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Abstract

:

The susceptibility to SARS-CoV-2 infection and the severity of COVID-19 manifestations vary significantly among individuals, prompting the need for a deeper understanding of the disease. Our objective in this study was to investigate whether previous infections with human common cold coronaviruses (hCCCoV) might impact susceptibility to and the progression of SARS-CoV-2 infections. We assessed the serum antibody levels against SARS-CoV-2 and four hCCCoV (H-CoV-OC43, -NL63, -HKU1, and -229E) in three distinct populations: 95 uninfected individuals (COVID-19-negative), 83 individuals with mild or asymptomatic COVID-19 (COVID-19-mild), and 45 patients who died due to COVID-19 (COVID-19-severe). The first two groups were matched in terms of their exposure to SARS-CoV-2. We did not observe any differences in the mean antibody levels between the COVID-19-mild and the COVID-19-negative participants. However, individuals in the COVID-19-mild group exhibited a higher frequency of antibody levels (sample/control) > 0.5 against H-CoV-HKU1, and >1 against H-CoV-229E and -OC43 (p < 0.05). In terms of severity, we noted significantly elevated H-CoV-NL63 IgG levels in the COVID-19-severe group compared to the other groups (p < 0.01). Our findings suggest a potential mild influence of hCCCoV antibody levels on the susceptibility to SARS-CoV-2 infection and the severity of COVID-19. These observations could aid in the development of strategies for predicting and mitigating the severity of COVID-19.
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1. Introduction


The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), first reported in late 2019 in Wuhan (China), and its subsequent rapid and uncontrolled global spread led to an unprecedented pandemic and a monumental public health crisis. As of the latest available data, there have been over 767 million reported cases of SARS-CoV-2 infections and more than 6.9 million deaths due to COVID-19 worldwide [1]. The clinical manifestation of COVID-19 is extraordinarily diverse, spanning a spectrum that encompasses a wide range of scenarios. These include asymptomatic cases, mild flu-like symptoms, moderate respiratory distress and severe disease, which can potentially result in death due to fatal pulmonary failure [2]. This intricate and multifaceted nature of COVID-19 underscores the need for a comprehensive and exhaustive understanding of its different clinical expressions. Moreover, the underlying factors that govern the manifestation of these clinical phenotypes need to be deciphered in greater depth, as this understanding could potentially guide targeted therapeutic strategies and improve the prediction of outcomes, necessitating a multidimensional approach to unravel the heterogeneity intrinsic to this viral disease [3].



Among the myriad factors that have been postulated to wield influence over susceptibility to SARS-CoV-2 infection and/or the progression of COVID-19, the role of pre-existing immunity developed against other human coronaviruses (H-CoV) has emerged as a noteworthy and potentially pivotal determinant. Prior to the emergence of SARS-CoV-2, the scientific community was familiar with the existence of four human common cold coronaviruses (hCCCoV): H-CoV-NL63, H-CoV-229E, H-CoV-OC43, and H-CoV-HKU1. These four viruses, categorized into the alpha (H-CoV-229E and -NL63) and beta-coronavirus (H-CoV-OC43 and -HKU1) groups, are commonly responsible for mild upper respiratory tract diseases, often exhibiting a seasonal pattern with a higher prevalence during the colder months of winter [4,5]. Taken together, it has been estimated that these hCCCoV account for a substantial 15–30% of global common cold cases [6]. Given their recurrent circulation, a significant proportion of the global population has developed antibodies against these coronaviruses. Notably, the seroprevalence of these antibodies exceeds a remarkable 90% or more among the adult population for all four hCCCoV [7,8].



The landscape of studies aimed at elucidating the alterations in hCCCoV-specific IgG levels following SARS-CoV-2 infection yields a perplexing array of results. While some studies suggest that SARS-CoV-2 infection does not enhance specific antibody titers against hCCCoV [9,10], other works have reported an increase in specific antibodies targeting betacoronaviruses, such as H-CoV-OC43 and/or -HKU1 [11,12,13,14,15,16,17,18], as well as specific antibodies against alphacoronaviruses [19,20]. Additionally, there have been reports indicating the elevated antibody responses against all four hCCCoV [21,22].



The quest to unravel the potential influence of pre-existing hCCCoV immunity on susceptibility to SARS-CoV-2 infection has also yielded a plethora of diverse findings [23]. While certain investigations found no discernible correlation between levels of hCCCoV antibodies and either the severity of COVID-19 or susceptibility to SARS-CoV-2 infections [10,11,24], there are compelling counterarguments. A notable subset of studies has proposed that higher levels of antibodies against hCCCoV are intricately associated with milder COVID-19 disease outcomes [9,19,20,22,25,26], a shorter duration of symptoms [17], or even a reduced risk of contracting the virus. However, it is imperative to note that certain studies have associated higher levels of hCCCoV antibodies with increased SARS-CoV-2 disease severity [12,14,15,18]. This inherent variability in findings can be attributed, at least in part, to the differences in methodologies employed across these previous studies, alongside the substantial diversity in the health statuses of the populations that have been evaluated.



Given the potential influence of pre-existing immunity against hCCCoV on the outcome of SARS-CoV-2 infection, it is crucial to provide novel insights into the interplay between hCCCoV antibodies and both the acquisition of SARS-CoV-2 and the progression of COVID-19 through complementary strategies. To evaluate SARS-CoV-2 acquisition, the present study analyzed antibody levels against hCCCoV and SARS-CoV-2 in two distinct populations: individuals with either asymptomatic or mild COVID-19, and uninfected individuals. Careful matching of these groups was carried out, considering variables such the degree of viral exposure, age and gender. Furthermore, a third group of individuals who developed severe COVID-19 was also analyzed, in order to evaluate the impact of hCCCoV antibodies on the course of COVID-19 progression. The ultimate aim of this research is to contribute with novel insights into the panorama of susceptibility to SARS-CoV-2 infection and the gradient severity that characterizes COVID-19, all in the context of the intricate interplay with immunity against hCCCoV.




2. Materials and Methods


2.1. Study Design and Categorization of the Study Population


We categorized each participant into three distinct groups: COVID-19-negative, COVID-19-mild, and COVID-19-severe. The COVID-19-mild group consisted of healthcare workers who either experienced mild COVID-19 symptoms or were asymptomatic to the disease. These individuals were randomly selected from those healthcare workers who had tested positive for SARS-CoV-2 through PCR analysis, as recorded in the archives of the Microbiology Laboratory. Likewise, the COVID-19-negative group consisted of healthcare workers who exhibited no clinical signs of symptoms suggestive of SARS-CoV-2 infection. These individuals consistently tested negative for SARS-CoV-2 through PCR testing and lack of detectable SARS-CoV-2 IgG. Like their COVID-19-mild counterparts, participants in this group were also selected from the same archives. COVID-19-mild and COVID-19-negative groups were matched based on age (±5 years), gender, and estimated degree of SARS-CoV-2 exposure determined by occupational position within the healthcare sector. On the other hand, to assess the influence on disease severity, the inclusion of the COVID-19-severe group allowed us to evaluate H-CoV IgG levels in severe COVID-19 scenarios, although the clinical characteristics of this group were not matched with those of the COVID-19-mild and COVID-19-negative groups.



The occupational positions of participants from the COVID-19-mild and COVID-19-negative groups were classified into three risk levels based on the potential for exposure to SARS-CoV-2. The high-risk category encompassed roles such as resident medical interns, medical specialists, service and section heads, emergency physicians, physiotherapists, caretakers, and nurses. Intermediate-risk roles included social workers, radio-diagnosis technicians, optometrists, resident intern biologists, administrative assistants, and hairdressers. Finally, the low-risk category included job positions such as pathological anatomy and clinical diagnosis technicians, cooks, plumbers, mechanics, and kitchen helpers.



We enrolled participants who were not vaccinated against SARS-CoV-2 during the first wave of the pandemic (March to June 2020). Serum samples were collected from each participant at the time of inclusion into the study. Ethical considerations were upheld, as the study was approved by the Ethics Committee for Clinical Research of the same hospital. Furthermore, participants provided their written informed consent before being included in this study.




2.2. Determination of SARS-CoV-2 Infection


To confirm the classification of participants into their respective groups, we employed both qPCR analysis and evaluation of anti-SARS-CoV-2 IgG levels. The detection of N, S, and ORF1ab genes from SARS-CoV-2 was performed using multiplex qPCR on nasopharyngeal samples, following the manufacturer’s guidelines of the TaqPath COVID-19 kit (Thermofisher, Waltham, MA, USA). The presence of SARS-CoV-2 antibodies in the serum was assessed using an indirect chemiluminescence immunoassay (Vircell, Granada, Spain).




2.3. Preparation of hCCCoV Antigens


For the preparation of hCCCoV antigens, we reconstituted the lyophilized hCCCoV nucleocapsid (N) antigen (Creative Diagnostics, New York, NY, USA) using phosphate-buffered saline (PBS) (Sigma-Aldrich, Saint Louis, MO, USA) to achieve a final concentration of 2 μg/mL. Additionally, we prepared a wash buffer by adding 0.1% Tween-20 (Sigma-Aldrich, Saint Louis, MO, USA) to PBS, resulting in PBST.




2.4. Antibody Quantification by ELISA


The quantification of IgG against the N protein of H-CoV-NL63, -HKU1, -229E, and -OC43 (Creative Diagnostics, New York, NY, USA) was performed using an indirect and manual ELISA technique. Serum samples were heat-inactivated at 56 °C for 30 min. Subsequently, 96-well plates (Sigma-Aldrich, Saint Louis, MO, USA) were coated overnight at 4 °C with 50 μL of hCCCoV nucleocapsid antigen per well. Following this, the plates were blocked with 200 µL of a blocking buffer (PBST supplemented with 3% nonfat milk) for 1 h at 37 °C. After the blocking step, the plates were washed three times with 200 μL of PBST. Then, 50 μL serum samples, diluted at a ratio of 1/20, were added to each well, and this was followed by a 2 h incubation period. Subsequent to incubation, the plates were washed again, and 100 μL of a 1/3000 diluted conjugated anti-human IgG solution (Streptavidin/HRP, Agilent, Santa Clara, CA, USA) was added. The plates were then incubated for an additional hour at 37 °C, followed by an additional three further washes. Subsequently, 100 μL of substrate solution (3,3′,5,5′-Tetramethylbenzidine (TMB) Liquid Substrate System for ELISA, Sigma-Aldrich, Saint Louis, MO, USA) was added to the plates, and they were incubated at room temperature for 10 min. The reaction was stopped by adding 50 μL of stop solution (hydrochloric acid 1N, Sigma-Aldrich, Saint Louis, MO, USA). The absorbance levels were measured at 405 nm, with a blank well used to correct for background reactivity for each serum sample. A positive control (anti-IgG F2 polyclonal antibody, Creative Diagnostics, New York, NY, USA) and a negative control were systematically included in each assay. IgG values against hCCCoV are expressed as sample/control (s/co), which is the difference in the absorbances obtained from the sample and the background control. For the determination of IgG targeting the S protein of SARS-CoV-2, we followed the manufacturer’s guidelines of the Abbott Alinity SARS-CoV-2 assay (Abbot, North Chicago, IL, USA). IgG values against SARS-CoV-2 are expressed as UA/mL.




2.5. Statistical Analysis


Descriptive statistics were used to summarize the obtained data. The data of hCCCoV IgG levels were tested for normality using either the Kolmogorov–Smirnov or Shapiro–Wilk tests, ensuring the validity of subsequent analyses. Non-parametric tests, namely the Mann–Whitney U and Kruskal–Wallis tests, were used to compare H-CoV IgG titers across the analyzed groups. Also, a Pearson correlation analysis was performed to analyze the correlation patterns in H-CoV IgG titers across all studied individuals included in the study. Logistic regression analysis was conducted to assess the relationship between hCCCoV IgG levels and susceptibility to SARS-CoV-2 infection. IBM SPSS Statistics 26.6 was employed for the statistical analysis.





3. Results


3.1. Characteristics of the Study Population


Our study included a total of 223 participants. Among these participants, we categorized them into three groups: the COVID-19-negative group, consisting of 83 individuals who had not been infected by SARS-CoV-2; the COVID-19-mild group, comprising 95 individuals who experienced asymptomatic or mild COVID-19; and the COVID-19-severe group, which included 45 individuals who died as a result of severe COVID-19 cases. Individuals from the COVID-19-negative and COVID-19-mild groups were carefully matched for sex, age (within a narrow range of ±5 years), and their degree of exposure to SARS-CoV-2 based on their job position. The median age of these participants was 41 years, and a majority of them, accounting for 88%, were female. Also, in both the COVID-19-negative and COVID-19- mild groups, 87% of participants had a high degree of exposure to SARS-CoV-2 due to their occupational roles.




3.2. Examination of hCCCoV IgG Levels in the Study Population


Antibody titers against the N protein of the four hCCCoV and the S protein of SARS-CoV-2 were quantified within each group of participants. Our analysis of antibody levels revealed that the COVID-19-mild group exhibited slightly elevated hCCCoV IgG titers when compared to the COVID-19-negative group. However, these differences did not reach statistical significance (p > 0.1), as illustrated in Figure 1 and detailed in Table S1.



Furthermore, our investigation delved into the correlation between IgG titers against hCCCoV and SARS-CoV-2 across all participants. Performing a Pearson correlation analysis, we observed a positive correlation among the alphacoronaviruses (H-CoV-NL63 and -229E, r = 0.19; p < 0.01) and a similar correlation among the betacoronaviruses (H-CoV-HKU1 and -OC43, r = 0.24; p < 0.001). Interestingly, we also observed a positive correlation between H-CoV-NL63 and SARS-CoV-2 IgG titers (r = 0.20, p < 0.01), as shown Figure S1.




3.3. Evaluation of the Influence of hCCCoV IgG Levels on the Susceptibility to SARS-CoV-2 Infection


To explore the potential impact of hCCCoV IgG levels on susceptibility to SARS-CoV-2, we considered the COVID-19-negative group as having lower susceptibility to SARS-CoV-2, and the COVID-19-mild group as having high susceptibility to this viral infection. In these groups, we examined seropositivity to hCCCoV infections based on IgG levels, considering concentrations above 0.5 or 1 as positive (as detailed in Table 1). We performed logistic regression analysis to examine the potential relationship between hCCCoV IgG levels and susceptibility to SARS-CoV-2 infection. Our observations indicate a significant association between a higher proportion of individuals in the COVID-19-mild group with antibody levels exceeding 0.5 against H-CoV-HKU1, and levels higher than 1 against H-CoV-229E and -OC43 (p < 0.05). These findings suggest a potential role of the influence of higher hCCCoV IgG levels on the susceptibility to SARS-CoV-2 infections.




3.4. Evaluation of the Influence of hCCCoV IgG Levels on the Severity of COVID-19


In order to comprehensively assess the impact of hCCCoV IgG titers on COVID-19 severity, we included the COVID-19-severe group in our analysis. A significant increase in H-CoV-NL63 IgG levels (median of 2.739; IQR: 1.673–3.628, p < 0.01) was observed in comparison to the other groups (median of 0.136 (IQR: 0.09–0.238) and 0.149 (IQR: 0.079–0.388) for the COVID-19-negative and COVID-19-mild groups, respectively). Likewise, the IgG levels against the other three hCCCoV remained relatively similar across all three groups (as illustrated in Figure 1).



In addition to this, we also analyzed SARS-CoV-2 IgG levels across the participants, which exhibited significant variations among the analyzed groups (p < 0.01). The COVID-19-mild group showed a median IgG level of 470.95 UA/mL (IQR: 211–1027), while the COVID-19-severe group displayed SARS-CoV-2 IgG levels that were approximately 2.7 times higher than those in the COVID-19-mild group, with a median of 1256.3 UA/mL (IQR: 31.0–13776.2, p < 0.01), as detailed in Figure 1 and Table S1. These findings align with previous studies that have also reported elevated SARS-CoV-2 antibody levels in severe cases of COVID-19 [27].





4. Discussion


The emergence of SARS-CoV-2 and the subsequent global pandemic have prompted rigorous investigation aimed at elucidating the intricate factors influencing susceptibility to SARS-CoV-2 infection and the severity of COVID-19 cases. The different populations evaluated have exhibited varying degrees of susceptibility to SARS-CoV-2 infection, as well as diverse manifestations of COVID-19 severity. These disparities may arise from a complex interplay of several host and viral factors. Understanding the factors influencing these variabilities is of paramount importance to improve clinical management and devise more effective public health strategies. In this study, our primary objective was to explore the correlation between hCCCoV IgG levels and susceptibility to SARS-CoV-2 among healthcare workers who had comparable degrees of exposure to the virus but differing SARS-CoV-2 infection statuses.



Our initial focus lay in the assessment of hCCCoV IgG levels in two groups: the COVID-19-negative group, consisting of uninfected individuals, and the COVID-19-mild group, consisting of individuals who experienced asymptomatic or mild COVID-19. These two groups were matched based on sex, age, and degrees of SARS-CoV-2 exposure. This matching strategy between both groups was adopted to minimize the impact of these potential confounding factors, which could influence the acquisition and/or progression of COVID-19. Some investigations have revealed age and gender disparities in COVID-19 susceptibility and outcomes. Older adults, particularly those aged 65 and older, are at a higher risk of developing severe illness and complications if they contract the virus [28]. Likewise, some studies have suggested that men are more likely to experience severe cases and higher mortality rates compared to women [29]. To our knowledge, few works have considered this matching approach in order to reduce the variability of demographic and clinical characteristics among the analyzed groups of individuals infected or not with SARS-CoV-2.



Our initial analysis revealed only a slight, albeit statistically non-significant, increase in the median IgG levels for the four hCCCoV evaluated among individuals in the COVID-19-mild group compared to the COVID-19-negative group. These observations align with previous research that has reported slightly elevated antibody levels against H-CoV-HKU1 and -229E in individuals with COVID-19 compared to their uninfected counterparts [30]. Additionally, several studies have suggested that H-CoV-HKU1 and -OC43 IgG levels may increase during mild SARS-CoV-2 infection, and hCCCoV antibodies could be boosted following infection with this virus [15,31,32]. The elevated hCCCoV antibody levels in SARS-CoV-2-infected individuals might be attributed to cross-reactivity among H-CoV antibodies or elevated IgG levels pre-existing prior to SARS-CoV-2 infection.



Several studies have reported cross-reactivity among hCCCoV antibodies [21,33,34], often attributed to homology found in their antigenic regions. For instance, the protein homology between SARS-CoV-2 and seasonal hCCCoV antigens is estimated to be approximately 19.8% for S1, 39.9% for S2, and 33.0% for N [35]. Thus, it is plausible that antibodies generated in response to hCCCoV infections in the pre-pandemic period may recognize epitopes on the N protein of SARS-CoV-2 [36]. Interestingly, despite lower sequence identity, cross-reactivity with SARS-CoV-2 appears to be more pronounced for alpha hCCCoV compared to beta hCCCoV, underscoring the importance of the conformational recognition of antigens [36]. This observation aligns with our data, as we observed a positive correlation among IgG levels between SARS-CoV-2 and H-CoV-NL63 (Figure S1).



However, it is important to emphasize that while cross-reactivity among hCCCoV antibodies is evident, studies have shown that this cross-reaction with SARS-CoV-2 antigens in sera from the pre-COVID-19 era does not necessarily neutralize the SARS-CoV-2 infection in vitro [37]. Moreover, other studies have suggested that baseline hCCCoV antibodies do not confer protection against SARS-CoV-2 infection [32], and hCCCoV neutralizing antibodies tend to be species-specific without exhibiting cross-reactivity against SARS-CoV-2 RBD [38]. This phenomenon could be potentially attributed to the high homology of most structural proteins among hCCCoV, with the notable exception of the more species-specific S protein [39,40,41]. The RBD region, in particular, is poorly conserved among these coronaviruses [38]. Moreover, it is important to underscore the strong correlation between the levels of RBD-binding antibodies and SARS-CoV-2 neutralizing antibodies, and immune sera from individuals recently exposed to hCCCoV infections do not exhibit cross-reactivity with SARS-CoV-2 RBD [38]. Previous studies have also indicated that hCCCoV antibodies are present at varying levels prior to SARS-CoV-2 infection and continue to be detectable after infection. Some research suggests that SARS-CoV-2 infection does not induce specific antibodies against hCCCoV [9,10]. Furthermore, pre-existing anti-N antibodies targeting endemic alphacoronaviruses and S2 domain-specific anti-spike antibodies against betacoronavirus H-CoV-OC43 have been found to be elevated in COVID-19 patients, while hCCCoV antibody concentrations remain relatively unchanged throughout the course of the disease [42].



Hence, while cross-reactivity among hCCCoV antibodies can be observed, it does not necessarily provide protection against SARS-CoV-2. In fact, one report suggests that pre-existing antibodies targeting the spike antigen of H-CoV-OC43 might actually enhance susceptibility to SARS-CoV-2 [42]. To evaluate the potential impact of hCCCoV IgG levels on susceptibility to SARS-CoV-2, we considered the COVID-19-negative and COVID-19-mild groups as having lower and high susceptibility to this viral infection, respectively. In these groups, we examined seropositivity to hCCCoV infections based on IgG levels, considering concentrations above 0.5 or 1 as positive (Table 1). Some previous works have also considered similar cut-off values to determine the seropositivity to hCCCoV infections [7,31]. Our results show an association between a higher proportion of individuals in the COVID-19-mild group with antibody levels higher than 0.5 against H-CoV-HKU1, or higher than 1 against H-CoV-229E and -OC43 (p < 0.05). These results suggest a potential influence of higher hCCCoV IgG levels on an increased susceptibility to SARS-CoV-2 infection, due to these groups being matched by degrees of exposition to this virus.



On the other hand, a definitive connection between the levels of hCCCoV antibodies and the severity of COVID-19 remains elusive [30]. In our investigation of hCCCoV antibody levels in severe COVID-19 cases, we included individuals who were SARS-CoV-2-positive and had died due to severe COVID-19. Notably, we observed higher levels of antibodies against H-CoV-NL63 in this group compared to the other groups (Figure 1, p < 0.01). Similarly, other studies have found elevated IgG levels against H-CoV-NL63 and -229E in severe COVID-19 cases, or that levels of H-CoV-HKU1 and -OC43 antibodies may be increased during convalescence in severe cases compared to mild cases [31]. Another study reported significantly higher H-CoV-OC43 S IgG titers in patients with severe disease compared to those with mild symptoms within the first 21 days after symptom onset, establishing a correlation with disease severity in individuals aged over 60 [12].



Furthermore, some reports suggest that prior infections with hCCCoV could impact the quality of the antibody response against SARS-CoV-2. A study analyzing hCCCoV antibodies before and after SARS-CoV-2 infection found that elevated H-CoV-OC43 IgG levels prior to infection were associated with a stronger IgG response to SARS-CoV-2 after infection. This raises the question of whether high baseline H-CoV-OC43 antibody levels might have an adverse effect on the immune response against SARS-CoV-2 [32], considering that higher IgG levels are associated with more severe disease in our study (Table S1) and previous reports [27,32]. In addition, the presence of pre-existing hCCCoV antibodies can also influence the type and magnitude of responses against SARS-CoV-2, which could affect COVID-19 progression and/or severity. For instance, a report indicates that some COVID-19 patients with lower titers of beta hCCCoV antibodies developed anti-SARS-CoV-2 IgM before IgG, and the ability of their IgG to react to beta hCCCoV was detected in the early sera of most patients before the appearance of anti-SARS-CoV-2 IgG [37]. In other cases, the induction of IgG and IgM against S and N proteins of SARS-CoV-2 negatively correlated with a strong back-boosting effect to conserved S protein regions of H-CoV-OC43 and -HKU1 in hospitalized COVID-19 individuals [15], indicating that previously generated immune responses could impede the establishment of a more specific immune response due to the structural similarities among different coronaviruses. This phenomenon is known as the Hoskins effect, or immunological imprinting [43].



Furthermore, the relationship between pre-existing immunity and vaccine responses has not been clearly deciphered, representing an interesting area for investigation. For instance, previous research revealed that immunization with hCCCoV spike proteins before SARS-CoV-2 immunization impedes the generation of SARS-CoV-2-neutralizing antibodies in a mouse model, suggesting that pre-existing hCCCoV antibodies could hinder SARS-CoV-2 antibody-based immunity following infection, negatively impacting the immune response against SARS-CoV-2 [32]. However, another work indicates that despite the lack of protection from SARS-CoV-2 infection by the immunity targeting hCCCoV spike proteins, it has no detrimental effect on protection mediated by COVID-19 mRNA vaccination [44]. In human population, some reports indicate a positive correlation between S-IgG antibodies of HCoV-OC43 and S-RBD antibodies to SARS-CoV-2 after vaccination [45], and that SARS-CoV-2 vaccine-induced antibody levels is not affected by the levels of pre-existing hCCCoV antibodies [46]. Further research is necessary to explore in greater detail the potential functional consequences of pre-existing immunological states on protective immune responses post-infection and post-long-term exposure to epidemic viruses. As vaccination campaigns continue worldwide, especially in high-risk populations such as the elderly and immunocompromised individuals, evaluating how hCCCoV antibodies may impact the efficacy of SARS-CoV-2 vaccines could inform vaccination strategies and contribute to the global effort to control the severity of SARS-CoV-2 infection.



While our study offers valuable insights, it is important to indicate its limitations. Due to the challenges and constraints faced by hospitals during the early stages of the SARS-CoV-2 pandemic, we were unable to conduct a longitudinal study to compare hCCCoV antibodies before SARS-CoV-2 infection or track the dynamics of these antibodies over time after this viral infection. Additionally, limited access to clinical data hindered our ability to consider other clinical factors, such as obesity, diabetes, and hypertension, among others, which could potentially also influence the course or acquisition of SARS-CoV-2 infection. Despite these limitations, the findings from our paired case–control study, characterized by group matching based on sex, age and levels of exposure to SARS-CoV-2, suggest a link between higher levels of hCCCoV antibodies and an increased susceptibility to SARS-CoV-2 infection, which aligns with findings from some previous studies. Likewise, we observed that higher levels of alpha hCCCoV antibodies, such as H-CoV-NL63, may play a role in the severity of COVID-19. As research in this field continues to advance, our findings underscore the importance of adopting a multidimensional approach to unravel the intricate interactions between coronaviruses and human immune responses, potentially informing more effective strategies for disease management and prevention. Future research endeavors should explore other potential determinants, including host genetics, underlying health conditions, and cellular and humoral immune response dynamics, in order to identify stronger associations among host determinants and outcomes in emerging viral diseases.
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Figure 1. Antibody levels against hCCCoV in uninfected and COVID-19 individuals. Results are expresses as median and interquartile range (IQR) of IgG titers (sample/control) against N protein of H-CoV-NL63, -HKU1, -229E and -OC43. Bar graphs show the median values and interquartile range. Statistical analysis: Kruskal-Wallis test (** p < 0.01; n.s.: not significant). 
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Table 1. Association between the susceptibility to SARS-CoV-2 infections and hCCCoV antibody levels.
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COVID-19-Negative

	
COVID-19-Mild

	
Logistic Regression

(p Value)




	

	

	
IgG

Status a

	
Negative

	
Positive

	
Negative

	
Positive




	
Cut-Off

(Sample/Control)

	






	
H-CoV-NL63

	
0.5

	
71

	
12

	
77

	
18

	
0.423




	
1.0

	
77

	
6

	
90

	
5

	
0.972




	
H-CoV-HKU1

	
0.5

	
61

	
22

	
56

	
39

	
0.040




	
1.0

	
72

	
11

	
78

	
17

	
0.122




	
H-CoV-229E

	
0.5

	
58

	
25

	
59

	
36

	
0.275




	
1.0

	
79

	
4

	
83

	
12

	
0.024




	
H-CoV-OC43

	
0.5

	
48

	
35

	
43

	
52

	
0.094




	
1.0

	
65

	
18

	
64

	
31

	
0.038








a Positive humoral response is considered when the IgG titers (s/co) against the N protein of H-CoV-NL63, -HKU1, -229E and -OC43 are >0.5 or >1.0.
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