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Abstract


SARS-CoV-2 infection induces a humoral immune response, producing virus-specific antibodies such as IgM, IgG, and IgA. IgA antibodies are present at mucosal sites, protecting against respiratory and other mucosal infections, including SARS-CoV-2, by neutralizing viruses or impeding attachment to epithelial cells. Since SARS-CoV-2 spreads through the nasopharynx, the specific IgAs of SARS-CoV-2 are produced quickly after infection, effectively contributing to virus neutralization. Dimeric IgA has been reported to be 10 to 15 times more potent than its equivalent IgG, suggesting that this isotype may be particularly interesting in developing new monoclonal antibodies and/or new vaccines efficiently neutralizing the virus at the mucosal sites. It is still unclear whether IgA antibodies in BAL might play a role in the disease course and if their presence may have a prognostic significance. However, a harmful effect on diseases with high IgA titers has been reported. This study evaluated mucosal-specific IgA and IgG profiles in BAL of patients with COVID-19 acute respiratory failure admitted to the ICU. We included 57 patients (41 males and 16 females), admitted to the ICU of the University of Foggia. We used a commercially available ELISA assay to evaluate the presence of SARS-CoV-2 IgG and IgA antibodies in plasma and BAL of the 57 hospitalized patients with severe COVID-19 respiratory failure. However, 40/57 BAL and plasma from infected patients were available for the ELISA test; the remaining specimens were unsuitable. IgG and IgA antibodies against SARS-CoV-2 were detectable in 37 (92.5%) and 40 (100%) plasma specimens, respectively. IgG antibodies were found in a single sample, while IgAs were detected in 19 of 40 BAL samples analyzed. Correlations between these parameters and patient outcomes reveal a signature associated with survival. Interestingly, a statistically significant inverse correlation was found between the mortality rate and the presence of IgA to SARS-CoV-2 in BAL specimens. None of the 19 patients with a positive IgA died, compared to 7 out of 12 patients with a negative IgA-BAL (p: <0.0004). Despite being limited in size, this study suggests a significant protective effect of mucosal immunity in COVID-19 patients, even in advanced disease stages, and a role of IgA in the defense against the virus, as well as the possible use of effective vaccines and therapeutic strategies based on IgA antibodies.
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1. Introduction


SARS-CoV-2 infection induces a humoral immune response, producing virus-specific antibodies such as IgM, IgG, and IgA.



IgA antibodies in mucosal sites protect against respiratory and other mucosal infections by neutralizing viruses or impeding attachment to epithelial cells [1,2]. The immunoglobulin distribution on the mucosa differs from that in serum: In serum, IgG is the dominating isotype (75–80% of serum immunoglobulins) followed by IgA (15%) and IgM (10%) [3]. In contrast, on the mucosa, IgA is the predominant class (~74% of all mucosa immunoglobulin) followed by IgG (~25%) and IgM (~2%) [3]. The overall production of IgA (40–60 mg/kg per day) is higher than all other isotypes [3]. Consistently, with the fact that SARS-CoV-2 spreads through the nasopharynx, the specific IgAs of SARS-CoV-2 are produced quickly at this level after infection, contributing effectively to the neutralization of the virus. Dimeric IgAs have been reported to be 10 to 15 times more potent than their equivalent IgG, suggesting that this isotype may be particularly interesting in developing either new treatment strategies by plasma-derived or monoclonal antibodies and/or new vaccine approaches based on IgA production that can neutralize the virus [3,4].



IgA can be found in the early phase of SARS-CoV-2 infection [5,6]. However, the role of mucosal IgA in response to SARS-CoV-2 infection is still unclear. In mice, vaccination with SARS-CoV-2 proteins induces localized and systemic SARS-CoV-2 challenge suggesting that mucosal-induced IgA is protective [7].



Kim and collaborators generated a recombinant adenovirus-based vaccine candidate against MERS-CoV inducing IgG and secretory IgA and providing long-lasting neutralizing immunity [8]. Recently, two intramuscular vaccinations with mRNA-based vaccines induced systemic circulating IgA anti-FLS and anti-RBD response against SARS-CoV-2 [9].



In this study, higher IgA anti-SARS-CoV-2 S levels were associated with protection from breakthrough infection [9].



From a clinical point of view in a large-scale cohort, it was demonstrated that subjects with selective IgA deficiency have higher rates of COVID-19 disease and re-infection, which demonstrated a very likely role of mucosal immunity in protecting against SARS-CoV-2 [10,11].



On the other hand, data from Ruiz [12] revealed that the antibody persistence, and not the amount, may play an adverse role in COVID-19 pathogenesis; in fact, analyses of IgG and IgA response varied with the patient’s outcome.



S2-specific IgG resulted higher in survivors than non-survivors, whereas S1-specific IgA and sustained levels of S1, RBD, S2, and NP-specific IgG once SARS-CoV-2 was cleared from the lungs were associated with fatal outcomes. The presence of these antibodies in BAL samples in non-survivor patients persists, suggesting that persistent spike- and NP-specific antibodies are non-neutralizing [12].



Although in the early phase of the infection, much of the neutralizing activity in plasma is in samples with IgM and IgA fraction [13,14]. However, IgG antibodies to the spike protein are present at the highest level in circulation after several months compared to IgA and IgM antibodies that decline rapidly after the first-month post-outbreak of the disease.



It is still unclear whether the IgA antibodies at the mucosal site, in the lung, that we can explore by BAL evaluation, might play a role in the course of the disease and if their presence may have a prognostic significance.



The study aimed to evaluate the profile of the mucosal-specific IgA and IgG in BAL of patients with COVID-19 acute respiratory failure admitted in the ICU. Correlations between these parameters and patient clinical outcomes reveal a signature associated with survival.




2. Material and Methods


2.1. Study Population


Fifty-seven patients were admitted to the ICU of the University of Foggia with a diagnosis of acute respiratory failure, between March 2021 and May 2021. All patients had a severe acute respiratory syndrome coronavirus 2 infection confirmed by the virus in RT PCR from nasopharyngeal swabs, intubation, mechanical ventilation, and a diagnosis of COVID-19. The patients with SARS-CoV-2-negative pneumonia were used as negative controls.



Recorded data included demographics [age, gender, and body mass index (BMI)], comorbidities, previous pharmacological treatments, disease chronology [time from onset of symptoms and hospital admission to initiation of respiratory support, and ICU length of stay (LOS)], symptoms at ICU admission, vital signs [temperature, mean arterial pressure (MAP), and heart rate], laboratory parameters (blood test, coagulation, and biochemical), non-respiratory sequential organ failure assessment (non-respiratory SOFA) and APACHE II scores [15,16], and hospital mortality. The patients were managed according to the recommendations for COVID-19-induced acute respiratory failure.




2.2. IgA and IgG from BAL and Serum of Patients


About 57 BAL from SARS-CoV-2-infected and 10 from non-infected individuals were collected in the ICU and processed as described elsewhere [17]. IgA against a recombinant S1 domain of the SARS-CoV-2 was detected using Anti-SARS-CoV-2-ELISA IgA and IgG (Euroimmun Medizinische Laboradiagnostika, Luebeck, Germany, EI 2606-9601A IgA, EI 2606-9601G).



The enzyme-linked immunosorbent assay (ELISA) provides semi-quantitative in vitro determination of human antibodies of immunoglobulin classes IgA and IgG against SARS-CoV-2 (The EUROIMMUN Anti-SARS-CoV-2 Assay), which was used as previously described [18]



Chi-Square and Fisher tests were used to investigate the relationship between the presence of IgA antibodies in SARS-CoV-2-infected patients and age, comorbidities, the SOFA and APACHE II scores, and survival. A p-value of less than 0.05 was considered significant.





3. Results


The clinical characteristics of the patients enrolled in the study are summarized in Table 1.



Fifty-seven patients were included, 41 males (72%) and 16 females (28%). The enrolled population had a mean age of 70.04 years ± 9.43 years.



Among our study group, all patients had comorbidities such as diabetes, hypertension, obesity, cardiovascular diseases, COPD (chronic obstructive pulmonary disease), allergy, renal failure cancer, asthma, and liver disease.



Of the study group, 22 of 57 infected patients had direct access to the ICU.



Thirty-five patients (61%) were initially referred to the Infectious Diseases, Pneumology, or Internal Medicine department and subsequently transferred to the ICU when clinical conditions worsened.



We assessed the presence of IgG and IgA antibodies recognizing the SARS-CoV-2 S1 protein in both BAL and plasma samples from 40 of 57 infected patients. Anti-SARS-CoV-2 IgG and IgA were detected in 37 (91.5%) and 40 (100%) plasma samples, respectively. In addition, anti-SARS-CoV-2 IgG was detected in one BAL sample (2.5%), while IgA antibodies were present in the BAL samples of 19 patients.



We evaluated the recovery rates for anti-SARS-CoV-2 IgA among a group of patients who were monitored at two time points. In two patients, IgA antibodies were detected in both sequential BAL samples. A patient showed the absence of antibodies in the first sample followed by an increase in IgA antibodies in the second sample. In four patients, however, IgA antibodies were not detected in any BAL samples.



There was no significant correlation (p ≥ 0.5) between patients with higher APACHE II scores and the absence of IgA antibodies.



Furthermore, no differences were found between populations with and without IgA and a lower SOFA score. A patient with a higher SOFA score and with anti-SARS-CoV-2-IgA had a fatal outcome.



A significant correlation between the presence of anti-SARS-CoV-2 IgA and the survival of the patients entering the ICU was demonstrated (p-value: <0.000496).



The age of the patients played a role in the development of the anti-SARS-CoV-2 IgA; in fact, the data indicated an absence of antibodies in the patients with a higher age (p-value < 0.013).



Most patients survived if their APACHE II scores were 9 or less during the first 48 h. Patients with APACHE II scores of 13 or more were at a high risk of death. The sensitivity rate at admission is between 34% and 70%, and the specificity rate is between 76% and 98%.



Mortality is more likely to occur if the SOFA score is higher. Regarding the SOFA score, the maximum score in our population was 10.



Regarding APACHE II: 14 (24%) patients had a score between 0 and 10. Of those, 8 showed anti-SARS-CoV-2 IgAs in BAL; 38 (67%) had a score between 11 and 20, and 10 were positive for the presence of IgA antibodies. Only five individuals (9% of the population) had a score higher than 21, and one showed IgA antibodies in BAL (Table 2, Figure 1 and Figure 2).



Regarding the SOFA, 26 patients (46%) showed a score between 0 and 3, and 9 were positive for IgA antibodies. Of 29 patients, 9 with scores between 4 and 7 were positive for antibodies. Only one patient with a score between 8 and 10 displayed the presence of IgA in BAL.




4. Discussion


Little information is available on the immune response during SARS-CoV-2 infection at the mucosal level, including the respiratory tract where the virus enters and replicates.



It has been reported that mucosal IgAs play an important role in the defense against both COVID-19 and influenza infections by providing mucosal immunity neutralizing the viruses, preventing viral entry, and reducing their transmission [19,20]. IgA antibodies are produced by plasma cells in the mucosal-associated lymphoid tissues (MALTs) and are secreted into the respiratory tract [21].



In humans, IgAs are present in two subclasses: IgA1 (mainly present in serum) and IgA2 (mainly observed at the mucosal level). Although mucosal (secretory) IgA is dimeric, serum IgA is composed mainly of monomers. However, they also differ in their hinge region and the glycosylation sites. IgA2 antibodies play a role in the pro-inflammatory activation of neutrophils and macrophages concerning the IgA1s. In serum, IgA1 is the principal, while in the mucosa, IgA2s are more present [22,23,24].



We know that individuals affected by selective IgA deficiency (sIgAD) (the most common primary immunodeficiency disorder) were suggested to be at higher risk of severe COVID-19, which is much stronger evidence of disease susceptibility [11]. This seems to emphasize the potential prognostic role of IgA in SARS-CoV-2 infection. According to Padoan and collaborators [25], the IgA response appears and grows early, with a stronger and more persistent response than the IgM response. The authors, further, suggest performing additional longitudinal research on the function and protection efficacy of virus-specific antibodies over time [25].



In the BAL, secretory IgA and IgG are produced locally before entering the alveolar space, and their antigenic repertoire is different from that of the serum humoral response [26,27,28]. Few reports are nevertheless still available about the presence of IgA antibodies in COVID-19 disease [29,30].



In this study, we investigated the presence of anti-SARS-CoV-2 IgG and IgA in both plasma and BAL specimens of hospitalized patients with severe pneumonia who were subjected to oxygen therapy, which was replaced by orotracheal intubation (IOT).



Anti-SARS-CoV-2 IgG was observed in 1 of 40 BAL samples (2.1%), while IgA antibodies were found in 19 of 40 (47.5%) patients’ BAL specimens. These data indicate that IgA to SARS-CoV-2 can be found in the lung mucosa in the later stages of COVID-19, which may contribute to viral clearance.



We observed that the detection of IgA in BAL was significantly correlated with survival, which is contrary to the results from Ruiz and collaborators [12] who reported IgA presence in BAL as a negative prognostic factor. Differences in patient selection, different pandemic periods (2020 vs 2021), different circulating viral variants, possible interference from vaccination initiated, and the use of antivirals could partly explain these discrepancies.



In addition, anti-SARS-CoV-2 IgG and IgA were detected in 37 (91.5%) and 40 (100%) plasma samples, respectively. Although we did not examine the timing of the appearance of IgA and IgG, we are in line with the results by Zervous and collaborators who demonstrated IgG and IgA positivity in most patients tested, with an increase of 100% on day 21 for IgG while IgA antibodies were highest in patients with a severe and critical illness [31].



Furthermore, a study demonstrated a decrease in serum IgA in COVID-19 patients with pneumonia compared to patients with a mild course of disease [2], supporting the important role of these antibodies’ mediated immunity for disease outcome.



SIgA plays an outstanding role in mucosal immunity and its function is impaired in several inflammatory lung diseases [3]. Therefore, supplementation with therapeutic IgA antibodies [32,33] might be a worthwhile strategy. In conclusion, our findings, although limited in size, support the protective role of IgA immune response in COVID-19 patients in survival, even in advanced stages of the disease. Furthermore, we suggest continuing the study to designate IgA as a promising therapeutic agent for the treatment of inflammatory lung diseases.
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Figure 1. SARS-CoV-2 IgA in BAL according to SOFA score in infected patients enrolled in ICU. 
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Figure 2. SARS-CoV-2 IgA in BAL according to APACHE II score in infected patients enrolled in ICU. 
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Table 1. Clinical demographic data.
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57 Patients

	

	
Anti SARS-CoV-2-IgA

	
Survivors

	
Not Survived




	

	

	
Positive in BAL

	

	






	
Mean age

	
70.04 ± 9.43 years

	

	

	




	
Caucasian

	
All

	

	

	




	
Males

	
41

	
31

	
15

	
16




	
Females

	
16

	
9

	
4

	
5




	
Comorbidities

	

	

	

	




	
Diabetes

	

	

	
7

	
14




	
Arterial hypertension

	

	

	
16

	
15




	
Obesity

	

	

	
9

	
7




	
Cardiovascular diseases

	

	

	
7

	
6




	
COPD

	

	

	
2

	
3




	
Allergy

	

	

	
2

	
3




	
Renal failure/cancer

	

	

	
1

	
1




	
Asthma

	

	

	

	
1




	
Liver diseases

	

	

	

	
1




	
Bacterial infection

	

	

	
1

	











 





Table 2. The APACHE and SOFA scores in SARS-CoV-2 selected patients tested for the presence of anti-SARS-CoV-2 IgA in BAL.






Table 2. The APACHE and SOFA scores in SARS-CoV-2 selected patients tested for the presence of anti-SARS-CoV-2 IgA in BAL.











	APACHE II
	
	Anti-SARS-CoV-2 IgA
	Anti-SARS-CoV-2 IgA



	Score
	
	Positive
	Negative



	
	Patients
	
	



	
	No (%)
	No (%)
	No (%)



	0–10
	14 (24%)
	8 (67%)
	4 (33%)



	11–20
	38 (67%)
	10 (40%)
	15 (60%)



	≥21
	5 (9%)
	1 (33%)
	2 (67%)



	SOFA
	
	Anti-SARS-CoV-2 IgA
	Anti-SARS-CoV-2 IgA



	Score
	
	Positive
	Negative



	
	Patients
	
	



	
	No (%)
	No (%)
	No (%)



	0–3
	26 (46%)
	9 (53%)
	8 (47%)



	4–7
	29 (51%)
	9 (41%)
	13 (59%)



	8–10
	2 (3%)
	1 (100%)
	0 (0%)
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