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Abstract

:

(1) Background: Viral respiratory infections are common triggers for asthma exacerbation, often leading patients to the emergency department (ED). COVID-19, the disease caused by the SARS-CoV-2 virus, typically presents with respiratory symptoms, from minor symptoms, up to and including severe acute respiratory failure. Data on the association between asthma and COVID-19 are conflicting, and those from an ED setting are scarce. Our aims were to assess the prevalence and outcome of patients with asthma admitted to the ED for COVID-19. (2) Methods: We performed a case-control study, extracting data from a registry of adult patients with confirmed COVID-19 consecutively admitted to the ED of our hospital between March 2020 and January 2021. (3) Results: We identified 83 patients with asthma out of 935 individuals (prevalence 8.9%). There were no significant differences between cases and controls regarding both the proportion of hospital admissions and patients with critical COVID-19. (OR 1.37; 95% CI 0.52–3.56; and (OR 0.74; 95% CI 0.31–1.78 respectively). (4) Conclusions: In patients admitted to the ED for COVID-19, the prevalence of asthma was not higher than expected, and asthma was not associated with a worse outcome, in terms of the rate of hospitalization and critical COVID-19 disease.
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1. Introduction


Asthma is a common chronic respiratory disease usually characterized by chronic airway inflammation and a combination of variable respiratory symptoms and expiratory airflow limitation [1]. Asthma affects people of all ages and is associated with significant morbidity and mortality. Its prevalence varies according to different age groups and countries and is influenced by many other variables, including definition and setting. The overall prevalence in 2019 ranged from 5.4 to 9.8%, based on different definitions of asthma [2]. However, there is a significant variation (1–18%) between different countries [1,2]. Adult patients with asthma are frequently admitted to the Emergency Department (ED) for exacerbations or uncontrolled symptoms [3]. Different well-known triggers, including viral respiratory infections, can modify the airway hyper-responsiveness typical of asthma, leading to airway obstruction and rapid worsening of respiratory symptoms [4].



The pandemic associated with SARS-CoV-2 infection has affected hundreds of millions of people worldwide due to its high prevalence and rapid transmission [5]. Symptoms and disease severity are extremely variable. The clinical manifestations of SARS-CoV-2 infection may involve different organs or systems, i.e., gastrointestinal, cardiovascular, nervous, and hematological, among others. However, the most common complication is an interstitial pneumonia that could be associated with different degrees of respiratory failure, up to and including acute respiratory distress syndrome [6]. Millions of deaths occurred worldwide due to severe clinical forms of COVID-19, mainly due to such respiratory complications. Several factors, some virus-related (such as viral load and variant) and some host-related (including age, gender, and comorbidities), play a role in determining the clinical picture of SARS-CoV-2 infection [7]. On the other hand, the availability of specific vaccines has radically changed the course of COVID-19. Full vaccination with booster doses has been associated with a significant improvement in clinical outcome, especially in high-risk patients, such as the elderly and frail [8,9].



Regarding comorbidities, initially asthma, like other chronic lung diseases, was considered a risk factor for severe COVID-19. Several studies on the relationship between asthma and COVID-19 have since been published. They were extremely heterogeneous in terms of sample size, population, design, and setting, providing conflicting results. Most of them concluded that asthma was not a risk factor for severe COVID-19, sometimes even suggesting a protective role [10,11,12,13,14]. However, other studies reported that asthma was associated with a worse outcome [15,16,17].



Furthermore, most of the available data on the relationship between asthma and COVID-19 comes from large national datasets or retrospective cohorts of patients hospitalized for COVID-19. However, both are associated with possible bias. In fact, the former allow the collection of data on large samples, but is often less precise and accurate, while the latter guarantee higher quality results, but regarding from the most seriously ill patients.



Our hypothesis is that the emergency department is the best environment to study the interaction between asthma and SARS-CoV-2 infection as, globally, it is the true watershed between primary healthcare and the hospital. Only two retrospective cohort studies of asthma and COVID-19 patients in the emergency room are currently available [18,19]. In addition to the prevalence of asthma, these studies assessed only one or two general outcomes, such as hospitalization and/or mortality rate. In a preliminary study by our group on COVID-19 patients consecutively enrolled in an Italian ED during the first pandemic wave, the prevalence of asthma was very low (2.5%), and the risk of hospitalization was significantly lower compared to that of non-asthmatics [14]. In a large sample study conducted in the United States, the prevalence of asthma was high (20.9%), and hospitalization and mortality rates were similar between asthmatics and non-asthmatics [15]. Interestingly, the authors also demonstrated that the T-helper 2 (Th2) asthma phenotype, characterized by higher absolute eosinophil count (AEC), was associated with decreased morbidity and mortality [19].



Given the lack of data on this topic from the emergency department setting, we decided to carry out a case-control study that would allow us to more accurately test whether asthma was a risk factor for a worse outcome in patients with COVID-19.



Our objectives were, in adult patients hospitalized for COVID-19, to asses:




	(1)

	
the prevalence of asthma;




	(2)

	
whether asthma was associated with hospitalization and critical COVID-19; and




	(3)

	
whether AEC affected clinical outcomes.










2. Materials and Methods


We conducted this case-control study by extracting data from a consecutive registry of adult patients with evidence of SARS-CoV-2 infection admitted to the ED of our hospital between March 2020 and January 2021. The Agostino Gemelli University Hospital, one of the largest in Rome (Italy), is a tertiary center with > 80,000 visits to the ED every year. The registry was created by consulting the electronic health records of two different health information systems, the former specific for ED and the latter for hospitalized patients.



The inclusion criteria were: age ≥ 18 years, ED admission for symptoms compatible with COVID-19, and evidence of SARS-CoV-2 infection obtained by a molecular nasopharyngeal swab performed after hospital arrival.



We searched the registry for all individuals with asthma, who, as for all other comorbidities, were identified on the basis of the International Classification of Diseases, Tenth Revision (ICD-10) codes recorded in the medical records. For each COVID-19 asthma patient, we identified one COVID-19 non-asthma patient comparator, matched by age, sex, race, and enrollment period (within 14 days).We collected the following data from all individuals: demographic variables, smoking habits, body mass index (BMI), main comorbidities (diabetes mellitus, arterial hypertension, significant cardiopathies such as chronic heart failure and/or ischemic heart disease, and COPD), ongoing treatment with inhaled or oral corticosteroids (ICS or OCS), PaO2 ratio/FiO2 upon arrival, C-reactive protein (CRP), and AEC. As widely adopted, multimorbidity was defined as the presence in the same individual of ≥2 chronic diseases [20]. In addition, we registered the principal pharmacological treatments for COVID-19 administered to hospitalized patients.



Incomplete data and unavailability of the molecular swab report for SARS-CoV-2 made after arrival in our ED were exclusion criteria. The end-points explored were: hospitalization, intensive care unit (ICU) admission, pharmacological treatment for COVID-19, need for high-flow nasal cannula oxygenation (HFNCO), non-invasive ventilation (NIV), continuous positive airway pressure (CPAP), mechanical ventilation (MV), death, and length of stay (LOS). LOS was calculated since arrival at the ED until hospital discharge/demise. We classified as critical COVID-19 all individuals with any of the following: need for ventilatory support through CPAP and/or NIV and/or MV and/or ICU admission and/or death related to COVID-19. In addition, we consulted the electronic health records of our hospital to assess whether individuals included in the present study and discharged to home after the first contact had returned to the ED within 1 month of enrollment.



Primary outcomes were the proportion of patients requiring hospitalization and those with critical COVID-19. Need for HFNCO, in-hospital mortality, and LOS were also compared between the two groups. Finally, in patients with asthma, we assessed the relationship between AEC and the primary outcomes.



We reported the data as percentages for categorical variables and as mean (standard deviation) for continuous variables. We compared categorical variables by χ2 test or Fisher exact test, and continuous variables by independent t-test or Mann–Whitney U test. We used multivariate logistic regression analysis to assess whether asthma was independently associated with hospitalization and critical COVID-19. All variables showing p value ≤ 0.1 during univariate analysis were included in the multivariate model. We performed the statistical analysis using IBM SPSS 26 software (IBM Corp., Armonk, NY, USA); p-values < 0.05 were considered statistically significant.



The present study was approved by the Ethics Committee of the Fondazione Policlinico Universitario Agostino Gemelli—IRCCS, Rome, Italy (approval number 0014840/22).




3. Results


Our registry initially included 1069 adult patients with symptomatic SARS-CoV-2 infection. However, 134 individuals were excluded due to a missing molecular swab report after ED admission (38) or incomplete data (96). Overall, 83 patients with asthma were identified (prevalence 8.9%). A total of 83 COVID-19 patients without asthma—matched to cases for age, sex, race, and enrollment period—served as the controls (Figure 1).



Table 1 shows the demographic data, clinical characteristics, home treatment with inhaled or systemic steroids, values of the most common markers of acute inflammation (C-reactive protein, CRP, mg/L), and oxygenation (PaO2/FiO2) in the asthma cases and the controls. Although not specifically matched, the number of individuals who received the first vaccination in the last two weeks before hospitalization was the same (6%). The low vaccinated rate observed in the present study was consistent with the enrollment period (until January 2021). A significantly higher prevalence of arterial hypertension and multimorbidity was observed in the control group (33.7% vs. 55.4% and 36.1% vs. 57.8%, respectively; p = 0.005 for both analyzes). As expected, home treatment with inhaled corticosteroids (ICS) was significantly more common in the asthma group (50.6% vs. 3.6%; p < 0.001). No significant differences were observed between cases and controls regarding the other variables, including oxygenation parameters (PaO2/FiO2), inflammatory markers (CRP), and absolute number of circulating eosinophils.



Slightly more patients with asthma were admitted to the hospital than the controls (70/83, 84.3% vs. 66/83, 79.5%), with no statistical differences (p = 0.52; OR 1.37; 95% CI 0.52–3.56; Table 2). The characteristics of the hospitalized cases and the controls were similar to those reported in Table 1, with significant differences in arterial hypertension, multimorbidity, and home ICS treatment with ICS.



There were also no significant differences in the rate of critical COVID-19 (cases 21/70, 27.7% vs. controls 23/66, 34.8%; p = 0.50; OR 0.74; 95% CI 0.31–1.78). The proportion of individuals requiring HFNCO, in-hospital mortality, and mean LOS were similar in the cases and controls (Table 2). Pharmacological treatment for COVID-19, which could influence the outcomes, was administered in a similar proportion of cases and controls (Table 2).



Even in the multivariate analysis, there was no significant association between asthma and hospitalization (OR 1.93; 95% CI 0.83–4.53; p = 0.52) or critical COVID-19 (OR 0.74; 95% CI 0.31–1.78; p = 0.50).



Interestingly, even with the limitation of the small sample size, a higher eosinophil count was associated with a better outcome in the group of asthma patients. Indeed, AEC was significantly lower in asthmatics classified as critical COVID-19 patients (23.5 ± 26.4 vs. 49.2 ± 89.9 cells/μL; p < 0.05; Figure 2). Furthermore, AEC was lower in the hospitalized patients than in the patients discharged from the ED (40.3 ± 79.4 vs. 51.5 ± 74.9 cells/μL), without reaching a statistical significance. Furthermore, the AEC was lower in the hospitalized patients than in the patients discharged from the ED (40.3 ± 79.4 vs. 51.5 ± 74.9 cells/μL), but without reaching statistical significance.



Finally, regarding the small group of patients discharged from the ED after enrollment, a total of 2 out of 13 patients with asthma (15.4%), and 1 out of 17 controls (5.8%) returned to the ED within 1 month (p = ns). All required medical attention for worsening symptoms related to COVID-19 and were hospitalized. None of them were classified as critical COVID-19 patients.




4. Discussion


Our case-control study found a prevalence of asthma of 8.9% in ED patients with COVID-19, similar to that reported in the general adult population and in most studies of patients hospitalized for COVID-19. Furthermore, in our study, asthma was not a risk factor for hospitalization or critical COVID-19. The prevalence of asthma worldwide in 2019 ranged from 5.4 to 9.8%, based on different definitions of asthma [2]. As shown by a census carried out by Italian general practitioners, the national prevalence was 9.1%, similar to the 8.8% observed in the Lazio region [21]. As showed by several studies published in the last two years, the prevalence of asthma in adults with COVID-19 was extremely variable. It ranged from 0.32% to 25.8%, with a pooled prevalence between 8.08% and 9.38%, based on studies included in a recent meta-analysis [22,23,24]. Based on the available limited data from Italy, the prevalence of asthma in adults with COVID-19 was lower than expected. Two retrospective cohort studies on patients hospitalized for COVID-19 in Northern Italy showed a prevalence of asthma of 2.1% and 3.8%, respectively [12,25]. In a brief report by our group on a retrospective cohort of 734 newly diagnosed COVID-19 patients admitted to the ED of our hospital, asthma prevalence was 2.5% [18]. To the best of our knowledge, in addition to the results produced by our group, only one other study has been published regarding the relationship between asthma and COVID-19 in the emergency department setting. It was a large retrospective cohort (4558 individuals) enrolled in United States (New York City, Bronx), reporting a high prevalence (20.9%) of asthma [19]. The extreme variability in asthma prevalence observed in these studies of COVID-19 patients is difficult to explain. It could depend on several factors, including geographical and racial differences, pandemic wave, setting, sample size, and other study-related methodological factors. The same variables may have also influenced the conflicting results of the studies assessing whether asthma was a risk factor for a worse COVID-19 outcome [10,11,12,13,14,15,16,17]. This is demonstrated by several meta-analysis published in recent months, choosing to include or not very heterogeneous studies, which sometimes presented asthma as a protective or neutral factor [22,23,24,26] and sometimes, as a risk factor for worse outcome [27,28,29]. However, especially when looking at more recent and higher quality studies, asthma does not appear as a risk factor for a worse outcome of COVID-19. As previously mentioned, most of the published studies enrolled hospitalized patients, thus creating a bias related to the loss of information regarding what happens before hospitalization. The emergency department can be a good middle ground between what has happened outside the hospital, concerning which it is very difficult to obtain sufficiently detailed information (see the large insurance or government datasets), and what happens inside the hospital wards. As mentioned, our study is the only one, along with that of Ferastraoaru et al., which enrolled patients admitted to the ED [19]. The proportion of asthmatics hospitalized for COVID-19 (78.8%) was extremely similar to that observed in our case-control study (84.3%). The outcomes explored were different, but mortality was similar in patients with asthma, without other significant comorbidities, and controls without asthma and with a comparable comorbidity burden. On the other hand, our findings that asthma is not a risk factor for critical COVID-19 were consistent with more recent prospective and retrospective studies on hospitalized patients [10,11,12,13,14]. Some pathophysiology recalls could help explain why a chronic respiratory disease associated with morbidity and mortality, especially during exacerbation triggered by infectious agents, does not represent a risk factor for SARS-CoV-2 infection and for severe COVID-19. Two key steps affect the entry of SARS-CoV-2 into human cells: the angiotensin converting the enzyme 2 receptor (ACE-2), binding the spike protein of the virus and the transmembrane serine protease 2 (TMPRSS- 2), which triggers the same protein [30]. It has been demonstrated that asthma patients do not overexpress the ACE-2 gene in the lungs compared to the expression of healthy individuals [31,32]. This may be related to the IL-13 release from eosinophilic cells [33]. As mentioned above, eosinophilia is the marker of a particular subgroup of asthmatics, the Th2 phenotype [1]. Furthermore, chronic ICS intake, the mainstay of asthma therapy, is associated with decreased expression of ACE-2 and TMPRSS-2 mRNA [32]. Finally, at least in the eosinophilic asthma phenotype, the imbalance of the inflammatory response towards the overexpression of Th2 cytokines may counteract the Th1 response induced by COVID-19. This could reduce the risk of complications of SARS-CoV-2 infection related to the storm of Th1 pro-inflammatory cytokines, including IL-6, among others [34]. As evidence of this, Ferastraoaru showed that the Th2 phenotype played a potentially protective role against a worse outcome in patients with asthma and COVID-19 [19]. Interestingly, our study also showed a possible association between eosinophils and outcome in patients with asthma and COVID-19. The mean absolute eosinophil count was significantly higher in asthmatics with a better clinical course of COVID-19, confirming the protective role of these cells.



Our study has some limitations. In our opinion, one of the main limitations is that it was monocentric, retrospective, and enrolled a limited number of patients with asthma. We attempted to characterize the asthmatic pattern using AEC detected upon arrival in the ED. However, this value could be strongly affected by chronic use of corticosteroids and/or by the SARS-CoV-2 infection itself [35,36]. In addition, the study refers to a different period from the current one, which has profoundly changed due to full mass vaccination and the appearance of new variants, specifically Omicron. To date, based on our study and last year’s evidence, we can conclude that asthma by itself is not a risk factor for SARS-CoV-2 infection and for a worse outcome of COVID-19. This may be due, at least in part, to eosinophils, which are particularly elevated in a subset of asthmatic patients. Eosinophils are able to decrease the pulmonary expression of ACE-2 and the storm of pro-inflammatory Th1 cytokines, including IL-6, which are both pathogenetic factors associated with the more severe clinical course of COVID-19.



Further, large prospective studies are warranted to confirm these results and to explore whether different asthma phenotypes or characteristics may influence the outcomes of patients with asthma and COVID-19 infection.
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Figure 1. Flowchart of the study population. ED: emergency department. 
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Figure 2. Mean absolute eosinophil count (AEC) in patients with asthma admitted to the ED at our institution, classified as critical or non-critical COVID-19. * = p < 0.05. 
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Table 1. Characteristics of cases and controls admitted to our ED for symptomatic COVID-19. Abbreviations: SD, standard deviation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroids; OCS, oral corticosteroids; AEC, absolute eosinophil count.
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	Variables
	Asthma

(N = 83)
	Controls

(N = 83)
	p Value





	Age (mean ± SD, years)
	54.6 ± 14.6
	54.6 ± 14.5
	ns



	Sex, males (%)
	42 (50.6%)
	42 (50.6%)
	ns



	Race:
	
	
	



	  Caucasian (%)
	74 (50.6%)
	74 (50.6%)
	ns



	  Others (%)
	9 (10.8%)
	9 (10.8%)
	ns



	Pandemic wave:
	
	
	



	  First (%)
	24 (28.9%)
	24 (28.9%)
	ns



	  Second (%)
	59 (71.1%)
	59 (71.1%)
	ns



	Vaccinated (first dose) (%)
	5 (6%)
	5 (6%)
	ns



	BMI > 24.9 (%)
	33 (39.8%)
	38 (45.8%)
	ns



	Current smokers (%)
	13 (15.7%)
	20 (24.1%)
	ns



	Diabetes (%)
	12 (14.5%)
	16 (19.3%)
	ns



	Hypertension (%)
	28 (33.7%)
	46 (55.4%)
	0.005



	Cardiopathy (%)
	6 (7.2%)
	9 (10.8%)
	ns



	COPD (%)
	7 (8.4%)
	4 (4.8%)
	ns



	Multimorbidity (%)
	30 (36.1%)
	48 (57.8%)
	0.005



	ICS (%)
	42 (50.6%)
	3 (3.6%)
	<0.001



	OCS (%)
	6 (7.2%)
	2 (2.4%)
	ns



	PaO2/FiO2 (mean ± SD, mmHg)
	298.5 ± 109.1
	298.2 ± 103.3
	ns



	CRP (mean ± SD, mg/L)
	64.2 ± 73.7
	68.6 ± 74.9
	ns



	AEC (mean ± SD, cells/μL)
	42.0 ± 78.4
	41.2 ± 51.3
	ns



	AEC ≥ 150 cells/μL (%)
	4 (4.8%)
	6 (7.2%)
	ns
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Table 2. Clinical outcomes in COVID-19 patients, with and without asthma, and the most common pharmacologic treatments for COVID-19 administered to the hospitalized patients. The p-value describes the level of statistical significance in the univariate analysis. Abbreviations: ICU, intensive care unit; LOS, length of stay.
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	Asthma
	Controls
	p Value





	Hospitalization (%)
	70 (84.3%)
	66 (79.5%)
	ns



	Critical COVID-19 (%)
	21/70 (27.7%)
	23/66 (34.8%)
	ns



	ICU admission (%)
	17/70 (24.3%)
	21/66 (31.8%)
	ns



	High flow nasal cannula (%)
	10/70 (14.3%)
	13/66 (19.7%)
	ns



	Non-invasive ventilation (%)
	8/70 (11.4%)
	11/66 (16.7%)
	ns



	Mechanical ventilation (%)
	8/70 (11.4%)
	15/66 (22.7%)
	ns



	In-hospital mortality (%)
	8/70 (11.4%)
	6/66 (9.1%)
	ns



	LOS (mean ± SD, days)
	13.1 ± 7.8
	14.6 ± 9.7
	ns



	In-hospital treatments:
	
	
	



	  Corticosteroids (%)
	45/70 (64.3%)
	41/66 (62.1%)
	ns



	  Anticoagulants (%)
	48/70 (68.6%)
	53/66 (80.3%)
	ns



	  Antivirals (%)
	15/70 (21.4%)
	19/66 (28.8%)
	ns



	  Immunomodulators (%)
	8/70 (11.4%)
	5/66 (7.6%)
	ns
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
100

80

60

40

20

AEC (mean, cells/uL)

*

Critical COVID-19

Non-critical COVID-19






nav.xhtml


  applsci-13-00044


  
    		
      applsci-13-00044
    


  




  





media/file0.png





media/file2.png
Adults with COVID-19 consecutively

admitted to the ED of our hospital

n= 1069

.

Population meeting inclusion criteria

n= 935

SN

Patients with asthma Matched controls

n=§3 n= 83

Y

* Molecular swab for SARS-CoV?2
after ED admission not available n= 38

* Incomplete data n= 96






media/file3.jpg
AEC (mean, cells/uL)

100
80
60
40 *
L
0

Critical COVID-19 Non-critical COVID-19





media/file1.jpg
1069

Adults with COVID-19 consecutively
admitted to the ED of our hospital

l—»

7935

Population meeting inclusion criteria

<N

* Molecular swab for SARS-CoV2
after ED admission not available n 38
* Incomplete data n= 96

Patients with asthma
83

Matched controls
8






