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SUMMARY 

 

Background: ABO blood groups have certain connections with the occurrence of various infectious diseases. This 

article mainly explored the association between transfusion-transmitted infections (TTIs) and ABO blood groups 

and identified other possible influencing factors. 

Methods: This study retrospectively analyzed the TTIs results of 257,117 blood donors and analyzed the relation-

ship between age, gender, and blood groups and TTIs. 

Results: The treponema pallidum (TP) infection rate in A and AB blood donors were significantly higher than that 

in B and O blood donors (p = 0.023), and the TP infection rate in women was significantly higher than that in men 

(p = 0.007). Age is an independent risk factor for HBsAg and TP infection [OR (95% CI): 1.4 (1.32 - 1.49), 1.44 

(1.38 - 1.51)], and the infection rate gradually increases with age (p for trend 0.001). There may be a significant as-

sociation between blood group A and TP infection risk [adj. OR (95% CI): 1.13 (1 - 1.28), p = 0.045], and the risk 

of blood group A increased by 13% compared with non-A group. Blood group A is an independent risk factor for 

TP infection. There is a significant association between blood group AB and hepatitis B virus (HBV) infection risk 

[adj. OR (95% CI): 0.71 (0.52 - 0.96), p = 0.026]; blood group AB has a 29% lower risk of infection compared with 

the non-AB group, so blood group AB is an independent protective factor against HBsAg infection. 

Conclusions: The positive rate of TTIs among local blood donors is related to blood group and age, which has cer-

tain guiding significance for the recruitment of blood donor TTIs screening. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.250539) 
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INTRODUCTION 

 

Transfusion-transmitted infections (TTIs), including 

HBV, hepatitis C (HCV), human immunodeficiency vi-

rus (HIV) infection, and treponema pallidum (TP), are 

the most serious complications that can result from 

blood transfusions, posing a significant threat to pa-

tients' health [1]. According to global statistics, approx-

imately 2 billion individuals are infected with HBV, 

150 million with HCV, 33 million with HIV, and about 

12 million annually with TP [2-5]. TTIs have a serious 

impact on the quality of life of the blood recipients and 

impose a considerable economic burden on society [6]. 

Unqualified blood products represent the primary cause 

of TTIs [7]. In the 1990s, the World Health Organiza-

tion (WHO) recommended that blood products used for 

blood transfusion therapy should be screened for HBV, 

HCV, HIV, and TP to ensure the safety of blood prod-

ucts. 

The surface of red blood cells (RBCs) contains various 

blood group antigens composed of polysaccharides and 

proteins. In addition to their expression on RBC, blood 

groups antigens are also expressed in tissues or cells 

such as sensory neurons, platelets, vascular endothelial 

cells, malignant cells, and so on [8,9]. Among the iden-

tified blood group antigens, the ABO system is of para-

mount importance within the human blood group sys-

tem. Apart from its critical clinical significance in blood 

transfusion and transplantation, research has revealed 

associations between blood group antigens and numer-

ous diseases, including cancer, cardiovascular disease, 

infection, hematologic disorders, cognitive impairment, 

circulatory diseases, metabolic conditions, and malaria 

[10]. There are numerous literature reports on the corre-

lation between blood groups and TTIs, yet the results 

are not completely consistent [11-16]. In view of this, 

this paper collected relevant test results for blood do-

nors in Nantong, China, to explore the distribution char-

acteristics of HBV, HCV, HIV, and TP in blood donors 

in order to improve blood transfusion safety. 

 

 

MATERIALS AND METHODS 

 

General information 

To ensure blood quality and safety, all donors complet-

ed a detailed donor health questionnaire prior to donat-

ing blood, which includes inquiries about family histo-

ry, clinical conditions, and infection-related conditions. 

All donors in this study were consulted and evaluated 

according to standard operating procedures prior to do-

nating blood. The inclusion criteria for blood donors 

were as follows: aged between 18 - 55 years old (those 

who donate multiple times may extend to 60 years); 

weight: male ≥ 50 kg, female: ≥ 45 kg; blood pressure 

within the range of 90 - 140/60 - 90 mm Hg; and a pulse 

pressure difference of ≥ 30 mm Hg. 

We excluded donors with various infectious diseases, 

chronic inflammation, history of blood transfusion, 

pregnancy of less than six months, a history of blood 

transfusion within the past five years, a history of drug 

abuse, participation in high-risk activities, tumors, and 

other diseases deemed unsuitable for blood donation by 

the medical examination doctor. All donors had to pro-

vide written informed consent before donation. 

Throughout the donation process, donors were required 

to adhere to various pre-donation procedures to ensure 

safety and prevent any adverse events. 

 

Methods 

Peripheral venous blood (5 mL) was collected by blood 

donors, and the enzyme-linked immunosorbent assay 

was conducted for the detection of HBsAg, HCV-Ab, 

HIV-Ab, and TP-Ab (Beijing Wantai Biopharmaceuti-

cal Co., Ltd.). ABO blood groups of blood donors were 

identified by agglutination assay: Anti-A and anti-B 

standard serum were used to detect ABO antigen on the 

surface of red blood cells in blood donors, and A and B 

standard red blood cells were used to detect anti-A and 

B antibodies in the serum. The anti-A and anti-B blood 

groups typing reagents and the ABO blood groups anti-

forming red blood cell kits were both from Shanghai 

Blood Biopharmaceutical Co., Ltd. 

During blood collection and testing, all biosafety pre-

ventive measures and infection control protocols were 

followed. Data from 257,117 blood donors who donated 

blood at Nantong Blood Center from January 2019 

through December 2023, including age, gender, ABO 

blood groups, and TTIs markers results, were collected 

from the Nantong Blood Center information system. All 

records were screened based on ID numbers, and repeat 

blood donors’ records were retained with only the most 

recent sample test results. 

Given that the frequency of Rh(D) negativity among the 

Han population was between 0.2% - 0.5%, the case data 

collected for this study consisted solely of Han individ-

uals. Consequently, we did not undertake research on 

Rh(D) blood groups. Furthermore, although nucleic acid 

tests of TTIs were performed concurrently, a positive 

result in any of these tests classified blood donors as un-

qualified; as a result, nucleic acid testing was not con-

ducted on the entire population, leading to a significant 

number of missing nucleic acid test results. Hence, 

these nucleic acid results were excluded from the pres-

ent study. 

This study was carried out in accordance with the dec-

laration of Helsinki and was approved by the ethics 

committee of the Affiliated Hospital of Nantong Uni-

versity (2024-K200-01). Due to the retrospective nature 

of the study, written informed consent was exempted. 

 

Statistical analysis 

This study conducted statistical analysis on the data us-

ing SPSS 20.0. Continuous variables were normally dis-

tributed and expressed as x ± s, and the comparison 

between groups was conducted by t-test; categorical da-

ta is represented by n (%), and chi-squared test was 

used for comparison between groups. No missing vari-
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ables were included in this study. p < 0.05 was consid-

ered statistically significant. 

 

 

RESULTS 

 

Distribution of the positive rates of TTIs antibodies 

in blood donors 

A total of 257,117 samples were included in this study, 

with an average age of 37.8 ± 11.6 years, out of which 

143,586 were male, accounting for 55.8%, and 113,531 

were female, accounting for 44.2% (Table 1). From the 

perspective of blood group distribution, blood group O 

was the most common one, accounting for 31.5%, fol-

lowed by group A (30.8%), group B (27.9%), and group 

AB (9.8%). The mean age of HBsAg- and TP-positive 

individuals was higher than that of -negative individuals 

(p < 0.001). The infection rate of TP was significantly 

correlated with gender and blood groups (p = 0.007, p = 

0.023). Among the infected individuals, TP-Ab had the 

highest infection rate (0.50%), followed by HBsAg 

(0.20%), HCV-Ab (0.20%), and HIV-Ab (0.10%). The 

infection rates of TP in different blood groups were sta-

tistically significant. The infection rates of TP in group 

A and group AB were significantly higher than those in 

group B and O (p = 0.023), and the infection rates of TP 

in women were significantly higher than those in men 

(p = 0.007). There was no significant difference in the 

infection rate of HBsAg among the different genders 

and the four blood groups (p = 0.126, p = 0.099) and no 

difference in the infection rate of HCV and HIV in age, 

gender, and the four blood groups. (p-values were all > 

0.05), as shown in Table 2. 

 

The relationship between the positive rate of TTIs 

antibodies in blood donors and age 

As the infection rate of TTIs is significantly correlated 

with age, we grouped age by quintile and found that 

there were statistical differences in the infection rates of 

HBsAg, HCV, and TP among different age groups (p < 

0.001, p = 0.002, p < 0.001). We witnessed an interest-

ing phenomenon: the infection rates of HBsAg and TP 

gradually increased with age (p < 0.001), and the HCV 

infection rates of people aged 18 - 33 and 50 - 60 were 

significantly higher than those of people aged 34 - 49    

(p = 0.002), as shown in Table 3. 

We calculated the infection rates for each age group and 

used the logistic regression model to estimate the crude 

odds ratio (crude OR) and adjusted odds ratio (adj. OR) 

respectively to evaluate the impact of age on infection 

risk, as shown in Table 4. The crude OR did not con-

sider other potential confounders, while the adj. OR in-

cluded two variables of gender and blood group in the 

model to more accurately reflect the independent effects 

of age. As shown in this table, compared with group 1 

(reference group), the risk of HBsAg infection in group 

2 increased slightly when the confounding factors were 

not adjusted, but the difference was statistically nonsig-

nificant [crude OR (95% CI): 1.18 (0.82 - 1.71), p = 

0.373]. However, starting from group 3, the crude OR 

was significantly increased [crude OR (95% CI): 2.58 

(1.85 - 3.58), p < 0.001]; the risk of infection in this 

group was about 1.58 times that of group 1, and the dif-

ference was statistically significant. The crude OR of 

group 4 and group 5 increased further, and the infection 

risk was 2.36 times and 2.69 times that of group 1 

[crude OR (95% CI): 3.26 (2.37 - 4.47); crude OR (95% 

CI): 3.69 (2.7 - 5.05), p all < 0.001), respectively]. After 

adjusting for gender and blood group, the adj. OR and 

crude OR of each group showed little change, and the 

infection rate of HBsAg still showed a significant in-

creasing trend with age (p for trend < 0.001). It shows 

that age is an independent risk factor for HBV infection. 

Age had similar effects on the infection rates of TP. Af-

ter adjusting for gender and blood group, the adj. ORs 

of each group were basically consistent with crude ORs, 

showing a significant increasing trend with age. In the 

calibration model, compared with group 1, the risk of 

TP infection in group 2 increased by 37% (95% CI: 

1.04 - 1.8, p = 0.023), the risk of TP infection in group 

3 increased by 135% (95% CI: 1.83 - 3.02), the risk of 

TP infection in group 4 increased by 251% (95% CI: 

2.77 - 4.45), and the risk of TP infection in group 5 in-

creased by 328% (95% CI: 3.39 - 5.4, all p < 0.001). 

Consequently, with the increase of age, the risk of TP 

infection increased significantly [p for trend < 0.001, 

crude OR (95% CI): 1.45 (1.38 - 1.51); adj. OR (95% 

CI): 1.44 (1.38 - 1.51)], indicating that age is an inde-

pendent risk factor for TP infection. 

HCV infection rate fluctuated among different age 

groups. The infection rate was 0.2% in group 1 and 2, 

decreased to 0.1% in groups 3 and 4, but increased to 

0.2% in group 5. The risk of infection in group 2 was 

lower than that in group 1, but the difference was statis-

tically nonsignificant [crude OR (95% CI): 0.81 (0.61 - 

1.08), p = 0.150]. The risk of HCV infection in group 3 

was 32% lower than that in group 1, and the difference 

was statistically significant [crude OR (95% CI): 0.68 

(0.5 - 0.93), p = 0.014]. 

The infection risk of group 4 was reduced by about 46% 

compared with group 1, and the difference was signifi-

cant (crude OR (95% CI): 0.54, 0.39 - 0.74, p < 0.001). 

The risk of infection in group 5 was 21% lower than 

that in group 1, and the difference was statistically non-

significant [crude OR (95% CI): 0.79 (0.6 - 1.05), p = 

0.109]. After adjusting the model, the adj. OR and crude 

OR of group 3, group 4, and group 5 were not signifi-

cantly different [adj. OR (95% CI): 0.68 (0.50 - 0.93), p 

= 0.014; 0.53 (0.39 - 0.74), p < 0.001; 0.79 (0.59 - 

1.05), p = 0.105], and the trend of infection risk reduc-

tion remained unchanged. The abovementioned results 

suggest that the infection rate of HCV fluctuates in dif-

ferent age groups, but with the increase of age, the risk 

of HCV infection gradually decreases with statistical 

significance [adj. OR (95% CI): 0.91 (0.85 - 0.98), p for 

trend = 0.011], indicating that age is a protective factor 

of HCV infection. 
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Table 1. Distribution of TTIs rates by age, gender, and blood groups. 
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Table 1. Distribution of TTIs rates by age, gender, and blood groups (continued). 
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Table 2. Vertically-arranged distribution by blood groups and gender. 

 

Variables 

Total 

(n = 

257,117) 

Blood groups 

p Statistic 

Gender 

p A 

(n = 

79,250) 

B 

(n = 

71,740) 

O 

(n = 

81,029) 

AB 

(n = 

25,098) 

Female 

(n = 

113,531) 

Male 

(n = 

143,586) 

HBsAg, 

n (%) 
     0.099 6.284   0.126 

Negative 
256,485 

(99.8) 

79,048 

(99.7) 

71,570 

(99.8) 

80,814 

(99.7) 

25,053 

(99.8) 
  

113,271 

(99.8) 

143,214 

(99.7) 
 

Positive 
632 

(0.20) 

202 

(0.30) 

170 

(0.20) 

215  

(0.30) 

45 

(0.20) 
  

260 

(0.20) 

372  

(0.3) 
 

HCV-Ab,  

n (%) 
     0.708 1.389   0.476 

Negative 
256,703 

(99.8) 

79,123 

(99.8) 

71,618 

(99.8) 

80,898 

(99.8) 

25,064 

(99.9) 
  

113,341 

(99.8) 

143,362 

(99.8) 
 

Positive 
414 

(0.20) 

127  

(0.2) 

122 

(0.2) 

131  

(0.20) 

34  

(0.10) 
  

190 

(0.20) 

224  

(0.2) 
 

HIV-Ab,  

n (%) 
     0.075 6.911   0.161 

Negative 
256,837 

(99.9) 

79,176 

(99.9) 

71,669 

(99.9) 

80,931 

(99.9) 

25,061 

(99.9) 
  

113,419 

(99.9) 

143,418 

(99.9) 
 

Positive 
280 

(0.10) 

74  

(0.1) 

71  

(0.10) 

98  

(0.10) 

37  

(0.10) 
  

112 

(0.10) 

168  

(0.10) 
 

TP-Ab,  

n (%) 
     0.023 9.499   0.007 

Negative 
255,926 

(99.5) 

78,850 

(99.5) 

71,437 

(99.6) 

80,675 

(99.6) 

24,964 

(99.5) 
  

112,959 

(99.5) 

142,967 

(99.6) 
 

Positive 
1,191 

(0.50) 

400 

(0.50) 

303 

(0.40) 

354  

(0.40) 

134  

(0.50) 
  

572 

(0.50) 

619  

(0.40) 
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Table 3. Distribution of TTIs rates in different age groups. 

 

Variables 

Total  

(n = 

257,117) 

Group 1 Group 2 Group 3 Group 4 Group 5 

p 18 - 24 years 

(n = 47,220) 

25 - 33 years 

(n = 53,480) 

34 - 40 years 

(n = 49,098) 

41 - 49 years 

(n = 53,679) 

50 - 60 years 

(n = 53,640) 

HBsAg, 

n (%) 
      < 0.001 

Negative 
256,485 

(99.8) 

47,171  

(99.9) 

53,414  

(99.9) 

48,967  

(99.7) 

53,498  

(99.7) 

53,435 

(99.6) 
 

Positive 
632  

(0.2) 

49 

(0.1) 

66  

(0.1) 

131  

(0.3) 

181  

(0.3) 

205 

(0.4) 
 

HCV-Ab, 

n (%) 
      0.002 

Negative 
256,703 

(99.8) 

47,120  

(99.8) 

53,388  

(99.8) 

49,027  

(99.9) 

53,618  

(99.9) 

53,550  

(99.8) 
 

Positive 
414  

(0.2) 

100  

(0.2) 

92  

(0.2) 

71  

(0.1) 

61  

(0.1) 

90  

(0.2) 
 

HIVAb,  

n (%) 
      0.181 

Negative 
256,837 

(99.9) 

47,180  

(99.9) 

53,408 

(99.9) 

49,045 

(99.9) 

53,625 

(99.9) 

53,579  

(99.9) 
 

Positive 
280  

(0.1) 

40  

(0.1) 

72  

(0.1) 

53  

(0.1) 

54  

(0.1) 

61  

(0.1) 
 

TP-Ab,  

n (%) 
      < 0.001 

Negative 
255,926 

(99.5) 

47,134  

(99.8) 

53,347 

(99.8) 

48,888  

(99.6) 

53,335 

(99.4) 

53,222 

(99.2) 
 

Positive 
1,191 

(0.5) 

86  

(0.2) 

133  

(0.2) 

210  

(0.4) 

344  

(0.6) 

418  

(0.8) 
 

 

 

 

 

The relationship between the positive rate of TTIs 

antibodies and blood groups in blood donors 

We tried to group blood groups according to A, non-A, 

B, non-B, O, non-O, AB, and non-AB. We found that 

compared with group non-A, the TP-Ab positive rate of 

group A donors was higher, and the difference was sta-

tistically significant (p = 0.038); compared with non-

AB group, the positive rate of HBsAg for group AB do-

nors was lower, and the difference was statistically sig-

nificant (p = 0.025), as shown in Table 5. We further 

used the logistic regression analysis method. After ad-

justing for the two potential confounding factors of age 

and gender, we calculated the adj. OR and 95% CI of 

each group compared with others to evaluate the inde-

pendent impact of blood groups on the risk of infection, 

as shown in Table 6. The infection risk of group A do-

nors increased by about 13% compared with non-A 

blood donors, (adj. OR: 1.13, 95% CI: 1 - 1.28, p = 

0.045). This indicates that group A is an independent 

risk factor for TP infection. The infection risk of group 

AB was reduced by about 29% compared with non-AB 

group (adj. OR: 0.71, 95% CI: 0.52 - 0.96, p = 0.026). 

Group AB was an independent protective factor for 

HBsAg infection. This result means that there is a sig-

nificant correlation between blood groups and the risk 

of HBV and TP infection. 

DISCUSSION 

 

Since the discovery of the human ABO blood groups 

system, researchers have conducted extensive discus-

sions on the correlation between blood groups and vari-

ous diseases. However, the results have been inconsis-

tent, and the mechanism behind the relationships re-

mains a mystery. In this study, we screened 257,117 

blood donors and analyzed the relationship between 

age, gender, and blood groups and the positivity rate of 

TTIs antibodies. 

We observed that the number of male donors exceeded 

the number of female donors. The most prevalent blood 

groups among donors were O and A, followed by B and 

AB, which aligns with the findings of other studies [6, 

11,17]. Interestingly, Sana’s findings indicated that 

group A (28.947%) was the most frequent, followed by 

group O (22.267%) [18], whereas other studies have 

typically found group B to be most common, followed 

by blood group O [19]. This discrepancy may stem from 

the varying distributions of blood group systems in dif-

ferent races and regions. 

A study on the demographic characteristics of TTIs 

among blood donors from 14 different blood banks in 

China revealed that donors over 36 years of age had a 

higher risk of TP infection compared to other TTIs. 
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Table 4. The relationship between each age group and HBsAg, HCV Ab, and TP-Ab. 
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Table 4. The relationship between each age group and HBsAg, HCV Ab, and TP-Ab (continued). 
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Crude means unadjusted model, adjusted model is adjusted for gender and blood groups. 

 

 
 

 

Within this group, the infection rate of TP in women 

was found to be higher than that in men, and gender was 

identified as an independent predictor of TP infection   

(p < 0.05) [20]. This study bears a striking resemblance 

to our own findings. In our study, TP emerged as the 

disease with the highest infection rate, which also in-

creased progressively with age. Notably, the infection 

rate among individuals over 34 years old and women 

experienced a significantly rise. Regrettably, this study 

did not incorporate blood groups analysis, and the sam-

ple size was limited to 1,976 participants. Our study in-

dicates that the positivity rate of HBsAg also escalates 

with age, aligning with the outcomes of Behal's study 

[21]. 

We found that the TP infection rate among group A and 

AB donors were significantly higher than that among 

group B and O donors. Furthermore, we determined that 

the risk of TP infection in group A increased by approx-

imately 13% compared with non-A, and that group A is 

an independent risk factor for TP infection. Conversely, 

the risk of HBsAg infection in group AB is reduced by 

about 29% compared with non-AB groups, and blood 

group AB is an independent protective factor against 

HBsAg infection. Similar to our findings, a meta-analy-

sis showed that group B was associated with a lower 

risk of HBV infection [22]; Hassan reported the lowest 

incidence of HBV among Iraqi blood donors [23]. How-

ever, there are also some divergent research outcomes. 

Thakur´s study found that the prevalence of HBV is not 

related to ABO blood group antigen [24]. 

A study of the physical examination population from 31 

provinces in China indicated that individuals with blood 

group O had a higher risk of HBV infection (adj. OR: 

1.22, 95% CI: 1.20 - 1.25) [25]; Additionally, a survey 

of maternal women at confinement centers revealed that 

those with blood group AB were associated with an in-

creased risk of HBV infection (adj. OR: 1.134, 95% CI: 

1.024 - 1.256, p = 0.016) [26]. A study conducted in 

Saudi Arabia revealed an association between ABO 

blood group and TTIs, particularly noting that blood do-

nors with blood groups O blood have a higher risk of 

TTIs [12]. Conversely, Biruk’s research in Ethiopia 
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Table 5. Pairwise comparisons of blood groups based on presence and absence of TTIs. 
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Table 6. Influence of ABO blood groups on TTIs markers. 
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Crude means unadjusted model, adjusted model is adjusted for gender and age. 



ABO Blood Groups and Transfusion-Transmitted Infections 

Clin. Lab. 2/2026 11 

found no significant correlation between blood group 

and TTIs markers among blood donors [27]. In Paki-

stan, however, group A is notably linked to HIV and 

HBV infection, whereas group O does not appear to be 

significantly associated with TTIs and may even offer 

some protective benefits [16]. Mohammadali discovered 

that HBV and HIV infection were significantly associat-

ed with blood groups in Iranian blood donors, with a 

higher proportion of HIV Ag/Ab in group A blood do-

nors and a lower proportion in group O blood donors 

[2]. Additionally, a study among South African blood 

donors found no association between HIV infection and 

ABO blood groups, aligning with our findings [28]. The 

aforementioned studies on the correlation between 

blood groups and TTIs markers originate from various 

countries and regions, and the reasons for the stated dis-

crepancies may be attributed to racial differences. 

The correlation between blood groups and certain spe-

cific infectious diseases has also been reported. Studies 

have shown that individuals with group O are associated 

with an increased incidence of cholera, plague, tubercu-

losis infection, and mumps, while group A is associated 

with an increased incidence of smallpox and Pseudo-

monas aeruginosa infection [10]. Group B is associated 

with increased incidence of gonorrhea, tuberculosis, 

Streptococcus pneumoniae, Escherichia coli, and Sal-

monella infections. Group AB is associated with the in-

creased incidence of smallpox, Escherichia coli, and 

Salmonella infections. These studies show that there is a 

certain correlation between blood groups and infectious 

diseases, potentially due to multiple underlying mecha-

nisms. Blood groups can act as receptors and/or auxil-

iary receptors of the virus and play a direct role in infec-

tion. Furthermore, blood group antigen promotes intra-

cellular uptake, signal transduction, or adhesion through 

the tissue membrane microdomains, thereby influencing 

viral susceptibility [29]. For instance, norovirus can rec-

ognize and bind to B antigens, facilitating the virus's en-

try into host cells and making individuals with group B 

more susceptible to norovirus infection. This binding 

not only impacts the virus's infection efficiency but may 

also be related to the severity of the disease [30]. Blood 

group antigens can also influence the virus internaliza-

tion process. Some studies suggested that blood group 

antigens may alter the internalization pathway or effi-

ciency of viral particles by interacting with viral surface 

proteins, thus affecting the number and speed of viruses 

entering host cells. For example, anti-A antibodies may 

inhibit the binding of HIV virus and ACE2 on the sur-

face of human cells, which may affect the spread of the 

virus [31]. The distribution and density of blood group 

antigens on the cell membrane may affect the formation 

of membrane micro-regions required for viral replica-

tion, thus providing an appropriate microenvironment 

for viral replication [29,32]. It appears that blood group 

antigens can influence various aspects of the virus, in-

cluding recognition, replication, infection, and transmis-

sion, through various channels and methods. 

There are some limitations in this study. Given that it is 

based on observational studies, while blood groups are 

associated with TTIs, it cannot be concluded that blood 

groups are the direct cause of changes in disease risk. 

Secondly, due to the limited data collected, we only 

adjusted for age, gender, and blood groups, and did not 

account for other potential confounders. Thirdly, since 

our research population is based on the data from local 

blood donors, it lacks universality. The possible mech-

anism linking blood groups with TTIs will be the sub-

ject of further study. 
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