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The effect of ABO blood group 
and antibody class on the risk 
of COVID‑19 infection and severity 
of clinical outcomes
Marwa Ali Almadhi1, Abdulkarim Abdulrahman1,2, Abdulla Alawadhi1,3, Ali A. Rabaan4, 
Stephen Atkin5 & Manaf AlQahtani1,3,5*

The COVID‑19 pandemic has affected more than 100 million cases and caused immense burdens on 
governments and healthcare systems worldwide. Since its emergence in December 2019, research 
has been focused on treating the infected, identifying those at risk and preventing spread. There is 
currently no known biological biomarker that predicts the risk of infection. Several studies emerged 
suggesting an association between ABO blood group and the risk of COVID‑19 infection. In this study, 
we used retrospective observational data in Bahrain to investigate the association between ABO 
blood group and risk of infection, as well as susceptibility to severe ICU‑requiring infection. We found 
a higher risk associated with blood group B, and a lower risk with blood group AB. No association 
was observed between blood group and the risk of a severe ICU‑requiring infection. We extended the 
analysis to study the association by antibodies; anti‑a (blood groups B and O) and anti‑b (blood groups 
A and O). No association between antibodies and both risk of infection or susceptibility to severe 
infection was found. The current study, along with the variation in blood group association results, 
indicates that blood group may not be an ideal biomarker to predict risk of COVID‑19 infection.

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), the virus causing the current COVID-19 
pandemic, has led to over 100 million cases and 2 million deaths  worldwide1. The rapid spread of the disease 
has inflicted immense strains on healthcare and testing resource. Critically ill cases are most likely to raise the 
epidemiological curve for COVID-19, and overburden the health care  system2, and hence identifying individu-
als most at risk is critical to managing the pandemic. There is currently no known biological biomarker that can 
predict the risk of being infected. Several studies have emerged showing an association between ABO blood 
types and the risk of COVID-19 infection. This is not unlikely, as many studies previously suggested associations 
between blood group and other diseases and infections, including SARS-CoV-13–5. This observation was first 
reported by Zhao et al. for SARS-Cov-2, with blood group A showing a higher risk of COVID-19 infection and 
mortality, and blood group O showing a decreased  risk6. These findings have been replicated in several other 
 reports7–11. Further analysis of this data was conducted by antibodies, classifying blood groups as anti-A (blood 
groups B and O) and anti-B (blood groups A and O), and suggested that anti-A antibodies are less associated 
with COVID-1912. However, a recent article by Latz et al. reports contradicting observations, where higher risk of 
infection was observed for individuals of blood group B instead of  A13. This recent contradiction to the literature 
has added ambiguity to the field. Hence, our objective is to identify whether the risk of COVID-19 infection and 
severity of clinical outcomes are associated with ABO blood groups and antibodies.

Methods
The protocol and manuscript for this study were reviewed and approved by the National COVID-19 Research 
and Ethics Committee in Bahrain (Research and Ethical Approval Code: CRT-COVID2020-084). This commit-
tee has been jointly established by the Ministry of Health and Bahrain Defense Force Medical Services research 
and ethical committees in response to the pandemic, to facilitate and monitor COVID-19 research in Bahrain. 

OPEN

1National Taskforce for Combating the Coronavirus (COVID-19), Riffa, Bahrain. 2Mohammed Bin Khalifa Cardiac 
Centre, Awali, Bahrain. 3Bahrain Defence Force Hospital, Riffa, Bahrain. 4Molecular Diagnostic Laboratory, 
John Hopkins Aramco Healthcare, Dhahran, Saudi Arabia. 5Royal College of Surgeons in Ireland, Busaiteen, 
Bahrain. *email: drmanaf@gmail.com

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-84810-9&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |         (2021) 11:5745  | https://doi.org/10.1038/s41598-021-84810-9

www.nature.com/scientificreports/

All methods and retrospective analysis of data was approved by the National COVID-19 Research and Ethics 
Committee, and carried out in accordance with local and international guidelines and regulations. All data used 
in this study was collected as part of routine medical procedures. Informed consent was waived by the National 
COVID-19 Research and Ethical Committee for this study due to its retrospective and observational nature, the 
absence of any patient identifying information, and the urgent nature of the investigation.

Study design. In this cross-sectional observational study, we investigated the association between blood 
group and risk of COVID-19 infection and severity of clinical outcomes. Association was analyzed by ABO 
blood group and blood antibody class. To study effect of blood group on susceptibility of a SARS-CoV-2 infec-
tion, the distribution of blood types amongst a sample of confirmed COVID-19 individuals in Bahrain were 
compared to the distribution of blood types amongst the general population of Bahrain. To study the effect of 
blood type on the severity of clinical outcomes, the distribution of blood types were compared between COVID-
19 individuals who were admitted to an intensive care unit (ICU) and those of the general COVID-19 patients 
sample. This was replicated in the analysis by antibody class, with blood groups being grouped as anti-A (blood 
groups B and O), and anti-B (blood groups A and O).

Data collection. A confirmed COVID-19 case was any individual who tested positive for SARS-CoV-2 via a 
nasopharyngeal (NP) swab. Presence of SARS-CoV-2 in the NP sample was tested by polymerase chain reaction 
(PCR) analysis using the E gene as a target. If the E gene was detected, the sample was confirmed by a PCR test 
targeting RdRp. All confirmed cases tested positive for the E gene and the RdRp using real time PCR from Roche 
and Invitrogen kits. Cases were identified based on their symptomatic presentation to the medical services, 
through community screening targeting close contacts, travelers and random testing in areas with outbreaks.

A random sample of 3000 COVID-19 positive individuals was chosen from the National COVID-19 Database 
to represent the COVID-19 infected population. Of those, 2138 individuals had blood group data documented or 
obtainable, and hence included in the study. As of 19 July 2020, there have been 196 COVID-19 cases with ICU 
admissions, all of which were included in this study. Blood group data for all the COVID-19 infected individu-
als were obtained from medical records. To represent the blood type distribution of the general population of 
Bahrain, the blood types of 4985 individuals who donated whole blood or platelets at King Hamad University 
Hospital Blood Bank over the past 2 years were obtained and analyzed.

Statistical analysis. Chi-squared  (X2) and Fischer’s exact tests were used to compare the distributions of 
blood groups and antibodies between samples. Odds Ratio (OR) tests were used to study the odds of a blood type 
or antibody category testing positive, in a one-vs-all manner. ORs are reported with 95% confidence intervals. 
Statistical values were considered significant at p < 0.05. Statistical analysis was performed using STATA statisti-
cal software (version 15.1).

Ethics approval. Approval received from National COVID-19 Research Committee (Research Approval 
Code: CRT-COVID2020-084).

Consent for publication. All authors approved to publish this data.

Results
Analysis of susceptibility to COVID‑19 infection. Of 4985 individuals representing the control 
group, we observed a high frequency of blood group O (n = 2316, 46.46%), followed by B (n = 1225, 24.57%), A 
(n = 1092, 21.91%) and AB (n = 352, 7.06%) accordingly. A total of 2334 COVID-19 infected individuals repre-
sented the COV + group, showing an identical order of frequency; blood group O (n = 1060, 45.41%), followed by 
B (n = 644, 27.59%), A (n = 513, 21.98%) and AB (n = 117, 5.01%). The distributions of the two groups are shown 
in Fig. 1. Blood group distributions were statistically different between the two groups  (X2 = 16.45, p = 0.001). 
Logistic regression analysis showed that blood group AB was associated with a decreased risk of infection (OR: 
0.69, 95% CI: 0.56–0.86, p = 0.001) while blood group B was associated with an increased risk (OR: 1.17, 95% CI: 
1.04–1.31, p = 0.006). No association between blood group A and risk of COVID-19 infection was found (OR: 
1.00, 95% CI: 0.89–1.13, p = 0.943) (Table 1). Analysis by antibody class showed no association between type of 
antibodies present and risk of testing positive (Table 1).

Analysis of severity of COVID‑19 infection. To test the association between blood group and the 
susceptibility to a severe COVID-19 infection, blood group distributions were compared between COVID-19 
infected individuals that required ICU admission and those that did not, COV + ICU + and COV + ICU- respec-
tively. Of 196 COV + ICU + individuals, 80 (40.82%) were blood group O, 59 (30.10%) were blood group B, 46 
(23.47%) were of blood group A, and 11 (5.61%) were of blood group AB. Of 2138 COV + ICU- individuals, 980 
(45.84%) were blood group O, 585 (27.36%) were blood group B, 467 (21.84%) were of blood group A, and 106 
(4.96%) were of blood group AB. The distributions of the two groups are shown in Fig. 2. No difference in blood 
group distributions was observed  (X2 = 1.85, p = 0.603). No association to severity of COVID-19 infection was 
found with blood group or antibodies present (Table 2).

The demographics of the COVID-19 population is shown in the supplementary table.
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Discussion
Following several reports of the association between blood group distribution and risk of COVID-19 or sus-
ceptibility to severe infection, we sought to analyse these trends amongst the population in Bahrain. This study 
used blood-bank data of blood distributions to represent the general population in Bahrain. The distributions 
we obtained were similar to a previous report of blood-bank blood distributions, which also showed that these 
distributions were comparable to population sample distributions in  Bahrain14.

Figure 1.  Blood group distributions in the non-COVID-19 (control) and COVID-19 positive (COV +) samples.

Table 1.  Comparison of ABO blood group distributions and antigens present between the general population 
and COVID-infected sample.

Blood type X2 OR 95% CI P-value

A 0.01 1.00 0.89–1.13 0.943

B 7.62 1.17 1.04–1.31 0.006

O 0.70 0.96 0.87–1.06 0.404

AB 11.12 0.69 0.56–0.86 0.001

Anti-A 3.05 1.10 0.99–1.23 0.081

Anti-B 0.69 0.96 0.86–1.06 0.407

Figure 2.  Blood group distributions in non-ICU (COV + ICU-) and ICU (COV + ICU +) COVID-19 positive 
samples.
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Regarding the association between blood group and risk of COVID-19 infection, most studies were similar 
in reporting that blood group A was associated with an increased frequency amongst COVID-19 individuals 
and risk of infection, and conversely that blood group O was associated with a decreased frequency and risk of 
 infection6–11. Our data does not present an association between susceptibility to COVID-19 infection and blood 
group A, similar to observations by Latz et al.13. In addition, we found a significantly increased risk associated 
with blood group B, which is also comparable to findings by Latz et al.13 and meta-analysis by Liu et al.11. Indi-
viduals with blood group AB showed a decreased risk of COVID-19 infection, synonymous with a few reports, 
however in all these cases including this study, this group was represented by a small sample  size6,7. Unlike all 
other reports, no association between blood group O and decreased risk of infection was observed.

To study the association of blood group and the severity of COVID-19 infection, we compared blood group 
distributions between the general COVID-19 sample and those that required ICU admission. As previously 
reported, no association was observed between blood group and susceptibility to a more severe COVID-19 
 infection7–9,13. Although there was a decrease in odds of individuals with blood group O requiring ICU admission, 
similar to observations by Zhao et al., this was not statistically  significant6. Hence, no association was observed 
between blood group and susceptibility to a more severe infection.

As per Gerard et al., we extended the analysis by antibody  class12. There was no association found between 
antibodies present and the risk of COVID-19. We observed that individuals with anti-A antibodies were at 
higher odds of testing positive for COVID-19, however this finding was not statistically significant. This finding 
contradicts that by Gerard et al., who found that anti-A was associated with a significantly lower risk of infec-
tion. A recently published study suggests that perhaps the relationship lies in the levels of antibodies rather than 
the type of antibodies themselves, where COVID-19 patients were found to have significantly lower levels than 
asymptomatic  controls15. There is no published analysis yet of the relationship between antibodies and severity 
of outcome, however in this study we found none.

Results from this study, and the limited reports in this field, reveal a variety of findings making a conclusion 
regarding an association between blood type and COVID-19 challenging. However, this variation in results may 
indicate that an unexplored underlying factor may be causing the association, not necessarily the blood group 
or type of antibodies present.

Data availability
Available upon request from the corresponding author.
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