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Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) primarily targets respiratory mucosa, causing coronavirus disease 2019 (COVID-19). Susceptibility and severity of COVID-19 may be influenced by predisposing factors including blood groups. In this study, we investigated whether natural anti-carbohydrate antibodies provide innate protection against SARS-CoV-2 and influence disease severity.

Methodology: We used samples (plasma and saliva) from a longitudinal cohort study in Bangladesh that enrolled 100 COVID-19 symptomatic and asymptomatic patients. We also enrolled 21 and 38 healthy controls during the pandemic period and pre-pandemic period, respectively. We phenotype ABO blood grouping from blood and determined Lewis and secretor status (H antigen) from the saliva samples. We quantified natural anti-carbohydrate antibodies (anti-A, anti-B, anti-Tn-Mono and anti-αGal IgG, IgA, and IgM) from plasma collected at enrollment. We also explored the trend of natural anti-carbohydrate antibodies until 3 months of convalescence period among the COVID-19 patients (day 14 and day 90 from enrollment). Antibody quantification and ABH/Lewis phenotyping were performed using enzyme-linked immunosorbent assay (ELISA).

Results: We included 99 COVID-19 patients and 59 healthy controls assessing the differences of natural antibody titer during enrollment, while 95 patients were analyzed exploring Lewis and secretor status with natural antibody titer and disease status. We did not find significant difference in the distribution for neither ABO blood groups nor non-secretors and Lewis-negative individuals among asymptomatic or symptomatic patients and healthy controls. Nonetheless, we observed lower anti-A antibody titers among symptomatic patients compared to healthy controls. We also identified slight differences in antibody titers linked to age and gender. Anti-A and anti-B antibodies among asymptomatic patients had a higher trend up to 3 months from infection compared to symptomatic patients.

Conclusion: Higher natural anti-A and anti-B antibody titers may offer protection against symptomatic COVID-19 infections. Gender and blood group differences indicate potential innate immune factors influencing disease severity, but larger studies are needed to confirm these findings.
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1 Background

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) targets the respiratory mucosa, and it can infect and replicate in the gastric and intestinal epithelium, causing coronavirus disease 2019 (COVID-19). COVID-19 is a complex and multifactorial disease, where inherited predispositions with comorbidities and risk factors are likely to influence the severity of the disease (1, 2). Most studies have found that blood group O individuals were protected to some extent against SARS-CoV-2 infection while A and/or B blood group individuals were more susceptible to infection (3–6). Some studies also reported some protection of the O individuals against severe disease. Whereas meta-analyses provided evidence that there may be a link between ABO and susceptibility to infection, the link between ABO and severity of the disease appears poorly reliable (7–9). The histo-blood group antigen (HBGA) family, including the ABO blood groups, is expressed on many cell types, particularly epithelial cells of the gastrointestinal tract, upper respiratory tract, and lower genito-urinary tract. Coronaviruses are enveloped viruses whose main envelope protein, the Spike S protein is heavily glycosylated. The sugar coat provides the so-called glycan shield that protects the virus from the adaptive immune response. However, since coronaviruses replicate in cells of the upper respiratory tract, the S protein of virion can express HBGAs, depending on the patient’s genetic polymorphism for these antigens (10, 11).

Individuals who possess the active α1, 2-fucosyltransferase enzyme (FUT2) are known as secretor (Se), while mutations on FUT2 gene lead to lack or decreased α1,2-fucosyltransferase activity. Therefore, absence of the α1, 2 fucosylated antigens in mucosal tissues and secretions (e.g., saliva) results in individual phenotype as non-secretor (se) which represents approximately 20% of Caucasian and African populations (12–15). Similarly, the FUT3 gene codes an α 1, 3 or 1, 4 fucosyltransferase which can generate Lewis antigens by modifying precursor oligosaccharides (type 1)/H-type 1 or precursor oligosaccharides (type 2)/H-type 2 antigens to form Lea /Leb and Lex/Ley antigens, respectively, thus making an individual Lewis-positive (Le+). Lewis negative (le-) individuals lack Lea and Leb regardless secretor status (16). The European population have approximately 4–11% Lewis negative (Le a- b-) and non-secretors (se), whereas approximately 29 and 11% of individuals contribute to African and Asian populations, respectively (15, 17).

Earlier study of SARS-CoV outbreak in Hong Kong during the 2003 outbreak showed that blood group O individuals have low risk of being infected by SARS-CoV-1 compared to non-O blood group individuals (18). The anti-A antibodies were observed to have the ability to inhibit the interaction between SARS-CoV spike protein, produced in cells expressing the A antigen, and its cellular receptor ACE2 (19). It is thus conceivable that this association can be attributed to protection exerted by anti-blood group antibodies and not the blood group antigens (19, 20). The expression of ABH antigens in epithelial cells where SARS-CoV replicates is also controlled by polymorphisms of the FUT2 gene. Thus, individuals with two FUT2 null alleles, the so-called non-secretors, are unable to synthesize H antigen and hence A or B antigens in these cells (19).

Since SARS-CoV-2 replicates primarily in epithelial cells of the upper respiratory tract epithelial cells that express these carbohydrate antigens and also use ACE2 as a receptor, our working hypothesis was to verify that the presence of natural anti-carbohydrate antibodies, including anti-blood group A and B antibodies, could confer a certain level of innate protection against infection by SARS-CoV-2 and can explain the association between ABO phenotype and the severity of infection by SARS-Cov2.



2 Methods


2.1 Study participants

This is a prospective cohort study as mentioned previously (1). In brief, we enrolled 100 COVID-19 patients between November 2020 and February 2021 in Dhaka, Bangladesh. All patients aged 18 years and above were confirmed SARS-CoV-2 reverse transcription polymerase chain reaction (RT-PCR) positive for the first time prior to or during enrollment. We used WHO guideline of COVID-19 (clinical symptoms and oxygen saturation) for determining severity of the patients which were collected from the hospital records on admission or the patient’s condition during enrollment (21) and categorized them into asymptomatic, mild, moderate, and severe (25 patients per severity group). Patients who gave confirmed history of previous SARS-CoV-2 infection with RT-PCR positive results were excluded. Thirty-one age- and sex-matched healthy controls (pandemic controls) were enrolled at the same time period who were judged healthy by medical personnel, had no history of COVID-19, were RT-PCR negative for SARS-CoV-2 during enrollment, and had no clinical signs and symptoms of COVID-19 in the 2 weeks prior to enrollment. Blood specimens from COVID-19 patients for measuring antibody titer were collected prospectively on day 1(enrollment), day 14, and day 90. Saliva specimens were collected on day 1(enrollment), day 7, day 14, and day 28. However, in this analysis, we used saliva specimen only from any one of the day points for Lewis phenotyping and secretory/non-secretory characteristics. As for healthy controls, all samples were collected only during enrollment. ABO blood grouping was done from blood specimen during enrollment by agglutination method. Additional available stored plasma and saliva samples from 38 participants of pre-pandemic period were included in this analysis as a representative of the local population in terms of the distribution of HBGA phenotypes (Lewis and secretor status).



2.2 Quantification of natural antibodies in plasma

The circulating anti-carbohydrate antibodies were assessed with the enzyme-linked immunosorbent assay (ELISA) from stored plasma specimen of patients and healthy controls. ELISA plates (F96 Maxisorp, Nunc, Thermo Fisher Scientific, Roskilde, Denmark) were coated with synthetic sugars (from Glyco NZ, Auckland New Zealand): A trisaccharide or A-Tri (GalNAcα1,3-(Fucα1,2)-Galß-PAA), B trisaccharide or B-Tri (Galα1,3-(Fucα1,2)-Galß-PAA), Tn monosaccharide or Tn-Mono (GalNAcα-PAA), or α-Gal trisaccharide (Galα1,3-Galβ1,4-GlcNAcβ-PAA) at 10 μg/mL in 0.1 M carbonate buffer pH 9.0 at 4°C overnight. The plates were washed six times in 1X phosphate buffer saline with 0.05% Tween 20 (PBS-0.05%(T), unbound sites were blocked with PBS 5% bovine serum albumin (BSA) for 2 h at 37°C. After six additional washes with PBS-T, plasma samples from COVID-19 patients or controls were added to the plate at a 1:100 dilution in PBS-1% BSA (duplicate wells for coated wells and single non-coated well) for 4 h at 4°C. Optimal dilutions had been chosen based on preliminary analyses performed using plasma samples from healthy blood donors and COVID-19 patients mentioned earlier (20). The plates were then washed six times with PBS-T, and biotinylated Goat anti-human Fcγ (Jackson ImmunoResearch Laboratories Inc., Ely, United Kingdom), biotinylated Goat anti-human IgA (Novus), and biotinylated-Goat anti-human IgM (Novus) were added at a 1/10000, 1/5000, and 1/5000 dilutions, respectively, in PBS-1% BSA for 1 h at 37°C. After another six washes with PBS-T, secondary conjugate Avidin-HRP (vector laboratories) was added to the plates at 1:3000 dilution in PBS-1% BSA and incubated for 1 h at 37°C. Finally, after five last washes with PBS-T and one with plain PBS, revelation was performed with 50 μL/well of 3,3′,5,5′-tetramethylbenzidine (Sigma Aldrich, St Louis, MO), and the reaction was stopped with 50 μL/well of 1 M phosphorous acid after 3 min. Optical densities were read twice at 450 nm with an EON BioTek spectrophotometer. The final value was obtained after subtracting the background value (non-coated wells) from the average value of the coated wells.



2.3 Secretor and Lewis phenotyping by ELISA on saliva

ABH and Lewis phenotyping was done by enzyme-linked immunosorbent assay (ELISA) on saliva. Saliva specimens were boiled for 10 min and briefly centrifuged, and the supernatants were diluted in carbonate–bicarbonate buffer solution at 1:1000 along with control positive saliva. ELISA plates (NUNC 96F Maxisorp; Thermo Fisher Scientific, Roskilde, Denmark) were coated with the diluted mucins, sealed with parafilm, and incubated at 4°C overnight. On the following day, plates were first washed with PBS-0.05%(T) for three times and then saturated in PBS 5% milk to block the non-specific sites and incubated for 1 h at 37°C in humid atmosphere. Afterward, the plates were washed again like before and 100 μL per well of primary antibodies anti-Lewis a (7Le, Thermo Fisher Scientific) and anti-Lewis b (2-25Le, Thermo Fisher Scientific) diluted at 1:500 in 5% PBS milk were introduced accordingly. After three washes with PBS-0.05%(T), plates were coated with secondary reagents anti-mouse-HRP (Uptima up446330, Interchim, Montluçon, France) at 1:1000 in 5% PBS milk and incubated for 1 h at 37°C. To determine the secretor status, 100 μL/well of biotinylated UEA-I lectin anti-H type 2 (Vector Laboratories, Newark, CA) were added to the corresponding wells. The lectin UEA-I was diluted at 1:500 saturated in PBS 5% milk. The plates were incubated for 1 h at 37°C like before and then coated with secondary reagents streptavidin-HRP (Vector Laboratories) at 1:3000 dilution in 5% PBS milk after three washes like before.

Finally, after three washes with PBS-0.05%(T) and two with PBS, reaction was initiated with 50 μL of 3,3′,5,5′-tetramethylbenzidine (TMB) per well (BD OptEIA, BD Biosciences), incubated for 5–7 min at room temperature, and afterward stopped by loading 50 μL of 1 M phosphoric acid. Optical density (OD) of each plate was read at 450 nm by EON BioTek, and values equivalent to twice the background were considered positive. Individuals with a positive response to Ulex were considered to be secretors, and individuals with a positive response to anti Lewis a and/or or anti Lewis b were considered to be Lewis positive.



2.4 Statistical analysis

The mild, moderate, and severe COVID-19 patients from the original cohort were grouped into symptomatic COVID-19 patients. Demographic information, blood group (A, B, AB, and O), and clinical characteristics of the participants were stratified by health status (healthy control, asymptomatic, and symptomatic). Antibody titer was measured as geometric mean (GM) with 95% confidence interval (CI). Continuous variables were described as mean with 95% confidence interval (CI) or median with inter-quartile range (IQR) and frequency with percentage for categorical data. To identify the significant difference, t-test was used to compare the mean among the different groups, while for median and percentage, non-parametric Kruskal–Wallis rank-sum test or chi-square test was used, respectively. Antibody titers were measured as geometric mean (GM) with 95% CI. To assess the difference in antibody response between the groups, we conducted linear regression analysis on log-transformed antibody titers adjusted for age. We included age as a covariate to adjust for its potential confounding effect and an interaction term between age and symptom status to evaluate whether age modifies the relationship between symptom status and antibody titers. The significance of the coefficients of the models was tested using t-test that represents the difference in the log-transformed means between the groups adjusted for age. Since patients were enrolled at different time points from disease onset, we analyzed the trend of antibody titers over the convalescent period by categorizing the intervals from the date of disease onset to study follow-up dates, up to study day 90. Box plots and line plots with scattered points were created to see the distribution of clinical laboratory values in different groups. All analyses were done using GraphPad Prism version 6.0 and R statistical software version 4.2.2 (“ggplot2” and “ggpubr” packages for the scatter and boxplot diagram and “dplyr” package for data).




3 Results


3.1 Demographic

A total of 99 COVID-19 patients (asymptomatic, n = 25; mild, n = 25; moderate, n = 25; and severe, n = 24) and 59 healthy controls were included in the analysis who had plasma during enrollment (Figure 1). From the pandemic healthy control participants, 10 participants were excluded from the final analysis due to SARS-CoV-2 RBD-specific antibody response.
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FIGURE 1
 Participant flow diagram for blood and saliva sample collection.


The overall median age of the COVID-19 patients in this cohort was 46 years (IQR: 35, 57.5). Asymptomatic infection was observed among the younger patients [median age 35 years (IQR: 31, 44)], while older patients suffered from symptomatic SARS-CoV-2 infection [median age 50 years (IQR: 38, 62)] and the median age of healthy control (both pandemic and pre-pandemic) was 33 (IQR: 28.5, 41) (Table 1). Male patients suffered mostly from symptomatic infection (69%), while majority of the female patients (64%) had asymptomatic infection. Distribution of individuals by blood group was similar between the patient and healthy control populations.



TABLE 1 Demographic and distribution of histo-blood group antigens among the COVID-19 patients and controls.
[image: Table1]

In this cohort, we phenotyped Lewis and secretor status from 95 COVID-19 patients who had sufficient saliva samples stored. Among the healthy controls, 30.5% were non-secretors, whereas 25% asymptomatic patients and 40.8% symptomatic patients were non-secretors. Lewis negative individuals (Lewis a- b-) among the control groups were 11.9%, while asymptomatic and symptomatic patients consisted of 20.8 and 16.9% individuals (Table 2). However, no significant difference was found between the control group and the patient group for the secretor and Lewis characteristics.



TABLE 2 Distribution of Lewis and secretor status by asymptomatic, symptomatic, and healthy control group.
[image: Table2]



3.2 Age stratified comparison of natural antibody titer

Given the age differences among healthy controls, asymptomatic, and symptomatic COVID-19 patients, we stratified participants into two groups: <45 and ≥45 years. Anti-B IgG and IgA titers were significantly higher in asymptomatic patients <45 years compared to both symptomatic patients and healthy controls in the same age group (Supplementary Figure 1B). Younger healthy controls (<45 years) had higher anti-A IgM titers than older controls (Supplementary Figure 1I). Asymptomatic patients <45 years also showed significantly elevated anti-αGal IgG, IgA, and IgM titers compared to healthy controls (Supplementary Figures 1C,G,K). No significant differences were observed in Tn-Mono antibody titers across groups (Supplementary Figures 1D,H,L).

The regression analysis on antibody titer and adjusted age (Supplementary Table 1) indicates that age and symptomatic status were not significantly associated with IgA antibody levels or with IgG antibody levels against anti-A, anti-Tn, and anti-α Gal. However, for anti-B IgG, symptomatic status was significantly associated with lower titers (p = 0.002), while age alone was not a significant predictor. In addition, among anti-Tn-Mono IgM titer, age showed a modest but significant negative association (p = 0.030). The interaction term between age and symptomatic status was significant for both anti-B IgG (p = 0.018) and anti-Tn-Mono IgM (p = 0.047), suggesting that the effect of age on these antibody levels may differ depending on symptom status.



3.3 Natural antibody titers among different blood groups, COVID-19 patients, and healthy controls

Since anti-A antibody is present among blood groups O and B, we compared the age-adjusted IgG, IgA, and IgM titers between healthy controls, asymptomatic, and symptomatic COVID-19 patients from O and B blood group individuals only (Figure 2). Anti-A IgG and IgA antibody titers (Figures 2A,B) were significantly lower in both symptomatic and combined (asymptomatic + symptomatic) COVID-19 patient groups compared to healthy controls, while no significant difference was observed between asymptomatic and symptomatic patients. In contrast, anti-A IgM titers did not differ significantly among any of the groups (Figure 2C).

[image: Figure 2]

FIGURE 2
 Anti-A antibody titer in O and B blood group patients and controls. Comparison of anti-A antibody (A-Tri) titer between healthy control (n = 39), asymptomatic patients (n = 15), symptomatic patients (n = 50), and combined (asymptomatic+ symptomatic) patients (n = 65) of individuals with O and B blood groups. (A) Anti-A IgG antibody, (B) anti-A IgA antibody, and (C) anti-A IgM antibody. *** and ** denote p < 0.005.


Similarly, we compared age-adjusted anti-B IgG, IgA, and IgM antibody titers among O and A blood group individuals, across healthy controls, asymptomatic, and symptomatic COVID-19 patients (Figure 3). For anti-B IgG (Figure 3A), asymptomatic individuals had significantly higher titers compared to healthy controls (p < 0.05) and significantly higher than symptomatic patients (p < 0.01), while no significant difference was observed between symptomatic patients and healthy controls. In contrast, no significant differences were observed in anti-B IgA (Figure 3B) or IgM (Figure 3C) titers among any of the groups.

[image: Figure 3]

FIGURE 3
 Anti-B antibody titer in O and A blood group patients and controls. Comparison of anti-B antibody (B-Tri) titer between healthy control (n = 39), asymptomatic patients (n = 16), symptomatic patients (n = 39), and combined (asymptomatic+ symptomatic) patients (n = 56) of individuals with O and A blood groups. (A) Anti-A IgG antibody, (B) anti-A IgA antibody, and (C) anti-A IgM antibody. *** and ** denote p < 0.005.


We further explored the anti-Tn and anti-α Gal age-adjusted titers. Since the Tn-Mono antigen (αGalNAc) and the αGal antigen (Galα1,3-Galß1,4-GlcNAc) are structurally close, respectively, to the A and B antigens, we compared the anti-Tn titers between “non-A” (B + O) versus “A” blood groups (A + AB) and the anti-αGal titers between “non-B” (A + O) versus “B” (B + AB) blood groups, respectively (Supplementary Figure 2). We compared the antibody titer of the respective blood groups within the COVID-19 patients, within the healthy control and between the patients and healthy control groups, respectively. The anti-Tn IgA and IgM antibody titers were significantly higher among the “non-A” blood group than the “A” blood groups (A + AB) within COVID-19 patients (Supplementary Figures 2C,E). Similarly, the anti-α gal antibody titers were significantly higher among the “non-B” blood groups than the “B” blood groups (Supplementary Figures 1B,D,F). Interestingly, the anti-α-Gal antibody titers were found to be significantly higher in COVID-19 non-B blood group patients compared to healthy controls.

Comparing the differences of natural antibody titers among the COVID-19 patients and controls stratified by secretor status, we observed secretor healthy controls had significantly higher anti-A IgG (p = 0.006) antibody titer than secretor patients (Table 3). However, no difference was observed in anti-A IgA (p = 0.081) and IgM (p = 0.663) antibody titer between the secretor patients and controls. No significant differences in anti-B IgG, anti-Tn-Mono, or anti-α Gal antibody titers were observed between healthy controls and patients, regardless of secretor status (Table 3).



TABLE 3 Natural antibody titer according to secretor status by COVID-19 patients and healthy controls.
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3.4 Gender-stratified difference of natural antibody titers among COVID-19 patients and healthy controls

We further explored the age-adjusted differences in natural antibody titer between male and female COVID-19 patients and controls (Figure 4). Anti-A IgG titers (Figure 4A) were significantly higher in female healthy controls and female asymptomatic patients compared to their male counterparts.

[image: Figure 4]

FIGURE 4
 Gender-based analysis of natural antibody. Comparison of natural anti-A (A-Tri), anti-B (B-Tri), anti α-Gal, and anti-Tn-Mono (Tn-Mono) IgG (A–D), IgA (E–H) and IgM (I–L) antibodies between healthy controls, asymptomatic, and symptomatic patients stratified by gender. For anti-A antibody: healthy male (M) n = 18, female (F) n = 21; asymptomatic male (M) n = 6, female (F) n = 8; symptomatic male (M) n = 33, female (F) n = 15. Anti-B IgG antibody (healthy male = 21, female = 18), asymptomatic male (M) n = 3, female (F) n = 13; symptomatic male (M) n = 24, female (F) n = 15; Alpha-Gal or Tn-Mono (healthy male = 32, female = 27); asymptomatic male (M) n = 8, female (F) n = 16; symptomatic male (M) n = 49, female (F) n = 23. Asterisks *** and ** denote statistical significance, p < 0.005.


Anti-B IgG titer (Figure 4B) was significantly higher in asymptomatic females than symptomatic males.

Anti-αGal IgG titer (Figure 4C) was elevated in both asymptomatic and symptomatic females than healthy female controls.

For IgA, anti-A IgA titer (Figure 4E) was higher in female healthy controls (O and B blood groups) than in healthy males and symptomatic females. Anti-αGal IgA titers (Figure 4G) were elevated in asymptomatic females than both healthy and symptomatic females. Anti-Tn IgA titers (Figure 4H) were higher in females (pooled) than males. In the IgM isotype, anti-A IgM titer (Figure 4I) was higher in female healthy controls and asymptomatic patients than in male counterparts, and lower in symptomatic females compared to healthy females. Anti-B IgM titer (Figure 4J) was significantly higher in asymptomatic and symptomatic females than in corresponding males. Anti-αGal and anti-Tn IgM titers were significantly higher in asymptomatic females compared to symptomatic and healthy females, and in both asymptomatic and symptomatic females than their male counterparts (Figures 4K,L).



3.5 Trend of natural antibody titer over convalescence period among COVID-19 patients

We further explored the trend of natural antibody titer during the convalescence period from the disease onset or exposure (asymptomatic cases) stratified by symptomatic status and blood group. Anti-A antibody (IgG and IgA) among blood groups B and O individuals remained steady over time, except for anti-A IgM, which showed a significant decrease among symptomatic patients between Days 8 to 12 and Days 21 to 25 (Figure 5I). However, for anti-B IgG antibody among blood group A and O individuals, there were significant differences between symptomatic and asymptomatic patients at Days 8 to 12 (p = 0.0038) and Days 21 to 25 (p = 0.004) (Figure 5B) from disease onset. The Tn-Mono antibody titer for IgG among the symptomatic patients with all blood groups significantly increased after 3 months (p = 0.01 between Days 8 to 12 and Days 93 to 101; p = 0.003 between Days 21 to 25 and Days 93 to 101) (Figure 5C). Additionally, anti-Tn-Mono IgM antibody titers were higher in symptomatic patients compared to asymptomatic patients, and this differences persisted throughout the convalescence period (Figure 5K). Although no increase was observed in alpha-gal antibody titer over the 3 months, however, a significant difference in IgA and IgM was observed between the symptomatic and asymptomatic patients (Figures 5H,L).
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FIGURE 5
 Trend of natural antibodies over 3 months post-SARS-CoV-2 infection. Comparing the trend of natural antibody dynamics over the convalescence period from date of disease onset of exposure. The follow-up period, displayed on the x-axis, was calculated from the date of disease onset to each study follow-up time point. (A) Anti-A IgG antibody titer (asymptomatic, n = 15; symptomatic, n = 50; control, n = 39), (B) anti-B IgG antibody titer (asymptomatic, n = 16; symptomatic, n = 39; control, n = 39), (C) anti-Tn-Mono IgG antibody titer (asymptomatic, n = 25; symptomatic, n = 74; control, n = 59), and (D) anti-αGal IgG antibody titer (asymptomatic, n = 25; symptomatic, n = 74; control, n = 59). (E) Anti-A IgA antibody titer (asymptomatic, n = 15; symptomatic, n = 50; control, n = 39), (F) anti-B IgA antibody titer (asymptomatic, n = 16; symptomatic, n = 39; control, n = 39), (G) anti-Tn-Mono IgA antibody titer (asymptomatic, n = 25; symptomatic, n = 74; control, n = 59), and (H) anti-αGal IgA antibody titer (asymptomatic, n = 25; symptomatic, n = 74; control, n = 59). (I) Anti-A IgM antibody titer (asymptomatic, n = 15; symptomatic, n = 50; control, n = 39), (J) anti-B IgM antibody titer (asymptomatic, n = 16; symptomatic, n = 39; control, n = 39), (K) anti-Tn-Mono IgM antibody titer (asymptomatic, n = 25; symptomatic, n = 74; control, n = 59), and (L) anti-αGal IgM antibody titer (asymptomatic, n = 25; symptomatic, n = 74; control, n = 59). The purple asterisks denote geometric mean of antibody titer comparisons between two time points among symptomatic patients, while black asterisks denote difference in geometric mean antibody titer between the asymptomatic and symptomatic patients at a single time point. * denotes p = 0.05–0.01; ** denotes p = 0.01–0.001; and *** denotes p < 0.001.





4 Discussion and conclusion

This is the very first study in South Asia looking into the interference of host natural antibody in relation to blood group status with symptomatic of SARS-CoV-2 infection. The current study was part of an exploratory analysis on the relation of natural anti-carbohydrate antibodies, Lewis phenotype, and secretor status with COVID-19 disease severity. The demographic characteristics in our cohort were described previously in our first study (1) having younger patients of median age 35 years old suffering from asymptomatic SARS-CoV-2 infection while elder patients of median age 50 years old suffering mostly from symptomatic infection. As discussed earlier, male patients suffer more from severe disease than female patients and majority of the asymptomatic infection was presented by female patients (1). Thus, from this analysis, we have further investigated the host factors which may support the reason behind this trend of SARS-CoV-2 infection.

In our cohort, we found 38% of the COVID-19 patients with B blood group suffered from symptomatic SARS-CoV-2 infection while O blood group patients represented 33% of asymptomatic infections and 37% of healthy controls. The association between blood group type and susceptibility to symptomatic COVID-19 has been a topic of research. Studies have suggested that individuals with O blood type may have a lower risk of developing severe symptoms or being infected with SARS-CoV-2 (2, 22). However, in our cohort, we did not find any difference in the proportion of A, B, AB, and O blood group distribution among the asymptomatic, symptomatic, and healthy controls which was debatable with the results obtained in other studies where blood group A was predominant among the COVID-19 patients (4, 23). It has been discussed elsewhere that O blood group individuals naturally possess both anti-A and anti-B antibodies which may provide protection against SARS-CoV-2 by preventing the binding of SARS-CoV-2 to its receptor thereby inhibiting the virus entry into the targeted human cells (24, 25). As discussed above, the presence of the HBGAs in the epithelial cells has previously been implicated in the genetic susceptibility to several infectious diseases, including viral diseases (24). Previously, our group have shown that anti-A could block the binding of SARS-CoV spike protein produced in a A antigen positive cell to ACE2 (19), while another group have shown that SARS-CoV-2 spike can bind to the A antigen (like other viral proteins such as some norovirus strain VP1 or some rotavirus strain VP8 capsid proteins) (26). These two distinct mechanisms could explain that different blood groups have different susceptibility to SARS-CoV-2 infection. The H-antigen and A/B antigens in respiratory cells may enhance SARS-CoV-2 binding to host receptors, influencing infection susceptibility (2). In this cohort, we have observed approximately 30.5% individuals with inactive FUT2 enzymes making them non-secretors and 11.86% Lewis negative individuals among the control groups (Table 2) which is similar to other studies in Bangladesh and Asian population (27–29). However, this distribution is higher than most Caucasian population and Chinese population (2, 30–33).

Natural antibodies are part of the innate immune system, which is the first line of defense against infections in the human body (34). Previous studies, including observations from the SARS-CoV 2003 outbreak and other viral infections, suggest that anti-A and anti-B antibodies can inhibit viral entry by blocking interactions between viral proteins and host blood group antigens (19). In our cohort, anti-A and anti-B antibody titers did not differ significantly between healthy controls, asymptomatic, and symptomatic patients when stratified by age (<45 vs. ≥45 years), suggesting that age is not a confounding factor in the observed association between lower natural antibody titers and symptomatic COVID-19 (Supplementary Figure 1). A minor difference in anti-αGal IgG titers observed among healthy controls likely reflects sampling variability due to small group size and should be interpreted cautiously. Larger studies are needed to further confirm that age does not influence natural antibody levels in the context of SARS-CoV-2 infection.

Our data showed that anti-A IgG and IgA titers were significantly lower in symptomatic and combined COVID-19 patient groups compared to healthy controls (Figure 2), while anti-B IgG was significantly lower in symptomatic patients compared to asymptomatic patients but not compared to controls (Figure 3). This finding is consistent with the observation from the study conducted in Belgium that hospitalized patients who had lower anti-A and/ or anti-B IgM antibody titer compared to healthy control were at risk of developing SARS-CoV-2 infection (35). The elevated anti-A and anti-B IgG levels observed in asymptomatic individuals may reflect a protective antibody profile, while IgA and IgM levels remained unchanged between patient groups (24, 35). This is further supported by epidemiological data, including our review of 35 studies, which found that blood group A (who lack anti-A antibodies) was associated with higher infection risk in over 50% of studies, compared to only 20% for blood group B (who lack anti-B) (24). These findings reinforce the hypothesis that anti-A antibodies may provide stronger protection than anti-B, possibly due to the presence of A-like antigens on the viral envelope.

The increased susceptibility of blood group A supports the idea that anti-A antibodies may interfere with viral binding to ACE2, reducing viral entry and disease severity. Collectively, these results highlight the potential role of natural anti-carbohydrate antibodies in modulating COVID-19 susceptibility and clinical outcome. Histo-blood group antigens (HBGAs) are expressed on various epithelial surfaces, including those in the respiratory and digestive tracts, where SARS-CoV-2 is known to replicate and be transmitted. The viral spike protein is heavily glycosylated, and the specific glycan structures it carries depend on the host cell type (24, 35). However, glycans detected on recombinant spike protein differ from those found on viral particles produced by infected individuals’ epithelial cells, making recombinant spike unreliable for inhibition studies involving anti-A or anti-B antibodies (2). Given this discrepancy, we focused on studying and comparing natural antibody titers (anti-A and anti-B) between COVID-19 patients and healthy controls, particularly regarding secretor status.

The secretor status (FUT2 gene) and Lewis blood group system (FUT3 gene) influence mucosal antigen expression, impacting SARS-CoV-2 susceptibility and immune response (36). Since secretor individuals express ABO and Lewis antigens on mucosal surfaces, their viral particles may acquire host-derived glycans, potentially altering immune recognition and neutralization. In contrast, non-secretors lack these antigens, which may limit viral binding and reduce disease severity, as observed in gastroenteritis cases such as rotavirus infection making non-secretors less susceptible to rotavirus (37). It is anticipated that infectious viral particles generated by respiratory epithelial cells in individuals of the “secretor” phenotype would bear the H, A, and B antigens (24). Therefore, we compared the anti-A and anti-B antibody titer between the COVID-19 patients and controls stratified by secretor status.

Our findings revealed that secretor healthy controls (B and O groups) had higher anti-A antibody titers compared to COVID-19 patients, suggesting a protective role of these antibodies (Table 3). In addition, Lewis-negative individuals (Le a- b-) have been associated with lower hospitalization rates, further supporting a potential protective effect (2).The significant reduction in IgA and IgM levels in secretor COVID-19 patients may indicate immune modulation tied to prolonged antigen exposure, leading to immune tolerance or antigen–antibody complex formation, which can dampen mucosal immunity (36). Since IgA is important for respiratory defense, lower levels in secretors may impair mucosal protection, increasing viral shedding and disease severity (24). These findings emphasize that host glycan expression plays a key role in shaping SARS-CoV-2 susceptibility, immune response, and disease outcomes although a larger study is required to determine the magnitude of the effect of secretor status and Lewis phenotypes on SARS-CoV-2 infections (2).

We observed a consistent trend of higher anti-A (IgG, IgM, and IgA) and anti-B IgM antibody titers in female healthy controls and asymptomatic patients compared to their male counterparts (Figure 4). Although not statistically significant for all groups, there is a trend of higher ABO antibody titer among the female individuals than male (Figure 4). Similar phenomenon of higher ABO antibody titer among female healthy blood donors than male healthy donors has been observed in a Japanese population (38). This finding further supports the hypothesis that natural antibodies may protect against severity of COVID-19, and hence female suffers milder or asymptomatic infection compared to male individuals (Figure 4) (1, 34, 35).

Comparing the anti-A, anti-B, anti-Tn, and anti-αGal IgG antibodies up to 3 months from disease onset, we found that the antibody titer remained steady over the time (Figure 5). Asymptomatic patients maintained higher anti-A and anti-B IgG antibody titers over time than symptomatic patients although not significant except for anti-B IgG antibody titer at days 8–12 and days 21–25 follow-up period from disease onset. This gives the confidence that natural antibody titers provide innate immunity against symptomatic disease.

The strength of this analysis is that this is the first study looking into the natural anti-A and anti-B antibody titers from both asymptomatic and symptomatic COVID-19 patients compared to healthy control from both pandemic and pre-pandemic period. The results observed from this analysis may further provide evidence supporting the role of natural antibodies in protecting against symptomatic infection. However, due to the small sample size of the healthy controls from the pandemic period, we could not carry out strong statistical tests to confirm the risk of infection according to the ABH and Lewis phenotypes.

In conclusion, from our observation on natural antibody titers in this cohort, higher natural anti-A and possibly anti-B antibody titers may provide protection against symptomatic infection. These findings could help guide further studies into whether certain blood group and secretor combinations are linked to differences in SARS-CoV-2 susceptibility or severity and potentially support more personalized approaches to understanding immune responses in viral infections.
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SUPPLEMENTARY FIGURE 1 | Comparison of natural antibody titer by age. (A,E,I) anti-A antibodies (B and O blood groups) with healthy control <45 years old (n=32), healthy control ≥45 years old (n=6), asymptomatic patients <45 years old (n=13) and ≥45 years old (n=2), symptomatic patients <45 years old (n=14) and ≥45 years old (n=36). (B,F,J) Anti-B antibodies (IgG, IgA and IgM) with healthy control <45 years old (n=32), healthy control ≥45 years old (n=7), asymptomatic patients <45 years old (n=11), and ≥45 years old (n=5), symptomatic patients <45 years old (n=14) and ≥45 years old (n=26). (C,G,K) Anti-αGal antibodies (IgG, IgA and IgM) with healthy control <45 years old (n=49), healthy control ≥45 years old (n=9), asymptomatic patients <45 years old (n=19), and ≥45 years old (n=6), symptomatic patients <45 years old (n=25) and ≥45 years old (n=49). (D,H,L) Anti-Tn mono antibodies (IgG, IgA and IgM) with healthy control <45 years old (n=49), healthy control ≥45 years old (n=9), asymptomatic patients <45 years old (n=19), and ≥45 years old (n=6), symptomatic patients <45 years old (n=25) and ≥45 years old (n=49). *** and ** denotes p < 0.005

SUPPLEMENTARY FIGURE 2 | Anti-Tn-Mono and Alpha-Gal antibodies among COVID-19 patients and controls. Comparing the natural antibody titers between healthy controls (n=59) and COVID-19 patients (n=99). (A) anti-Tn-Mono IgG antibody titer, (B) anti-αGal IgG antibody titer, (C) anti-Tn-Mono IgA antibody titer, (D) anti-αGal IgA antibody titer (E) anti-Tn-Mono IgM antibody titer and (F) anti-αGal IgM antibody titer. We stratified antibody titer for anti-Tn-Mono by “non-A” [B+O (n=104, patients (65) vs control (39)] and “A” blood group [A+AB (n=54, patients (34) vs control (20)] blood groups. We stratified antibody titer for anti-αGal by “non-B” [A+O (n=94, patients (55) vs control (39)] and “B” [B+AB (n=64, patients (44) vs control (20)] blood groups. Significant difference between patients and controls are presented with black asterisks. Comparisons are also made between blood groups within the healthy controls and patients and only the significant difference is presented with purple asterisks. * p = 0.05–0.01, ** denotes p = 0.01–0.001 and *** denotes p < 0.001.
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Parameters All patients Asymptomatic Symptomatic® Healthy controls

n=99 n=25 n=74 and pre-
pandemic®
n =59
Sex
Female 39(39.4%) 16/(64.0%) 23 (311%) 27 (45.8%)
o011
Male 60 (60.6%) 9(36.0%) 51(68.9%) 32(54.2%)
Age
46/(35,57.5) 35(31,44) 50(38,62) 33(285,41) <0.001*
Median (IQR)
Blood group
A Blood group 25 (25.3%) 8(32.0%) 17(23.0%) 17(28.8%)
AB Blood group 9(9.1%) 2(8.0%) 7(9.5%) 3(51%)
0791
B Blood group 35(35.3%) 7(28.0%) 28 (37.8%) 17 (28.8%)
0 Blood group 30(30.3%) 8(32.0%) 22(29.7%) 22 (37.3%)
Duration between discase
onset and enrollment, 10(8,12) 10(2,16) 10(8,12) - 0.680"
Median days (IQR)
Data presented as 1 (%).

‘Symptomatic patient: mild: 1 = 25, moderate: n = 25, severe: 1 = 24,
“Pandemic healthy controls: 1 = 21; pre-pandemic healthy controls: n = 38,

‘Pearsons chi-squared testfor association.

“Non-parametric Kruskal-Wallis rank-sum test.

Bold values indicate significant difference between asymptomatic, symptomatic and healthy controls.
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Control (1 =27) 0.44(0.33,0.58) 0.97 (080, 1.19) 0.62(0.45,085)
COVID-19 Patients
0.26(0.19,035) 0.73(051,1.04) 0.40 (033, 0.49)
Non-secretors. (n=24) 0.144 0722 0838
Control (1 = 12) 0.49(032,0.76) 0.92(0.60, 1.42) 0.50(0.27,0.94)
B-Tri (A + O)
COVID-19 Patients
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031(0.24,039) 0.5 (0.43,070) 0.63(0.44,091)
Non-secretors (n=11) 0472 0.664 0448
Control (n 0,40 (0.26,0.62) 0.6 (0.35,127) 0.88 (064, 1.20)
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ttest for difference adjusted by age. p < 0.05 indicates significant difference between the groups.
Data presented as geometric mean (95% CI).
Bold values indicated a significant difference between COVID-19 patients and controls.
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