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Aim and Background: Because of there is no sufficient evidence showing a 
relationship between blood types and severity of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection, this study was planned to investigate the 
effects of ABO blood group on the clinical outcomes of SARS-CoV-2 infection. 
Patients and Methods: The data of the patients were examined retrospectively. 
The patients who were hospitalized in wards or intensive care unit, constituted the 
study group. The patients who presented to the hospital because of other causes 
and whose blood type examinations were performed, were included in the control 
group. Results: The study group consisted of 406 six patients were diagnosed 
with SARS-CoV-2 infection. Control group consisted of 38079 patients whose 
blood group was determined for any reason in the same period. The rate of Rh 
negativity was significantly higher in the patient group (p = 0,01). Hospitalization 
duration in intensive care was significantly longer in the blood type A and AB 
groups compared to the blood type O group (p = 0,03). Conclusion: Our results 
are in agreement with other studies suggesting that blood group O individuals are 
somewhat more resistant to clinically overt infection with SARS-CoV-2 than other 
blood groups. In addition, Rh negativity may also be an individual risk factor for 
SARS-CoV-2 infection.
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deaths, reported to the World Health Organization 
(WHO).[3] While the disease is asymptomatic or 
manifested as upper respiratory tract infection with mild 
symptoms in the majority of these cases, hospitalization 
because of a clinical picture of viral pneumonia that 
may progress to acute respiratory failure, is required in 
a certain part. Need for intensive care develops due to 

Original Article

IntroductIon

Coronavirus disease 2019 (COVID-19) infection 
is a contagious disease caused by Severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), 
which was defined in December 2019 for the first time 
in China. It may have a fatal prognosis. As the virus 
has a high level of contamination and asymptomatic 
individuals or individuals with mild symptoms are also 
contagious, it has spread rapidly throughout the world, 
and led to a global pandemic.[1,2]

In October 15, 2021, there have been 239,437,517 
confirmed cases of COVID‑19, including 4,879,235 
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causes such as severe pneumonia, respiratory distress 
syndrome, sepsis, septic shock, and a picture of multiple 
organ failure in about 5-10% of COVID-19 patients.[4-6] 
Specifically, host factors have an important role in terms 
of this clinical variety. Although acquired comorbidities 
including age, cardiovascular disease, diabetes, lung 
diseases, obesity, and a history of smoking are probably 
associated with disease severity, it is thought that genetic 
factors are also involved.[7-10]

Following discovery of the ABO blood group system 
in 1901 by Karl Landsteiner, studies supporting the 
relationship between the ABO blood group system 
and many diseases, such as cardiovascular diseases, 
infectious diseases, and cancer diseases, were 
reported.[11-18] As blood groups are genetically determined 
characteristics with polymorphic expression between 
individuals and populations, they are being frequently 
used in epidemiological studies. The relationship of 
blood groups with infectious diseases is notable. Many 
blood groups are receptors for toxins, parasites, and 
bacteria, where they can facilitate infection or evade 
host clearance mechanisms. Blood groups can also serve 
as false receptors by preventing binding to target tissue. 
Finally, bacteria can stimulate antibodies against blood 
group antigens, including ABO. ABO antibodies may be 
considered a part of the natural immune system against 
some bacterial pathogens and enveloped viruses carrying 
ABO-active antigens. In addition, the carbohydrate 
portions of ABO blood groups are genetically inherited, 
and it has been proposed that there is a correlation 
between blood types and sensitivity against certain 
infections including SARS-CoV-2 virus.[19-23]

Rapid gobal spread of the new coronavirus SARS-CoV-2 
critically necessitated detection of individuals under risk 
and prioritization of these individuals forcing healthcare 
services and test sources. Studies related to the risk 
factors that influence the severity of COVID‑19[24-27] 
and studies that detail the characteristics rendering 
individuals susceptible to COVID-19 infection and 
investigate risk factors related to disease progression, 
are currently continuing to be the center of interest.[28-31]

However, there is no sufficient data showing the 
relationship between ABO blood typing and severity of 
COVID-19 disease and further studies are needed in this 
area. Therefore, we aimed to investigate the effects of 
ABO blood group and Rh types on COVID-19 infection 
and clinical outcomes (infection status, intubation, and 
mortality) in this study.

MAterIAl And Methods

This study is a retrospective case-control study. The 
data of the patients, who were hospitalized between 

March 11, 2020 and June 01, 2021 at Göztepe Prof. Dr. 
Süleyman Yalçın City Hospital because of COVID‑19 
infection, were obtained from the hospital’s electronic 
medical records by way of data collection forms and 
examined retrospectively.

The patients who were hospitalized at wards or 
intensive care unit with a diagnosis of COVID-19 
infection constituted the COVID-19 study group. The 
patients, who presented at the hospital in the same 
time period because of other causes and whose blood 
type examinations were performed, were included in the 
control group. The patients’ demographic characteristics, 
comorbidities (cancer, obesity, coronary heart disease, 
chronic pulmonary disease, immune deficiency, diabetes 
mellitus), and clinical data (intubation, hospitalization 
period, mortality) were analyzed. The ABO blood group 
distribution of the COVID-19 patients were compared 
with the ABO and Rh blood group distribution of the 
control group.

In our hospital, the diagnosis of COVID-19 infection 
was made according to the results of real-time 
polymerase chain reaction (RT-PCR) tests performed 
on nasopharyngeal and oropharyngeal samples obtained 
using synthetic fiber swabs. ABO blood type of patients 
was determined by standard RBC typing performed for 
clinical purposes. Nucleic acid testing was performed 
according to the Technical Guidelines for SARS-CoV-2 
Laboratory Testing.

ABO and Rh blood group test was performed using 
microplate method (forward and reverse grouping 
techniques). Neo Iris (Immucor medizinische 
Diagnostik GmbH, d-63322 Rödemark, Germany), is 
a fully automated analyzer for immunohematology 
testing in the blood bank. Among classical methods, 
microplate technology is a further step toward more 
sensitive and fast blood typing analysis with the 
feasibility of automation. In this technique, both 
antibodies in blood plasma and antigens on RBCs 
can be determined. Typical microplates consist of a 
large number of small tubes that contain a few µL of 
reagents, which are treated against the blood samples. 
Following centrifugation and incubation, the subsequent 
agglutination can be examined by an automatic read 
out device. The foremost advantage of microplate 
technology is its fast response, low reagent volumes, 
and high throughput analysis.

Statistical analysis
The descriptive values belonging to the data obtained, 
were calculated as standard deviation (SD), number, and 
% frequencies depending on the type of the variable. 
The blood type distributions in the control group 
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and COVID-19 positive group were compared using 
Pearson’s Chi-square test. The relationships between 
patient characteristics and blood type were evaluated 
using Pearson’s Chi-square test or independent samples 
t-test. A P value of <0.05 was considered statistically 
significant, and SPSS (ver. 23) program was used for 
calculations.

This study was approved by Göztepe Prof. Dr. Süleyman 
Yalçın City Hospital Clinical Researches Ethics 
committee (Decision number: 2020/0475).

results

A total of 406 COVID patients (229 males; 56.4%) 
were included in the study. The mean age of the patients 
was 63,46 ± 17,43 years (7-97). The total number of 
patients hospitalized was 335 (82.5%) in the ward and 
256 (63.1%) in the intensive care unit. Two hundred 
eighteen (85.2%) of the patients hospitalized in intensive 
care unit were intubated, whereas only 3 (2.0%) of 

150 patients, who were not hospitalized in intensive care 
unit, were intubated. In addition, 187 (46.1%) patients 
died among all patients.

The blood type distributions in COVID-19 positive 
patients and in the control group are shown in Table 1. 
A significant difference was not found between the 
patient and control groups in terms of the distribution 
of blood types A, B, O, and AB (P = 0,070). When 
the distribution of Rh positivity and negativity was 
examined; however, it was found that the rate of 
Rh negativity was significantly higher in the patient 
group (P = 0,01).

The distribution of categorical demographic and clinical 
characteristics by blood type in the patient group is 
shown in Table 2. A significant difference was not found 
between the individuals with blood type A, B, O, and 
AB, and between Rh positive and Rh negative groups 
in terms of the demographic and clinical characteristics 
indicated in Table 2.

Descriptive data including rates of hospitalization 
in intensive care unit-hospitalization duration, rates 
of intubation and mortality rates are shown in 
Table 3. When Table 3 was examined, it was found 
that hospitalization duration in intensive care was 
significantly longer in the blood type A and AB groups 
compared to the blood type O group (P = 0,033). No 
other significant difference was found between the blood 
type A, B, O and AB groups. In addition, a significant 
difference was not found between Rh positive and 

Table 1: Blood type distribution between groups
Blood type COVID-19 positive 

patients, n (%)
Control 

group, n (%)
χ2 P

n: 406 n: 38079
A 198 (48,8) 16389 (43,0) 7,06 0,070
B 67 (16,5) 6327 (16,6)
O 114 (28,1) 12897 (33,9)
AB 27 (6,7) 2466 (6,5)
Rh positive 342 (84,2) 33651 (88,4) 6,66 0,010
Rh negative 64 (15,8) 4428 (11,6)

Table 2: Relationship between blood type and clinical findings
Clinical Characteristics Blood type P Rh P

A B O AB Positive Negative
n 198 67 114 27 342 64
Age (year), Mean±SD 63,5±17 61,8±16 64,9±18 60,8±15 0,566 63,4±17 63,9±15 0,799
Male sex, n (%) 121 (61,1) 41 (61,2) 55 (48,2) 12 (44,4) 0,070 196 (57,3) 33 (51,6) 0,395
Fever, n (%) 68 (34,3) 27 (40,3) 47 (41,2) 13 (48,1) 0,400 130 (38,0) 39 (39,1) 0,874
Cough, n (%) 75 (37,9) 32 (47,8) 55 (48,2) 12 (44,4) 0,257 146 (42,7) 28 (43,8) 0,875
Sputum, n (%) 17 (8,6) 6 (9,0) 10 (8,8) 2 (7,4) 0,996 28 (8,2) 7 (10,9) 0,472
Respiratory distress, n (%) 148 (74,7) 47 (70,1) 81 (71,1) 18 (66,7) 0,738 251 (73,4) 43 (67,2) 0,308
Sore throat, n (%) 8 (4,0) 2 (3,0) 6 (5,3) 0 (0,0) 0,615 15 (4,4) 1 (1,6) 0,287
Muscle pain, n (%) 64 (32,3) 23 (34,3) 37 (32,5) 12 (44,4) 0,648 115 (33,6) 21 (32,8) 0,899
Headache, n (%) 7 (3,5) 2 (3,0) 7 (6,1) 0 (0,0) 0,421 14 (4,1) 2 (3,1) 0,715
Chest pain, n (%) 6 (3,0) 4 (6,0) 1 (0,9) 0 (0,0) 0,173 8 (2,3) 3 (4,7) 0,288
Diarrhea, n (%) 15 (7,6) 3 (4,5) 10 (8,8) 2 (7,4) 0,763 22 (6,4) 8 (12,5) 0,089
Comorbidity, n (%) 134 (67,7) 50 (74,6) 72 (63,2) 19 (70,4) 0,451 231 (67,5) 44 (68,9) 0,850
Diabetes, n (%) 68 (34,3) 16 (23,9) 28 (24,6) 10 (37,0) 0,157 99 (28,9) 23 (35,9) 0,263
Hypertension, n (%) 92 (46,5) 30 (44,8) 45 (39,5) 11 (40,7) 0,667 151 (44,2) 27 (42,2) 0,771
Heart disease, n (%) 46 (23,2) 19 (28,4) 20 (17,5) 4 (14,8) 0,273 76 (22,2) 13 (20,3) 0,735
Obesity, n (%) 1 (0,5) 0 (0,0) 1 (0,9) 0 (0,0) 0,847 1 (0,3) 1 (1,6) 0,183
Malign disease, n (%) 22 (11,1) 9 (13,4) 11 (9,6) 3 (11,1) 0,893 35 (10,2) 10 (15,6) 0,207
Chronic lung disease, n (%) 21 (10,6) 10 (13,4) 13 (11,4) 1 (3,7) 0,466 40 (11,7) 5 (7,8) 0,364
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negative groups in terms of rates of hospitalization in 
intensive care unit-hospitalization duration, rates of 
intubation, and mortality rates.

dIscussIon

Four hundred eight COVID-19 patients, who were 
being followed up by our hospital, were included 
in this study. A significant difference was not found 
between the COVID-19 patients and the control group 
in terms of the frequencies of ABO blood groups. On 
the other hand, when the distribution of Rh positive and 
negativity is examined, Rh negativity rate was found to 
be significantly higher in patients.

Our result is in contrast with the findings of other studies 
in which an association between ABO blood type and 
susceptibility to infection was reported. Studies regarding 
the relationship between COVID-19 infection and blood 
groups have been conducted since the beginning of 
SARS-CoV-2 pandemic. In various studies, it has been 
proposed that the O blood group is observed with a lower 
frequency in patients with severe COVID-19 infection 
who need prolonged hospitalization, clinical course 
is more severe in individuals with blood group A and 
the blood group O may have a protective effect.[22,23,32] 
However, Dzik et al.[33] could not find a significant 
correlation between blood groups and COVID-19 in a 
review in which the distributions of ABO blood group 
were compared between 957 confirmed COVID‑19 cases 
in the region of Boston during 2020 epidemic and 
5840 control patients belonging to the same date in 
2019. In the study of Negro P et al.,[34] they evaluated 
the distribution of ABO and Rh blood groups in two 
populations of subjects exposed to the risk of infection 
tested for SARS-CoV-2. They found no difference in 
blood type distribution between SARS-CoV-2-infected 
or uninfected individuals. Similarly, we could not find 
a difference between COVID-19 patients and the control 
group in terms of the frequencies of ABO blood group 
in our study.

There are studies evaluating the relationship between 
blood groups and the clinical characteristics of 
COVID-19 infection (especially need for tracheal 
intubation, lenght of stay in intensive care unit, and 
mortality).[22,23,35-38] Hoiland et al.[36] reported that 

among the patients, who were hospitalized in intensive 
care unit, the ones with blood group A or AB required 
mechanical ventilation and dialysis therapy with a higher 
rate compared to the ones with blood group O or B. 
Similarly, biomarkers of renal and hepatic dysfunction 
were found to be higher in the patients with blood 
group A or AB.[36] In a multi-center retrospective review 
conducted in USA, a relationship could not be found 
between ABO blood group and intubation or mortality 
related to COVID-19 infection.[38] Similarly, we could 
not find any correlation between ABO blood group and 
intubation or mortality related to COVID-19 infection in 
our study. In addition, ABO blood group and Rh type 
were not found to have an effect on the frequency of 
becoming infected with COVID-19 and on disease 
severity in our study. However, a significant correlation 
was found between the length of stay in intensive care 
unit and blood groups. It was concluded that prolonged 
length of stay in intensive care unit in individuals with 
blood group A and AB influenced clinical prognosis by 
prolonging hospitalization period.

The Rh blood type consists of more than 50 protein 
antigens, the most clinically relevant of which are D, C, 
c, E, and e. The RH locus encodes two genes RHD and 
RHCE. An individual’s Rh type is largely determined 
by the presence or absence of the D antigen on 
erythrocytes, Rh+ or Rh‑, respectively. The Rh antigens 
complex with associated glycoproteins on the red blood 
cell surface, but physiologic roles of RhD and RhE 
have yet to be elucidated. Rh (D) phenotypes (positive 
and negative Rh blood types) are associated with very 
few diseases compared to ABO.[13] The Rh (Rhesus) 
blood group system is the most complex of known 
human blood group polymorphisms. Expression of 
their antigens is controlled by a two-component 
genetic system consisting of RH and RHAG locus 
encoding Rh30 polypeptides and Rh50 glycoprotein, 
respectively.[39] West Nile virus infection is more 
common in Rh-negative individuals, a hypothesis posits 
that glycosylated structures expressed differently on the 
surface of erythrocytes will facilitate virus binding or 
serve as receptors/co-receptors through glycan-glycan or 
lectin-glycan interactions in a Velcro-like interaction.[40] 
However, natural antibodies can block or opsonize the 

Table 3: Rates of hospitalization, intubation, and mortality rates
Blood type P Rh P

A B O AB Positive Negative
Hospitalization rates in ICU, n (%) 130 (65,7) 42 (62,7) 66 (57,9) 18 (66,7) 0,56 220 (64,3) 36 (56,3) 0,21
Hospitalization days in ICU, mean±SD 10,2±10,6 8,5±11,1 6,9±9,45 11,5±11,7 0,03 9,1±10,3 9,0±11,7 0,96
Intubation, n (%) 113 (57,1) 36 (53,7) 58 (50,9) 14 (51,9) 0,74 190 (55,6) 31 (48,4) 0,29
Mortality, n (%) 98 (49,5) 30 (44,8) 51 (44,7) 8 (29,6) 0,26 162 (47,4) 25 (39,1) 0,22
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entry of viral particles leading to complement-mediated 
neutralization.[41] It has also recently been shown that 
natural antibodies can aid the formation of cytotoxic T 
cells against the pathogen.[42] These additional protection 
mechanisms may have contributed to the protection of 
that individual’s blood group during the COVID-19 
outbreak. The association between Rh blood and SARS‑
CoV‑2 positivity merits further investigation.

Unlike previous studies, in our study, the Rh (-) ratio 
was found to be significantly higher than the community 
ratio.[43] Our study suggests that the Rh (+) blood group 
is protective and the Rh (-) blood group is predisposed 
to COVID‑19 significantly.

With many of the abovementioned mechanisms, it 
is obvious that the virus infections show affinity to 
some blood groups or may be protective. Although 
the mechanism is unknown, this study suggests an 
association between Rh (D) negative blood groups and 
Covid-19 pathogenesis in terms of potential risk factors. 
Our study has several limitations. First, as with any 
chart review, data quality is dependent on completion 
of the medical record; a factor that is likely exacerbated 
in the context of the swell of patients which occurred 
during the pandemic. Secondly, given the size of our 
population and the unequal distribution of blood types 
across the overall study population, differences in the 
groups represented have the ability to cast a heavier 
weight on overall analysis and therefore conclusions. 
Finally, given the unequal representation of ABO and 
Rh phenotypes in the population, we recognize that a 
much larger study may be necessary to elucidate any 
significant difference beyond the tendencies observed. 
In conclusion, a significant difference could not be 
found between ABO blood groups in terms of the 
frequency of becoming infected or severe disease. 
However, a significant difference was observed between 
lenghts of stay in intensive care unit and blood groups. 
Although blood groups were not found to have a direct 
correlation with intubation and mortality, it was thought 
that blood groups A and AB prolonged hospitalization 
period and indirectly influenced clinical prognosis.

We need further molecular studies to elucidate the 
relationship between blood groups and the disease. 
Larger prospective multi-center studies should be 
conducted to clarify the possible protective role of 
blood groups in terms of COVID-19 infection. Studies 
including carefully selected control groups, analyzes of 
additional data sets from all corners of the world and 
the contribution of both genetic and newly emerging 
acquired cofactors, will continue to improve our 
understanding on the relationship between COVID-19 
and ABO blood group, if present.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

references
1. Rothan HA, Byrareddy SN. The epidemiology and pathogenesis 

of coronavirus disease (COVID-19) outbreak. J Autoimmun 
2020;109:102433.

2. Surveillances V. The epidemiological characteristics of an 
outbreak of 2019 novel coronavirus diseases (COVID-19)—
China, 2020. China CDC Wkly 2020;2:113-22.

3. Organization WH. Coronavirus disease 2019 (COVID-19): 
Situation report, 82. 2020.

4. Patel AB, Verma A. Nasal ACE2 levels and COVID-19 in 
children. JAMA 2020;323:2386-7.

5. Wu Z, McGoogan JM. Characteristics of and important lessons 
from the coronavirus disease 2019 (COVID-19) outbreak 
in China: Summary of a report of 72 314 cases from the 
Chinese Center for Disease Control and Prevention. JAMA 
2020;323:1239-42.

6. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L, 
Castelli A, et al. Baseline characteristics and outcomes of 
1591 patients infected with SARS-CoV-2 admitted to ICUs of 
the Lombardy Region, Italy. JAMA 2020;323:1574-81.

7. Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L, et al. Prevalence 
and impact of cardiovascular metabolic diseases on COVID-19 
in China. Clin Res Cardiol 2020;109:531-8.

8. Shi Y, Yu X, Zhao H, Wang H, Zhao R, Sheng J. Host 
susceptibility to severe COVID-19 and establishment of a host 
risk score: Findings of 487 cases outside Wuhan. Crit Care 
2020;24:1-4.

9. Tian S, Hu N, Lou J, Chen K, Kang X, Xiang Z, et al. 
Characteristics of COVID-19 infection in Beijing. J Infect 
2020;80:401-6.

10. von der Thüsen J, van der Eerden M. Histopathology and 
genetic susceptibility in COVID‑19 pneumonia. Eur J Clin Invest 
2020;50:e13259. doi: 10.1111/eci. 13259.

11. Franchini M, Mannucci PM. ABO blood group and thrombotic 
vascular disease. Thromb Haemost 2014;112:1103-9.

12. Franchini M, Rossi C, Mengoli C, Frattini F, Crestani S, 
Giacomini I, et al. ABO blood group and risk of coronary artery 
disease. J Thromb Thrombolysis 2013;36:286-7.

13. Anstee D. The relationship between blood groups and disease. 
Blood 2010;115:4635-43.

14. Liumbruno GM, Franchini M. Beyond immunohaematology: The 
role of the ABO blood group in human diseases. Blood Transfus 
2013;11:491-9.

15. Chello M, Spadaccio C. ABO gene variants and increased risk of 
atherosclerosis. Atherosclerosis 2013;228:327-8.

16. Fagherazzi G, Gusto G, Clavel-Chapelon F, Balkau B, Bonnet F. 
ABO and Rhesus blood groups and risk of type 2 diabetes: 
Evidence from the large E3N cohort study. Diabetologia 
2015;58:519-22.

17. Franchini M, Favaloro EJ, Targher G, Lippi G. ABO blood 
group, hypercoagulability, and cardiovascular and cancer risk. 
Crit Rev Clin Lab Sci 2012;49:137-49.

18. Franchini M, Lippi G. The intriguing relationship between the 
ABO blood group, cardiovascular disease, and cancer. BMC 
Med 2015;13:1-3.

19. Batool Z, Durrani SH, Tariq S. Association of ABO and Rh 

D
ow

nloaded from
 http://journals.lw

w
.com

/njcp by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 04/19/2023



Turhan, et al.: The effect of ABO blood groups on Covid‑19

1665Nigerian Journal of Clinical Practice ¦ Volume 25 ¦ Issue 10 ¦ October 2022

blood group types to hepatitis B, hepatitis C, HIV and Syphillis 
infection, a five year’experience in healthy blood donors in a 
tertiary care hospital. J Ayub Med Coll Abbottabad 2017;29:90-2.

20. Cheng Y, Cheng G, Chui C, Lau F, Chan PK, Ng MH, et al. 
ABO blood group and susceptibility to severe acute respiratory 
syndrome. JAMA 2005;293:1447-51.

21. Lindesmith L, Moe C, Marionneau S, Ruvoen N, Jiang X, 
Lindblad L, et al. Human susceptibility and resistance to 
Norwalk virus infection. Nat Med 2003;9:548-53.

22. Zhao J, Yang Y, Huang H-P, Li D, Gu D-F, Lu X-F, et al. 
Relationship between the ABO Blood Group and the COVID-19 
Susceptibility. MedRxiv 2020. doi.org/10.1101/2020.03.11.20031096.

23. Zietz M, Tatonetti NP. Testing the association between blood 
type and COVID-19 infection, intubation, and death. MedRxiv 
2020. doi.org/10.1101/2020.04.08.20058073.

24. Chen R, Liang W, Jiang M, Guan W, Zhan C, Wang T, et al. 
Risk factors of fatal outcome in hospitalized subjects with 
coronavirus disease 2019 from a nationwide analysis in China . 
Chest 2020;158:97-105.

25. Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, et al. Risk factors 
for severity and mortality in adult COVID-19 inpatients in 
Wuhan. J Allergy Clin Immunol 2020;146:110-8.

26. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, 
McGinn T, Davidson KW, et al. Presenting characteristics, 
comorbidities, and outcomes among 5700 patients hospitalized 
with COVID-19 in the New York City area. JAMA 
2020;323:2052-9.

27. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course 
and risk factors for mortality of adult inpatients with COVID-19 
in Wuhan, China: A retrospective cohort study. Lancet 
2020;395:1054-62.

28. Guo W, Li M, Dong Y, Zhou H, Zhang Z, Tian C, et al. Diabetes 
is a risk factor for the progression and prognosis of COVID‑19. 
Metab Res Rev 2020;36:e3319. doi: 10.1002/dmrr. 3319.

29. Hussain A, Bhowmik B, do Vale Moreira NC. COVID-19 and 
diabetes: Knowledge in progress. Diabetes Res Clin Pract 
2020;162:108142.

30. Meng J, Xiao G, Zhang J, He X, Ou M, Bi J, et al. 
Renin-angiotensin system inhibitors improve the clinical 
outcomes of COVID-19 patients with hypertension. Emerg 
Microbes Infect 2020;9:757-60.

31. Zhao Q, Meng M, Kumar R, Wu Y, Huang J, Lian N, et al. 

The impact of COPD and smoking history on the severity of 
COVID‑19: A systemic review and meta‑analysis. J Med Virol 
2020;92:1915-21.

32. Wu Y, Feng Z, Li P, Yu Q. Relationship between ABO blood 
group distribution and clinical characteristics in patients with 
COVID-19. Clin Chim Acta 2020;509:220-3.

33. Dzik S, Eliason K, Morris EB, Kaufman RM, North CM. 
COVID‑19 and ABO blood groups. Transfusion 2020;60:1883-4.

34. Negro P, Congedo M, Zizza A, Guido M, Sacquegna G, Pulito G, 
et al. Role of ABO blood system in COVID‑19: Findings from a 
southern Italian study. Transfus Med 2022;32:243-7.

35. Li J, Wang X, Chen J, Cai Y, Deng A, Yang M. Association 
between ABO blood groups and risk of SARS‑CoV‑2 pneumonia. 
Br J Haematol 2020;190:24-7.

36. Hoiland RL, Fergusson NA, Mitra AR, Griesdale DE, 
Devine DV, Stukas S, et al. The association of ABO blood group 
with indices of disease severity and multiorgan dysfunction in 
COVID-19. Blood Adv 2020;4:4981-9.

37. Wu B-B, Gu D-Z, Yu J-N, Yang J, Shen W-Q. Association 
between ABO blood groups and COVID-19 infection, severity 
and demise: A systematic review and meta-analysis. Infect Genet 
Evol 2020;84:104485.

38. Latz CA, DeCarlo C, Boitano L, Png CM, Patell R, Conrad MF, 
et al. Blood type and outcomes in patients with COVID-19. Ann 
Hematol 2020;99:2113-8.

39. Huang CH, Liu PZ, Cheng JG. Molecular biology and genetics 
of the Rh blood group system. Semin Hematol 2000;37:150-65.

40. Kaidarova Z, Bravo MD, Kamel HT, Custer BS, Busch MP, 
Lanteri MC. Blood group A and D negativity are associated 
with symptomatic West Nile virus infection. Transfusion 
2016;56:1699-706.

41. Neil SJ, McKnight A, Gustafsson K, Weiss RA. HIV-1 
incorporates ABO histo-blood group antigens that sensitize 
virions to complement-mediated inactivation. Blood 
2005;105:4693-9.

42. Dürrbach A, Baple E, Preece AF, Charpentier B, Gustafsson K. 
Virus recognition by specific natural antibodies and complement 
results in MHC I cross‑presentation. Eur J Immunol 
2007;37:1254-65.

43. Esref A, Solmaz I, Akkoc H, Donmezdil S, Karahan Z, Safak K, 
et al. Association between the Rh blood group and the Covid-19 
susceptibility. Int J Hematol Oncol 2020;31:081-6.

D
ow

nloaded from
 http://journals.lw

w
.com

/njcp by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 04/19/2023


