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Abstract: Our objective was to estimate the incidence of COVID-19 and the ABO blood Groups in
the mass-gathering events (MGEs) during the Falles Festival in Borriana (Spain) from 6–10 March
2020. We conducted a population-based retrospective cohort study and measured anti-SARS-CoV-2
antibodies and the ABO of participants. We performed laboratory COVID-19 tests and obtained the
ABO in 775 subjects (72.8% of the original exposed cohort): O-group (45.2%), A-group (43.1%), B-
group (8.5%) and AB-group (3.4%). Adjusted for confounding factors, including COVID-19 exposure
during the MGEs, attack rates of COVID-19 for each ABO group were 55.4%, 59.6%, 60.2%, and
63.7%. The adjusted relative risks were for O-group 0.93 (95% Confidence Interval [CI] 0.83–1.04),
for A-group 1.06 (95% CI 0.94–1.18), for B-group 1.04 (95%CI 0.88–1.24), and for AB-group 1.11 (95%
CI 0.81–1.51) with no significant differences. Conclusions: Our results suggest no effect of ABO on
COVID-19 incidence. We observed weak but not significant protection of the O-group and not a
significantly greater infection risk for the remaining groups compared with the O-group. More studies
are needed to resolve the controversies regarding the association between ABO and COVID-19.

Keywords: COVID-19; SARS-CoV-2; ABO blood groups; incidence; cohort study; mass-gathering
events

1. Introduction

Like other COVID-19 risk factors, ABO blood groups (ABO) have attracted consider-
able interest [1–3], with a potential role in the stratification of the SARS-CoV-2 infection [4].
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Early studies in this field pointed out that O-group subjects experienced a lower risk of infec-
tion compared to the other ABOs [5–7]. Still, some studies [8–11] with solid epidemiological
designs have not corroborated this differential ABO risk.

In general, studies using blood donors as a control group have found the O-group
as protective and the A-group as a risk factor for SARS-CoV-2 infection. However, others
have estimated a higher SARS-CoV-2 risk in subjects with B or AB groups [12]. On the
other hand, no associations were described among hospitalizations, severity, and death of
COVID-19 cases and ABO [13–18], but some exceptions have been reported [19,20].

Discordant results have been published on the association between sequelae and
complications post-COVID-19 and ABO, with the B-group [21], O-group [22], or AB-
group [23] associated with more risk of complications.

There are also discordant results regarding the relationship between the ABO blood
groups and COVID-19 incidence. Some authors attributed these discrepancies to a lack of
representativeness of cases and controls and selection bias [8,11,24,25].

Correct measurement of SARS-CoV-2 risk exposures in cases and controls plays an
essential role in avoiding of selection bias when we try to study a possible association
between ABO and COVID-19 incidence. However, risk exposures are usually unmea-
sured [26–28]. In the few studies in which the characteristics of SARS-CoV-2 risk exposures
were described, when estimating COVID-19 incidence rates, those were mass-gathering
events (MGEs) [21], aircraft carrier crew [10], or household contacts [29]; in each, a protec-
tive association with O-group was not found. However, a household contact study reported
an enhanced infection risk in A-group subjects [30].

During March 2020, during the Falles Festival in Borriana (Spain), several MGEs took
place, resulting in a COVID-19 outbreak with 468 cases and a high attack rate of 44.0% [31].
The World Health Organization has defined the MGEs as “events characterized by the
concentration of people at a specific location for a particular purpose over a set period of
time that have the potential to strain the planning and resources of the host country or
community” [32]. We aim to estimate ABO as a potential risk factor for COVID-19 incidence
during the indicated MGEs.

2. Materials and Methods

We performed a population-based retrospective cohort study of the COVID-19 out-
break in the MGEs of the Falles Festival of Borrriana from 6 March to 10 March 2020 by
the Public Health Center of Castellon (PHC) and the Emergency Service of the University
Hospital de la Plana (UHP) in Vila-real, with 1064 participants with laboratory COVID-19
tests performed, resulting 468 cases and 596 no-cases. The methods of this study were
detailed in a previous publication [31]. The participants were a representative sample of
the 2800 members from 19 “falla”associations organizing the Falles Festival in Borriana.
We carried a simple random sampling, with 19 clusters, one per “falla”, plus a random
sampling of the 400 attendees to the Queen’s gala dinner. As a result we sampled 1663
individuals, and finally, 1338 gave their consent to be enrolled. From this population, the
total of 1064 participants could be suffering from the disease or remained uninfected in the
period from 6 March to 31 March, considering a maximum incubation period of 14 days.

We have conducted three follow-up studies of this cohort: the first in June 2020 [31], the
second in October 2020 [21], and the last in June 2022. In the first study, COVID-19 infection
was determined by anti-SARS-CoV-2 nucleocapsid protein N antibodies in participants with
electrochemiluminescence immunoassay [33] (Elecsys®, Mannheim, Germany, Anti-SARS-
CoV-2, Roche Diagnostics), a reverse transcription polymerase chain reaction (RT-PRC) [34]
(LightMix® Modular Sarbecovirus E-gene with the LightCycler® 480 II system Roche, Basel,
Switzerland) or rapid tests antigen in 11 participants [35] (Healgen Scientific LLC for
COVID-19 IgG/IgM rapid test cassette) Houston, Texas, USA). The Clinical Analysis and
Microbiology Service of UHP and other public and private laboratories performed these
determinations. The second study was carried out only in the participants positive for
SARS-CoV-2 infection, and ABO blood groups were determined in 442 subjects. Finally, in
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the third study, we included positive and non-positive subjects, and ABO was determined
to complete this information in all participants. Then, 775 subjects had their ABO analyzed
(Figure 1). The ABO blood group was analyzed in the Hematology Service of the HUP by
the gel test [36] (ID-Card ABO/RhD, DiaMed GmbH, Bio-Rad Laboratories Switzerland).
Finally, the ABO groups were obtained in 94.4% (442/468) of positive SARS-CoV-2 subjects
and in 55.9% (333/596) of negative SARS-CoV-2 subjects.
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Figure 1. Flow chart of the three studies of COVID-19 and ABO blood groups in the Borriana
COVID-19 cohort.

In addition to the serologic and blood studies, a telephone questionnaire was adminis-
tered in each of the three follow-up studies to complete information on COVID-19 exposure
in MGEs and families, socio demographic characteristics, habits and health status, body
mass index (BMI), and underlying conditions. The questionnaire was administered by
health staff of the health centers of Borriana, Vila-real, Onda, Vall d’Uixo, the Emergency
Service of UHP, and the PHC. For the present study, only the questionnaire from the first
study was used.

Statistical Methods

We estimated the mean and their standard deviation, or percentages, to report the
characteristics of the participants considering the ABO status and the SARS-CoV-2 infection
outcome. For comparisons among qualitative variables, we used the Chi2 and the Fisher
exact tests, and for quantitative variables, the Kruskal–Wallis test. We estimated the crude
attack rates (cAR) for each ABO blood group by dividing the positive SARS-CoV-2 infection
by the total in each group. We used Poisson regression to estimate crude relative risk (cRR)
of SARS-CoV-2 infection among the ABO blood groups and their 95% confidence interval
(CI). We used Direct Acyclic Graph [37] and the DAGitty 3.0 program (Johannes Textor,
Nijmegen, The Netherlands) [38] to identify confounding. The adjusted factors were the
following: age, sex, BMI, smoking habit, falla, social class (upper and middle versus lower
class, chronic disease, and COVID-19 exposures (numbers of MGEs, family COVID-19
cases, contact with COVID-19 cases, and observed a person with cough or cold at the MGEs.
Social class was assigned according to occupation [39]; from the occupation group I and II,
professional and technical occupations (codified as upper and middle class), and groups
III–VI, skilled, non-manual or manual, semi-skilled, and unskilled occupations (codified as
a lower class).

Finally, we used an inverse probability-weighted regression to estimate the adjusted
attack rate (aAR) and adjusted relative risk (aRR) [40]. In addition, we performed a
sensitivity analysis in the asymptomatic SARS-CoV-2 infections in the first study with a
total of 57 subjects, 85% of the 67 asymptomatic SARS-CoV-2 infections [31], considering
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that asymptomatic cases could have protection against the disease and that it may be
related to ABO; fewer SARS-CoV-2 infections in asymptomatic O-group subjects have been
reported [41]. We performed all statistical analysis using STATA® 14.2 version (StataCorp.
College Station, TX, USA). The significant level for comparisons was p ≤ 0.05.

This study was approved by the Ethics Committee of the University Hospital de la
Plana in Vila-real. All participants or the parents of minors provided written informed
consent.

3. Results

We enrolled 775 subjects in this study, with a participation rate of 72.6%, considering
1064 participants with laboratory test determinations in the first study of the Fallas Festival
in the Borriana COVID-19 outbreak.

The characteristics of participants by ABO are shown in Table 1. Among the 775 members
of the cohort, the distribution of ABO was as follows: O (45.3%), A (43.1%), B (8.5%), and
AB (3.4%). The mean age in years varied from 36.4 to 38.9, and the female percentage
was between 41.7% (AB-group) and 68.2% (B-group). Asymptomatic cases went from
4.6% (B-group) to 9.0% (A-group). Social class, obesity, BMI, smoking, and chronic disease
prevalence were similar among the four groups. Exposure to COVID-19 cases was higher in
the A-group, with significant differences in the affirmative. The mean age of symptomatic
cases was 38.4 ± 16.5 years, and the mean age of asymptomatic cases was 29.5 ± 18.3 years
(p = 0.0002).

Table 1. Characteristics of ABO blood groups. Borriana COVID-19 cohort, 2020.

Blood Group Distribution

Variables 0
N (%)

A
N (%)

B
N (%)

AB
N (%) p-Value

N = 775 351 (45.3) 334 (43.1) 66 (8.5) 24 (3.1) -
Female 219 (62.4) 197 (59.0) 47 (68.2) 14 (41.7) 0.114
Age (years) mean ± SD 1 37.1 ± 18.0 38.9 ± 16.6 36.4 ± 18.1 37.2 ± 14.6 0.861
Asymptomatic cases 22 (6.3) 30 (9.0) 3 (4.6) 2 (8.3) 0.445
Social class I–II 2,3 97 (27.9) 84 (25.2) 22 (33.3) 5 (20.8)

0.487Social class III–VI 251 (72.1) 250 (74.8) 44 (66.7) 19 (79.2)
BMI mean ± SD 4 24.5 ± 5.2 25.3 ± 5.0 24.0 ± 5.3 25.0 ± 5.1 0.133
BMI ≥ 30 kg/m 2 53 (15.3) 57 (17.2) 9 (13.6) 3 (12.5) 0.809
Current smoker 5 65 (18.6) 70 (21.0) 16 (24.2) 1 (4.2)

0.277Ex-smoker 74 (21.2) 68 (20.4) 10 (15.2) 8 (33.3)
No smoker 210 (60.2) 195 (58.6) 40 (60.6) 15 (62.5)
Chronic disease 6 124 (35.4) 116 (35.0) 23 (34.8) 7 (29.2) 0.959
Exposure to COVID-19
Mass-gathering events
(MGEs) 1.6 ± 1.2 1.7 ± 1.3 1.7 ± 1.0 1.8 ± 1.4 0.788

Family COVID-19 case 7 176 (50.9) 167 (50.2) 41 (63.1) 11 (45.8) 0.249
Contact COVID-19 case 8 254 (74.3) 254 (77.2) 47 (72.3) 13 (54.2) 0.104
Observed a person with
cough 9

or cold at MGEs
130 (37.7) 130 (39.6) 17 (26.2) 4 (16.7) 0.033

1 SD = standard deviation. 2 Social class I–II. 3 Missing in three participants. 4 Missing in nine participants.
5 Missing in three participants. 6 Missing in four participants. 7 Missing in seven participants. 8 Missing in 15
participants. 9 Missing in 13 participants.

Table 2 shows the association between ABO and COVID-19 incidence. Crude attack
rates varied from 53.0% in O-group to 62.5% in AB-group, with no significant differences
between groups. When the O-group subjects were compared with the Non-O-group
subjects, we found no significant differences in SARS-CoV-2 infection (cRR = 0.88 95% CI
0.73–1.06). Similarly, we found no significant differences when comparing the A with the
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No-A group subjects (cRR = 1.09 95% CI 0.90–1.32), the B with the No-B group (cRR = 1.10
95% CI 0.80-1.51), and the AB with the No-AB group subjects (cRR = 1.10 95% CI 0.66–1.84).

Table 2. Incidence of COVID-19 cases by ABO blood groups. Inverse probability-weighted regression.
Crude attack rate (cAR) and adjusted (aAR). Crude relative risk (cRR) and adjusted (aRR); 95%
confidence interval (CI). Borriana COVID-19 cohort, 2020.

Blood Groups Cases No-Cases cAR(%) cRR (95% CI) aAR (%) aRR 1 (95% CI) p-Value

Each group compared with the other groups
O 186 165 53.0 0.88 (0.73–1.06) 55.4 0.93 (0.83–1.04) 0.209
No-O 256 168 60.4 1.00 59.7 1.00
A 200 134 59.9 1.09 (0.90–1.32) 59.6 1.06 (0.94–1.18) 0.341
No-A 242 199 54.9 1.00 56.4 1.00
B 41 25 62.1 1.10 (0.80–1.51) 60.2 1.04 (0.88–1.24) 0.628
No-B 401 308 56.6 1.00 57.7 1.00
AB 15 9 62.5 1.10 (0.66–1.84) 63.7 1.11 (0.81–1.51) 0.518
No-AB 427 324 56.9 1.00 57.5 1.00
O-group as the base for comparison
O 186 165 53.0 1.00 55.4 1.00
A 200 134 59.9 1.12 (0.93-1.38) 59.5 1.07 (0.61–1.21) 0.246
B 41 25 62.1 1.17 (0.84–1.64) 60.2 1.09 (0.90–1.31) 0.383
AB 15 9 62.5 1.18 (0.70–2.00) 63.6 1.15 (0.84–1.57) 0.397

1 Adjusted for age, sex, BMI, smoking habit, falla, social class, chronic disease, COVID-19 exposures.

Adjusted attack rates varied from 55.4% (O-group) to 63.7% (AB-group) (Table 2).
The O-group had fewer SARS-CoV-2 infections. However, it was not significant when
compared with the Non-O groups (aRR = 0.93 95% CI 0.83–1.04). Comparisons of the
remaining groups did not provide significant results either: the A-group with the Non-A-
group (aRR = 1.06 95% CI 0.94–1.18), the B-group with the Non-B-group (aRR = 1.04 95%
CI 0.88–1.24), and the AB-group with the Non-AB-groups (aRR = 1.11 95% CI 0.81–1.51).
Taking the O-group as a reference, the remaining groups had higher but not significant
crude and adjusted attack rates.

As a sensitivity analysis, we estimated the crude and adjusted SARS-CoV-2 attack rates
by ABO groups, restricted to the 57 asymptomatic SARS-CoV-2 infections ascertained in
the first study (Table 3). When comparing each group with the remaining groups, the cAR
varied from 10.7% (B-group) to 18.3% (A-group), and the cRR from 0.68 (95% CI 0.40–1.16),
for the O-group to 1.53 (95% CI 0.91–2.58), and for the A-group there were no significant
differences. The adjusted relative risk varied from 0.03 (95% CI 0.00–10.70) for the B-group
to 1.59 (95% CI 0.98–2.61) for the A-group, but we could discard attack rate homogeneity as
all comparisons were non-significant. When we compared with the O-group as a reference
group, the differences were not significant. The A-group had a higher adjusted attack rate
than the O-group, with an adjusted relative risk of 1.49 (95% CI 0.90–2.44).
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Table 3. Asymptomatic SARS-CoV-2 infections by ABO blood groups. Crude attack rate (cAR) and
adjusted (aAR). Crude relative risk (cRR) and adjusted (aRR); 95% confidence interval (CI). Borriana
COVID-19 Cohort, 2020.

Blood Groups Cases N(%) 1 No-Cases cAR(%) cRR (95% CI) aAR(%) aRR 2 (95% CI) p-Value

Each group compared with the other groups
0 22 (10.7) 165 11.8 0.68 (0.40–1.16) 12.3 0.75 (0.46–1.24) 0.264
No-O 35 168 17.2 1.00 16.3 1.00
A 30 (12.8) 134 18.3 1.53 (0.91–2.58) 18.3 1.59 (0.98–2.61) 0.062
No-A 27 199 12.0 1.00 11.5 1.00
B 3 (6.7) 25 10.7 0.72 (0.22–2.30) 0.4 0.03 (0.00–10.70) 0.233
No-B 54 308 14.9 1.00 15.8 1.00
AB 2 (10.5) 9 18.2 1.25 (0.31–5.13) NC3

No-AB 55 324 14.5 1.00
O-group as the base for comparison
O 22 165 11.8 1.00 12.4 1.00
A 30 134 18.3 1.55 (0.90–2.70) 18.4 1.49 (0.90–2.44) 0.119
B 3 25 10.7 0.91 (0.27–3.04) 0.4 0.03 (0.00–10.59) 0.247
AB 2 9 18.2 1.55 (0.36–6.57) NC3

1 Percentage of the total of COVID-19 cases per ABO groups. 2 Adjusted for age, sex, BMI, smoking habit, falla,
social class, chronic disease, COVID-19 exposures. 3 Not calculable.

4. Discussion

The results suggest that the differential risk of subjects in the O-group against SARS-
CoV-2 infection was modest and insufficient to obtain significant differences when the SARS-
CoV-2 exposure of each participant was measured and adjusted for potential confounders.
In addition, the other Non-O groups presented a small risk of SARS-CoV-2 infection
but, again, without significant differences. Following Monson’s scale of RR strength, we
did not detect an effect of the ABO blood groups on SARS-CoV-2 infection, as all aRR
were in the range of 0.90–1.20 [42]. For asymptomatic cases, the A-group presented a
moderate association with asymptomatic SARS-CoV-2 infection, aRR range of 1.30–3.0 on
Monson’s scale. The aRR and the cRR had similar magnitude, suggesting that the potential
confounder effects were limited. In addition, asymptomatic SARS-CoV-2 infections were
more frequent in the A-group, considered the higher-risk group in some studies. This
finding was not consistent with other studies [43–45], but the others have also found no
differences among ABO [46]. On the other hand, in our second study [21], with only
COVID-19 cases compared with an ABO distribution in an active general population of
a Spanish Mediterranean zone, no significant differences in COVID-19 incidence among
ABO were found [47].

Our results are in line with several studies, including prospective cohort studies [10,29],
case-control studies [9,48], and cross-sectional studies [8,49,50], where control groups were
obtained from an exposed population, admissions, or patients tested for SARS-CoV-2,
households cases, and blood donors. Studies on asymptomatic blood donors and SARS-
CoV-2 infection have reported contradictory results; in some cases, these associations were
not found [11,51–53], and in others, reporting that the O-group was protective [28,41,44].

In general, higher protection of the O-group or higher risk of the A-group were found
in studies that used blood donors, who, as universal donors, are overrepresented in samples
gathered from populations with ABO known for different causes and diseases [54–56]. In
addition, no control of potential confounders was performed in some studies [57]. In a
systematic review of 24 studies of ABO and COVID-19, Bai and co-authors [58] found
several methodological problems in many studies, including selection bias, and the control
of confounding suggested no association. When controlling for race and ethnicity, no
difference in risk was detected in a study in Colorado (USA) [59]. However, genetic
associations with both the risk of infection and disease severity have been reported for
the ABO locus, with the O-group being protective when compared with the other ABO
groups [60]. In addition, no A-groups could be less susceptible due to the production of
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anti-A antibodies [61]. Low ABO antibody levels have been found in COVID-19 cases
compared with controls, suggesting that ABO antibodies play a role in protecting against
the infection [62]. However, no relevant neutralizing activity in ABO has been found in
another study [63], and the levels of SARS-CoV-2 neutralizing antibodies were also not
significantly associated with the ABO Rh(D) group [50]. On the other hand, there are a
total of 43 blood group systems with 345 distinct antigen specificities with variations in
human populations [64] and only four basic ABO groups. It is suggested that the high
simplification of the comparisons could result in residual confounding [8].

In general, meta-analysis studies on ABO groups and SARS-CoV-2 infection report
a high risk for the A-group and a lower risk for the O-group [43,65], but these studies
present differences in design, sample size, representativeness, exposures, and in some
cases, significant heterogeneity [1,66]. In 2021, a study by the International Society of
Blood Transfusion (ISBT) COVID-19 Working Group [67] concluded “that prospective and
mechanistic studies are needed to verify several of the proposed associations between the
ABO groups and COVID-19 risk of infection. Based on the strength of available studies,
there are insufficient data for guiding policy in this regard”. Conversely, on the other hand,
higher mortality associated with the A and the B groups has been reported [68].

With respect to transmission, if the O-group has some infection protection, this protec-
tion is overcome considering the Ellis model of ABO incompatibility [69]; the Non-O groups
could experience a higher infection incidence, but when the majority of the population is
infected, the O-group suffers similar infection rates.

The biological aspect of the relationship between ABO and COVID-19 infection has
several elements [3], including the anti-A antibodies, production of glycan antigens by
the SARS-CoV-2, coagulation system, and genetic variations in the ABO gene. Various
mechanisms have been proposed for the association between the ABO blood type and SARS-
CoV-2 infection [66]. Considering the three major hypotheses [3], SARS-CoV-2 with ABO
(H)-like structures would transmit in different grades due to the presence of ABO antibodies,
ABH antigens could enhance SARS-CoV-2 invasion, and the risk of thromboembolic events
in Non-O groups could give some protection of O-group against of severe outcomes.
However, experimental data to confirm these hypotheses is non-existent [2].

The strengths of our study reside in the cohort design, adjustment for exposure and
other potential confounding factors, the representative sample of the Fallas population
exposed to MGEs, with elevated participation, and the power of this study could arrive at
86%. In addition, anti-SARS-CoV-2 antibodies were used to test most participants with a
highly sensitive and specific laboratory technique.

This study has several limitations. First, SARS-CoV-2 genetic variants were not identi-
fied. Second, exposure was measured retrospectively and may be subjected to a recall bias.
We think that this bias may be limited in our study, considering that this bias is independent
of the ABO group of each participant. However, remembering that the exposition could
be associated with the disease, and cases, therefore, may better remember the exposition,
which could bias the effect of exposition factors. Third, we did not consider the complica-
tions of COVID-19. Fourth, COVID-19 is a new disease, and variables not included could
be potential confounders. Fifth, the participation rate of COVID-19 cases was higher than
no-cases, and some ascertainment bias may happen if ABO groups have different partici-
pation rates, but the distribution of ABO in our study was not different from the reported
ABO distribution of the general population of the Spanish Mediterranean zone [47] (p =
0.484), suggesting that this bias may be minor. Finally, regarding the sensitivity analysis,
the number of asymptomatic cases was too small to obtain robust conclusions.

Considering the controversial issues among studies, conducting prospective cohort
studies in different geographic areas, including the study of virus variants, genetic back-
ground, and potential confounders, is needed to establish the effects of ABO on COVID-19
incidence.
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5. Conclusions

Our results suggest that there is no association of ABO with COVID-19 incidence.
We observed a weak but not significant protection of the O-group and no significantly
higher COVID-19 risk in the remaining groups compared with the O-group. More epi-
demiologic studies of ABO and COVID-19 incidence could be necessary to resolve current
inconsistencies in the potential COVID-19-related risk due to ABO.
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