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Purpose: Several studies report decreased hospital admissions for acute exacerbations of COPD (AECOPD) during the COVID-19
pandemic. However, there are no studies that compare AECOPD admissions with admissions for respiratory infections, including
COVID-19. This study aimed to examine hospital admission rates for AECOPD, pneumonia, influenza, and COVID-19 among COPD
patients, before and during the COVID-19 pandemic.

Patients and Methods: We obtained anonymized data on hospital admissions of patients with COPD and a primary diagnosis code for
AECOPD, pneumonia, influenza, or COVID-19, from the hospital patient admission register at a large Swedish hospital. The study compared
the pandemic period (February 2020-March 2022) to a period before the pandemic (June 2017—January 2020). Sequential phases of the
pandemic were evaluated separately. Monthly admission rates were compared using Poisson regression, controlling for admission month.
Results: Comparing monthly admission rates during the pandemic with the prepandemic period, incidence rate ratios were 0.72 for
AECOPD (95% CI 0.67-0.77; p<0.001), 0.56 for pneumonia (95% CI 0.49-0.62; p<0.001), 0.18 for influenza during the winter period
(95% CI 0.10-0.30; p<0.001) and 0.79 for total COPD admissions, including COVID-19 (95% CI 0.75-0.84; p<0.001). The study
showed significantly lower rate ratios for AECOPD, pneumonia, and total COPD admissions during the first, second, third, and fifth
(Omicron) waves. No significant effect on admissions was seen after the withdrawal of restriction measures.

Conclusion: There was a significant reduction in the overall rate of hospital admissions among COPD patients for AECOPD,
pneumonia, and respiratory viral infections during the pandemic despite the rise in COVID-19 admissions. However, prepandemic
admission levels returned in the post-restriction period.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a significant cause of morbidity and death globally." In Sweden,
a study reported a high average direct cost for COPD patients in 2013 (€13,719).> A large part of these costs was
associated with hospitalizations. Acute exacerbations of chronic obstructive pulmonary disease (AECOPDs), are closely
linked to hospitalizations in COPD and hospital admission may be accompanied by acute respiratory failure.
Exacerbations are related to disease progression, impaired pulmonary function, and mortality in COPD patients.>*
Frequent hospitalizations for AECOPD are associated with poor long-term prognosis and increased mortality.*
Respiratory viral infections are the primary triggers for AECOPDs, although bacterial infections and environmental factors
can also provoke them.’ Viral detection of agents such as influenza virus is associated with poor clinical outcomes.® In
addition, pneumonia with or without AECOPD is a common cause of hospitalization in patients with COPD.”*
Since the pandemic spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), COPD has been identified
as an independent risk factor of severe coronavirus disease 2019 (COVID-19), requiring hospitalization.” More severe disease

and increased mortality among COVID-19 patients with COPD have also been described in several studies.'®"?
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Decreased frequency of hospital admissions for AECOPD during the COVID-19 pandemic has been reported in
previous studies.' The exact cause for the decreased admission rate due to AECOPD is unknown. However, it has been
hypothesized that non-pharmaceutical interventions such as masking and social distancing, implemented to mitigate the
spread of SARS-CoV-2, may have reduced the incidence of AECOPD caused by respiratory viral infections other than
COVID-19. In line with this, non-pharmaceutical interventions have been associated with reduced transmission of
various common circulating viral respiratory agents during the pandemic, across different geographic regions.'” In
Sweden, the influenza season of 2019-2020 was unusually mild, with a reported national total of 7941 cases,
significantly lower than the previous three-year average of approximately 15,800 cases.'®

During the COVID-19 pandemic in Sweden, public health strategies to mitigate the spread of SARS-CoV-2 included
widespread testing, contact tracing, and social distancing.'” Additionally, restrictions on large gatherings and events were
implemented. However, general restriction measures were based on voluntary recommendations rather than regulations and
laws. Furthermore, lockdowns were not imposed, elementary schools were kept open and the general use of face masks was
not recommended. Thus, the effect of non-pharmaceutical interventions on the transmission of circulating respiratory viral
infections may have differed from other countries, since public health measures were less strict in Sweden.

The elderly in Sweden over the age of 70 was initially during the pandemic advised to minimize personal contact.'” In
a recent register study on a large Swedish cohort of COPD patients, the mean age was 71.5."® The percentage of patients
reporting at least one exacerbation the last year was 28.1% and a high rate of cardiovascular comorbidity was observed at
18%. Thus, although being vulnerable to COVID-19, many COPD patients in Sweden were subjected to social shielding
during the pandemic, Further, one study reported increased use of telemedicine for respiratory tract infections in 2020."
Consequently, the exact impact of the pandemic on respiratory viral infections among COPD patients remains uncertain.

Thus, reduced AECOPD admission rates during the pandemic have been shown, although exacerbations have not
been studied in relation to hospital admissions for COVID-19 and other lower respiratory tract infections such as
influenza and pneumonia among COPD patients. Also, the observation period during the ongoing pandemic was limited
in previous studies. This study aimed to examine if the proportion of respiratory infections and AECOPD with
hospitalization in COPD patients were different between prepandemic and pandemic periods, and how admission rates
varied over time throughout the pandemic.

Materials and Methods

Study Design

The objective of this study was to investigate the impact of the COVID-19 pandemic and related interventions on the
total burden of hospital admissions for AECOPD, pneumonia, influenza, and COVID-19 in COPD patients. We wanted to
measure the rate of admissions during a prolonged pandemic period and compare it with a prepandemic period.
Therefore, we conducted a retrospective epidemiological study evaluating the rate of hospitalizations by diagnosis,
covering five years, from June 2017 through August 2022. The sample size for each diagnosis was considered sufficient
to address the research questions.

Study Subjects

We collected anonymized epidemiologic data on hospital admissions from the hospital inpatient register at Sahlgrenska
University Hospital, a 2000-bed tertiary care teaching hospital in Western Sweden, with a catchment area of approximately
700 000 inhabitants. We used ICD-10 diagnostic codes to identify hospital inpatient admissions with a COPD diagnosis and
a primary diagnosis code for either “AECOPD”, “pneumonia”, “influenza” or “COVID-19”, at discharge (Supplementary
Table 1). The validity of the Swedish National Inpatient Register is in general high for several diagnoses.”’ 6166 inpatient
hospital admissions in COPD patients met these criteria and were considered eligible for inclusion in the study. We screened
hospital admissions with a primary AECOPD diagnosis code for a secondary COVID-19 diagnosis code. Also, anonymized
data on all inpatients at Sahlgrenska University Hospital with a primary diagnosis code for “COVID-19” at discharge,
regardless of the secondary diagnosis, were obtained. The data was included in the study as a reference. The Swedish Ethical
Review Authority exempted the study from review since no personal data was collected.

1764 "= International Journal of Chronic Obstructive Pulmonary Disease 2023:18
Dove!


https://www.dovepress.com/get_supplementary_file.php?f=409452.docx
https://www.dovepress.com/get_supplementary_file.php?f=409452.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Andreen et al

Exposure
The Supplementary Methods section discusses the definitions of periods. We defined two major periods: the prepandemic

period spanning from June 2017 through January 2020, and the pandemic period, from February 2020 through
March 2022. Additionally, a third period was defined and referred to as the “post-restriction period”. This period
spanned from April 2022 through August 2022, signifying the period after the withdrawal of general public health
measures. The pandemic period was compared to the prepandemic period. Moreover, the post-restriction period and
various phases during the pandemic period were analyzed separately and compared with the prepandemic period.

The phases of the pandemic were defined using our data regarding the different waves of hospital admissions
(Supplemental Figure 1), as well as reports of novel COVID-19 variants being detected in Sweden.

Thus, based on these data, the following phases were defined: the “first wave” from February — June 2020, the low-
incidence “intermediate period” from July — September 2020, the “second wave” from October 2020 — February 2021,
the “third wave” from March — May 2021, the “fourth wave” from August — October 2021 followed by the “fifth wave”
from December 2021 — March 2022.

Outcome

Outcomes were defined as the mean monthly rate of admissions for AECOPD, pneumonia, and influenza, respectively. In
addition, a combined outcome of “total COPD admissions” was defined, indicating the mean number of admissions per
month related to either AECOPD, pneumonia, influenza, or COVID-19.

Statistical Analysis

Admission rates per month by diagnosis were plotted over time to visually evaluate trends. Incidence rate ratios per
month were calculated to assess the pandemic effect on admission rates over time, adjusting for seasonal variations. The
analysis included AECOPD, pneumonia, influenza, and total COPD admissions (AECOPD, pneumonia, influenza, or
COVID-19). The admission rates of the individual months starting in January 2020 were divided with the mean
admission rates of the same months during the period before 2020. The incidence rate ratios per month were then
plotted over time.

For statistical analyses, we used the SPSS Statistics software package for Macintosh, Version 28.0 (IBM Corp,
Armonk, NY). Admission rates were compared between the pandemic and prepandemic periods for AECOPD, influenza
during the winter period (November - April), pneumonia, COVID-19, and all COPD patients in the study group. To
control for seasonal variations in admission rate, Poisson regression was used to calculate p-values, 95% confidence
intervals, and incidence rate ratios, controlling for admission month. The size of the population of COPD patients within
the catchment area of the hospital was presumed to be stable across the study period and the incidence rate ratios were
therefore considered to be reliable.

Admission rates during the various defined phases of the pandemic were compared with the corresponding months
during the prepandemic period. To control for an uneven distribution of corresponding prepandemic months, Poisson
regression was used to calculate incidence rate ratios, 95% confidence intervals, and p-values.

Results

Admissions rates for all COVID-19 patients during the study period are shown in Figure 1. A total number of 7789
patients were admitted for COVID-19 at the hospital during the entire pandemic study period. Five distinct waves of
hospital admissions were identified during the pandemic period until the withdrawal of general public health measures on
April Ist, 2022.

The distribution of monthly admission rates among COPD patients for AECOPD, pneumonia, influenza, and COVID-19,
before and during the pandemic are presented in Figure 2 (original unprocessed data in Supplemental Figure 2). A total of
4302 AECOPD admissions, 1348 pneumonia admissions, 107 influenza admissions, and 409 COVID-19 admissions in COPD
patients during the period from June 2017 through August 2022 were identified. Thirty-three patients with a primary

AECOPD diagnosis also had a secondary COVID-19 diagnosis, whereof twenty-one had a diagnosis indicating current
infection. Reduced admission rates for AECOPD, pneumonia, and influenza were seen at the beginning of the pandemic,
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Figure | Total monthly number of hospital admissions due to COVID-19 at Sahlgrenska University Hospital throughout the pandemic (regardless of COPD diagnosis). Five
separate waves of COVID-19 admission were identified.

Pandemic vs. prepandemic COPD admissions

AECOPD = COVID-19 + COPD Pneumonia + COPD
Influenza + COPD = === Total COPD admissions
160
140
2 120
Ke]
6 100
E 80
]
‘5 60
> 40
20
0
P - 0 = = = — 0 & L oS—= o0 = x = —- o +
e 8 8 EE 2883552883852 8288385¢2888¢855¢2%
ﬂg’QE_§<—>g’gEE<—>%’QE§<—:%’QE§<—:§’QE§<ﬁg’
<8838 <8838 2883 <8 8% <8838 <
Su Su Suw Su Su
2017 2018 2019 2020 2021 2022
Month/year

Figure 2 Linear graphs showing the three-month moving average number of hospital admissions according to primary diagnosis (acute exacerbations, pneumonia, influenza,
or COVID-19) in patients with chronic obstructive pulmonary disease, during the prepandemic, pandemic, and post-restriction periods. A combined outcome including all of
the primary diagnoses above is also shown (total COPD admissions, dashed line).

Abbreviation: AECOPD, acute exacerbation of chronic obstructive pulmonary disease.

coinciding with the rise in COVID-19 admissions. AECOPD and pneumonia admissions were stabilized at a low level until
after the third wave of COVID-19 when there was a tendency for increased admission rates. After March 2020, there were no
registered influenza admissions until December 2021, and there were in total 18 influenza admissions registered during the
entire winter season of 2021-2022. A marked decrease in AECOPD admissions was seen during the fifth wave when the
omicron variant of SARS-CoV-2 was predominant.

The comparison of admission rates before and during the pandemic is displayed in Table 1. Comparing monthly
admission rates during the pandemic with the prepandemic period, incidence rate ratios were 0.72 for AECOPD (95% CI
0.67-0.77; p<0.001), 0.56 for pneumonia (95% CI 0.49-0.62; p<0.001), 0.18 for influenza during the winter period (95%
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Table |1 Average Monthly Admission Rates in COPD Patients According to Primary Diagnosis
During the Pandemic, Compared with a Prepandemic Period

Primary Diagnosis Monthly Monthly Admission IRR P?
Number of Number of
Prepandemic Pandemic
Admissions Admissions
Mean (95% CI) | Mean (95% Cl) | (95% CI)
AECOPD 78 (75-81) 56 (53-59) 0.72 (0.67-0.77) <0.001
Pneumonia 27 (25-28) 15 (13-16) 0.56 (0.49-0.62) <0.001
Influenza® 3.8 (2.5-5.5) 0.7 (0.4-1.2) 0.18 (0.10-0.30) <0.001
COVID-19 0 15
Total COPD admissions® 107 (103—-111) 85 (81-89) 0.79 (0.75-0.84) <0.001

Notes: *p-values and incidence rate ratios with 95% confidence intervals were calculated using Poisson regression. "Mean
admission rates for influenza were calculated for the winter period, as defined in the method section. “Combined outcome
of all COPD admissions for AECOPD, pneumonia, influenza, or COVID-19.

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; IRR, incidence rate ratio.

CI 0.10-0.30; p<0.001) and 0.79 for total COPD admissions (95% CI 0.75-0.84; p<0.001). The mean monthly admission
rate for COVID-19 in COPD patients during the pandemic period was 15 patients.

Monthly incidence rate ratios during the pandemic are depicted in Figure 3 (original data in Supplemental Figure 3).
Incidence rate ratios for AECOPD, pneumonia, and total COPD admissions in January 2020 were 0.70, 0.82, and 0.69
respectively, and remained <1 until after the third wave. In the same month, the incidence rate ratio for influenza was
0.19 (Supplemental Figure 3c). The incidence ratios for total COPD admissions mirrored those of AECOPD, except
during the first, second, third, and Omicron waves. During these waves, incidence rate ratios for total COPD admissions
were higher than those of AECOPD, although still well below 1.

Table 2 shows a comparison of admission incidence rates during different waves of the pandemic. Significantly

reduced admission rates were seen for AECOPD, pneumonia, and total COPD admissions during the first, second, and
third waves as well as for the fifth wave. Lower IRR for total COPD admissions was also seen during the smaller fourth
wave, but this did not reach significance (p=0.06). Reduction in admission rates for AECOPD and pneumonia were most
pronounced during the second wave of COVID-19. Significant reductions in admissions were also seen during the
intermediate period between the first and the second wave. This period saw the most significant decrease in total COPD
admissions. There were no significant reductions in admission rates during the post-restriction period.

Discussion

This study shows a significant decrease in hospital admissions for AECOPD, influenza, and pneumonia in COPD patients during
a prolonged pandemic study period, compared to the prepandemic period. Moreover, the current results show a significant
reduction in total COPD admissions within the study group, even when accounting for COVID-19 admissions during the
pandemic. The effect was seen across the different waves of the pandemic but was less pronounced and not significant during the
smaller fourth wave. However, the admission rate returned to prepandemic rates in the post-restriction period.

The reasons for decreased admissions for AECOPD during the pandemic period have been discussed in previous
studies. This decline in admissions has been attributed to reduced exposure to respiratory viral infections because of
interventions such as social distancing and the use of face masks.”' >® Other possible causes could be a changed
healthcare-seeking behavior among COPD patients and a relative lack of available hospital beds due to an increase in
COVID-19 admissions. This could result in a higher rate of outpatient exacerbation treatment during this period.
However, the latter hypothesis is contradicted in this study by the observed reduced incidence rate of AECOPD and
pneumonia admissions during the period between the first and second wave. In this period there was a low incidence of
COVID-19 admissions. Interestingly, as described in our results, there was a reduction in incidence rate ratios for
AECOPD and the total studied COPD admissions already before the start of the pandemic in January 2020. Hospital
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Figure 3 Hospital admission incidence rate ratios for (a) acute exacerbations of chronic obstructive pulmonary disease and (b) pneumonia, from January 2020 through
August 2022. An incidence rate ratio below 1.0 indicates a decrease in the rate of hospital admissions during the pandemic, compared with the prepandemic period. The
incidence rate ratios for the combined outcome of total COPD admissions (acute exacerbations, pneumonia, influenza, or COVID-19) are also shown (dashed blue line). For
reference, the total number of all registered COVID-19 admissions at the hospital is shown on the secondary y-axis (shaded Orange graph).

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; IRR, incidence rate ratio.

admissions for influenza among COPD patients during the same month were most markedly reduced, maybe reflecting
the low incidence season for influenza in 2019-2020. Supporting this observation, the national incidence of influenza in
January 2020 was lower than in the three preceding seasons.'®

Comparing effects on admission rates, pneumonia admissions decreased more than admissions for AECOPD (IRR
0.56 vs 0.72). The actual admission rate for AECOPD might be slightly lower considering that there were registered
cases with a primary AECOPD diagnosis and a secondary diagnosis code for COVID-19. Yet, it is also plausible that
these cases could represent COVID-19-triggered AECOPD, although we could not examine it with this data set. The two
conditions are difficult to distinguish since the symptoms are similar. According to Global Initiative for Obstructive Lung
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Table 2 Incidence Rate Ratios for Admissions of COPD Patients by Primary Diagnosis During the Different
Waves of the Pandemic Compared with the Prepandemic Period

Phase® AECOPD Admissions Pneumonia Admissions Total COPD Admissions®
IRR (95% CI) P€ IRR (95% CI) Pc IRR (95% CI) P€

First wave 0.67 (0.58-0.77) | <0.001 0.61 (0.48-0.78) | <0.001 0.80 (0.71-0.89) <0.001
Intermediate period 0.70 (0.58-0.84) | <0.001 0.47 (0.32-0.69) | <0.001 0.65 (0.56-0.77) <0.001
Second wave 0.59 (0.52-0.68) | <0.001 0.35 (0.26-0.46) | <0.001 0.77 (0.69-0.85) <0.001
Third wave (Alpha) 0.66 (0.55-0.79) | <0.001 0.43 (0.30-0.61) | <0.001 0.77 (0.67-0.89) <0.001
Fourth wave (Delta) 0.90 (0.79-1.04) | 0.16 0.83 (0.65-1.06) | 0.15 0.89 (0.79-1.01) 0.06
Fifth wave (Omicron) 0.69 (0.60-0.80) | <0.001 0.62 (0.48-0.80) | <0.001 0.78 (0.70-0.88) <0.001
Post-restriction period | 0.95 (0.84-1.08) | 0.42 0.86 (0.69-1.07) | 0.17 0.98 (0.88-1.09) 0.70

Notes: Chronologically presented phases of the COVID-19 pandemic, compared to the corresponding prepandemic months. *Definitions of the
various phases of the pandemic are described in the methods section and Figure |. °"Combined outcome of all COPD admissions for AECOPD,
pneumonia, influenza, or COVID-19. “p-values and incidence rate ratios with 95% confidence intervals were calculated using Poisson regression.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; IRR, incidence rate ratio.

Disease (GOLD) guidelines, a SARS-CoV-2 positive COPD patient requiring altered maintenance therapy due to
respiratory symptoms would meet the criteria.’

Influenza admissions during the winter period were highly affected, illustrated by the fact that after March 2020 there
were no influenza admissions registered at all among COPD patients, until December 2021. A decrease in the transmission of
respiratory viral infections other than SARS-CoV-2 could explain a greater effect on the incidence of pneumonia than that of
AECOPD. In line with this, it has been reported that the spread of respiratory viral infections commonly associated with viral
pneumonia such as influenza and respiratory syncytial virus was lower during the pandemic.'> However, the incidence of
rhinovirus infection (the most common respiratory viral agent causing AECOPD) was only transiently decreased during the
beginning of the pandemic. Furthermore, there have been reports of reduced incidence of non-SARS-CoV-2 related
community-acquired pneumonia during the pandemic, including changes in both bacterial and viral aetiologies.””*° These
studies have observed decreased prevalence of pneumococci and most respiratory viruses except rhinovirus. It is also
important to note that AECOPD can be caused by bacterial infections as well as other non-infectious reasons.

As illustrated in our results, the impact of the pandemic on admission rates varied across different waves. The initial
effect on admission rates of COPD patients was waning during the fourth wave. The reasons for this are not known. During
the pandemic, different interventions were used as public health measures to reduce the transmission of SARS-CoV-2 in
Sweden. Still, throughout the pandemic, a total lockdown of the community did not occur, elementary schools were kept
open, face masks were not mandatory in most settings and most public health measures were based on recommendations
rather than obligations. It could be speculated that after the vaccination campaign in the spring of 2021 when most of the
vulnerable population and a substantial part of the population without risk factors were vaccinated, social distancing
practices decreased. This might have led to increased transmission of other respiratory agents. Supporting this, starting in
late summer and culminating in the autumn of 2021, respiratory syncytial virus infections in Sweden were reaching record
levels, out of the normal season.*'** Hospital admissions for COVID-19 during this period were low because of the
vaccination campaign, despite the contagious spread of the Delta variant of SARS-CoV-2.

The fifth wave represented a shift in the pandemic. The spread of the Omicron variant of SARS-CoV-2 resulted in an
exponential increase of the confirmed COVID-19 cases in Sweden, probably due to vaccine escape mutations in the viral
genome. As a result, COVID-19 admissions increased, also in COPD patients. However, we show that admissions for AECOPD,
pneumonia, and all study groups were again significantly decreased during this period compared to the prepandemic period. Once
more, it is plausible that it could be related to reduced transmission of other respiratory agents due to reinforced public health
interventions. After the fifth wave and withdrawal of public health measures in April 2022, hospitalization incidence rates for
COPD returned to prepandemic rates.

There are several limitations to this study. First, the study was based on discharge ICD-10 diagnosis codes and did not
include virological data in patients admitted for AECOPD and pneumonia. It is however routine clinical praxis to verify

COVID-19 and influenza based on airway swab PCR sampling.
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Second, due to a lack of microbial data and the retrospective design, it is not possible to establish a causal association
between reduced transmissions of respiratory agents and a reduction in AECOPD admissions. Also, since outpatient data
were not available, it was not possible to measure if the overall burden of AECOPD decreased.

Third, the study only included COPD admissions due to respiratory tract diseases and did not include other discharge
diagnoses in COPD patients as a control. Due to all the above limitations, many confounding variables could explain
reduced admission rates for AECOPD. Yet, the concurrent reduction of admissions for pneumonia and influenza during
periods of restriction measures in this study provides further support for the suspicion of a causal correlation. Moreover,
the significantly low total admissions rate during the period of low COVID-19 incidence between the first and second
waves suggests that reduced admission rates were unlikely to be explained by hospital overcrowding.

Fourth, the study did not include demographic data on patient characteristics such as age, gender, or the GOLD stage.
Hence, the characteristics of admitted patients cannot be compared across different periods. However, we presumed that
the prevalence and disease severity of COPD patients in the catchment area was rather consistent across the study period
and this should not affect the rate of admissions.

Fifth, we did not have access to data on clinical variables and outcomes. Thus, it was not feasible to compare
variables such as oxygen requirement, non-invasive ventilation, disease severity, length of stay, readmissions, and
mortality between different periods.

The strength of this study is its relatively large study cohort including admissions for exacerbation in COPD patients
and admissions due to pneumonia, influenza, and COVID-19. Also, the extended follow-up period before and during the
pandemic made it possible to compare admission rates during various phases of the pandemic.

Conclusions

We show that the overall burden of admissions for AECOPD or respiratory infections (pneumonia, influenza, or COVID-19)
was significantly reduced during the COVID-19 pandemic, despite the inclusion of admissions with a primary diagnosis of
COVID-19. The hospitalization rates returned to prepandemic rates in the post-restriction period. Our results support the need
for surveillance of all respiratory pathogens and that public health measures could be of benefit to COPD patients during
periods of peak incidence of any viral respiratory infection.
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