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Abstract: Here, one hundred patients (50 smokers and 50 non-smokers) clinically diagnosed with COVID-19 

were studied. Yet, bioinformatics was used to predict epitopes on Tobacco mosaic virus coat protein (TMV-

CP) to produce antibodies towards SARS-CoV-2. Death was three times higher in non-smokers than in 

smokers. However, biochemical parameters did not separate the groups. Bioinformatics analysis predicted the 

presence of B-cell epitopes in TMV-CP, suggesting the production of antibodies anti-TMV-CP in smoker 

patients. Smokers may develop severe forms of COVID-19, but survival was superior in the evaluated group 

than in non-smokers. Anti-TMV-CP antibodies, potentially present in smokers, might act as a pro-immune 

agent against SARS-CoV-2 at earlier stages of infection. These data are helpful for future studies assessing 

COVID-19 in smokers. 
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Introduction 

There is increased evidence that COVID-19 infection spreads regardless of gender, age, 

comorbidities, or other transient health adversities. However, after the infection establishment, the 

disease's progress and severity look clearly influenced by all these conditions [1]. These insights have 

become available because of the cumulative number of studies rising from cohort studies that 

evaluate such combinatory events in patients admitted to hospitals worldwide [2–4].  

Tabagism has been proposed as an adverse risk factor for COVID-19-infected people, and the 

latest literature has discussed the subject [5]. The rationality of this belief is consensual since active 

(still smoking) or non-active smokers (former smokers) are expected to have their respiratory capacity 

reduced to some extent due to the uptake of toxic substances accompanying the smoking practice [5]. 

In earlier stages, this effect includes asymptomatic illnesses such as bronchiolitis, cancer, or 

emphysema.  

In other words, the previous smoking-derived damage to the lungs is not counted for smokers 

suffering COVID-19 during hospitalization and intensive care period. However, inside this group, 

the time of smoking and the time passed after smoking abstinence are internal variances not 

registered [5]. The combinatory effect of these conditions and risk factors (obesity, hypertension, age, 

among others) makes it difficult to understand the contribution of tabagism as an influential adverse 

factor for individuals affected by COVID-19 complications.  

Some studies plead for adversities associated with active smokers due to their habits, including 

sharing cigarettes, using cigarette accessories, and other devices (narguile) without adequate 

cleanliness [6]. Different observational studies have also investigated correlations between smoking 

practice and the severity of COVID-19 in patients admitted to hospitals [5–8]. Although some studies 

were inconclusive, others suggested a positive correlation between tabagism and COVID-severity 
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and death [5,6,8]. A study based on meta-analyses revealed that, in some cases, smokers are less 

susceptible to COVID-19. However, once the infection is established, smokers present a worse 

prognosis than non-smokers [9]. In this context, Bernardis and Busà [10] raised the hypothesis that 

tobacco smoking could provide protective status, at least in the initial phase of infection, against 

SARS-CoV-2. Based on that, many studies have sought insights and information to understand this 

puzzle. 

In the present study, it is proposed that the tabagism practice, exposure, repeatedly (daily) and 

for a long time (years), the smoker to the tobacco mosaic virus (TMV), a non-infectious to humans 

but immunogenic virus present in the tobacco, a component of cigarettes. TMV is an RNA virus with 

a protein coat (CP). TMV-CP is the protein with the highest contact with humans during the 

consumption of cigarettes. So, whether TMV proteins might share possible common antigenic 

epitopes with the SARS-CoV-2 proteins is an exciting challenge. Through bioinformatics analysis, it 

was possible to identify epitopes of type-B lymphocytes and major histocompatibility complexes 

(MHC) I and II, which could trigger an immune response against TMV-CP. Additionally, we 

investigated the overall performance of one hundred individuals (50 smokers and 50 non-smokers) 

diagnosed with COVID-19. We were admitted to a specialized Hospital in Fortaleza, Ceara, Brazil, to 

get insights into this proposal. 

Methodology 

Ethical Concerns 

The access and all the procedures for data collection and analysis were carried out after due 

approval of the Institutional Ethical Committee and registered in the Plataforma Brazil (Register code 

N. 5.132.180), fulfilling all current Brazilian Legislation concerned. 

Study Design, Setting, and Participants  

Two independent groups of data, composed of fifty patients each, were included in the study. 

These separated smoking (n=50) and non-smoking ones (n=50). All were clinically diagnosed with 

COVID-19 infection and hospitalized (March-July, 2021) at public Hospital São José de Doenças 

Infecciosas (Fortaleza, Brazil). All individuals included in the study were older than 18 years. Gender 

and age were not further considered in groups.  

Patients have not assessed themselves and were not identified in the text. Only their medical 

records, deposited in the Hospital documental repository, were recorded for data collection. The 

subjects were classified into the smoking and non-smoking groups according to the following 

parameters: death or recovery; time of hospital care (days) and classified as non-severe (without the 

need for ventilation support); severe (with use of non-invasive oxygen support) and critical (with use 

of invasive oxygen supplier) COVID-19 infection. Two additional laboratorial parameters, C-reactive 

protein (inflammatory marker) and Lactate dehydrogenase (biochemical marker) levels, were 

annotated to better characterize the clinical status of the patients included in the study. These data 

were informed in their medical records. 

Bioinformatics Analyses 

Epitope prediction and major histocompatibility complex I (MHC I)-binding peptides were 

assessed through the following protocols. Atomic coordinates for the TMV-CP (PDB ID: 1EI7) were 

used in three different structure-based tools for epitope prediction: ElliPro 

(http://tools.immuneepitope.org/tools/ElliPro) [11]; Epitopia (http://epitopia.tau.ac.il) [12] and 

DiscoTope [13] (http://tools.iedb.org/discotope/). The tool TepiTool (http://tools.iedb.org/tepitool/) 

[14] predicts peptides from TMV-CP that might bind to MHC class I and class II molecules.  
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Statistical Analysis 

For continuous variables, the mean (SD) and median (IQR) were used for normally and 

abnormally distributed data. Categorical variables were expressed as counts (%). For laboratory test 

results recorded, it was determined whether the measurement results were outside the normal range. 

Results 

As observed, the prevalence of death documented among non-smoking individuals infected by 

COVID-19 was more than three times higher than among individuals with historic smoking practices 

(Table 1). Worth noting that the better survival performance of smoking patients did not correlate to 

a reduced time of hospital internment. Two acute or chronic inflammatory markers, C-reactive 

Protein (CRP) and Lactate Dehydrogenase (LDH) levels, have been accepted as immediate criteria 

for COVID-19 progression. Although the determined levels of CRP and LDH were highly elevated 

in all infected COVID patients, both markers were similarly higher in those with death or survival 

upshot, whether smoking or non-smoking (Table 1). Therefore, both markers were suitable for 

confirming the acute inflammation status of all patients, but their increased detection did not 

correlate with smoking and non-smoking individuals. Stratifying patients' performance according to 

their need for supplementary O2 support did not produce a clear picture among the groups (Table 1). 

Therefore, the only apparent difference among the groups was higher severity and survival among 

smokers. 

Based on Table 1, the TMV-CP was analyzed through bioinformatics tools to evaluate the 

possibility of generating epitopes for B-cells. Raw data are in Table 2. Three tools were employed as 

described in the methods. Fifteen potential epitopes were predicted by the three tools employed in 

the sequence of TMV-CP (Table 2). Five were identified by ElliPro (Figure 1A), three by Epitopia 

(Figure 1B), and seven by DiscoTope (Figure 1C).  
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Interestingly, there were some epitopes identified independently by two tools. For example, the 

epitope VENQANPTTAETLDATR was identified by both, ElliPro and Epitopia. The epitopes 

SYSITTPSQF, SSSGLVWTSGPAT, and PQVTVRFPDSDF were identified by ElliPro and Discotope 

(Table 2). Epitopia and Discotope predicted no common epitopes.  

In epitope prediction, it was also performed prediction about the presence of peptides in the 

TMV-CP that could interact with either MHC-I or MHC-II (Table 3). The analysis, which ran out on 

TepiTool, predicted eight peptides, five potentially interacting with MHC-I (Figure 2A) and three 

with MHC-II (Figure 2B). Interestingly, the sequence SYSITTPSQF predicted by ElliPro and 

Discotope (Table 2) as epitope also was predicted with the ability to interact with MHC-I. The epitope 
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VENQANPTTAETLDATR identified by ElliPro and Epitopia was predicted to interact with MHC-II 

(Table 3). These predictions suggest antibodies against TMV-CP can be found in smokers’ patients. 

 

 

 

Discussion 

Innate and acquired immunity differentiate themselves in numerous biochemical, physiological, 

and immunological aspects. Although both biological processes are responses triggered by the 

broadest abnormal circumstances faced by the body (infections, tissue damage, trauma, edema, etc.), 

each pathway performs a complex, partially independent, and highly orchestrated multi-mediated 

action [10]. The time course of innate and acquired immunity seemingly have profound implications 

in the rapid course of COVID-19 infection.  
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First-time infected COVID-19 individuals are expected not to possess acquired immunity against 

the virus. Therefore, the innate system mediates the only driving physiological response that triggers 

an immediate unfocused inflammatory response since the virus is widespread in the organism, 

despite its preferable binding site (ACR-2). This agrees with the cytokine storm always observed in 

severe COVID-19 patients. Accordingly, both non-smokers and smoking individuals included in the 

present analysis were shown to have highly increased levels of two key inflammatory markers. The 

acquired immunity needs the help of innate immunity to initiate its role in the protective process that 

will culminate with the synthesis and release of specific antibodies capable of inactivating or down-

regulating the viral activity [15–17].  

The observation that smoking individuals perform better in COVID-19 infection than non-

smokers was previously commented on by Landoni et al. [9]. Other studies have discussed the 

COVID-19 establishment in three groups: 1) current smokers, 2) former smokers, and 3) non-smokers 

[18]. The data presented by Constantine and Nikitara [18] revealed that smokers had 1.4 and 2.4 more 

times, respectively, to develop severe symptoms of COVID-19 and need for mechanical ventilation, 

or die, compared to non-smokers. These results contrast with those shown here (Table 1). In the 

present data set, from 50 smokers and 50 non-smokers, 5 and 16 died of COVID-19 (Table 1).  

These data support the hypothesis that smokers could have a differential response to COVID-19 

infection, posted by Bernardisa and Busàb [10]. However, this belief does not involve the 

downregulation of acute inflammatory reaction or cytokine storm reduction, primarily established 

in the curse of the innate response.  

Many other studies indirectly also support this hypothesis. During the infection by a new 

pathogen (i.e., SARS-CoV-2), the immune system requires time to respond appropriately. Sometimes, 

pathogens are faster in causing infection than the immune system to produce a response, leading to 

death.  

Regarding respiratory viruses such as SARS-CoV-2, the type I and III interferons compose the 

essential anti-viral response [19,20]. For example, a study revealed that pretreatment with type I and 

III interferon reduced SARS-CoV-2 replication in vitro [21]. However, the timing of interferon release 

is critical for the host, and the dysregulation in the interferon release could lead to a cytokine storm 

leading to severe COVID-19 [21]. The interferons are also crucial to the body's defense to plant 

viruses, such as TMV [22]. Even though TMV cannot cause infection in humans, it induces an increase 

in interferon levels but could be important in the first contact with SARS-CoV-2. In the case of 

smokers, the daily exposition to TMV, a non-pathogenic but immunogenic virus particle, by oral use 

of tobacco could chronically, over the years, stimulate a natural antibody-mediated antiviral response 

in the respiratory mucosa conferring initial resistance to initial steps of SARS-CoV-2 infection.  

TMV RNA is present in sputum and saliva specimens of smokers and absent in non-smokers, as 

expected [23,24]. In an exciting study, Li et al. [25] reported that the transfection of TMV RNA in 

HeLa cells leads to the production of TMV-CP and, thus, induction of autophagy activated by Toll-

like receptors initiating antiviral responses. Additionally, a study of antibody production revealed 

that both mice and humans produced anti-TMV antibodies after exposure to TMV [26,27]. In the 

human case, the authors identified the increase in levels of IgG (subclasses IgG1, IgG2, IgG3, and 

IgG4), IgM, and IgA [27]. The induction of IgA is exciting, and the IgA antibody is abundant and 

essential for mucosal defense against respiratory infections [28]. So, it is feasible to suggest those IgA 

antibodies produced by TMV in smokers could help them not develop a mild version of COVID-19, 

whether a cross-reaction takes place. 

These results and arguments agree with our bioinformatics results. We have shown that TMV-

CP protein has many sequences that might act as epitopes for B-cells and thus could induce the 

production of antibodies (Table 2 and Fig. 1). Additionally, bioinformatics analysis predicted TMV-

CP also could generate peptides that trigger the MHC I and II to induce an immune response (Table 

3 and Fig. 2). 
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Conclusions 

Altogether, the results presented here and from the literature strengthen the hypothesis that 

somehow and in some patients' previous smoke history might help them to fight against SARS-CoV-

2, at least in the initial stage of infection. The prediction of antibodies (IgA) production induced by 

TMV-CP might be acting by immune cross-reaction to neutralize the SARS-CoV-2. Although these 

results gave more robustness about this paradoxical effect of smoke on COVID-19 establishment, 

more profound studies even, including the genetics of the population and more biochemical markers, 

are required to understand better the correlation between smoking and COVID-19 outcome.  
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