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Abstract: This study investigates the relationship between ABO blood group antigens and 

susceptibility to various infectious diseases, including the recent COVID-19 pandemic. The objective 

is to understand the genetic variations of blood types and their role in infectious disease 

susceptibility. The methodology involves a comprehensive review of existing literature, genomic 

studies, and statistical analysis of single nucleotide polymorphisms (SNPs) associated with blood 

types. The results indicate significant correlations between blood group antigens and susceptibility 

to bacterial, parasitic, and viral infections. Notably, blood group O is associated with a lower risk of 

severe malaria due to decreased rosetting, while blood group A shows a higher incidence of 

smallpox and Pseudomonas aeruginosa infections. The findings support the importance of early 

diagnosis and therapeutic development based on blood group genetic variations. 
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1. Introduction 

Blood type indicates a particular reaction pattern antigen or antibody (antiserum) in 

a specified system. Recently more than forty blood group have been discovered which 

vary according to the antigens attached to various components on erythrocyte blood cells 

(RBC) surfaces. Blood groups indicate a particular reaction pattern in antigenic 

determinants in a specified system which is composed of sugar, or proteins expressed on 

the surfaces of red blood cells. The first human blood group system was published by Karl 

Landsteiner in his 17th scientific paper in 1901. He identified three main antigen types, 

called A, B and C (C was later altered to later O for the German “Ohne, meaning “without” 

or “null” in English)(D FARHUD and Yeganeh, 2013, Laura., 2005). 

Independently, in 1907 Jan Jansky categorized human blood groups to four different 

blood group types using roman numerals I, II, III and IV which correspond to the modern 

names O, A, B, and AB. Blood group inheritance pattern of multiple alleles was confirmed 

by Felix Bernstein locus in 1924(Crow, 1993).  

Bernstein’s in 1924 "three allele model" determined for the first-time blood alleles. 

The ABO blood group antigens are encoded by one genetic allele, the ABO locus, which 

has three substitutes (alleles A, B, and O. A) the child obtains one of them alleles from each 

parent. Blood types phenotypes are four and six genotypes in human (Hakomori, 1999). 
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Table (1) illustration the historical discoveries of antigen and its molecular basis in 20th 

century. Subsequent studies clarified the enzymatic synthesis of these antigens. 

The International Society of Blood Transfusion (ISBT) was initiated in 1935, in Paris 

as a committee to regulate standardize the terminology of RBC blood group antigens and 

their expressed alleles. Recently, more than 390 blood group antigens are now recognized, 

most of which are included in 45 diverse antigens (Cox, 2024), with new discoveries being 

made all the time(ISBT, 2023). The ISBT organization aids scientific research and practical 

problems faced in the medical field regarding blood worldwide. Furthermore, ISBT 

provides detailed information related to alleles associated with blood group antigens by 

creating the Blood Group Antigen Gene Mutation Database (BGMUT) is a website 

established(Britannica, 2024, Westhoff et al., 2018). Other types of blood group systems for 

instance –MNS, P1PK, Kell, Duffy, Kidd,Lewis, Lutheran and others have been identified 

as demonstrated in table 2 (Regan, 2017).  

Since those genetic contents defining ABO phenotype is recognized and this subject 

is crucial because of the importance of the enzymatic and genetic basis of this carbohydrate 

structures and the immunological influence antigens in human’s health care. 

Red blood cell antigens 

Erythrocyte blood group antigens are polymorphic, inherited either sugars or 

proteins, and they are attached to various components in the red blood cell membrane. 

The ABO system is comprised of two carbohydrate antigens glycosyltransferases that 

synthesize A and B antigens on RBCs, A and B, and their antibodies (Hakomori, 1999, 

Cooling, 2015). The four blood types O, A, B, and AB differ only in the terminal sugars on 

these surface glycoproteins. The cell-surface glycoproteins end in three sugars from 

attached to free end, N-acetylgalactosamine, galactose, and fucose. A Type O red cell has 

only these. In type A red cell, the galactose in the middle also has another N-

acetygalactosamine attached to it; in type B cells, it also has another galactose attached to 

it; and type AB red cells have both types of sugar chains (Saladin, 2018). 

According to (Regan, 2017) the epitopes of ABO antigens are carbohydrates (sugars) 

that are linked either to polypeptides (forming glycoproteins) or to lipids (glycolipids).  

Moreover, genetic, biochemical and biological functions data on erythrocyte antigens have 

been accumulated.  Distinct types of blood group antigens attached to RBC membrane 

illustrated in (Fig. 1). The figure presented also the aside from the glycan or carbohydrate 

antigens. Three types of protein that carry blood group antigens on red blood cell 

membrane comprises: single integral proteins, multi-pass proteins, and proteins 

glycosylphosphatidylinositol (GPI)-linked proteins. (Westhoff et al., 2018, Laura., 2005). 

Several discovered red blood cell antigens have been discovered. They were named 

alphabetically for instance (ABO, MNS, P) scientists used the name of the first patient who 

produced antibodies against them such as blood system type Duffy and Diago. In 1980 

under the regulation of the International Society of Blood Transfusion (ISBT) (Daniels et 

al., 2004). In addition to its antigens, the human blood content antibodies which are 

stimulated when the immune system response activate against for several factors the 

absent blood antigens, in foods or against in microorganisms. Accordingly, blood group O 

individuals produce anti-A and anti-B antibodies, blood group A individuals have anti-B 

antibodies, and blood group B individuals have anti-A antibody. In contrast the AB 

individuals blood circulation is devoid of both anti-A and anti-B antibodies. During 

transfusion between two persons blood group O is considered as a complete donor, 

however blood group AB characterizes a receiver from all blood group (Dean L, 2005).   
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Table 1: The chronological Major blood groups discoveries in the 20th century  (Farhud 

and Zarif Yeganeh, 2013, Regan, 2017) 

Blood 

Group  
Year Reporter (s)  Epitope Chromosome 

ABO –

System  
1901 

      Landsteiner 

K 

      A, B and H antigens 

(Carbohydrate (N-Acetyl-D-

galactosamine, galactose). ) 

essentially produce IgM 

antibody reactions,  

      9 

M/ N 

system  
1927 

Landsteiner K, 

Levine P 

Main antigens M, N, S, s 

GPA/GPB (glycophorins A 

and B). 

4 

P- system  1927 
Landsteiner K, 

Levine P 
Glycolipid. Antigen P1 22 

Secretor 

and not 

secretor 

ss    

1932 Schiff F, Sasaki H   

Factor Q  1935 Imamuras S   

Rh+, Rh-  1940 
Landsteiner 

K, Wiener A 
Protein antigens. C, c, D, E,  1 

Lutheran 

(Lu)  
1945 

Callenders S, Race 

RR, Paykoc Z 

Immunoglobulin Protein. Set of 21 

antigens 
19 

KeL 

system 
1946 

Coombs RRA, 

Mourant AE, 

Race RR 
 

Antibodies to glycoprotein. 

Producing lead to haemolytic 

disease of the baby producing anti 

K1 can severe 

7 

Lewis   1946 Mourant AE 
Carbohydrate   antigen Lewis 

correlated    
   19 

Duffy  1950 Cutbush et al., 1950) 
Protein (chemokine receptor). Main 

antigens Fya and Fyb .   
1 

Kidd   JK Race RR et al. Protein mostly antigens Jka and Jkb 18 

Diego  1953 Levine P. et al 
Glycoprotein (band 3, AE1 or anion 

exchange).     
17 
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Figure 1; illustrations the Blood group antigens A, B, O and AB chemical structure and 

other antigens attached with three types of blood group proteins single-integrated  

proteins, multi-integrated proteins, and glycosylphosphatidylinositol (GPI)-linked 

proteins (Dean L, 2005).   

These antigens are produced by a series of reactions in which enzymes catalyze the 

transfer of sugar units. While the antigen Rh blood group are large proteins on the red 

blood cell membrane. (RhD or positive D antigen) which is a large protein. Some people 

have a type of the gene that does not produce D antigen, thus the RhD protein is lacking 

from their erythrocytes (Dean L, 2005). 

Blood Group Genes Encoded Antigens 

The genetic structures of the human ABO blood group system are determined by 

the presence or absence of specific alleles on the ABO gene on chromosome 9. There are 

three main alleles that determine the ABO blood group: A, B, and O. Allele A encodes the 

A antigen on the surface of red blood cells. Allele B encodes the B antigen. Allele O does 

not encode any antigen (Westhoff et al., 2018, Regan, 2017). 

The molecular bases of human blood group are controlled by separate genetic loci. 

Initially, ABO genes and their alleles were on the identical chromosomal region on 

chromosome (9) at 9q34.1-q34.2. The genomic structure of ABO genes consists of seven 

exons which extend almost 19 kb of genomic DNA on chromosome 9, band q34. (Dean L, 

2005, Chen et al., 2004).  

In the blood cells the H antigen enzyme synthesizes fucosyltransferases required 

encoded by the H locus (FUT1). Corresponding,  the H antigen which  secreted in saliva 

and other bodily tissue, synthesize enzyme encoded by the Se locus (FUT2) gene (Regan, 

2017). The two linked genes on chromosome 19, FUT1 (or H) and FUT2 (or Se for secretor). 

These two genes  undergo each locus co-dominants Mendelian inheritance and encodes 

for a different enzyme (glycosyltransferase), which attaches specific monosaccharides onto 

precursor disaccharide chains (Shirato, 2011). If the person inherits two identical alleles for 

defective FUT2 which essential for the common non-secretor phenotype when antigen A, 

B, and/or H absent. Homozygous individuals didn’t inherited alleles at both the FUT1 and 

FUT2 loci have the Bombay phenotype (Reid et al., 2012, Daniels, 2013).  

 Modification of oligosaccharides on cell surface glycoproteins determines the ABO 

blood group of an individual. The A/B variations in the sequence of the protein between 

individuals determine the type of modification and the blood group (polymorphism) 

produce from several single nucleotide variations in the ABO gene, which result in A and 

B transferases that have four amino acid differences between them in the catalytic domain, 

two of which (Leu266Met and Gly268Ala) are mainly responsible for the substrate 

specificity. The most common group O allele encodes an inactive glycosyltransferase that 

leaves the ABO antigen precursor (the H antigen) unmodified. The group O phenotype 

results from mutations in ABO that cause a loss of glycosyltransferase activity.   results 

from a single nucleotide deletion near the 5′ end of the gene that causes a frameshift and 

early termination with no active enzyme glycosyltransferase that leaves the ABO antigen 

precursor (the H antigen) unmodified (Westhoff et al., 2018). 

The variation molecular changes associated components carrying antigens that 

consequently resulting diseases associated. (Westhoff et al., 2018).  

It has been found that modifications in blood group antigen expression can rise or 

reduction host susceptibility to many infectious diseases (Cooling, 2015). Furthermore, 

genomic studies found over a hundred different single nucleotide polymorphisms (SNPs) 

as a substitute for blood type for A, B, and AB and in the Leiden Open Variation Database 

(Yamamoto, 2004, Daniels, 2005, Wang et al., 2021). According to (Wang et al., 2021) 

genotyping association between ABO blood groups and SNP of 1008 persons. Several 
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SNPs have been identified (Table 2), however   rs8176719, rs635634 and rs7030248 showed 

significant frequency in patients and potentially sufficient to create a multinomial 

prognostic model (Wang et al., 2021). 

Although genotyping of single nucleotide polymorphisms (SNPs) was carried out 

for everyone in blood centers and transfusion services but for many reasons, do not depend 

on the results of genetic assays for ABO typing. One of these the errors presented by the 

genetic implications comparing to the ABO ideal biochemical blood group detection for 

the huge amount of database can be obtained from genomic analysis for SNPs analysis 

(Cooling, 2015, Wang et al., 2021). 

Table 2. Classification performance of selected SNPs in China Multi-Ethnic Cohort 

(CMEC) for ABO blood types. 

SNP SNP SNP SNP 

O   A   B   AB   

rs2039184 rs2039184 rs77843399 rs9919007 

rs76321958 rs7864821 rs8176720 rs8176746 

rs7864821 rs9919007 rs8176719 rs687289 

rs9919007 rs7857390 rs635634 rs8176681 

rs8176740 rs7853989 rs7030248 rs507666 

rs7853989 rs8176720 rs7025162 rs3118662 

rs4962040 rs8176719 rs493014 full set 

rs529565 rs630014 rs3118662  

rs630014 rs635634 rs7030248 + rs635634  

rs651007 rs7030248 full set  

rs7030248 rs7025162   

rs1752337 rs13289928   

rs493014 rs635634 + rs8176719   

 

Distribution of Blood Group in The World 

The frequency distribution of the four ABO blood groups, A, B, AB, O, and other 

types of antigens varies in different populations throughout the world. Therefore, several 

studies compared the phenotype incidences among diverse ethnic groups and 

populations.  The most common blood type is O in the worldwide, followed by group A. 

Whereas, group B is less frequency, and group AB is the least proportion. In the United 

States the frequencies of blood type ABO and Rh are recently examined by collecting data 

from blood donors over a 10-year and the percentage of   O blood group is highest rate. 

While in the British Caucasian population, the percentage of group A is 42%, B 9%, 

AB 3%, and O 46%, but there is national variation in these occurrences (Garratty et al., 

2004, Regan, 2017) . In Iraq, the most frequencies are for the blood group O,  then A, B as 

blood group and the  lower percentage AB (Salih, 2009).  According to (Abd Ali Al-Maliki 

and Haider, 2020, Salih, 2009) distribution of ABO and RhD blood groups in the Al-Najaf 

province in Iraq  presented  that blood group O is the predominant 39.7% followed by 

blood group A 26.5%, blood group B 24.4% and blood group AB 9.4%. Additionally, the 

percentage of Rh+ (92.6%) while Rh- is (7.4%). 

Both studies finding is in agreement with (Ayit et al., 2022) findings in the 

population of Babylon city in Iraq which showed bloods group O was the most common 

in  both sexes, followed by blood groups B and A, with the B group higher among females 

and less high among men. The AB blood group was the least common of the four. Blood 

type B was prevalent in females (26.97%) compared to males (24.41%). Whereas blood type 

A was more prevalent in males (24.59%) compared to females (24.12%) (Ayit et al., 2022). 

ABO Antigens and Infectious Disease  
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Blood types of antigens have a significant role in infection disease acting as receptors 

or coreceptors for microbes such as bacteria, parasites, and viruses. In addition, many 

blood group antigens are involved in intercellular signal transduction pathways. In the 

other hand antigen can adherence the microorganism membrane. Moreover, several blood 

groups can be involved in immune responses against pathogens agents through modifying 

the innate immune response to infection (Cooling, 2015). 

Previous studies have verified that phenotypes blood group types associated with 

variation response against diverse infections agents for instance bacteria, parasite, viruses 

(Cheng et al., 2005, Kim et al., 2021). Furthermore, many scholars have reported that the 

susceptibility to various diseases, like malignancy, cardiac, hematologic disorders, 

cognitive disorders, diseases, metabolic diseases (Shen et al., 2020, Abegaz, 2021, Franchini 

et al., 2012, Kominato et al., 2020) 

Blood Group Predisposition Association with Bacterial Infection  

Preliminary etiological studies have examined the relationship between blood type 

and bacterial infection resistance against an infectious disease. It has been identified the 

contribution of group O with increased incidence of cholera, plague, tuberculosis 

infections, and mumps. However, blood type A is related to increased incidence of 

smallpox and Pseudomonas aeruginosa infection. Whereas blood type B is found to be 

contributed with increased frequency of gonorrhea, tuberculosis, and Streptococcus 

pneumoniae, E. coli, and salmonella infections. Individuals with blood type AB is related 

with increased rate of smallpox and E. coli and salmonella infections (Harris et al., 2005, 

Cooling, 2015).  Other studies have concluded that Group A individuals rarely may obtain 

a B antigen from a bacterial infection that results in the release of a deacetylase enzyme. 

This converts N-Acetyl-D-galactosamine into a-galactosamine, which is similar to 

galactose, the immunodominant sugar of group B, thereby sometimes causing the red cells 

to appear to be group AB (Cheng et al., 2005, Kim et al., 2021). 

Research conducted by Rowe in 2007 study the association between ABO blood 

groups and Plasmodium falciparum infection severity the bacteria which causing malaria 

showed that participants blood group O, low probability to develop severe malaria 

because of decreased resetting. Resetting is a process where red cells infected attach 

themselves onto healthy red blood cells, as a result this increases the severity of the disease. 

Authors of this study carried out a case-control study where patient from malaria endemic 

regions were selected and included in this study. Next step involved blood group typing 

and measuring the degree of resetting, this was done using flow cytometry. The results of 

the study showed a significantly lower rate of resetting in blood group O compared to 

groups A, B and AB. This suggests that the absence of A and B antigens on surface of red 

blood cells decreases the cells susceptibility from forming rosetts when infected by 

Plasmodium falciparum. As a result, this lowers the severity of malaria in blood group O 

individuals (Rowe et al., 2007). 

Another research study investigated the relationship between blood group O and 

Helicobacter pylori (H. pylori) infection, which emphasises the association of increased 

risk of gastric carcinoma in these individuals. The study included patients that were 

diagnosed with atrophic gastritis and underwent endoscopic biopsy and serological 

testing for H. pylori infection. Standard agglutination methods were conducted for blood 

group typing. Furthermore, the study discovered that individuals with blood group I had 

a higher prevalence of H. pylori infection and were at higher risk of developing gastric 

carcinoma. These results imply the interaction between H. Pylori and blood group antigens 

may play a role to gastric disease pathogenesis (Kitamura et al., 2015).  

Staphylococcus Aureus  

An old Russian investigation (Veselov and Malyshkina, 1988), found a correlation 

between group A and a greater carriage rate of Staphylococcus aureus (S. aureus). A 
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subsequent prospective German investigation looked at 227 healthy volunteers' 

pharyngeal and nasal carriage of S. aureus according to their ABO, Lewis, and Secretor 

status. 156 people with chronic nasal carriage and 77 people with pharyngeal carriage were 

study participants. Upon univariate analysis, there was no significant link between 

Secretor status and ABO group when comparing carriers and non-carriers. But when data 

were examined using Secretor status as a variable in a multivariate analysis, other patterns 

emerged. Group O patients had a higher prevalence of pharyngeal colonization among 

non-secretors 60% while 40% of other blood groups) whereas group A individuals had the 

lowest rate (3/16; 20%). On the other hand, regardless of ABO type, pharyngeal carriage 

was rare among secretors (Se+) (65 – 73.  Nurjadi et al., 2012 concluded that   no association 

was found between nasal carriage and blood groupings. Nasal keratinocytes are 

ectodermal in origin and are unlikely to express either FUT3 or FUT2, as the authors of 

that study stated (Nurjadi et al., 2012). 

Group A and Group B Streptococcus  

Group A Streptococcus (GAS) and Group B Streptococcus (GBS) are bacteria 

responsible for various infections in humans. However, their main targets and modes of 

transmission are different. GAS can cause infections mainly affecting the skin and throat. 

This can lead to cellulitis, impetigo, scarlet fever, pharyngitis (strep throat), necrotizing 

fasciitis, and rheumatic fever in severe instances. Direct contact with infected wounds and 

respiratory droplets is a major form of transmission. GBS, or Streptococcus agalactiae, on 

the other hand, poses a serious risk to newborn children and pregnant women. It can lead 

to serious infections in infants, such as pneumonia meningitis in infants, and sepsis; these 

illnesses are frequently passed from mother to child during delivery(Hon et al., 2020, 

Gergova et al., 2024). GBS can result in amnionitis and urinary tract infections in pregnant 

women. For management of this infection in pregnant women antibiotics are prescribed 

with penicillin being first line choice for both types of bacteria. Pregnant women are 

therefore should be screened for GBS in particular, if they test positive, they should be 

given antibiotics throughout labor (Morcos Hanna and Noor., 2023). 

 

2. Materials and Methods 

Studies and Historical Context 

   After World War II interest in the relationship of ABO blood group types and 

susceptibility to GAS infections grew, with multiple studies between 1932-1968 

investigating blood types in patients and various streptococcal infections. This included 

rheumatic disease, scarlet fever and pharyngitis. The studies revealed a trend linking 

between non-group O status and increased prevalence of streptococcal illness (Haverkorn 

and Goslings, 1969). 

For patients with rheumatic fever and rheumatic disease patients that didn’t display 

blood group O had an increased risk of disease. The range of the relative risk was 1.02 to 

1.55. However, when data from sixteen different studies investigating this combined, they 

looked at 203,454 participants showed that the incidence of non-group O blood types in 

patients (58% versus 55%) was almost the same as in controls (Haverkorn, 1969). This 

suggests that non-O blood types do not substantially increase the risk of these conditions. 

Group B streptococcus 

Regan and colleagues' (1978) conducted a retrospective observational paper which 

revealed that women of blood type B and their babies had a higher prevalence of GBS. Of 

the 1,062 mothers, 11% had a positive GBS culture. According to ABO type, colonized 

mothers 28% against 16%, while colonized newborns (30%), and infected infants (30%) had 

nearly twice as high rates of GBS colonization (Regan, 1978 ).  
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In contrast a prospective case-control in an Ohio study with 50% African Americans 

showed no association. ABO blood group types and GBS bacteria colonization or infection 

were not shown to be significantly correlated in these trials  (Iams and Sprague, 1981. , 

Ancona et al., 1980. ). 

3. Results & Dicussion 

Parasite Infection and ABO Groups 

The relationship between blood group and Schistosoma has been widely 

investigated. A relationship exists between blood group A and increased susceptibility to 

Schistosoma infections, particularly S. mansoni (Ndamba J et al., 1997., Haseeb et al., 2008, 

Camus D et al., 1977). Ndamba with other researchers in (1997) identified the highest blood 

group percentage is group A30.7% to get S. mansoni infection while the percentage 

patients with group O is 10.1%. Additionally, blood group A individuals have more 

predisposition to have periportal fibrosis (Symmers fibrosis) 50.2%, while 20.45% of group 

O individuals. Similar results were reported in two older Brazilian studies, which also 

found an association between hepatosplenic infection and group A (59%) and the 

percentage of group O individuals  is 28% (Camus D et al., 1977, Pereira FEL et al., 1979.). 

Colley and other scientists in 2014 suggested that the absence of anti-A antibody in 

circulation of blood group A individual might cause increasing risk infection with S. 

mansoni susceptibility more than other blood groups. (Colley et al., 2014).  

Blood Group and Risk Infection with viruses   

It has been investigated the relationship between ABO blood groups and likelihood 

of norovirus infection, this showed that participants with blood group O are more 

susceptible to norovirus infection. The results indicate that histo-blood group antigens 

play the role of receptors for the virus. The study conducted analysis of serum samples 

from norovirus infected individuals to determine their ABO blood group and secretor 

status. The study discovered that patients with blood group O presented with increasing 

rate of norovirus infection versus other blood groups. To conclude the study determined 

that specific blood group antigens show a role in viral binding entry, which in return 

increases the likelihood of contracting an infection. (Hutson et al., 2005). 

Secretor Status and HIV Production and Infection  

Sector status refers to specific blood group antigens (ABH antigens) in bodily fluids, 

expressed by the FUT2 gene.  Patients who are referred to as "secretors" (Se+) produce 

saliva and other bodily fluids containing these antigens while "non-secretors" (Se-) do not. 

The role of Secretor status in HIV infection development is a topic of great interest, 

especially in heterosexual transmission. The Secret or statuses of heterosexual partners of 

HIV-positive patients were compared by Blackwell et al. (1991). According to this study, 

spouses who contracted HIV had considerably higher rates of Se+ persons is (88%) 

contrasted with HIV rate (54%) who were HIV negative. On the other hand, those who 

acquired HIV through intravenous drug use or homosexual transmission did not vary in 

their secretor status (Blackwell (Blackwell et al., 1991). 

A larger investigation of HIV transmission among female commercial sex workers 

in Senegal discovered that HIV-1-positive women were more likely to be Se+ (86%) versus 

(72%), even after accounting for co-infection with other sexually diffused infections. 

Combining data from both investigations revealed that a nonsecretor phenotype may offer 

some protection against heterosexual HIV transmission (OR 0.39 [95% CI 0.21 to 0.72]; P = 

0.0022) (Ali et al., 2000). 

Small European research evaluated HIV progression rates among 31 HIV-infected 

males based on Secretor status. According to Kindberg et al. (2006), males with long-term 
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asymptomatic illness were overrepresented in the nonsecretor phenotype (66.7% vs. 21%; 

P < 0.001). 

Lewis Antigens and HIV 

Lewis’s antigens are a different group of blood group antigens, which are glycolipids 

present on the surface of red blood cells as well as in secretions. They are likewise 

determined by the FUT2 gene, much like Secretor status. 

One researcher hypothesized that the Le(b+) phenotype would protect opposed to 

HIV infection. Puissant with his colleagues in (2005) found a moderate in the dominance 

of Le(a−b−) red cells (16% versus 12%; P = 0.007) among 968 HIV-infected individuals. 

When corrected for ABO type, only individuals in groups A and AB showed an increase 

in the prevalence of the Le(b−) phenotype. The authors hypothesized that Le(b)-active 

glycans may operate as a competitive inhibitor of DC-SIGN on mucosal dendritic cells. If 

this theory is true, a Le(b+) maternal phenotype may protect against perinatal HIV 

transmission in breast-fed babies (Puissant, 2005). 

ABO blood groups and HIV  

Studies have proven that HIV can be neutralized by blood group-active antibodies. 

Antibodies against blood type A have been shown by Hansen et al. (1990) to impede HIV 

infection in a dose-dependent manner. Furthermore, the study achieved 80% viral 

suppression at micromolar concentrations by preincubating HIV with a panel of 20 distinct 

antibodies targeting carbohydrate epitopes prior to infection of MT4 cells(Hansen et al., 

1990). 

Further studies have demonstrated that ABO-specific monoclonal antibodies could 

possibly neutralize HIV passaged in human lymphocytes of a known ABO type. for 

instance, HIV in blood group A-positive cell lines were shown to be partly neutralized by 

ABO-incompatible serum (O and B groups), however, this was not achieved when group 

A or heat-inactivated serums were used.  According to these findings, there may be some 

protection against HIV infection provided by ABO incompatibility during the initial viral 

exposure period (Arendrup et al., 1991, Neil et al., 2005). 

A 16-year retrospective study on 271,000 Brazilian blood donors found that group B 

donors had a slightly increased prevalence of HIV. 14% of group B individuals were 

among the 389 HIV-positive donors (0.01%) identified during screening; this proportion is 

slightly greater than the overall population's (9%) or ( 1.5 ) with [95% CI (1.13 -2) (Onsten 

et al., 2013). 

 According to a study has been accomplished in Saudia Arabia (Ahmad A. Shaikh et 

al 2024) to verify relationship of microbial infection among individual donors during blood 

transfusion and ABO group type besides Kell blood system. The scientist observed donors 

blood group O higher risk to infection.  followed by those with group A, B, and lastly AB. 

Significant connotations were detected between HIV and blood group A, hepatitis (B) 

antibodies occurrence and group AB, and malaria and group A. Regarding the association 

of the Kell blood group system with several microbial infections, doners person with the 

Kell-positive hepatitis (B) were the most prevalent, and significant associations, HIV, and 

syphilis     

SARS-CoV  

A comprehensive review done by Cooling 2005 displays a detailed analysis looking 

at the impact of human blood group antigens on host susceptibility to different diseases. 

The analysis found that participants with blood groups A, B and AB are more vulnerable 

to SARS-CoV infection that those with blood group O.  A possible protective factor for 

group O individuals is having anti-A and anti-B antibodies. These antibodies may be able 

to reduce the risk of infection by blocking the virus’s ability to bind to host cells. 
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In addition to this another study conducted by Guillon (Guillon et al., 2008) 

investigated the relationship between spike proteins of SARS-CoV virus and angiotensin-

converting enzyme 2 cellular receptor (ACE2). Results showed that anti-A antibody may 

be able to prevent this interaction; this suggests a possible explanation for the protective 

effect observed in blood group O individuals. This work emphasises the potential 

importance of endogenous antiA antibody in providing SARS-CoV resistance in group O 

patients. (Guillon et al., 2008).   

A study achieved by Cheng et al. in 2005 examined the blood type distribution of 

SARS-CoV patients in Hong Kong. They discovered a far lower percentage of blood group 

O. This study further supports the hypothesis that blood type O provides protection 

against SARS-CoV infection (Cheng et al., 2005). 

The role of CD147 was investigated, also known as Basigin or EMMPRIN.  SARS-

CoV virus uses the CD147 receptor to invade host cells. Blood type antigens may regulate 

the interaction between CD147 and spike proteins, which is an alternative pathway in 

which the virus enters the body. This CD147 mediated entrance is not entirely proven, 

more research is required to further prove this (Cheng et al., 2005).  

Coronavirus-2 (SARS-CoV-2) and Blood Groups 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection is the most 

important recent pandemic infectious disease threaten the worldwide (Zhou et al., 2020, 

Yan et al., 2021). The first case was reported in 2019 in Douhan then the infections quickly 

spread around the world. The virus SARS-COV-2 infects respiratory system of human 

with similar medical examination symptoms with MERS-COV and SARS-COV(Chan et al., 

2020). According to estimates obtained from WHO recent epidemiological report for 

COVID-19 more than seven million deaths have been reported globally(WHO, 2024). The 

infection severity presented ranges from asymptomatic infection to mild disease. The most 

essential symptom of COVID-19 categorized by dry cough, fever, dyspnea, and fatigue, to 

aggressive infection may cause severe respiratory failure and patients’ mortality 

(Schmiedel et al., 2021, Joseph et al., 2020).  

When COVID-19 infection invasive the lower respiratory tract and therefore 

inflammation of lung alveoli patients need for admission intensive care and a ventilator to 

supply oxygen that might be led to mild and moderate COVID-19. The severe COVID-19 

infection can lead to acute respiratory distress syndrome (ARDS), with several organs’ 

failure, consequently, causes patients death (Zhu et al., 2020).  

Coronaviruses are positive-strand RNA viruses ~30 kb (Grellet et al., 2022). Different  

genetic variation SNPs in Covid-19 genome as similar to other viruses change during 

multiple replications some of these modification increase its pathogenesis, transmission 

and vaccine efficiency that have been rapidly spreading worldwide over the pandemic 

time (Malone et al., 2022). Initially, COVID-19 type Alpha was considered as the one of 

virus concern variant by the World Health Organization. It was first identified in Kent in 

the United Kingdom in September 2020 and drove the UK’s second wave. It is considered 

30-40% more transmissible than the original (wild-type) SARS-CoV-2 

coronavirus(Oxford., 23 Jul 2021.). Alpha has since been outpaced by newer variants 

whose mutations spur even more aggressive transmission. Other variants Delta and 

Omicron diffuse subsequently Alpha, each having mutations in two of the three regions. 

It has been suggesting that they may have similar effects on the innate immune 

system(Jennifer Michalowsi and Marks., 2022).  

Blood group Predisposition and COVID-19 

  Several studies aiming to associate genetic variation at the chromosome several 

gene cluster and the blood system type with complement activation and sever infection of 

COVID-19 (Ellinghaus et al., 2020, Eatz et al., 2023, Razaq and Alkufi, 2022). The role of 
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blood type is complicated in the overall process of infection (Cooling, 2015). It has been 

reported that human blood phenotype can play a role in varying a patient’s predisposition 

to coronavirus infection. This view is supported by Alhassani in (2022) with his colleagues 

that blood group A+ is the prevalent proportion comparing with other blood groups and 

the lowest was in the AB+ blood group for both genders.(Alhassani et al., 2022). Similarly, 

Eatz (2023) demonstrated the COVID-19 severity and mortality participants related with 

ABO group. The study analysed of 669 out of 2741 COVID-19-positive, collected patients 

since January 2020 until 31 March 2021 at the University of Miami Emergency Department 

(ED). They found that blood type A is linked to increased risk of respiratory failure while 

blood type O offers some protective effects and less risk of COVID-19 mortality. Finally, 

patients with O- blood type displayed lowest threat of developing COVID-19 pneumonia 

and lowest biomarkers of severe infection than did other blood types (Eatz et al., 2023).  

The study Abegaz (2021) provide in-depth analysis of the viral infections showing 

that the antigen glycoproteins preform as a receptors located on the cell membrane of red 

blood that allow viral to access into the human cell (Abegaz, 2021). The findings of Abegaz 

(2021) are consistent with Goel with other researchers in 2021 results who found that 

persons with ABO blood group have antigens expressed on red cells and other tissues, 

particularly endothelium. The researchers suggested an explanation hypothesis due to the 

differences in SARS-CoV-2 infection by ABO type. For instance, anti-A and or anti-B 

antibodies occur in group O individuals may bind to corresponding antigens on the viral 

envelope causing viral neutralization. Consequently, preventing target cell infection. The 

SARS-CoV-2 virus and SARS-CoV spike (S) proteins could be bound by anti-A is 

agglutinins which present in group O and group B individuals, which may inhibit 

interfaces between virus and angiotensin-converting-enzyme-2-receptor and that may 

lead to avoiding viral accessing inside lung epithelial cells (Goel et al., 2021).  

Recent research has support the previous findings (Ferous et al., 2024) that the A 

blood group may be associated with increased susceptibility to SARS-CoV-2 infection, also 

perhaps with increased disease severity and overall mortality. 

Analysis of the genetic predisposition to determine analyzed single (SNP) involved 

in COVID-19 infection was carried out by several studies (Ellinghaus et al., 2020, Abegaz, 

2021, Razaq and Alkufi, 2022). 

The respiratory failure genome-wide association study (GWAS) set out to determine 

single relationship study collecting 1980 patients with severe Covid-19 and severe 

respiratory infection from seven hospitals in the Italian and Spanish in main European 

SARS-CoV-2 medical center. The researchers identified two significant loci from patients 

with severe COVID‐19 infection, one in chromosome three (3p21.31) and another with 

chromosome 9 (9q34.2.) Further results revealed the association signal located genes locus 

3p21.31, are SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6 and XCR1. The association signal 

at locus 9q34.2 related to the ABO blood group locus. The key gene was ABO. At locus 

3p21.31. SNP at rs11385942 the high frequent for insertion–deletion GA or G variant and 

the rs657152 A or C SNP at locus 9q34.2. Ultimate results for this study a blood-group–

specific analysis showed patients’ blood group A are significantly in risk with severe 

infection. Corresponding to patients with blood group O are more protective than other 

blood groups (Ellinghaus et al., 2020). 

It has been identified specific gene cluster loci at a 3p21.31 polymorphism that 

associated ABO with susceptibility to infect with SARS-CoV-1 in patients with COVID-19 

(Chen et al., 2022, Valenti et al., 2021).     

This finding confirms the association between a modified SNPs at loci (rs11385942) 

that predisposes to severe COVID-19 and is associated with stimulate complement 

production   in circulation blood  in particular C5a and sC5-C9 and C5a only in the non-O 

blood group (Valenti et al., 2021). However, this genetic variation in polymorphism is not 



 84 
 

 

  
European Multidisciplinary Journal of Modern Science 2024, 26 (4), 73-88  https://journal.academicjournal.id/index.php/emjms 

directly affect complement gene expression loci, but it might have related with assistance 

complement activation indirectly by elevated infection severity during systemic 

inflammation and organ failure (Bianco et al., 2021). 

According to the study which established to determine single allele polymorphism 

positions in genome sequence individual of severe COVID-19 infection of Iraqi patients. 

The researchers tried to clarify the genetic variation behind the variance between 

individuals to get severe infection with COVID-19 more than others. They detected a single 

nucleotide two mutants type SNPs for mostly A/C and C/C associated sever infection 

corresponding the sequence, ABO locus rs657152 at the 9q34.2c associate with severe 

infection comparing with the control A/A nucleotide sequence of blood cells in the same 

loci of mild infection patients and with the normal control sequence individuals (Razaq 

and Alkufi, 2022). 

In another study conducted by (Valenti et al., 2021) find out variant at the rs11385949 

G>GA, located on the chromosome 3 gene cluster related with severe COVID-19 

susceptibility. Furthermore, the study showed that complement pathway activation at 

rs11385949, which affected especially C5a and SC5b-9 in all blood groups except O blood 

group stimulate C5a levels. Also, the rs11385949 risk variant associated with complement 

activation and blood ferritin titer during viral replication. Finally, the study concludes that 

linking genetic susceptibility to increase COVID-19 pathogenesis with a heavy 

inflammatory response (Valenti et al., 2021). 

 

4. Conclusion 

  Blood provides an ideal opportunity for the study of human variation different 

responses and genetically inherited variation with blood typing systems associated with 

increasing or drop microbial infection.  Also significant is the fact that the Human blood 

group system thus contains several different antigenic determinants associations with 

infectious diseases that play a significant role in infection pathogenesis. Finally, the 

number of human genomic variations associated with COVID-19 infection that increase 

susceptibility and severity of infection has been widely investigated in different 

populations. Several putative risk loci have been identified in ABO blood system 

associated with patients infected with   SARS-2 viral infection. 
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