aged <5 years and between
50 and 70 years; 2) the correlation between community respiratory virus prevalence and asthma
exacerbations needing ED or inpatient care was weak in all age groups; 3) the correlation between the
community prevalence of influenza A and COPD exacerbations requiring ED and inpatient care was
significantly greater than that of other respiratory viruses; and 4) influenza A and RSV were more
strongly associated with RTI ED visits in boys compared to girls aged <5 years, whereas hRV was
more strongly associated in girls in the same age group.

A higher rate of hospitalisation among male compared to female preschoolers for RTT has been reported [16],
although we observed a 2.67-fold difference compared to the 1.45-fold difference previously noted. Given
that females aged <5 years had a higher rate of ED visits for RTI, but were admitted less often, it appears
that this trend is due to increased RTT severity in preschool males. At birth, females have more developed
lungs based on histological appearance [21], greater surfactant production [22] and have higher forced
expiratory flow rates corrected for lung size (termed dysanapsis) [23-25]. These factors may explain the
observed differences in this study. Preferential admission of males is an unlikely explanation in Canada,
where the public healthcare system bears the entire cost of inpatient care.

Many authors have reported a high rate of respiratory virus positivity in asthmatics during exacerbations,
ranging from 50% to 85% [26-29], and hRV is the most common virus identified [30]. The asthma
epidemic seen in September in many countries has consequently been attributed to an antecedent increase
in hRV infection rates [31, 32]. Discordance between community virus spread and asthma exacerbations at
the population level is topical, given that asthmatics seems to be underrepresented in the current
coronavirus disease 2019 (COVID-19) pandemic [33-35]. This study showed a weak temporal correlation
between community respiratory virus prevalence (including hRV) and ED visits and hospitalisations for
asthma independently of age and sex. We speculate the explanation for this discordance is that those
previous studies followed well-selected patients longitudinally, whereas we assessed the relationship
between community virus prevalence and asthma exacerbations at the population level. Second, yearly
rates of asthma-related ED visits and hospitalisation are low and decreasing, and hence many milder
asthma exacerbations will be managed by primary care physicians and not captured in this dataset. Third,
our previous study has demonstrated that hRV is more prevalent when the prevalence of influenza A and
RSV are low. The prevalence of hRV in the community is high when rates of ED visits and
hospitalisations are low [11]. Finally, the concomitant role of seasonal allergens must also be considered
since allergic sensitisation is associated with worse disease control during hRV-triggered asthma
exacerbations [36]. This study was not designed to capture such exposures or allergic status. We found that
influenza A was not associated with asthma ED visits and hospitalisations in children aged <15 years, but
this association was greater in older adults, which corroborates the findings of a previous study on
influenza-related asthma exacerbations in Ontario, Canada [37]. Our study expands on this finding by
showing that hRV as expected is most strongly associated with asthma morbidity in patients aged
<15 years, influenza A is weakly associated with asthma exacerbations despite being strongly associated
with RTIs in children, and that these differential effects of hRV and influenza A in different age groups is
independent of sex.

Our data show that the rate of ED visits and hospitalisations in asthmatics is higher in males in the
paediatric population and higher in females in the adult population, which is consistent with the known
sex disparity in asthma prevalence [38-40]. The ratio of ED visits to hospitalisations for asthma in adult
females was significantly greater compared to adult males. This could possibly be explained by females
with asthma demonstrating hypersensitive and hyperresponsive airway sensory nerves, which could result
in more severe symptoms, such as cough [41]. This is concordant with other reports [42-44] and probably
corresponds to the higher rate of severe asthma in adult females [45-47].

The respiratory virus most commonly associated with COPD exacerbations is hRV [48-51], although
others such as influenza A, parainfluenza and RSV are also recognised as important [52-54]. We found
that the correlation between community virus prevalence and ED visits and hospitalisations for COPD was
strongest for influenza A. In stable COPD patients, a respiratory virus can be detected by PCR in 10-20%
of patients, representing asymptomatic infection, and hRV is also the most commonly identified virus in
these patients [48, 50, 51]. In contrast, influenza A is uncommonly found in COPD patients without
symptoms of viral illness or disease exacerbation [48, 51], so a high correlation between influenza A
prevalence in the community and COPD ED visits and hospitalisations is expected.

https://doi.org/10.1183/23120541.00053-2021 7



RESPIRATORY INFECTIONS | I. SATIA ET AL.

We observed the highest rates of hospitalisation for RTI in young children and older adults, both
well-established high-risk groups known to have high rates of RSV and influenza A, respectively [55].
However, pandemic respiratory viruses do not necessarily have a greater effect on young children and
older adults. During the 2009-2010 HIN1 influenza pandemic, those aged >65 years were significantly less
affected compared with nonpandemic influenza seasons [56, 57]. Conversely, children are less severely
affected by COVID-19 [58]. Pre-existing immunity has been proposed as the explanation in the case of
HIN1 [59], but would not apply to the case of COVID-19 in children. The differential impact of
pandemic respiratory viruses in different age groups compared to seasonal viruses requires further study
given the substantial public health implications.

Our study has several important limitations. First, the database recording daily rates of ED visits and
hospitalisations is not linked to the Respiratory Virus Detection Surveillance System. Consequently, a
positive nasopharyngeal swab cannot be linked to a specific ED visit or hospitalisation to establish whether
an asthma or COPD exacerbation was due to a viral aetiology. This also prevents assessment of the impact
of co-infection with multiple viruses or bacterial infections. Second, we were limited to the age categories
available for ED visits and hospitalisations and hence more granular stratification of the data by age was
not possible. Third, the number of ED visits and hospitalisations due to each condition are determined
using the ICD-10 codes applied by physicians and administrators to each visit, so there is potential for
misclassification. A past medical history of COPD or asthma, or the identification of certain viruses during
the visit, may have confounding effects on the subsequent ICD-10 coding for a patient presenting with a
viral infection. Fourth, the percentage of ED visits resulting in admission was estimated by dividing the
number of ED visits by the number of admissions for that time period for each condition, but it is
possible for patients to be admitted without attending the ED. Fifth, since we employed population-level
databases, we do not have access to confounding factors such as medical comorbidities and medication
usage. Sixth, we do not know when the nasopharyngeal swabs were obtained relative to the onset of
symptoms, which could impact the test results. Seventh, laboratories choose and validate their own
multiplex PCR assays used for virus testing, although each laboratory undergoes audits for quality
assurance that are conducted by the Institute for Quality Management in Healthcare. Eight, the virus data
were available on a weekly basis, while the rates of ED visits and hospitalisations were on a daily basis.
Weekly virus data were assumed to apply equally throughout the week.

Conclusions

The rate of hospitalisation for RTIs is higher in preschool boys compared to girls. ED visits for RTIs in
preschool boys are most strongly associated with influenza A and RSV, but with hRV in girls. ED visits
and hospitalisations for asthma were higher in males among children but higher in females among adults.
Respiratory viruses are modestly associated with asthma ED visits and hospitalisations, independently of
age and sex. ED visits for COPD were higher in males compared to females aged >70 years. Influenza A is
the respiratory virus most strongly associated with ED visits and hospitalisations for COPD in both males
and females.
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