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Abstract 
 
Human serum contains large amounts of anti-carbohydrate antibodies, some of which may 

recognize epitopes on viral glycans. Here, we tested the hypothesis that such antibodies may 

confer protection against COVID-19 so that patients would be preferentially found among 

people with low amounts of specific anti-carbohydrate antibodies since individual repertoires 

vary considerably. After selecting glycan epitopes commonly represented in the human anti-

carbohydrate antibody repertoire that may also be expressed on viral glycans, plasma levels of 

the corresponding antibodies were determined by ELISA in 88 SARS-CoV-2 infected 

individuals, including 13 asymptomatic, and in 82 non-infected controls. We observed that anti-

Tn antibodies levels were significantly lower in patients as compared to non-infected 

individuals. This was not observed for any of the other tested carbohydrate epitopes, including 

anti-aGal antibodies used as a negative control since the epitope cannot be synthesized by 

humans. Owing to structural homologies with blood groups A and B antigens, we also observed 

that anti-Tn and anti-aGal antibodies levels were lower in blood group A and B, respectively. 

Analyses of correlations between anti-Tn and the other anti-carbohydrates tested revealed 

divergent patterns of correlations between patients and controls, suggesting qualitative 

differences in addition to the quantitative difference. Furthermore, anti-Tn levels correlated 

with anti-S protein levels in the patients’ group, suggesting that anti-Tn might contribute to the 

development of the specific antiviral response. Overall, this first analysis allows to hypothesize 

that natural anti-Tn antibodies might be protective against COVID-19.   
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Introduction 
 
Viral envelope proteins, including those the severe acute respiratory syndrome coronavirus 2 

SARS-CoV-2 are extensively glycosylated (Watanabe et al., 2020). Since these glycans are 

synthesized by the host cell enzymatic machinery, they are part of the self and have little 

immunogenic potential. Alongside other functions, the glycan shield masks the protein surface 

from potential peptide specific antibodies (Bagdonaite and Wandall, 2018). Glycosylation is 

therefore exploited by enveloped viruses as a protection mechanism (Watanabe et al., 2019). 

Yet, it might also constitute a Trojan horse. Indeed, several carbohydrate antigenic epitopes 

may be present on viral envelope glycoproteins. The aGal antigen is the most extensively 

studied example of a carbohydrate epitope that can lead to the elimination of viruses through 

natural antibodies (Galili, 2019). This carbohydrate antigen is expressed by many cell types in 

most mammalian species, but is lacking in humans, apes and old-world monkeys due to 

pseudogenization of the GGTA1 gene that encodes the galactosyltransferase required for its 

synthesis. As a result, species unable to express the aGal antigen produce natural anti-aGal 

antibodies in response to bacteria of the microbiota that carry mimicking carbohydrate 

structures. It has been established that several types of enveloped viruses, including influenza 

virus, murine C retrovirus, porcine endogenous retrovirus, lymphocytic choriomeningitis virus, 

Newcastle disease virus, Sindbis virus, vesicular stomatitis virus,  measles virus, and 

paramyxovirus present the aGal antigen when produced in cells that synthesize it (Galili, 2020).  

Anti-aGal antibodies can directly neutralize these viruses or opsonize them leading to 

complement-mediated destruction or to amplification of the immune response by targeting 

antigen presenting cells. It is thus believed that these xenogenic natural antibodies contribute 

to protect our species from zoonotic transmission of enveloped viruses (Galili, 2019). Likewise, 

enveloped viruses can be decorated with allogeneic carbohydrate epitopes of the ABO blood 

group type. Thus, measles viruses produced by cells expressing either the A or B blood group 
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antigens was neutralized by the natural cognate antibodies in a complement-dependent manner 

(Preece et al., 2002). Moreover, anti-A antibodies could block the interaction between SARS-

CoV S protein and its cellular receptor, the angiotensin-converting enzyme ACE2, when the 

viral protein was produced by cells expressing the A blood group antigen (Guillon et al., 2008). 

This was consistent with the expression of blood group antigens by respiratory tract epithelial 

cells where the virus replicates and the lesser risk of infection of blood group O individuals by 

SARS-CoV observed in a Hong Kong hospital outbreak (Cheng et al., 2005). Indeed, group O 

individuals possess anti-A and anti-B antibodies that could have protected them from viral 

particles emitted by either blood group A or B patients. Interestingly, a large number of 

observations indicate that blood group O individuals have a lower risk of COVID-19, whereas 

blood group A individuals appear to be at a higher risk (Cheng et al., 2005;Abdollahi et al., 

2020;Ahmed et al., 2020;Aljanobi et al., 2020;Barnkob et al., 2020;Chegni et al., 

2020;Delanghe et al., 2020;Dzik et al., 2020;Ellinghaus et al., 2020;Fan et al., 2020;Franchini 

et al., 2020;Gallian et al., 2020;Göker et al., 2020;Hoiland et al., 2020;Latz et al., 2020;Leaf et 

al., 2020;Li et al., 2020;Muniz-Diaz et al., 2020;Niles et al., 2020;Padhi et al., 2020;Ray et al., 

2020;Roberts et al., 2020;Shelton et al., 2020;Sohlpour et al., 2020;Valenti et al., 2020;Wu et 

al., 2020;Zeng et al., 2020;Zhang et al., 2020;Zhao et al., 2020a;Zietz et al., 2020). Only a few 

studies failed to find any association between ABO types and COVID-19, likely depending on 

study design (Boudin et al., 2020;Focosi et al., 2020;Pairo-Castineira et al., 2020). Coherent 

with the notion that natural anti-carbohydrate could have a protective effect, we recently 

observed that COVID-19 patients present lower levels of anti-A and/or anti-B blood group 

antibodies than controls (Deleers et al., 2020).  

In addition to anti-xenogenic or anti-allogenic antibodies such as the anti-aGal, anti-A and anti-

B antibodies, humans possess a large repertoire of natural anti-carbohydrate antibodies (New 

et al., 2016). Although most of them recognize bacterial structures, some have the potential to 
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recognize viral glycans. Glycan structural analyses of the SARS-CoV-2 S protein produced in 

HEK-293T cells or of the virus produced in Vero cells have recently been described. They 

mainly include N-glycans of the oligomannose, hybrid and complex types that broadly cover 

the protein surface (Gao et al., 2020;Sanda et al., 2020;Shajahan et al., 2020;Sun et al., 

2020;Watanabe et al., 2020). Yet, simple O-glycans have also been found either at the junction 

between the N-terminal domain (NTD) and the receptor binding domain (RBD) of the S1 

domain or surrounding the furin cleavage site of the S2 domain (Antonopoulos et al., 2020;Gao 

et al., 2020;Sanda et al., 2020;Shajahan et al., 2020;Zhao et al., 2020b). Based on these data, 

we selected a set of carbohydrate structures potentially present on virions produced by epithelial 

cells and known to constitute major epitopes of the human natural anti-carbohydrate repertoire 

(Huflejt et al., 2009;Stowell et al., 2014;Schneider et al., 2015;Muthana and Gildersleeve, 

2016;Purohit et al., 2018;Khasbiullina et al., 2019).  

Regardless of their specificity, levels of natural anti-glycans are highly variable between 

individuals (Tendulkar et al., 2017;Luetscher et al., 2020). Thus, we reasoned that if some 

natural anti-carbohydrate antibodies present an anti-viral activity, akin to what has been shown 

for anti-aGal antibodies in xenogenic situations (Galili, 2020), protection should not take place 

when they are present at low levels. Accordingly, patients should present lower levels of a 

protective anti-carbohydrate antibody specificity. In this work we thus compared levels of the 

selected anti-carbohydrate epitopes in the plasma of a group of COVID-19 patients and of a 

group of uninfected controls in order to reveal a potentially protective glycan epitope.    
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Materials and methods 
 
Study design and patients 

For this study, the recruited individuals represented a subset from a study approved by the ethics 

committees of the Centre Hospitalier Universitaire Brugmann (CHU Brugmann, Bruxelles) and 

the Hôpital Universitaire Des Enfants Reine Fabiola (HUDERF, Bruxelles) in Belgium (the 

number "CHUB-BDS-Covid19 ClinicalTrials.gov: NCT04462627"). The study was carried out 

in accordance with the principles of the Declaration of Helsinki. The authors assume 

responsibility for the accuracy and completeness of the data and analyses. 

Briefly, the study carried out between 11 March 2020 and 16 June 2020 in Brussels, Belgium, 

at the Brugmann University Hospital and the HUDERF, enabled the recruitment of 290 patients 

with or without symptoms of COVID 19, and with a positive RT-PCR test for SARS-CoV-2 

on nasal and pharyngeal swab specimens. A control group (n= 276) included asymptomatic 

ambulatory patients or hospitalized patients without COVID symptoms and a negative RT-PCR 

test for SARS-CoV-2. For all these individuals, blood samples on EDTA were obtained on 

which standard anti-A and/or anti-B IgM agglutination scores were performed. 

As shown on Table 1, to test our hypothesis about the involvement of other natural carbohydrate 

antibodies other than A and B in SARS-Cov-2 susceptibility, a random selection of 30 

individuals from each of the patients and control groups A, B, and O types was performed (total 

target number =180). The lack of left-over plasma from 10 selected individuals reduced our 

study sample to 170.  

Quantification of anti-SARS-CoV-2 antibodies (see method below) on the plasmas of 

individuals in the control group (with no apparent sign of COVID at the time of sampling and 

positive RT-PCR) showed that 7 control individuals had antibodies indicating that they had 

been infected. For our analysis, these individuals were thus repositioned according to their ABO 

blood type in the patients group.  
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The patients’ group (88) was then subdivided into 2 subgroups: 75 COVID patients (RT-PCR 

positive and symptomatic), and 13 asymptomatic patients (RT-PCR positive or RT-PCR 

negative with positive serology resulting from the reclassification of the control individuals).  

Quantification of natural anti-carbohydrate antibodies 

Anti-carbohydrate antibodies were assessed with the enzyme-linked immunosorbent assay 

(ELISA). ELISA plates (Maxisorp, Nunc, Thermo Fisher Scientific, Roskilde, Denmark) were 

coated with synthetic sugars (structures shown on Fig. 1) conjugated to polyacrylamide (PAA 

neoglycoconjugates) at 5 µg/mL in 0.1 M Carbonate buffer pH 9.0 overnight at 4°C. The plates 

were washed 3 times with phosphate-buffered saline (PBS)-0.05% Tween 20 (PBS-T), and 

unbound sites were blocked with PBS-5% bovine serum albumin (BSA) for 2 h at 37°C. After 

3 additional washes with PBS-T, plasma samples (EDTA) from patients with Covid-19 or 

controls were added to the plate at a 1:30 dilution in PBS-1% BSA for 1h at 37°C, except in the 

case of anti-αGal where plasma samples were diluted 1:50. Optimal dilutions had been chosen 

based on preliminary analyses performed using plasma samples from healthy blood donors. The 

plates were then washed 3 times with PBS-T and Donkey anti-human IgG (H+L)-conjugated 

horseradish peroxidase (Jackson ImmunoResearch Laboratories Inc, Ely, United Kingdom) 

was added at a 1:5000 dilution in PBS-1% BSA for 1 h at 37°C. This secondary antibody 

recognizes all classes of immunoglobulins, including IgM, IgG and IgA. Finally, after 3 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. Optical densities were read twice at 450 nm with a 

SPECTROstar Nano spectrophotometer (BMG Labtech, Champigny-sur-Marne, France).  

Flow cytometry quantification of anti-SARS-CoV-2 antibodies  

The S-flow assay described by Grzelak et al (Grzelak et al., 2020) was used to detect anti-S 

viral protein in both controls and patients plasma samples. Briefly, detached HEK-293T cells 
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(5x105) stably expressing the S protein following transfection of a codon-optimized SARS-

CoV-2 S gene were incubated for 30 min at 4°C with 50 µL of plasma samples at a 1/300 

dilution in PBS containing 2 mM EDTA and 0.5% BSA. Untransfected HEK-293T cells used 

as negative controls were treated similarly. Following washings with PBS, cells were then 

incubated 30 min at 4°C with 35 µL of anti-Hu IgG (H+L) AlexaFluor 647 antibody (A21445, 

Invitrogen) diluted 1:600 in Staining Buffer. After washings in PBS, cells were fixed with PFA 

2% (15714, Electron Microscopy Sciences, Hatfield, PA), 15 min at room temperature, washed 

in PBS and analyzed by Flow cytometry, on a Facs Canto cytometer. Results were normalized 

according the formula: % of positive cells= 100 x [(% in 293T-S)-(% in 293T-CTRL)/100-(% 

in 293T-CTRL)]. The cut-off for positivity was fixed at 30%.    

Specificity assay for the anti-Tn NAM217-2A9 by ELISA 

Maxisorp ELISA plates were coated with PAA-conjugated glycans at 10 µg/ml, human salivary 

mucins at 1:1000 dilution or bovine submaxillary mucins (Sigma) at 5 µg/ml in PBS at 4°C 

overnight. The sialyl-Tn-rich bovine mucins had been chemically de-sialylated by incubation 

in 2M H2SO4 for 30 min at 80°C followed by neutralization with NaOH. After 3 washes with 

PBS-0,05% Tween20 (PBS-T), the wells were blocked with PBS-5% BSA for 2h at 37°C and 

washed another 3 times with PBS-T. Three-fold serial dilutions (1:50 to 1:1350) of mouse anti-

Tn NAM217-2A9 in PBS-1%BSA were then loaded onto the plate and incubated for 1h at 

37°C. Washes, incubation with anti-mouse-HRP (Uptima, Interchim, Montluçon, France; 

1:1000), revelation and OD measurement were then performed as described above. 

Flow Cytometry detection of the Tn antigen: Vero green monkey kidney cells and HEK293T 

human embryonic kidney cells were detached using trypsin or PBS-EDTA, respectively and 

resuspended in PBS-0.1% BSA. Jurkat cells were cultivated in suspension. 250.000 cells were 

stained with anti-Tn monoclonal mouse antibodies for 30-60 min at 4°C followed by anti-
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mouse-FITC 1: 200. Analysis was performed on a Celesta flow cytometer using the DIVA 

software (BD Biosciences). 

Immunohistological analysis of the expression of the Tn antigen in the respiratory tract 
 
The ethanol-fixed human tissue sections collected and stored before the French law 88-138 of 

the 20th of December 1988 on tissue resection for scientific investigation and were obtained 

from the Nantes University Hospital Center for Biological Resources (http://relib.fr) (approval 

DC-2011-1399). 

Immunohistochemistry was performed as described elsewhere (Lopes et al., 2018). Briefly, the 

slides were deparaffinized and blocked for endogenous peroxidase activity and non-specific 

protein binding and incubated with the IgM mouse monoclonal antibodies against Tn NaM217-

2A9 that was raised against human Tn erythrocytes (Duk et al., 2001) overnight at 4°C. The 

slides were then successively incubated with HRP-conjugated anti-mouse IgG (H+L) (Uptima; 

Interchim, Montluçon, France) and AEC substrate (Vector Laboratories, Burlingame, CA) with 

three PBS washes in-between and conterstained with hematoxylin (Vector Laboratories) before 

mounting and imaging with a Nanozoomer slide-scanner using a x20 objective (Hamamatsu 

Photonics, Massy, France).  

Statistical analyses 

Analyses were performed using GraphPad Prism 8. Between groups differences were calculated 

using two-tailed Mann-Whitney test and correlation were assesses using Pearson correlation 

coefficient. To account for multiple testing, Holm correction was applied were necessary. 

P<0.05 was considered significant.  
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Results 

Low levels of natural anti-Tn are associated with COVID-19 status 

In order to select carbohydrate epitopes that may be present on SARS-CoV-2 and correspond 

to epitopes of the human natural anti-carbohydrate repertoire, we first examined published 

glycan microarray data that describe this repertoire (Huflejt et al., 2009;Stowell et al., 

2014;Schneider et al., 2015;Muthana and Gildersleeve, 2016;Purohit et al., 2018;Khasbiullina 

et al., 2019). We looked for epitopes that could both be present on SARS-CoV-2 and give strong 

IgM and IgG signals with the serum of many healthy donors. The analysis revealed six 

potentially interesting epitopes, the short O-glycans Tn, T and core 3 as well as the Lec and 

GlcNAcLac motifs of either complex O-glycans or N-glycans that can be synthesized by upper 

respiratory tract cells (Fig. 1). In addition, we selected the Gb3 trisaccharide which corresponds 

to a widely distributed glycolipid highly reactive with healthy human serum natural antibodies 

(Volynsky et al., 2017).  

Individual levels of the selected natural anti-carbohydrate antibodies were then tested in a group 

of COVID-19 patients and compared to those in a group of controls of similar size. Since some 

of the tested antigens show similarity with either the A or B blood group antigens, the patients 

and controls groups were constituted so as to comprise nearly even numbers of A, B and O 

phenotypes. The aGal antigen was used as a control since it is not expressed in humans. We 

therefore anticipated that anti-aGal antibodies do not play any direct role in COVID-19 

infection. Considering the structural relationship with the A blood group antigen, levels of anti-

Tn were expected to be lower in blood group A individuals in comparison with blood group O 

and B and this was verified both for the control and COVID-19 groups (Fig. 2). Interestingly, 

anti-Tn levels were significantly lower in COVID-19 patients as compared with controls since 

patients’ values were mainly distributed in the low range (p=0.003). A similar, albeit less 

prominent effect was also visible when comparing SARS-CoV-2 infected individuals and 



 11 

controls (p=0.012). Yet, no difference between controls and the subgroup of asymptomatic 

infected individuals was visible. It should be stressed however, that the latter comprises 13 

individuals only. The anti-aGal antibodies revealed a distinct picture. They appeared at lower 

levels in blood group B than in blood groups A and O individuals, both in the controls and 

SARS-CoV-2 infected groups. This was expected since the aGal epitope is closely related to 

blood group B. Yet, there was no difference related to the SARS-CoV-2 infectious status or 

COVID-19 status. Analyzing anti-T, anti-core-3, anti-Lec, anti-GlcNAcLac and anti-Gb3 

revealed either no or only marginal between-groups differences that vanished when using a 

threshold of significance lower than 0.02 (Fig. 3). Thus, anti-Tn levels appear to be specifically 

low in COVID-19 patients.  

Recently published data indicated that natural anti-glycan antibodies, including anti-Tn show 

cross-reactivity with a variety of other carbohydrate structures (Bovin et al., 2012;Dobrochaeva 

et al., 2020). Based on the premises that specific antibodies may cross-react with closely related 

structures, whilst less specific antibodies would cross-react more broadly, to get a more 

qualitative comparison of the natural antibodies from COVID-19 patients and controls, we 

performed correlation analyses of anti-Tn with the other tested anti-carbohydrates in both 

groups. In controls, strong correlations were found between anti-Tn levels and anti-T, anti-core 

3 and anti-Lec levels. A weaker correlation was additionally found with anti-GlcNAcLac. By 

contrast, in patients, anti-Tn strongly correlated with anti-GlcNAcLac and Gb3 only (Fig. 4 and 

Table 2). These divergent relationships between levels of anti-Tn and those of the other anti-

glycans in patients and controls indicate differences in natural antibodies repertoires between 

the two groups. Thus, not only do patients have lower levels of anti-Tn antibodies than controls, 

but these antibodies also appear qualitatively distinct. 

Correlation between anti-Tn and anti-SARS-CoV-2 S protein  
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Having observed that anti-Tn levels were lower in patients than in controls, we wondered if 

their levels within patients might have a relationship with the development of the specific anti-

viral immune response. Anti-S protein antibodies were quantified using the previously 

described S-flow assay that shows high correlation with the neutralization assay (Grzelak et al., 

2020). Anti-S antibodies were found in 45 out of 75 symptomatic patients, a rather low 

percentage (60%), likely resulting from the early sampling at the time of diagnosis of some 

patients. Interestingly, anti-S antibodies levels correlated with those of anti-Tn, unlike anti-

aGal (Fig. 5A, B) and the remaining tested anti-carbohydrates (not shown). Consistent with the 

lower levels of anti-Tn in blood group A individuals, it appeared that anti-S antibodies were 

also lower in blood group A individuals as compared to blood group O and blood group B 

patients (Fig. 5C).    

Expression of the Tn epitope in the respiratory tract 

The Tn antigen has been detected on SARS-CoV-2 S protein produced in HEK-293T cells (Gao 

et al., 2020;Sanda et al., 2020;Shajahan et al., 2020). Their O-glycosylation capability unlikely 

represents that of epithelial cells of the respiratory tract which are the main viral target cells 

contributing to transmission. Respiratory as well as digestive epithelial cells produce large 

amounts of O-glycans and express a broad set of the polypeptide GalNAc transferases that add 

the first N-acetylgalatosamine unit to the peptide chain constituting the Tn epitope (Bennett et 

al., 2012). In normal tissues, the Tn antigen is masked by elongation of O-glycan chains and it 

is known to be over-expressed in carcinoma (Rodrigues et al., 2018). Nonetheless, in order to 

determine if indeed the Tn antigen could be produced by respiratory epithelial cells, we tested 

its expression by immunohistochemistry on fixed tracheal and lung tissue from three 

individuals of the A, B and O blood types, respectively. First, the anti-Tn specificity was 

validated by ELISA on PAA neoglycoconjugates and on mucins presenting high levels of either 

the Tn epitope or A, B and H blood group antigens. We observed a specific binding to the Tn-
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PAA conjugate and to Tn-rich desialylated bovine submaxillary mucin, but not to other 

conjugates or to human salivary mucin, although a small reactivity was detected on blood group 

A containing mucin or neoglycoconjugate (Fig. 6A). In addition, the antibody had previously 

been shown to recognize glycophorins from Tn erythrocytes, as well as ovine submaxillary 

mucin (OSM) (Duk et al., 2001). Thus, the anti-Tn that we used recognizes the Tn antigen 

independently of the underlying peptide while showing only little cross-reactivity with related 

structures such as blood group A antigen. Flow cytometry experiments additionally showed 

that the anti-Tn strongly bound to Jurkat cells known to strongly express the Tn epitope due to 

a genetic defect that impairs O-glycans elongation. In the same conditions, HEK-293T cells 

and Vero cells were not recognized by the antibody (Fig. 6B). When tested on tissue sections, 

the antibody revealed a strong intracellular binding to the tracheal and bronchial epithelia, but 

not to any other cell type in the respiratory tract, regardless of the donor ABO phenotype (Fig. 

6C).  
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Discussion 

Here we tested the possibility that in addition to anti-A and anti-B blood group antibodies, 

natural anti-carbohydrate antibodies could play a protective role against SARS-CoV-2 

infection. Consistent with the initial hypothesis, we observed that COVID-19 patients presented 

lower levels of anti-Tn antibodies than controls, whilst none of the other tested anti-

carbohydrates showed significant differences in levels between the two groups. Tn antigen is 

constituted by a single N-acetylgalactosamine linked to either a serine or a threonine residue. It 

constitutes the basis of all mucin-type O-glycans to which additional monosaccharide units are 

generally added. It is therefore not normally detected at the cell surface and is considered a 

tumor marker in several types of carcinoma where elongation of O-glycosylation is impaired 

(Rodrigues et al., 2018). It is also considered a blood group isoantigen since there exist rare 

individuals who express the Tn antigen on their erythrocytes due to a genetic defect in the O-

glycosylation elongation pathway and since natural anti-Tn antibodies agglutinate these rare 

erythrocytes, causing a so-called polyagglutinability (Dahr et al., 1975).  

The SARS-CoV-2 S protein possesses several documented O-glycosylation sites located at the 

hinge between the RBD and NTD domains and surrounding the furin cleavage site 

(Antonopoulos et al., 2020;Gao et al., 2020;Sanda et al., 2020;Shajahan et al., 2020;Zhao et al., 

2020b). Blocking of O-glycosylation resulted in partial inhibition of SARS-CoV-2 cell entry in 

vitro, indicating the functional importance of O-glycans in the infection process (Yang et al., 

2020). Epithelial cells of the upper respiratory tract, nasopharynx, trachea and large bronchi, 

appear to be the main producers of virions involved in inter-individual transmission (Wolfel et 

al., 2020). In accordance with the notion that epithelial cells synthesize large amounts of O-

glycans, we observed that these cells in the respiratory epithelia present intracellular Tn 

epitopes, unlike the remaining cell types present in these tissues. Initiation of GalNAc-type O-

glycosylation is performed by polypeptide N-acetylgalatosaminyltransferases (GalNAc-Ts) 
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(Bennett et al., 2012). Twenty isoforms of GalNAc-Ts are known that show both overlapping 

and nonredundant specific functions to orchestrate the patterns of O-glycans on proteins. 

Inspection of the Human Protein Atlas (www.proteinatlas.org) indicates that epithelial cells of 

the nasopharynx and of bronchi express strong to moderate amounts of at least 11 of these 

enzymes. This confirmed the strong potential for epithelial cells of the nasopharynx, trachea 

and bronchi to produce O-glycosylated glycoproteins. At present, only small amounts of O-

glycans, including the Tn epitope, have been detected on SARS-CoV-2 recombinant S protein 

produced in HEK-293 cells, indicating that the major viral envelope protein can be O-

glycosylated. Rapidly replicating viruses being expected to carry a large fraction of immature 

glycan structures, it is thus plausible that authentic infectious SARS-CoV-2 carries Tn epitopes.  

Confirmation will await the complete structural characterization of native expectorated virions. 

In addition, it will be necessary in future experiments to show that purified natural anti-Tn 

antibodies can bind to native virions. 

Since blood group A antigen is characterized by a terminal N-acetylgalactosamine in alpha 

linkage, it was expected that the levels of anti-Tn antibodies would be lower in blood group A 

individuals owing to the structural homology between the two epitopes. Likewise, due to the 

homology between blood group B and the aGal antigen, it was expected that blood group B 

individuals should show lower anti-aGal levels. These associations with ABO phenotypes were 

indeed observed for the Tn and aGal antigens, respectively, but not for any of the other tested 

carbohydrate epitopes, which validated the method of quantification that we used. Regarding 

analyses of correlations with COVID-19 status, only the anti-Tn antigen showed significant 

lower amounts in patients in comparison with the control group, indicating that the effect did 

not stem from a general decrease of natural anti-carbohydrate in patients following infection. 

Thus, the data suggest that patients had lower anti-Tn prior to being infected. However, at this 

stage we cannot eliminate other potential causes that might contribute to the difference in anti-
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Tn levels between patients and controls. Besides the quantitative difference, there was a 

qualitative difference between patients and controls anti-Tn antibodies. The qualitative 

difference was indirectly observed through analysis of correlations with the other carbohydrate 

epitopes, revealing an absence of correlation with Tn-related motifs for patients, unlike for 

controls. A previous study performed using purified anti-Tn antibodies from pooled plasma 

samples revealed cross-reactivities with several related oligosaccharides or unrelated 

polysaccharides, indicating a rather broad polyreactivity (Bovin et al., 2012;Dobrochaeva et al., 

2020). It is possible that the divergent patterns of correlation with other anti-carbohydrates 

between patients and control groups reflect distinct cross-reactivities of the anti-Tn. 

Alternatively, the observed divergent correlations between patients and controls for several 

anti-carbohydrates could reflect divergent immunogens composition from the microbiota. 

Direct evidence for this could be obtained by a specificity analysis following purification of 

patients and controls anti-Tn antibodies in future studies. In addition, it will be important to 

distinguish between different immunoglobulin subclasses, which was not done in this 

preliminary study. 

Levels of natural anti-carbohydrate antibodies may decrease with aging (Muthana and 

Gildersleeve, 2016). Since patients and controls groups were not matched for age, the lower 

anti-Tn observed in patients may have originated from the higher mean age of patients (68 

years) compared to that of controls (42 years). Again, this seems unlikely since the same effect 

should have been observed for the other anti-carbohydrates that were tested. In addition, within 

the patients’ cohort there was a relationship between the levels of anti-Tn, but not of the other 

tested anti-carbohydrate antibodies, and those of anti-S viral protein. Although the underlying 

reason for this correlation remains unknown it is noteworthy that similar to anti-Tn antibodies, 

the anti-S antibodies were lower in blood group A patients, suggesting that anti-Tn may have 

contributed to the development of the specific anti-viral response, akin to what has previously 
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been observed for the anti-aGal antibodies in models of xenogenic viral infections (Galili, 

2020).  

It is now rather well documented through a large set of studies that blood group A individuals 

are at a higher risk of COVID-19 than individuals of blood group O, whilst blood group B 

seldom shows significant odd ratios relative to the other blood groups (Aktimur et al., 

2020;Barnkob et al., 2020;Chegni et al., 2020;Ellinghaus et al., 2020;Göker et al., 2020;Latz et 

al., 2020;Leaf et al., 2020;Li et al., 2020;Muniz-Diaz et al., 2020;Shelton et al., 2020;Sohlpour 

et al., 2020;Valenti et al., 2020;Wu et al., 2020;Zeng et al., 2020;Zhang et al., 2020;Zhao et al., 

2020a;Zietz et al., 2020). We recently observed that anti-A and anti-B agglutinating natural 

antibodies were significantly lower in COVID-19 patients compared with controls (Deleers et 

al., 2020). Together with the present observations on anti-Tn antibodies, this may explain the 

ABO effect on COVID-19 epidemiology. Indeed, blood group O individuals, possess natural 

anti-A, anti-B and anti-Tn antibodies, B blood group individuals possess anti-A and anti-Tn 

antibodies, but blood group A individuals possess anti-B and low levels of anti-Tn only. The 

degree of protection conferred by these natural anti-carbohydrates would thus be minimal for 

blood group AB individuals who should possess only low levels of anti-Tn, followed by blood 

group A, then blood group B and finally by blood group O individuals who could benefit from 

all three types of antibodies. The anti-Tn antibodies could be particularly important as they 

could provide protection regardless of the ABO type of the virus transmitters, unlike anti-A and 

anti-B that may only protect during transmission events in an ABO incompatible situation.   

In conclusion, in a first exploratory study, we observed that natural anti-Tn antibodies differ 

between COVID-19 patients and controls both quantitatively and qualitatively and that their 

levels are lower in blood group A individuals and associated with the levels of anti-S protein. 

These results may suggest that natural anti-carbohydrate antibodies that target O-glycans may 

confer some protection against COVID-19. Nonetheless, it should be stressed that our study is 
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preliminary and requires validation by further studies including age and gender matching of 

patients and controls, as well as in vitro experiments aimed at characterizing the mechanisms 

whereby anti-Tn antibodies could be protective. If validated, it would indicate that a significant 

fraction of the population with sufficient natural anti-Tn antibodies could benefit from a natural 

immunity conferred by these antibodies against COVID-19 and it would offer a prophylactic 

perspective by boosting the anti-Tn titers in everyone.  
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Table 1: Constitution of the controls and cases groups 
 
 Controls  Cases   
 A B O Total 

controls 
 A B O Total 

cases 
 Total 

samples 

Complete 
study 

108 52 116 276  126 48 116 290  566 

Sub-study 
Randomisation 

30 30 30 90  30 30 30 90  180 

Tested 
samples  

30 30 29 89  29 22 30 81  170 

Actual sub 
studya 

28 
(-2) 

28 
(-2) 

26 
(-3) 

82  31 
(29+2) 

24 
(22+2) 

33 
(30+ 3) 

88b  170 

 
aSeven controls were reclassified as cases because of anti-SARS-CoV-2 seropositivity. 
bAmong cases, 75 were symptomatic and 13 were asymptomatic.  
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Table 2: Correlations between levels of anti-Tn and levels of the other assayed natural 
anti-carbohydrates 
 

 Anti-T Anti-core 3 Anti-Lec Anti-GlcNAcLac Anti-Gb3 Anti-aGal 
Controls 

N=82 

0.38 

(0.0002) 

0.34 

(0.0013) 

0.36 

(0.0006) 

0.29 

(0.0067) 

-0.06 

(0.5514) 

0.09 

(0.3826) 

Patients 

N=88 

0.16 

(0.1666) 

0.16 

(0.1644) 

0.24 

(0.0303) 

0.58 

(0.00001) 

0.35 

(0.0013) 

0.18 

(0.1032) 

 
Correlations were assessed using Spearman r and non-corrected for multiple testing two-tailed 

p values in parentheses are shown both for controls and patients. R values above 0.3 are boxed 

in red.  
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Figure 1: Structures of the selected glycan motifs. The Tn, T or core 1 and core 3 motifs 

correspond to short O-glycans in alpha linkage to either serine or threonine of the peptide chain. 

The Lec (Lewis c), GlcNAcLac and aGal epitopes can be present either on N- and O-linked 

glycans of glycoproteins, or on glycolipids, whilst the Gb3 trisaccharide (globotrihexosyl), also 

called Pk antigen, is only known on glycosphingolipids. The GlcNAcLac, Gb3 and  aGal 

motifs contain either a lactose or an N-acetyllactosamine inner core (Lac and LacNAc, 

respectively in grey). Yellow squares = GalNAc (N-acetylgalactosamine), yellow circles = Gal 

(galactose), blue squares = GlcNAc (N)acetylglucosamine), blue circles = Glc (glucose). 

Linkages are indicated as a or  b anomers on either position 3 or 4 of the subjacent 

monosaccharide unit.   

  



 28 

 

Figure 2: Relationships between the anti-Tn and anti-aGal levels, ABO phenotypes and 

infection status. Antibodies levels are shown as OD450 nm values at 1: 30 and 1: 50 plasma 

dilutions, respectively. Infected patients are defined as SARS-CoV-2+, regardless of their 

clinical status or subdivided as asymptomatic and symptomatic COVID-19+. Controls 

presented no sign of disease, were RT-PCR negative and anti-S negative. Violin plots show 

median values and quartiles (horizontal bars) for each group. P values from Mann-Whitney 

between-groups comparisons are indicated: *p<0.05, **p<0.01, ****p<0.0001.  
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Figure 3: Relationships between natural anti-carbohydrate antibodies, ABO phenotypes and 

infection status. Analyzed carbohydrate antigens are indicated on each panel. Antibodies levels 

are shown as OD450 nm values at 1: 30 plasma dilutions. Infected patients are defined as 

SARS-CoV-2+, regardless of their clinical status or subdivided as asymptomatic and 

symptomatic COVID-19+. Controls presented no sign of disease, were RT-PCR negative and 

anti-S negative. Plots show median values and quartiles (horizontal bars). P values from Mann-

Whitney between-groups comparisons are indicated: *p<0.05. 
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Figure 4: Correlations between levels of anti-Tn natural antibodies and the other assayed 

natural anti-carbohydrate antibodies. Antibodies levels are shown as OD450 nm values at 1: 30 

or 1: 50 (αGal) plasma dilutions. Correlations were assessed using Spearman r and two-tailed 

p-values after Holm correction for multiple testing are shown. Data sets with p-values <0.05 

are boxed.    
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Figure 5: Relationships between the anti-Tn and anti-aGal levels, ABO phenotypes and the 

levels of anti-S protein. Anti-S protein antibodies of COVID-19 patients were detected and 

quantified by the S-Flow assay at a plasma dilution of 1: 300. Data are shown as percentage of 

positive cells. Only positive plasma samples were considered. (A) correlation between anti-S 

and anti-Tn, Spearman r p value is shown; (B) correlation between anti-S and anti-aGal, 

Spearman r p value is shown; (C) relationship between ABO phenotypes and anti-S. Only anti-

S positive individuals (with cut-off values >30%) were considered. p values from Mann-

Whitney comparisons are indicated: *p<0.05, ***p<0.001.  
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Figure 6: Expression of the Tn epitope in lung and trachea. (A) binding of the anti-Tn 

monoclonal antibody NaM217-2A9 to immobilized polyacrylamide-conjugated carbohydrate 

epitopes (Tn, A blood group trisaccharide, A type 2 and A type 3), human salivary mucins from 

A, B or O secretor individuals and desialylated bovine submaxillary mucin (asialoBSM) were 

assayed by ELISA. Strong reactivity was observed with the Tn-PAA conjugate, and asialoBSM 

that contains large amounts of Tn epitope. (B) Reactivity of the anti-Tn on cell lines detected 

by flow cytometry. Jurkat cells known to express large amounts of Tn epitope were used as a 

positive control. Negative controls are shown as red plots below the blue plots showing data in 

the presence of the anti-Tn NaM217-2A9. (C) Staining of tracheal (middle panel) and bronchial 

epithelial cells (lower panel) by the anti-Tn NaM217-2A9 shown by the brown-red color (stars) 

in a blood group B and a blood group O donor, respectively (type B, type O). The upper panel 

(negative control) shows the lack of staining in absence of the primary anti-Tn antibody. Black 

bar = 100 µm. 

 


