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Abstract

Early reports have indicated a relationship between ABO and rhesus blood group types and infection with SARS-CoV-2.
We aim to examine blood group type associations with COVID-19 mortality and disease severity. This is a retrospective chart
review of patients ages 18 years or older admitted to the hospi- tal with COVID-19 between January 2020 and December 2021.
The primary outcome was COVID-19 mortality with respect to ABO blood group type. The secondary outcomes were 1. Severity
of COVID-19 with respect to ABO blood group type, and 2. Rhesus factor association with COVID-19 mortality and disease
severity. Disease severity was defined by degree of supplemental oxygen requirements (ambient air, low-flow, high-flow, non-
invasive mechanical ventilation, and invasive mechanical ventilation). The blood type was collected on 596 patients with more
than half (54%, N=322) being O+. The ABO blood type alone was not statistically associated with mortality (P =0.405), while the
RH blood type was statistically associated with mortality (P <0.001). There was statistically significant association between
combined ABO and RH blood type and mor- tality (P =0.014). Out of the mortality group, the O+ group had the highest mortality
(52.3%), followed by A+ (22.8%). The combined ABO and RH blood type was statistically significantly associated with degree of
supplemental oxygen requirements (P =0.005). The Kaplan-Meier curve demonstrated that Rh- patients had increased mortality.
ABO blood type is not associated with COVID-19 severity and mortality. Rhesus factor status is associated with COVID-19
severity and mortality. Rhesus negative patients were associated with increased mortality risk.
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1. Introduction coronavirus (SARS-CoV), norovirus, malaria, other

The ABO blood group, which includes the 4 blood
types A, AB, B, and O, plays a role in various infectious and
non-in- fectious human diseases. Histo-blood group
antigens located on the surface of red blood cells
represent inherited poly-morphic traits, and differences in
the expression of these antigens affect susceptibility to
many infections [1]. Blood group antigens act as receptors
or coreceptors for pathogens such as hepatitis B virus,
middle east respiratory syndrome associated coronavirus
(MERS-CoV), severe acute respiratorysyndrome associated
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microorganisms, and parasites [1-4]. Additionally some blood
group antigens can aid in intracellular uptake or signal
transduction, subsequently altering the innate immune
response to infection [1]. Early reports have indicated a
significant relationship of ABO blood group types to the
risk of infection with SARS-CoV-2 [1-4].

Many studies havedemonstrated that type O blood
may have decreased risk of infection [5-13], while type A
blood may be more suscep- tible to COVID-19 [2]. A
hypothesized explanation includes the angiotensin
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converting enzyme 2 (ACEZ2) protein on host cell surfaces
serving as a cellular receptor for the trans-membrane spike
(S) protein on SARS-CoV-2 [3]. Anti-A antibodies, as
found in blood types O or B, seem to antagonizethe binding
of the S protein and ACE2 receptor [3, 4]. Therefore, blood
groups appear to be a determinant of the coronavirus
disease of 2019 (COVID-19) susceptibility. However, data
surrounding the association of blood groups with disease
severity and mortality is incohesive. We aimto examine
blood group type associations with COVID-19 mortality
and disease severity.

2. Materials and Methods

A retrospective observational cohort review of
patients with COVID-19 admitted to a single community,
high-ca- pacity Level 1 trauma center between January
2020 and December 2021 was performed. The county
facility is a teach-ing hospital seeing more than 120,000
patients in the emer- gency department annually. All
patients admitted to the hospital with a primary diagnosis
of COVID-19 were gathered. Exclusion criteria included
COVID-19 in preg- nancy and age under 18. For all 1,993
identified, a retro- spective chart review was performed to
obtain emergency department records, admission records,
and inpatient records. Infection with SARS-CoV-2 was
confirmed by nasal polymerase chain reaction analysis for
all patients diagnosed with COVID-19. This study was
conducted in compliance with the ethical standards of the
Arrowhead  Regional Medical Center (ARMC)
Institutional Review Board on hu-man subjects as well as
with the Helsinki Declaration.

The ARMC Institutional Review Board issued
approval for proto-col #22-53. The data collected included
patient age, gender, ethnicity, medical comorbidities,
medications, ABO blood group type, rhesus factor (Rh)
status, oxygen supplementation require- ments, and
mortality. The primary endpoints included mor-tality and
COVID-19 illness severity. Iliness severity was defined by
degree of supplemental oxygen requirements (ambient air,
low-flow nasal cannula, high-flow nasal cannu- la, non-
invasive mechanical ventilation, and invasive me- chanical
ventilation), as this indicates degree of hypoxemia and
thus illness severity. For blood group serology, our
institution utilized the Echo Lumena device (manufactured
by Immucor) to perform sero- logic testing. To confirm
ABO blood types, we utilized a two-step method: 1)
forward testing for A and B antigens using anti-A and anti-
B reagents (manufactured by Immucor), respectively for
agglutination, and 2) reverse testing for an- ti-A and/or
anti-B isohemagglutinins utilizing A1 and B re- agent red
cells (manufactured by Immucor).

For rhesus factortesting, we utilized forward testing
for D antigen using an anti-D reagent (manufactured by
Immucor) for agglutina- tion; if the former test is negative,
we utilized confirmatory anti-lgG (murine monoclonal)
reagent (manufactured by Immucor). The data was collected
using Microsoft Excel and in- formation was stored on a
password-secured computer folder. The data was analyzed
using descriptive statistics and uni- variate analysis.
Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 27.0
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(SPSS Inc, Chicago, IL) software. Univariate analyses were
performed using Chi-Squared for categorical data.
Continuous data was analyzed using non-parametric Mann-
Whitney U tests. Continuous data were presented according
to the means with standard deviation, and categorical data
are presented with percentages. A multivariate analysis was
performed and a Kaplan-Meier curve was generated while
adjusting for other risk factors. Unless otherwise indicated,
a P-value less than 0.05 was considered statistically significant.

3. Results

Among the 1,993 patients diagnosed with COVID-
19, 1,397 patients were excluded due to insufficient ABO
blood type documentation. Type and screen tests were not
per- formed automatically on all patients admitted, limiting
the final number of patients included in the final analysis.
Asa result, 596 patients were included in the final analysis.
There was a total of 322 patients with blood type O+, and
27 with type O-, 140 with type A+, 19 with type A-, 63
with type B+, 6 with type B-, 19 with type AB+, and 2
with type AB-. The Fig. 1 consort diagram summaries the
details. In the study, the mean age for blood types O, B,
AB, and A were 51.48+19.5, 51.55+19.68, 48.05+20.65,
and 53.48+20.20, respectively (P =0.578). Similarly, there
was no statistical significance in mean age between rhesus
factor positive and rhesus factor negative blood types. The
differences in gender, body mass index, and ethnicity
between groups were found to not be statistically significant
as summarized in Table 1.

Patients with COVID-19 as grouped by blood type
or rhesus factor did not have any statically significant
medical comorbidities. The percentage of diabetes mellitus
for bloodtype O, B, AB, A (22%, 23.2%, 19%, 22.6%, P
=0.981), percentage of obesity (defined by body mass index
greater thanor equal to 30 kg/m?) for blood type O, B, AB,
A (16%, 11.6%, 9.5%, 13.2%, P =0.621), and percentage of
chronic lung disease for blood type O, B, AB, A (4%, 4.3%,
4.8%, 1.9%, P =0.629) were not statistically significant.
Similarly, when the percentages of diabetes mellitus,
obesity, and chronic lung disease [defined by the International
Classificationof Diseases, Tenth Revision (ICD-10)] were
differentiated by rhesus factor, there was also no significant
difference. The remainder of the medical comorbidities are
summarizedin Table 1. Of note, hospitalization mortality
was assessed as well. While there was no significant
difference in the blood type O, B, AB, A, there was a
significant difference in mortality in the rhesus positive vs.
rhesus negative group (23.1% vs. 44.4%, P <0.01). The
remainder of the patient demographics are outlined in Table
1.
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Patients diagnosed
with COVID-19
(N=1,993)

4

Patients with blood
type documentation

(N=598)
Blood type O Blood type A Blood type B Blood type AB
(N=349) (N=159) (N=69) (N=21)
O+ o- A+ A- B+ B- AB+ AB-
(N=322) (N=27) (N=140) (N=19) (N=63) (N=6) (N=19) (N=2)

Figure 1. Consort diagram detailing the selection of patients with COVID-19 and their respective blood types

Table 1. Baseline patient characteristics based upon ABO blood type and Rh status separately with mortality data presented for each.

Blood type O Blood type B Blood type AB Blood type A Rh positive  Rh negative

(N=349) (N=69) (N=21) (N=159) 4 (N=541) (N=54) &
Demaographics
Age 51.48+19.5 51.55+19.68 48.05+20.65 53.48+20.20 0.578 48.81+£19.14 52.21+£19.87 0.221
Body mass index 30.65+£7.8 28.7+£5.6 27.5+7.09 29.35+7.73 0.047  30.20+6.35 29.94x7.74 0.785
Gender 0.642 0.126
Female 176 (51%) 30 (43%) 12 (57%) 77 (48%) 263 (49%) 32 (61%)
Male 173 (49%) 39 (57%) 9 (43%) 82 (52%) 281 (51%) 22 (39%)
Ethnicity 0.168 0.655
Caucasian 208 (60%) 27 (39%) 14 (67%) 91 (57%) 310 (57%) 30 (56%)
African American 21 (6%) 6 (9%) 0 8 (5%) 34 (6%) 1 (2%)
Asian 5 (1.5%) 3 (4%) 0 4(2.5%) 11 (2%) 1 (2%)
Hispanic 112 (32%) 33 (48%) 7 (33%) 53 (33%) 184 (34%) 21 (39%)
Other 3 (0.5%) 0 0 0 5 (1%) 1 (1%)
Comorbid conditions
Diabetes mellitus 77 (22%) 16 (23.2%) 4 (19%) 36(22.6%) 0.981 119 (22%) 14 (25.9%) 0.495
Tobacco use 7 (2%) 1 (1.4%) 0 (0%) 2 (1.3%) 0.854 9 (1.7%) 1(1.9%) 0.914
Cancer 12 (3.4%) 1 (1.4%) 0 (0%) 7 (4.4%) 0.561 18 (3.3%) 2 (3.7%) 0.878
Hypertension 48 (13.8%) 10 (14%) 3(14.3%) 127(79.9%) 0.324 87 (16.1%) 6 (11.1%) 0.345
Obesity 56 (16%) 8 (11.6%) 2 (9.5%) 21(13.2%) 0.621 76 (14%) 11 (20.4%) 0.203
Chronic lung disease 14 (4%) 3 (4.3%) 1 (4.8%) 3(1.9%) 0.629 21 (3.9%) 0 (0%) 0.142
Cirrhosis 8(2.3%) 0 (0%) 0 (0%) 4 (2.5%) 0.532 11 (6.9%) 1 (1.9%) 0.932
Chronic kidney disease 19 (5.4%) 4 (5.8%) 3 (14.3%) 6(3.8%) 0.248 29 (5.4%) 3 (5.6%) 0.944
Hospitalization mortality 0.405 <0.001
Alive 258 (73.9%) 57 (82.6%) 17 (81%) 117 (73.6%) 419 (77.4%) 30 (55.6%)
Dead 91 (26.1%) 12 (17.4%) 4 (19%) 42 (26.4%) 125 (23.1%) 24 (44.4%)
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Table 2. Respiratory requirements of patients based on ABO blood type and Rh status separatefy.

Elood type O Elood type B Elood type AB Blood type A F Rh positive  Rh negative I
(N=349) (N=&9) (M=21) (N="159) (N=541) (N=54)
Respiratory treatment Q092 0,094
Room air 143 (41%) 30 (43%) S24%) 63 (4052 222 (#1%) 181(33%)
Low flow axygen 82 23%) 26 (38%) 7(33%) 42 (26%) 147 (27%) 1019%)
High flow oxygen 35 (10%;) 7105 3014%) 10 (6%} 500(9%) 509%)
MIMY 14 (4% 233 2(9%) 9T 22 (4%) LA
Intubated 73 (22%) 4 6% 41020%) 35 (21%) 102 (1954) 16 (30%)
Tahle 3. Patient characteristics and mortality data of combined ABO and Rh blood types.
Blood type  Blood type  Blood type  Blood type  Blood type  Blood type  Blood type  Blood type
O+ B+ AB+ A+ - B- AB- A- P
(N=322) (M=63) (H=19) (=140 (N=27) (M=6) (=2} (H=19
Demaographics
Age 31801949 526341991 48212165 535122059 47742071 4017£13.49 465304 533211757 0637
Body mass index 3056=798 2874+58 281668 10317 317266 28B35=32 15837 MME+585 0184
Ceander 0.299
Female 160 (49.6%) 25(39.6% 10(52.6%) 68(48.6%) 16 (39.3%) 5{83.3% 20100%  9i474%
Male 162 (30.4%) 3B (60.4%) 9 (47.4%) TF2(51.4%) 11 (407380 1016730 0 (0%G) 10(52.6)
Ethinicity 0.597
Caucasian 192 (59.6%) 25(39.7%) 13 (62.4%) 80(57.1%) 16(39.3%)  2(33.3% 10(50% 11 (57.8%
African American 21(6.5%)  &19.5%%) 0 (0% 7 (5% 0 (%) 0 (%) 0 (0% 11(5.3%)
Asian SE%) 3 i4.8%) 0 (0% 3(2.1%)  000% 0 (%) 0 (0% 11(5.3%)
Hispanic 101 (31.4%) 29 (4630 6 (31.6%00 48034355 11 (400750 40667900 1 (5000 5 (26.3%)
Other 3009 000%) 0 (0% 2i1.5%) 000 0 0% 0 (0% 1105.3%)
Comorbid conditions
Diabetes mellitus FO21.7%) 15023.8% 3 015.8%)  31(X21%) 7259 1067%  1(30%) 5(26.3%) 0961
Tobaoco use T2 101.8%) 0 0% 100.7%)0 0 0% Q0% 0 (0% 1105.3%) 0.815
Cancer 114345 101.6% 0 (0% Bi43% 1037 005 0 (0%a) 11535 0.951
Hypertension 46014.3%) 10015.9%) 3 (15.8%) 2B(20%) 2 (7.4% 0 (0%2) 0 (0% 4i2114%) 0585
Oibesity 480149%) Fi111%)  1(5.3%) 200143%) 20296% 10167 1(50%) 1105.3%) 0174
Chronic lung disease 14043%  3d.8m 11(5.3%) 3(21%) 000 0z 0 i) 0 (0% 0.795
Cirhosis TIX2%) 000 0 i0%) 40295 10637 000 0 0% 0 0% 0.867
Chronic kidney disease 17 (3.3%)  4106.3%) 3 015.8%) Si36% 2 (74% 0 i05) 005 11(5.3%) 0.567
Huospitalization mortality 0.014
Alive 244 (75.8%) S4085.7%) 15 (7S 106757 14(31.9% 3 (50%) 2 100%) 11 (57.9%)
Dead TR242%) 9014.3%  4021.0% 34024.3%) 13 0437%) 3 (30%) 00 B (42.10%)
Table 4. Supplemental oxygen requirements of patients based on combined ABC and Rh blood types.
Blood type  Blood type Blood type Blood type  Blood type  Blood type  Blood type  Blood type
O+ B+ AB+ A+ - B- AB- A- P
(N=322) (N=63) M=19 (N=140) (N=27) (N=6) (N=2) N=19)
Respiratory treatrment 0.005
Room air 134 (42%) 27 (43%) 4(21%) SE (4% 9333 3 (30%) 1 (509 5 (26%)
Low flow oxygen 78 (24%) 26 (41%) 6 (32%) 37 (27%) 401555 0 1 (505%) S (2E5)
High flow oxygen 32 (10%) & (10%) 3(16%) 9 (7] 30115 10175 1] 1 (&%)
MIMY 11 (3% 0 21011%) 9 (6%%) 3011%) 2i33% ] i]
Intubated 67 (21%) 4 (B%) 4(21%) 27 019%) 8 (305 0 0 8 (42%)
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Figure 2. Kaplan-Meier survival probability based on RH status demonstrating higher risk of mortality for RH- patients where
seven-day mortality risk for Rh- patients was 42% while seven-day mortality risk for Rh+ patients was 37% (P =0.025)
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Figure 3. Histogram of patient mortality separated by combined ABO and Rh blood type. Green bars indicate the number of
patients who were alive, which are separated by blood group types. Purple bars indicate the number of patients who died, which
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are separated by blood group types
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Patients  requiring  various modalities  of
respiratory treat- ment were assessed and compared
against blood types O,B, AB, A, and rhesus factor status.
Table 2 highlights the treatments. Of note, while blood
type O, B, AB, A, and rhesus factor status approached
significance, there was no tilation in any category. To
assess for potential confounding, we compared individual
groups of combined blood type O, B, AB, A, and rhesus
factor status (O+, B+, AB+, A+, O-, B-, AB-, A-) in
Table 3 and Table 4. As in Table 1, theonly significant
difference in patient characteristics was hospital mortality.
Blood type B- and O- had the highest percent- age of
mortality at 50% and 48.1% (P=0.014). Fig. 2 addition-ally,
highlights this finding graphically. Fig. 2 demonstrates a
histogram that analyzes proportionality of death overall
and based on each combined ABO blood group with Rh
factor. This figure demonstrates that overall, the blood
grouptypes with Rh negative status had a higher proportion
of patients who suffered from mortality (O-, B-, AB-, and
A-). Table 4 highlights the highest percentage of intubated
pa- tients, who fell into the O- group at 29% (P=0.005).

We utilized a Kaplan-Meier analysis to model
event over time (measured in days) elapsed during the
patient’s hospitalization. The Kaplan-Meier curve, Fig. 3,
takes into consideration and calculates the 30-day survival
probability differentiated by rhesus positive vs. rhesus
negative status. Approximately by day 7, there is a 42%
chance of mortality for rhesus negative patients and 37%
chance of mortality for rhesus positive patients (P =0.025)
for worse outcomes, as they do not produce anti-A antibodies.
However, our results in Table 1 do not indicate this, as
blood types O and A proportionally had the highest rates
of mortality when assessing each blood type individually,
though the results are not statistically significant (P=0.405).
This is also demonstrated in Fig. 2, which is a histogram
graphically representing these observations. These results
may be explained by the fact that blood type O is the most
prevalent blood type in the United States, and has been
previously demonstrated by other research groups [6, 9, 13].
Additionally, some studies have analyzed rhesus factor
(Rh) associations with COVID-19 severity as well [10, 16-
20]. Our study first demonstrates that ABO blood groups
alone do not have an influence on COVID-19 mortality (P
=0.405).This is consistent with the observations of several
studies [5, 8, 12, 17, 21]. However, the results of many
studies are inconsistent regarding ABO blood groups and
their associations with COVID-19 severity, as some
studies suggest a

4. Discussion

The ABO blood group system has been known to
increase an individual’s risk for infection with viral and
bacterial pathogens [1-4]. Many studies have cited
relationships be- tween ABO blood group types and SARS-
CoV-2 infection susceptibility and severity [1-15].
Specifically, it has been demonstrated in SARS-CoV that
the anti-A antibody pro- duced by patients with blood group
types O and B interfere with the binding of SARS-CoV to
the angiotensin converting enzyme 2 receptor (ACE2R);
thus, it would be reasonableto hypothesize that the same
occurs with SARS-CoV-2, as this virus also binds to the
Manasa et al., 2023

same receptor [3, 4]. For this reason, various studies have
demonstrated that blood typeQ patients are less susceptible
to infection by SARS-CoV.

This would then predict that patients infected by
SARS-CoV-2 with blood types A and AB would have a
higher propensity relationship between ABO blood type and
mortality, while others do not. This disparity may be due to
other risk factors that increase an individual’s risk for
disease susceptibility and severity; consequently, the Rh
factor is a point of interestthat has been examined. We
observed a statistically significant association between Rh
and mortality (P <0.001). Of the 595 patients with an Rh
factor documented, 90.8% were Rh positive, which may
suggest that Rh positive patientshave a higher susceptibility
to COVID-19. This distribution of Rh status is consistent
with the findings of Zietz et al. (2020) [18], Rana et al.
(2021) [19], and Anderson et al. (2022) [20], and also
consistent with blood type distributions around the world.
Further, we note that COVID-19 patientswith a Rh-negative
status had a strong association with in- creasing COVID-19
mortality risk based on Kaplan-Meier analysis (Fig. 3). At
seven days of hospitalization, patientsin the Rh-negative
group had a 5% increased risk of mortality (Fig. 3). This
differs from the findings of Anderson et al. (2022) [20],
who note that Rh positive patients with COVID-19 have
worse outcomes. Though the mechanism of how
Rh status affects COVID-19 pathophysiology remains
unclear, it is known that Rh status mismatch between moth-
ers and newborns is associated with hemolytic disease of
the newborn. Additionally, it has been reported that Rh
negative status has been associated with increased risk of
West Nile Virus infection, and this is likely attributed to
differential expression of glycosylated products on red
bloodcell membranes, facilitating viral entry into cells [22].
This facilitation may be due to glycan-glycan interactions of
cellsor lectin-glycan interactions, which has been reported.
Though unclear, future studies may investigate this phenom-
enon by studying erythrocyte surface glycoproteins of in-
dividuals with COVID-19. As such, Rh factor may be an
important factor in the assessment of immunological response
to antigens.

Based on our observations, ABO blood groups
alone do not have a significant association with COVID-19
severity and mortality. However, we found that combined
ABO andRh blood groups have a significant association with
COVID-19 severity and mortality. Additionally, Rh status
was associatedwith increasing mortality as demonstrated in our
Kaplan-Meier analysis. A Kaplan-Meier analysis of ABO
blood groups was not performed due to lack of statistically
significant mortality differences amongst ABO blood
groups. Due to our findings and the findings of other
researchers, we do not recommend including ABO blood
groups alone in risk stratification of COVID-19 disease
severity; although, Rh status may be an important factor to
consider in these types of risk calculators. We surmise that
Rh status is an important marker that may be further
studied for its role in COVID-19 pathogenesisin future
analyses with larger sample sizes across multiple centers
worldwide, as this may contribute to our under- standing of
COVID-19.
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This study has two notable strengths. The first
is thatthe data collected were obtained via manual chart
review, rather than from an automated epidemiologic data
set. Another strength is that our final analysis was
conducted on approximately 600 patients, providing a large
sample size for analysis enough to produce statistically
significant values that represent our patient population in
Southern California. This study’s primary limitation is that it
was unable to derive a mechanism for the association
between COVID-19 and Rh status, though this is a
limitation of many observational studies. Another limitation
is that our study was performed at a single center that
serves a predominantly Hispanic population. This may
confound our results, as ABO blood groups are known to be
distributed based on ethnicity. Though this limitation exists,
our findings provide valuable information for our region
and the Hispanic population. Regardless of the limitations,
we believe that they are minorand do not change the
impact of our study.

In conclusion, our study found that ABO blood
type did not have an association with COVID-19 severity
and mortality. However, when combining ABO blood type
and Rh status, there was a statistically significant
association between each group and COVID-19 mortality
and need for intubation. We also demonstrate that Rh
status is sig- nificantly associated with COVID-19 severity
and mortality, with Rh-negative patients having worse
outcomes. Within each combined ABO and Rh blood
group, O-, B-, and AB- had the highest rates of mortality;
however, these relation- ships may not be attributed to the
combined effect of ABO blood type and Rh status alone.
Future multi-center studies may better assess these
relationships and investigate the un- derlying role of Rh
factor in the pathogenesis of COVID-19.
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