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Abstract

The complex communities of microbes that constitute the human microbiome are influenced by 

host and environmental factors. Here we address how a fundamental aspect of human biology, 

blood type, contributes to shaping this microscopic ecosystem. Although this question remains 

largely unexplored, we glean insights from decades of work describing relationships between 

pathogens and blood type. The bacterial strategies, molecular mechanisms, and host responses that 

shaped those relationships may parallel those that characterize how blood type and commensals 

interact. Understanding these nuanced interactions will expand our capacity to analyze and 

manipulate the human microbiome.
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ABCs of ABO

At the beginning of the 20th century Dr. Karl Landsteiner discovered the ABO blood 

group, which not only informed safe blood transfusions but profoundly contributed to our 

understanding of the human immune system[1]. Over a century later there are 36 recognized 

blood groups but the ABO/H, secretor and Lewis systems remain the most clinically relevant 
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and are known together as the histo-blood group antigens (HBGA)[2] [3]. An individual’s 

blood type can be defined by two factors: 1) specific antigen expression on red blood cells 

(RBC) (Fig. 1) and 2) presence of serum antibodies reactive to blood antigens not found in 

that individual (Fig. 2) [4]. Although these carbohydrate antigens are canonically associated 

with RBC, they are also widely expressed on tissues throughout the body [5], and in nearly 

80% of people they are abundant in the mucous and other secretions (Fig. 3)[6]. Thus, 

HBGAs represent critical players at human-microbe interfaces. Here, we explore the current 

understanding of interactions between blood glycans and microbes -both commensal and 

pathogenic- and how those relationships might impact the microbiome.

ABO polymorphisms are conserved in many primate lineages, indicating that the evolution 

of this system far predates modern humans[7] [8]. The high level of conservation of these 

polymorphisms are suggestive of balancing selection. The patchwork geographic distribution 

of blood group frequencies cannot be explained by migration and genetic drift alone, and 

implicates endemic disease as a strong selecting force for blood group diversity[9][10] [11]. 

Indeed, many pathogens are associated with host blood type and secretor status, including 

malaria, noroviruses, and cholera [12] . Infection likely drove the balancing selection 

that has maintained these polymorphisms. Intriguingly, a number of chronic diseases are 

associated with blood type and have also been linked with the microbiome, such as Type 2 

diabetes, gastric cancers, and asthma[13][14] [15][16][17]. What remains to be thoroughly 

explored is how commensal microbes interact with host blood groups and the influence of 

those interactions on the microbiome and on host health.

Barely a decade after Landsteiner described the ABO blood system, Dr. Alfred Nissle 

suggested people might have protective microbes in their guts. This concept was not fully 

pursued until mid-century with the development of anaerobic culture techniques, and has 

exploded in the last two decades, due to enormous advances in sequencing technologies 

[18]. This frenzy of research has provided unprecedented appreciation and insight into the 

complex microbial communities that colonize and support the human body [19]. While this 

work has uncovered associations between our microbes and nearly every aspect of human 

physiology, the mechanisms driving many of these links remain to be described. Although 

we enjoy relative immunologic harmony with our commensal microbes, we need not start 

from scratch as we try to uncover the ways in which they might associate with blood type, as 

decades of research on pathogens has illuminated some of the mechanisms and implications 

of microbes interacting with HBGAs[20].

Attachment and Adherence

For many microbes, success in the host begins with the ability to adhere, and host glycans 

are ideal receptors. The diversity of blood glycan structures likely arose as a means to 

inhibit the binding of pathogens to host cells, but these molecules also present a scaffold 

for commensals [21] [22] [6]. It has been proposed that the secretion of these glycans also 

evolved as a strategy to bind up pathogens before they encounter infectable cells [23]. These 

evolutionary skirmishes have resulted in differential disease risk based on host blood type. 

For example, enterotoxigenic Escherichia coli (H10407) expresses an adhesion molecule 

that specifically targets the A blood glycan which results in children with type A or AB 
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blood being disproportionately affected by the diarrheal disease caused by this pathogen[24]. 

Helicobacter pylori binds to fucosylated blood antigens on the gastric epithelium and while 

H. pylori can be found in healthy individuals of all blood types, it can better access 

this receptor in type O individuals, putting them at greater risk for the overgrowth and 

pathogenesis of H. pylori [25] [26]. The commensal Lactobacilli have diversified and target 

A, B, and H antigens in a strain specific manner; with L. gasseri OLL2827 targeting the 

H-antigen, L. gasseri OLL2755, OLL2877 the B-antigen, and L. brevis OLL2772 the A 

antigen[27] [28]. An indirect benefit of our commensal bacteria adhering to these receptors 

is that they prevent pathogens from getting a foothold via adhesion exclusion[29].

Masquerading and Mimicry

Once anchored in the host, a microbe needs to avoid detection and clearance. An effective 

tactic to evade host immune responses is directly co-opting or mimicking host antigens[30]. 

A particularly nefarious strategy employed by Group A Streptococcus is to lyse host red 

blood cells and then cloak themselves in the erythrocyte membrane to evade detection by 

circulating immune cells[31]. A more refined strategy is to express molecules that mimic 

host glycans[32]. For instance, E. coli O86 expresses a glycan with high similarity to the 

blood group B antigen[33], and consequently, individuals with type A or O blood can 

more effectively clear this bacteria due to the presence of natural antibodies against the B 

blood antigen which cross react with E. coli’s mimic[34]. This strategy is shared by some 

viruses as well, and notably may be relevant to the observations that both SARS-CoV-1 and 

SARS-CoV-2 impact type-A individuals to a greater extent[35] [36].

The existence of natural antibodies against blood glycans is somewhat enigmatic- arising 

in the absence of canonical immunization. Some evidence suggests that high titers of blood 

antigen antibodies may be driven by widespread mimicry of blood group antigens by 

commensal microbes. Antibodies to blood group antigens appear in the first few months of 

life and increase to adult levels between the ages of 510 [37]. Although the expression of 

these antibodies is ubiquitous in healthy adults, titer levels can vary significantly between 

individuals, as well as within an individual over time [37] [38]. For example, people 

recovering from bowel surgeries have increased titers of anti-blood group antibodies[39].

These observations strongly support a role for environmental exposure, specifically via the 

gastrointestinal tract, for the presence of antibodies to blood group antigens. Indeed, germ 

free animals have virtually no antibodies against HBGAs[40]. Furthermore, individuals 

living in more industrialized regions have decreased ABO antibody titers which is proposed 

to be driven by reduced exposure to bacterial antigens due to changes in lifestyle and 

diet[41]. An ambitious three-year study performed in the 1950’s found that thirty days 

after hatching, germ free chickens had no anti-B antibodies while conventional chicks did, 

lending early experimental support to the theory that gut microbiota may have molecules 

antigenically similar to blood glycans [42]. Since then, it has been shown that many 

strains of gram-negative bacteria have structures with sufficient homology to HBGAs to 

induce the production of antibodies to HGBAs in both animal and human studies[43] [44] 

[45]. While it is clear that exposure to a complex microbiome results in the production 

of anti-ABO antibodies, inoculation with just a few strains of bacteria can induce high 
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levels of these antibodies as well. Two individuals receiving plasma donations suffered 

hemolytic reactions despite previously receiving successful transplants from the same donor. 

It was later discovered that the donor had begun taking a probiotic which contained 

strains of Lactobacilli, Bifidobacteria, and Bacillus subtilis that resulted in massive anti-B 

titers in his plasma[46]. A number of other specific strains with this capacity have been 

identified, among them are E. coli O86, Citrobacter freundii, Bifidobacterium longum, and 

Lactobacillus reuteri [43] [40]. This diverse cohort of bacteria suggests that molecular 

homology or mimicry of HBGAs among bacteria is a widespread phenomenon. Even some 

viruses and plants exhibit these glycan moieties which can result in antibody production[45] 

[43].

Farmers and Foragers

Bacteria not only target HBGAs as receptors but can utilize them as a nutrient source. Some 

bacteria even have the capacity to induce host expression of these glycans. The infant gut 

is dominated by sialylated glycans and the mature gut is defined by fucosylated glycans 

including the ABO blood antigens. This shift to fucosylated glycans, like the induction 

of anti-ABO antibodies, is dependent on colonization of the gut by microbes[47]. The 

induction of glycan expression is of direct benefit to those bacteria that utilize them as food, 

but the benefits aren’t one sided; germ-free mice with immature fucosylation patterns were 

unable to recover in models of inflammatory intestinal diseases[48]. While the maturation 

of the glycan profile in the gut coincides with the maturation of the microbiome, it has 

been shown that even colonization with a single strain, Bacteroides fragilis or Bacteroides 
thetaiotaomicron, can result in a mature glycan expression[48]. To reap the rewards of 

promoting fucosylation, a number of Bacteroides, Ruminococcus, and Bifidobacterium 
strains encode either α -N-acetylgalactosaminidases and/or alpha-galactosidases, enzymes 

that can cleave A and B glycan moieties resulting in the harvest of these nutrients[49] 

[50] [51] [52]. Intriguingly, the abundance and diversity of Bifidobacterium was found to 

be higher in people who are type A and secretors, perhaps indicating that the host glycan 

profile can be particularly beneficial to blood glycan-consuming bacteria [53]. Another 

study identified some members of the genus Ruminococcous as well as B. fragilis as 

features predictive of ABO status although they did not report which blood type they were 

predictive of [54].

The ability to liberate host blood glycans as a nutrient source may facilitate the success 

of certain bacteria in hosts of different blood types, particularly in the absence of 

standard dietary polysaccharides. Deprivation of dietary polysaccharides will cause B. 
thetaiotamicron to switch to host mucins [55], suggesting that the impact of host blood 

type on these nutrient pools may only be evident when dietary polysaccharides become 

limited. In addition to providing the direct benefit of nutrient acquisition, the cleavage 

of HBGAs could benefit the broader microbial community via cross-feeding or syntrophy 

[56]. Microbial grazing on host products does not generally seem to be problematic for 

the host, however if there is a sustained dearth of dietary polysaccharides, as can be the 

case in a western diet, extensive consumption of host mucins can result in damage to gut 

barrier integrity and inflammation[57] [58]. Furthermore, if these bacteria escape the gut 

environment, the ability to harvest host glycans may shift from an adaptive feeding strategy 
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to a virulence factor [59]. Outside of the intestinal milieu, bacterial scavenging of host 

blood glycans can lead to dire consequences. Septic Clostridium tertium can enzymatically 

cleave A-blood glycans into a “b-like” glycan resulting in a temporary functional conversion 

of blood type[60]. This feat is apparently shared with some environmental bacteria, as a 

body recovered from the River Thames was found to have different blood types in different 

tissues[61].

Quandaries and Questions

The relationships between bacteria and host blood glycans are abundant and complex. The 

very existence of different blood types is likely the result of millennia of evolutionary arms 

races and peace treaties between microbes and mammals. While these relationships and the 

mechanisms driving them have been well explored in culturable strains of bacteria, they 

remain relatively unexamined with our commensal bacteria.

Although multiple studies have found that secretor status is significantly associated with 

the overall composition of the microbiome and the relative abundance of specific taxa 

[53][62] [63], there is a dearth of studies examining the role of HBGA expression on the 

microbiome, and the few that have directly asked this question report contradicting results. 

Some indicate host ABO blood type does influence the composition of the microbiome [64] 

[65], while others have not found any associations [54] [66]. What might underlie these 

conflicting reports? The studies that didn’t identify associations were performed on large 

cohorts, which is important for robust analysis but can also introduce more hidden variables 

than the analysis of a smaller more homogenous cohort, such as that of reference 64 which 

was composed entirely of healthy, non-vegetarian, Finnish individuals. A major confounder 

is likely diet, the profound influence of diet on the microbiome has been well established 

and dietary differences could easily obscure the more subtle changes driven by host blood 

type[67] [68]. While existing studies have produced mixed results on the apparent effect 

size of blood type on the microbiome, evidence suggests that this variability is driven by 

underlying heterogeneity that we do not completely understand, supporting the consideration 

of blood type as a potential confounder in human microbiome studies. The ability of diet 

to obscure an influence of blood type on gut microbiome composition, is supported by 

experiments in mice which have shown that in a diet devoid of plant polysaccharides, the 

host carbohydrate repertoire significantly influences the microbiome. However, the effects 

of host carbohydrates are lost in a diet rich in plant polysaccharides[62]. Additionally, 

the few studies on blood type and microbiome focus primarily on healthy adult cohorts, 

but the influence of blood type may be more relevant in the maturing gut and more 

evident in states of dysbiosis or disease[69]. Taken together age, diet, and health status may 

dilute the effect of blood type on the microbiome which could explain conflicting reports. 

Future studies should address and explore these potential confounders to shed insight on 

the nuanced relationship of host blood type and the microbiome. This knowledge would 

have important implications for analyzing the composition of individual microbiomes, for 

informing microbial prevention or treatment strategies, and would provide insight on the 

mechanisms driving host and microbe interactions.
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A mechanistic understanding of how microbes interact with host blood glycans can facilitate 

interventions targeting the microbiome, such as pre or probiotics and fecal microbiota 

transplants[71]. Insight on how host blood type, diet, and the microbiota interact could help 

researchers understand which bacteria would be likely to engraft, which strains would be 

most effective, and which might run the risk of being inflammatory instead of beneficial. 

Furthermore, this mechanistic understanding could also support the implementation of some 

of the techniques microbes have evolved. Indeed researchers are already exploring the 

capacity of bacteria to cleave blood glycans to effectively turn donations of any blood type 

to type O, which can be received by any recipient [50] [52]. Others are exploring the use of 

the B-like antigen from E. coli O86 to adsorb anti-B antibodies in donor fluids, tissues, and 

organs so they can be given safely to individuals with type B blood[70].

Understanding interactions at the host: microbe interface may also clarify if blood type 

could represent a risk factor that turns a commensal into pathobiont. Furthermore, microbial 

mimicry of host has been implicated in autoimmune disease, as have changes in the 

microbiome- it would be compelling to investigate of the importance of HBGA mimics 

in autoimmune disease [72] [73]. Another avenue ripe for exploration is the chronic diseases 

that have been both associated with blood type and the microbiome[74][75]. While our 

understanding of the importance of blood type on the microbiome is nascent, it would be 

useful to include host blood type and diet data in microbiome studies to allow researchers to 

stratify their analyses so that these relationships can be untangled and explored.
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Highlights

• A historical perspective on associations between ABO blood type and 

bacteria.

• Mechanisms that drive relationships between host blood type and commensal 

and pathogenic bacteria.

• Review of conflicting evidence for an influence of host blood type on the 

intestinal microbiome.

• How this knowledge may inform the development of microbiome-targeted 

intervention strategies.
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Figure 1. ABO blood antigens:
• The A and B antigens are determined by which terminal sugar is expressed on a precursor 

oligosaccharide chain, the H antigen.

• The FUT1 gene encodes a fucosyltransferase responsible for the assembly of the H-antigen 

on RBC.

• The expression of A or B or both is determined by the ABO gene, which has three alleles 

that encode the glycosyltransferases responsible for the assembly of the A or B antigen and 

leaves the H precursor unmodified.

• These antigens are expressed throughout the body and can be anchored in cell membranes 

by proteins or lipids or can be secreted.
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Figure 2. Antibodies against foreign blood antigens
• Individuals carry circulating serum antibodies against the blood antigens they don’t 

express. These are mainly IgG and IgM and exposure can induce pro-hemolytic complement 

cascades.

• These are referred to as “natural antibodies” because they are present despite the absence 

of exposure to RBC expressing these antigens.

• Although there is some controversy, it has been hypothesized that natural antibodies are 

generated by environmental exposures to compounds structurally similar to blood antigens, 

some of which may be microbial in origin.
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Figure 3. Secretor status
• ~80% of humans are secretors, meaning their H antigens are released from the originating 

cell. FUT2, the causal locus for secretion, encodes a fucosyltransferase that produces soluble 

H antigen which is decorated by ABO oligosaccharides.

• Secretor status is autosomal dominant and non-secretors are homozygous for nonsense 

mutations at the FUT2 locus.

• These soluble antigens can be found in bodily fluids beyond the circulatory system such as 

saliva, tears, urine, and mucus.
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