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The severe respiratory and systemic disease named coronavirus disease-2019 (COVID-19) is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Currently, the COVID-19 pandemic presents a huge social and health challenge worldwide. Many different risk factors are associated with disease severity, such as systemic arterial hypertension, diabetes mellitus, obesity, older age, and other co-infections. Other respiratory diseases such as chronic obstructive pulmonary disease (COPD) and smoking are common comorbidities worldwide. Previous investigations have identified among COVID-19 patients smokers and COPD patients, but recent investigations have questioned the higher risk among these populations. Nevertheless, previous reports failed to isolate smokers and COPD patients without other comorbidities. We performed a longitudinal evaluation of the disease course of smokers, former smokers, and COPD patients with COVID-19 without other comorbidities, from hospitalization to hospital discharge. Although no difference between groups was observed during hospital admission, smokers and COPD patients presented an increase in COVID-19-associated inflammatory markers during the disease course in comparison to non-smokers and former smokers. Our results demonstrated that smoking and COPD are risk factors for severe COVID-19 with possible implications for the ongoing pandemic.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a major public health problem, affecting millions worldwide. Common clinical symptoms are dyspnea, cough, and sputum production. The main risk factor for the development of COPD is tobacco smoking, which leads to pulmonary remodeling and inflammation (Marsh et al., 2006). Smoking and COPD are independent risk factors for other diseases such as lung cancer (Biondini et al., 2019) and respiratory infections (Gilca et al., 2011; Aikphaibul et al., 2020; Yoon et al., 2020).

The infection caused by SARS-CoV-2 can lead to the development of a severe pulmonary and systemic disease named COVID-19 (Alberca et al., 2020c). Previous reports have identified that COVID-19 is often more severe in the elderly and individuals with comorbidities such as obesity, hypertension, diabetes Mellitus, other co-infections (Alberca, 2020; Alberca et al., 2020a, d, f; Castelo Branco et al., 2020; Shaw et al., 2020). Those patients generally present an increase in COVID-19-associated inflammatory markers, such as d-dimer, leukocytes count, neutrophil count, neutrophil-to-lymphocyte (NTL) ratio, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and c-reactive protein (CRP) (Wolff et al., 2020). It still not clear the mechanisms that could increase the susceptibility of those groups to a more severe COVID-19, but several mechanisms have been postulated such as dysregulation of the anti-viral immune response (Codo et al., 2020) and increase in the expression of the angiotensin-converting enzyme 2 (ACE2) receptor, SARS-CoV-2 entry receptor (Leung et al., 2020).

Nicotine, a component in tobacco smoke, can suppress antiviral immune responses, via downregulation of Interferon regulatory factor 7 (Han et al., 2019). COPD patients with frequent exacerbations also present a reduction in antiviral immune response, via a reduction in type I and III interferons and interferon-stimulated genes (Singanayagam et al., 2019). In addition, smokers and COPD patients also present an increase in ACE2 receptor expression in the lungs (Leung et al., 2020).

In one of the first reports with COVID-19 patients, 1.1% of the patients had COPD, 12.6% were smokers and 1.9% were former smokers (Guan et al., 2020). COPD and smoking have also been associated with an increased incidence in COVID-19 (Dai et al., 2020; Lian et al., 2020; Zhao et al., 2020) and worst prognoses (Barrasa et al., 2020; Patanavanich and Glantz, 2020).

However, a recent report identified that smoking and pulmonary diseases, such as COPD, were less common in COVID-19 in comparison to influenza patients (Auvinen et al., 2020) and one meta-analyses found no association between COVID-19 prognosis and smoking (Vardavas and Nikitara, 2020).

Nevertheless, to the moment, no study was performed to investigate the difference in the disease course of COVID-19 among smokers, former smokers, and COPD patients without other comorbidities (Dai et al., 2020). Therefore, we aimed to perform an investigation in our cohort to assess if smoking or COPD could influence the COVID-19 disease course.



MATERIALS AND METHODS

Patients were recruited at the university hospital (Hospital das Clinicas da Universidade de São Paulo – HCFMUSP), in a special ward for COVID-19 patients. Inclusion criteria were: (1) All patients have SARS-CoV-2 infection verified by nasopharyngeal detection of SARS-CoV-2 by reverse-transcriptase polymerase chain reaction; (2) COPD patients were selected based on previous COPD diagnoses, all patients in our cohort were considered mild to moderate COPD patients; (3) Smoking habits were self-reported by patients on the hospital’s admission. Exclusion criteria were: (1) any other comorbidities other than smoking or COPD; (2) Other co-infection (bacterial or viral). We tracked patients’ clinical laboratory data performed from day 1 at the hospital until SARS-CoV-2 clearance and hospital discharge. This study was approved by the Ethics Committee of HCFMUSP (no. 30800520.7.0000.0068-2020).

In our cohort of 318 patients from the university hospital: Six patients were previously diagnosed with COPD (COPD), seven were active smokers (SMOKERS), and 12 have a previous smoking history (with over 10 years absence) without COPD (EX-SMOKERS), and 10 healthy individuals non-smokers (NC). No patients included in this investigation presented any other comorbidities. Data are shown for the longitudinal graph as median values. Data from the first hospitalization day are shown as median and standard error mean (SEM). Statistical analysis for survival curve was performed using Log-rank test, with Log-rank test for trend and Gehan-Breslow-Wilcoxon test to compare all groups, statistical analysis for other data was performed with Kruskal–Wallis test with Dunn’s multiple comparisons with GraphPad Prism 8 software (GraphPad Software, Inc., San Diego, CA, United States).



RESULTS AND DISCUSSION

The patients did not present any difference in age and hospitalization time was only increased in EX-SMOKERS in comparison to NC (Table 1). On the first hospitalization day, no difference was observed in inflammatory hallmarks of SARS-CoV-2 infection such as lactate dehydrogenase, C-reactive protein, alanine aminotransferase, aspartate aminotransferase, D-dimer, and alkaline phosphatase (Table 1; Alberca et al., 2020b). Previous reports have identified models for predicting the disease outcome based on the first day after hospitalization or based on a risk score (Yildiz et al., 2020). Nevertheless, we hypothesize that longitudinal analysis of clinical data is crucial for the understanding of the immune response to SARS-CoV-2, mainly because it is almost impossible to precisely determine the infection day. Therefore, we performed a daily comparison of clinical data for these patients.



TABLE 1. Patients’ characteristics by on the hospitalization day.
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During the disease course, no difference in the number of leukocytes was verified among groups (Figure 1A). The NTL ratio was increased in the EX-SMOKERS, SMOKERS, and COPD patients in comparison to NC. It is noteworthy that SMOKERS had a further increase in the NTL in relation to EX-SMOKERS and COPD (Figure 1B). NTL is a widely used maker for COVID-19 prognoses (Alberca et al., 2020b), but the increase in NTL in the SMOKERS groups was due to both an increase in the neutrophil count (Figure 1C) in comparison to EX-SMOKERS and NC and a reduction in the lymphocytes count in relation to EX-SMOKERS and COPD (Figure 1D).
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FIGURE 1. Clinical features of COVID-19 patients. Daily levels of (A) Leukocytes, (B) Ratio Neutrophil-to-lymphocytes, (C) Neutrophils and (D) Lymphocytes counts, (E) Urea and (F) Creatinine levels during the COVID-19 disease course from the first hospitalization day to SARS-CoV-2 clearance and hospital discharge or patients death. NC, No-comorbidities COVID-19 patients; SMOKERS, active smokers by the hospitalization time with COVID-19. EX-SMOKERS, patients that had smoked, but quieted for over 10 years by the hospitalization time with COVID-19; COPD, patients diagnosed with chronic obstructive pulmonary disease prior to COVID-19. *** < 0.001 difference from NC in relation to all other groups. && < 0.01 difference from SMOKER in relation to EX-SMOKERS and COPD. $$ < 0.01 difference from SMOKER and COPD in relation to EX-SMOKERS and NC. ## < 0.01 difference from SMOKER in relation to EX-SMOKERS. % < 0.05 difference among all groups. Kruskal–Wallis test with Dunn’s multiple comparisons. Data collected between 1 March 2020 and 30 August 2020.



Lymphopenia is a described characteristic in smokers and is linked to worst health prognoses (Biondini et al., 2019). Therefore, smoking may generate immunosuppressive effects, with a reduction in the number of lymphocytes (Düvenci Birben et al., 2016; Tulgar et al., 2016), and consequently a reduction in the anti-SARS-CoV-2 immune response.

In our cohort, COPD and SMOKERS presented increased levels of urea in relation to NC and EX-SMOKERS (Figure 1E). Creatinine levels were different among all groups, indicating that EX-SMOKERS also presented an increase in this inflammatory marker in relation to NC group (Figure 1F). Alterations in the urea and creatinine levels among COPD and Smokers patients could also further indicate an increase in the risk of kidney injury during COVID-19 (Yang et al., 2020).

A report from Wong et al. identified that former smokers present an increased influenza-associated hazard ratio in comparison to non-smokers (Wong et al., 2013). Similarly, in our cohort, the group of EX-SMOKERS presented a difference in the disease course compared to the NC group.

It’s noteworthy that during the investigation two patients from the SMOKERS group passed away due to severe respiratory distress, corroborating with previous reports that identified that smokers with COVID-19 possess a higher odd of developing severe COVID-19. All other patients cleared SARS-CoV-2 infection and were discharged from the hospital. Therefore, in our cohort SMOKERS groups presented a statistically significant difference in the survival curve in comparison to all other groups (p = 0.0349).

This phenomenon in smokers and COPD patients could be partially explained by the local inflammatory and oxidative response (Tian et al., 2017) and the up-regulation of ACE2 receptor, SARS-CoV-2 entry receptor, in the lungs (Jacobs et al., 2020). In comparison, allergic asthma downregulates ACE2 receptor expression in the lungs (Castelo Branco et al., 2020), possibly being a protective factor in COVID-19 (Alberca et al., 2020e). This still needs to be further explored since the elderly, an established risk group for severe COVID-19, also presents a downregulation in the ACE2 receptor expression in the lungs (Tavares et al., 2020).

Our report highlights the difference in disease course among smokers, ex-smokers, and no smokers (NC group), indicating that ex-smokers do present a better disease course than smokers. Importantly, we demonstrate that COPD and smoking do influence COVID-19 disease course independently of other comorbidities. Is important to highlight that this investigation possesses a small number of patients and should be further expanded to better understand the influence of these comorbidities on COVID-19. A possible synergic effect of smoking and COPD with other comorbidities in COVID-19 needs to be further explored to aid in the development of specific treatments for these populations.



CONCLUSION

In our investigation on the hospitalization day non-smokers, smokers, former smokers, and COPD patients did not present differences in COVID-19 associated inflammatory markers. Nevertheless, a longitudinal investigation demonstrated that smokers and COPD patients, without other comorbidities, present a higher risk for severe COVID-19.
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