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Evaluation of the Relationship Between ABO Blood Group
Distribution and Clinical Features in Long-Term
COVID-19 Patients: A Retrospective Study

Uzun Dénem COVID-19 Hastalarinda ABO Kan Grubu Dagilimi ile Klinik Ozellikler Arasindaki Iliskinin Degerlendirilmesi:

Retrospektif Bir Calisma
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This study investigates the associations of ABO blood groups on long-term COVID patients who applied to the COVID-19 Fol-
low-up Center. New co-morbidities after COVID-19 were also evaluated. Methods: This study was designed retrospectively with
patients admitted to COVID-19 Follow-up Center between December 13, 2020, and November 1, 2021. The study sample consis-
ted of 502 patients divided into four groups according to their blood types. Patients were analyzed according to their symptoms
and our findings after COVID-19 by blood group variable. Newly diagnosed co-morbidities were recorded from patient’s files, and
the drug history of the patients was investigated A total of 502 COVID-19 patients were retrospectively analyzed, and the mean
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4 Eskisehir Osmangazi University, age was 55.5(+13.2) years. Patients were predominantly female (263/502) (52.4%). While long-term COVID-19 symptoms were
Department of Family Medicine, Faculty observed in 76.9% of the patients, extreme fatigue (46.2%) and ongoing shortness of breath (32.9%) were observed most frequently.
of Medicine, Eskisehir, Turkey No relationship was found between other prolonged symptoms of the disease and blood groups except heart palpitation with blood

groups A and B compared to AB and O (p=0.048) . In addition, there was no significant difference in the ongoing symptoms and
inflammatory parameters like C-Reactive Protein and Lymphocyte count. This study demonstrated no difference between blood
types and long-term COVID-19 patients' clinical features.
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Bu galigma, COVID-19 Izlem Merkezine bagvuran uzun siireli COVID hastalarinda kan gruplari arasindaki iligkilerin aragtirilma-
sin1 amaglamaktadir. COVID-19 sonrasi yeni komorbiditeler de degerlendirilmistir. Bu ¢alisma, 13 Aralik 2020 ile 01 Kasim 2021
tarihleri arasmnda COVID-19 Izlem Merkezi'ne basvuran hastalar ile retrospektif olarak tasarlandi. Calismanin érneklemini, kan
gruplarina gore 4 gruba ayrilan 502 hasta olusturdu. Hastalar kan grubu degiskenine gére COVID-19 sonras: semptomlarina ve
bulgularina gore analiz edildi. Hasta dosyalarindan yeni tan1 konulan ek hastaliklar kaydedildi ve hastalarin ila¢ 6ykiisii arastirildi.
Toplam 502 COVID-19 hastast retrospektif olarak incelendi ve yas ortalamasi 55,5(+13,2) idi. Hastalarin ¢ogunlugunu kadinlar
olusturmaktaydi (263/502) [%52.4]. Hastalarin %76,9'unda uzun siireli COVID-19 semptomlari goriiliirken, en sik agir1 yorgun-
luk (%46,2) ve devam eden nefes darhg (%32,9) goriildii. Uzun siireli COVID semptomlar: degerlendirildiginde, AB ve O'ya

Correspondence: kiyasla A ve B kan gruplari ile iligkili tek semptom kalp ¢arpintistydi (p=0,048). Hastalarin kan gruplari ile hastaligin semptomlar1
Aml UGAN ve seyri arasinda anlaml bir iligki bulunmadi. Ayrica devam eden semptomlarda ve C-Reaktif Protein ve lenfosit sayimu gibi
Eskisehir City Hospital, Department inflamatuar parametrelerde anlaml fark yoktu. Bu ¢alisma, kan gruplari ile uzun siireli COVID-19 hastalarinin klinik 6zellikleri
of Pediatrics, Eskisehir, Turkey arasinda fark olmadigini gostermistir.
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Procalcitonin in Acinetobacter Bacteriamia

1. Introduction

Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was first
identified in December 2019 in Wuhan,

China, as a cause of severe morbidity and
mortality. A year later, in December 2020,

more than 65 million confirmed cases and
more than 1.5 million deaths were reported
globally (1). Nowadays, the pandemic reached

608 million cases worldwide as of September
19, 2022 (2). From the onset of the pandemic
to the present, in the prediction of disease
progression, proven specific biomarkers has
not been revealed. Examining the relationship
between human blood groups and infectious
diseases has been used as a marker from the
past to the present (3,4). Several studies on
SARS-CoV-1 have shown a relationship
between the risk of infection and blood type.
O blood group is protective against disease
(5). A recent study found a possible

relationship between blood group A and
COVID-19 infection and mortality, while it

was associated with a lower risk of infection

and death for group O (6). In addition, another

study found that blood group A is more likely

to test COVID-19 positive (7). ABO antibody
titer is hypothesized to impact the severity of

the disease and its complications (8). Group O

carriers were substantially less common than

group B carriers in COVID-19 patients (p

0.001), indicating that anti-A from O blood

groups is more protective than anti-A from B,

as previously reported in a study (9). A
systematic review and meta-analysis study
observed higher mortality in patients with

blood type A compared to non-A blood
groups in the study (10).

However, studies on the severity and
frequency of complications during follow-up
are limited. In the long-term patient follow-
ups of COVID-19, a need has arisen for the
chronic period of clinical management of the
disease, possible complication detection, and
timely intervention, thus minimizing the
uncertainties that COVID-19 patients may
experience (11).

This study investigates the associations
between ABO blood groups and clinical
features in long-term COVID-19. We also
aimed to evaluate the clinical outcomes and
complications of the disease. Database created

in our center will provide clinicians very
valuable information about the future of the
follow-up process of COVID-19 patients, full
of uncertainty, and the evaluation of severe
long-term consequences of the disease.

2. Materials and Methods
Study Participants

The archive records of 502 patients between
December 13, 2020, and November 1, 2021,
who were diagnosed with COVID-19 at the
Eskisehir City Hospital and admitted to the
COVID-19 Follow-up center were analyzed
retrospectively. A prospective COVID-19
register was created for each SARS-CoV-2
positive patient admitted to the COVID-19
hospital. ABO blood types, which had
previously been identified through serological
testing in a lab accredited by the Ministry of
Health, were obtained from the patient's
national identification card. The patient
characteristics, laboratory-confirmed blood
types, height, weight, co-morbidities (histories
of cardiovascular disease, diabetes,
hypertension, chronic  obstructive  lung
disease, and other), smoking status, symptoms
at diagnosis(fatigue, fever, cough, sore throat,
chest pain, shortness of breath, loss of taste
and smell, myalgia, headache, loss of appetite,
expectoration) and follow-up symptoms
associated with long-term COVID-19, follow-
up chest X-RAY, treatment of
disease(antiviral, antibiotics, steroid, IVIG or
other therapies), Intensive Care Unit (ICU)
transfer, follow-up dates, and laboratory
values were recorded. Related co-morbidities
were analyzed as binary variables and
included cardiovascular disease (history of
coronary artery disease and stroke history),
diabetes mellitus, hypertension, and chronic
obstructive lung disease (COPD). The blood
group of patients analysis result in our
database  were obtained by e-Pulse
application. The e-Pulse is a personal health
record system that the Turkish Ministry of
Health integrated all the information systems
of all health institutions. E-Pulse is an
application that people can access their

laboratory results, medical images,
prescription  and  medication  details,
emergency information, diagnosis details,
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reports and health records that contain all the
examination details via desktop and mobile
platforms. People can also share their medical
records with their doctor(s) and relatives
within specific regulations. The exclusion
criteria were inadequate diagnosis, CT
images, and missing follow-up records.
Thirteen patients from the study were
excluded because their blood group
information was not evaluated reliably or they
couldn’t be reached to obtain their
information. The clinical outcome was
determined as the need for ICU.

Data Sources and Study Size

All patients who met the inclusion criteria
during the specified date range were included.
The study group at the Eskisehir City Hospital
examined the patient's medical records. From
electronic medical records, data on clinical
features were collected using data collecting
forms. Data sources were obtained from
patient history and records. A team of doctors
with the appropriate training examined the
data.

Laboratory Parameters

Laboratory findings were categorized as
normal, high or low based on the following
reference values: haemoglobin (female: 12.4-
16.1 g/dl, male: 13.9-17.7 g/dl), lymphocyte
count: 1.07-3.12x103/uL), platelets: 150-450
103/uL, CRP N: <5 mg/L, Ferritin: 22-322
ng/mL, D-Dimer: 0-550 pg/L. All the
laboratory data were recorded during COVID-
19 Follow-up Center admission.

A reverse transcriptase-polymerase chain
reaction was used to screen for SARS-CoV-2
using a sample from a nasopharyngeal swab.
The patient's sample underwent viral analysis
and real-time (Q) PCR tests. Using vNAT
solution, the RNA was extracted (Bioeksen,

Istanbul, Turkey). The Rotor-Gene Q
(Qiagen), LightCycler 480 (Roche), and
Biospeedy SARSCoV-2 RT-qPCR kit

(Bioeksen) were used for all reactions.
Targeting the RdRp (RNA-dependent RNA
polymerase)  gene  fragment  reverse
transcription (RT) and rt PCR (QPCR) are
carried out by the kit in a single step (RT-

QPCR). Software programs LightCycler 480,
and Rotor-Gene Q were used to evaluate the
data.

Long-Term Covid-19 Symptoms

We evaluated symptoms occurring in the first
4 weeks after diagnosis. Complaints of the
patients were evaluated with literature for
association with COVID-19. These
complaints are; extreme tiredness, shortness
of breath, chest pain or tightness, problems
with memory and concentration, insomnia,
heart palpitations, dizziness, pins and needles,
joint pain, depression and anxiety, tinnitus or
earaches, feeling sick, diarrhea, stomach
aches, loss of appetite, a high temperature,
cough, headaches, sore throat, changes to
sense of smell or taste and rashes. Some
unspecified complaints are categorized as
‘Other’.

Covid-19 Follow-Up Centers

As the pandemic progressed, the need for
follow-up of the unknown long-term results of
the COVID-19 disease arose (12). The
Ministry of Health of the Republic of Turkey
has also started a study to detect the long term
effects of COVID-19. Certain pilot centers
have been selected to establish COVID-19
Follow-Up Centers across the country. In this
project, 10 academics from various fields of
expertise were appointed, the current situation
analysis was made by these experts, and the
scientific justifications presented strengthened
the establishment of COVID-19 Follow-Up
Centers. Our center has started to work as a
2nd pilot center, the information system
module to be used has been completed, and it
has become operational on December 13
2020.

Ethics

The study was approved by both the Turkish
Ministry of Health and the ethics committee at
Eskisehir Osmangazi University Faculty of
Medicine (approval number 2020/259) and
carried out in compliance with the Declaration
of Helsinki principles and all applicable
regulations. Due to the retrospective nature of
the study and because mno identifying
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information relating to participants was
included, written informed consent was
waived. All experimental protocols were
conducted according to the Strengthening of
the Reporting of Observational Studies in
Epidemiology guidelines.

Statistical Analysis

Continuous data are given as Mean =
Standard Deviation. Categorical data are
given as a percentage (%). Shapiro Wilk's test
was used to investigate the suitability of the
data for normal distribution. One-way analysis
of variance (One-Way ANOVA) was used for
cases with three or more groups to compare
normally distributed groups. The Kruskal-
Wallis H test was used for cases with three or
more groups that did not conform to the
normal distribution. Fisher Exact Chi-Square
analyses were used to analyze the created
cross tables, and Cramer's V values were
calculated for the level of relationship
between categorical data. IBM SPSS Statistics
21.0 (IBM Corp. Released 2012. IBM SPSS
Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp.) programs were
used in the analysis. A value of p<0.05 was
accepted as a criterion for statistical
significance.

3. Results

A total of 502 COVID-19 patients followed
up after their hospitalization in the COVID-19
Follow-Up Center took part in the study. Two
hundred and thirthy nine (47.6%) of the
patients were male, and 263 (52.4%) were
female.

Table 1. shows some of the main
characteristics of the patients. When all

patients were evaluated, the mean age was

55.5 years (SD+13.2). While long-term
COVID-19 symptoms were observed in
76.9% of the patients, extreme fatigue

(46.2%) and ongoing shortness of breath
(32.9%) were observed most frequently. Heart
palpitations were more frequent in individuals
with blood groups A and B than AB and O
when long-term COVID symptoms were
assessed (p=0.048). No progression was
detected in the patient's follow-up chest X-
rays compared to the X-rays during
hospitalization. ~However, the findings
persisted in 66 (29.7%) patients. Almost all
patients (96%) received Favipiravir treatment
during  hospitalization. ~No  significant
relationship was found between the patient's
blood groups and the disease's symptoms and
course (Table 1). When the inflammatory
markers of the disease and blood groups were
compared, no significant difference was found
(Table 2). Blood group A was the most
common among the patients who applied,
with a percentage of 44%. Newly diagnosed
comorbid disease after COVID infection was
observed in 56.9% of the patients.
Hypertension (35.2%) and diabetes (23.3%)
were observed most frequently. No significant
difference was observed when blood groups
and co-morbidity status were compared
(p=0.553). Blood groups and newly diagnosed
diseases after COVID-19 were compared
(Table 3). Diagnoses appeared to be
unaffected by blood groups. (p=0.168). When
all treatments were compared, no significant
relationship was found between blood groups
and treatment requirements during the disease
(p=0.791). A comparison of blood groups and
baseline characteristics of the patients is given
in Tables 1 and 2.

Table 1. Clinical characteristics of the patients according to their blood groups

Blood Types
A AB B (0] Cramer p-value
sV (95% CI)
n % n % n % n %
Gender
Male 107 47.6% 22 52.4% 31 41.9% 79 49.1%
0.054 0.696 (0.684-0.707)
Female 118 52.4% 20 47.6% 43 58.1% 82 50.9%
Co-morbidities 134 59.6% 24 57.1% 37 50.0% 91 56.5% 0.065 0.553 (0.547-0.573)
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Diabetes
Hypertension
Coroner Artery Disease

COPD
Symptoms in Admission

Fatigue
Fever
Cough

Loss of taste and smell

Sore throat

Chest pain
Expectoration
Shortness of Breath
Myalgia

Loss of Appetite
Headache

Long COVID-19 symptoms

Extreme tiredness
Shortness of Breath

Chest pain or tightness

Problems with memory and

concentration

Insomnia

Heart palpitations
Dizziness

Pins and needles

Joint pain

Depression and anxiety

Tinnitus or earaches

Feeling sick, diarrhea,
stomach aches,
loss of appetite

A high temperature,
cough,

headaches,

sore throat,

changes to sense of smell or

taste
Rashes
Other

Control Chest

XRAY
Similar

Regression

166
83
26
12

191

104
23
72

24

28
29

173
104
74
34
33

26
28
10

68

12

61

57

66

156

73.8%
36.9%
11.6%
5.3%

84.9%

46.2%
10.2%
32.0%

0.9%
10.7%

1.3%
0.4%
12.4%
12.9%
4.0%
2.7%

76.9%
46.2%
32.9%
15.1%
14.7%

11.6%
12.4%
4.4%
2.2%
30.2%
0.4%
0.4%

5.3%

27.1%

2.7%
25.3%

29.7%

70.3%

32
14

37

23

13

N W

35
22
22

12

12

34

76.2%
33.3%
11.9%
0.0%

88.1%

54.8%
4.8%
31.0%

0.0%
16.7%

2.4%
2.4%
14.3%
7.1%
4.8%
2.4%

83.3%
52.4%
52.4%
7.1%

19.0%

19.0%
4.8%
4.8%
4.8%
26.2%
2.4%
0.0%

2.4%

28.6%

2.4%
28.6%

19.0%

81.0%
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61
21
10

63

40

18

63
39
29
15
17

13

20

21

56

82.4%
28.4%
13.5%
6.8%

85.1%

54.1%
8.1%
24.3%

1.4%
10.8%

1.4%
1.4%
16.2%
12.2%
1.4%
5.4%

85.1%
52.7%
39.2%
20.3%
23.0%

17.6%
12.2%
6.8%
2.7%
35.1%
0.0%
1.4%

4.1%

27.0%

4.1%
28.4%

22.2%

77.8%

126
59
14
11

129

68
16
46

25

21
31
10

135
81
54
21
37

19

17

47

36

46

114

78.3%
36.6%
8.7%
6.8%

80.1%

42.2%
9.9%
28.6%

1.2%
15.5%

0.6%
0.6%
13.0%
19.3%
6.2%
1.2%

83.9%
50.3%
33.5%
13.0%
23.0%

11.8%
5.0%
5.6%
1.9%
31.7%
1.9%
3.1%

10.6%

29.2%

5.0%
22.4%

28.7%

71.3%

0.073
0.056
0.054
0.080

0.070

0.089
0.054
0.059

0.036
0.075

0.045
0.064
0.038
0.106
0.077

0.092
0.053
0.115
0.091
0.102

0.081
0.126
0.037
0.050
0.048
0.083
0.105

0.115

0.022

0.058
0.052

0.080

0.447 (0.455-0.480)
0.733 (0.722-0.744)
0.681 (0.669-0.693)
0.355 (0.342-0.367)

0.532 (0.519-0.545)

0.262 (0.250-0.273)
0.770 (0.760-0.781)
0.651 (0.638-0.663)

0.906 (0.898-0.913)
0.415 (0.403-0.428)

0.594 (0.582-0.607)
0.342(0.330- 0.355)
0.833 (0.823-0.843)
0.152 (0.143-0.162)
0.394 (0.382-0.407)
0.280 (0.268-0.291)

0.263 (0.252-0.275)
0.717 (0.705-0.728)
0.091 (0.083-0.098)
0.262 (0.250-0.273)
0.142 (0.133-0.151)

0.331 (0.319-0.343)
0.045 (0.040-0.051)
0.826 (0.816-0.835)
0.600 (0.587-0.612)
0.784 (0.773-0.795)
0.278 (0.266-0.289)
0.154 (0.144-0.163)

0.119 (0.111-0.127)

0.974 (0.970-0.978)

0.647 (0.635-0.659)
0.707 (0.695-0.718)

0.392 (0.380-0.405)
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Treatment

Favipiravir

Hydroxychloroquine

Deksametazon
Pulse Steroid
Enoxaparin
Acetylsalicylic acid
Human Plasma
IVIG
Tosilizumab
Levofloxacin

Ceftriaxone

ICU

216
12
57
25
135

6
11
10
5
70

20
23

96.0% 40
5.3% 1
25.3% 10
11.1% 4
60.0% 25
2.7% 0
4.9% 3
4.4% 2
2.2% 0
31.1% 18
8.9% 3
102% 9

95.2% 70
2.4% 4
23.8% 15
9.5% 15
59.5% 40
0.0% 2
7.1% 2
4.8% 4
0.0% 2
429% 26
7.1% 5
21.4% 8

94.6%
5.4%
20.3%
20.3%
54.1%
2.7%
2.7%
5.4%
2.7%
35.1%
6.8%
10.8%

151
12
43
13
86

10
5
3
44
15
18

93.8%
7.5%
26.7%
8.1%
53.4%
1.9%
6.2%
3.1%
1.9%
27.3%
9.3%
11.2%

0.045
0.060
0.048
0.124
0.089

0.052
0.057
0.040
0.047
0.092

0.034
0.009

0.757 (0.746-0.768)
0.707 (0.695-0.719)
0.778 (0.767-0.788)
0.068 (0.062-0.075)
0.341 (0.329-0.353)

0.822 (0.812-0.832)
0.630 (0.618-0.643)
0.788 (0.777-0.798)
0.858 (0.849-0.867)
0.233 (0.22-0.244)

0.959 (0.954-0.964)
0.510 (0.497-0.523)

Note: p< 0.05 is statistically significant.
Abbreviations: Cl, confidence interval; COPD, Chronic Obstructive Pulmonary Disease;

1IVIG, Intravenous Immunoglobulin Therapy, ICU, intensive care unit

Table 2. Comparison of basic characteristics and laboratory values of patients according to blood groups

Blood p-value
Type N Mean Std. Deviation Minimum Maximum (95% CI
Age, years A 225 55.56 13.229 20 93 0.063
AB 42 55.10 16.564 26 88
B 74 50.68 13.199 20 85
(6] 161 54.82 14.304 24 90
Weight, Kg A 225 80.10 14.900 41 125 0.429
AB 42 79.81 19.407 46 132
B 74 76.45 12.172 49 100
O 161 79.41 13.893 46 115
Height, Cm A 225 166.85 9.245 150 190 0.778
AB 42 167.64 8.938 150 181
B 74 166.23 8.730 150 187
O 161 166.40 8.929 149 193
Hemoglobin A 225 13.5467 1.48393 7.50 16.70 0.844
(female: 12.4-
16.1 g/dL; AB 42 13.4667 1.57954 10.20 17.00
male: 13.9-17.7 B 74 13.6716 1.56595 8.40 18.00
g/dL) 0 161 13.4466 1.84993 7.60 17.60
Lymphocyte A 225 2250.5778 744.12648 680.00 6390.00 0.998
(N:1.7-
7.2x103/uL) AB 42 2209.2857 618.67046 930.00 3950.00
B 74 2227.9730 607.05663 860.00 3950.00
O 161 2248.9441 716.45861 830.00 5150.00
Platelets A 225 241804.4444 64790.78265 78000.00 491000.00 0.163
(N: 150-450/pL)
AB 42 254404.7619 75479.94711 125000.00 475000.00
B 74 232328.3784 69410.20714 28300.00 422000.00
O 161 254484.4720 71905.32887 60000.00 517000.00
C-Reactive A 225 8.6933 31.62305 .10 376.00 0.665
Protein (N: <1.0 AB 42 11.9929 31.54382 .00 137.00
mg/dL) B 74 4.1905 9.25745 .10 55.00
(6] 161 8.4735 24.46255 .10 145.30
Ferritin (N: 22- A 225 104.348 122.0569 2 880.0 0.924
322 ng/mL) AB 42 120.287 144.9614 2 657.0
B 74 106.192 137.1171 2 640.0
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(0] 161 105.462 135.3200 2 1119.0
D-Dimer (N: 0- A 225 6.8431 88.67018 .10 1330.00 0.081
550 pg/L) AB 42 1.2029 1.45539 14 5.70
B 74 71457 1.46096 .19 12.10
(0] 161 .8130 2.00658 .10 22.57
Table 3. Comparison of newly diagnosed diseases after COVID-19 according to blood groups
Blood Types
A AB B (o) Total
n % n % n % n % n %
Anxiety 9 4.0% 2 4.7% 7 9.4% 1 0.6% 29 5.7%
Obstructive Sleep 1 0.4% 0 0.0% 1 1.3% 2 1.2% 4 0.7%
Apnea Syndrome
Type-2 Diabetes 3 1.3% 2 4.7% 0 0.0% 7 4.3% 12 2.3%
Asthma 0 0.0% 0 0.0% 0 0.0% 2 1.2% 2 0.3%
Depression 5 2.2% 2 4.7% 0 0.0% 5 3.1% 12 2.3%
Erectile Dysfunction 0 0.0% 0 0.0% 0 0.0% 1 0.4%
Hypothyroidism 3 1.3% 0 0.0% 0 0.0% 0 0.0% 3 0.5%
Hypertension 6 2.6% 0 0.0% 4 5.4% 3 1.8% 13 2.5%
Coronary Artery 0 0.0% 1 2.1% 0 0.0% 1 0.4% 2 0.3%
Disease
Congestive Heart 1 0.4% 0 0.0% 1 1.3% 0 0.0% 2 0.3%
Failure
Chronic Obstructive 0 0.0% 1 2.1% 0 0.0% 1 0.4% 2 0.3%
Pulmonary Disease
Sleep Disorder 2 0.8% 1 2.1% 0 0.0% 0 0.0% 3 0.7%
Venous Insufficiency 0 0.0% 0 0.0% 1.3% 0 0.0% 1 0.1%

4. Discussion

This study tried to reveal the relationship
between the blood types of hospitalized
patients for COVID-19 and long-term
symptoms of COVID-19. ABO blood types
have been extensively studied in infectious
diseases (13,14). Differences in blood group
can increase or decrease host susceptibility to
many infections (15,16). Blood group
antigens may play a direct role in infection by
acting as receptors and/ or can act as a
receptor for microorganisms, parasites, and
viruses (1). Blood types also in the COVID-19
pandemic due to all its unknowns and
unpredictability were investigated as a

biomarker. The first question in this study
sought to establish a connection between
blood groups and the characteristic features of
COVID-19 and its complications (4,6,7,17).
Several reports have shown that blood group
A has a lower risk for intubation and
hospitalization in the intensive care unit (ICU)
(7), while blood group AB and B have an
increased risk, in contrast.

A population-based cohort study revealed that
blood group O is at lower risk of developing
progression in COVID-19 (18). Researchers
discovered through a meta-analysis that blood
group O is a protective factor while blood
group A is a partial risk factor for COVID-19
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infection (19). This outcome is contrary to
that of Mendy et al. (2020), who found blood
group variables may not be associated with
hospitalization or disease severity in COVID-
19 (20).

Data on newly diagnosed diseases after
COVID-19 are scarce in the literature. Several
reports have shown that Covid-19 confers an
increased risk for type 2 diabetes (21). It was
reported that COVID-19 can be associated
with other abnormalities like potassium
disbalance (22). As mentioned in the literature
review, COVID-19 can also lead to newly
onset hypertension and cardiovascular
diseases  (23,24). Another source of
uncertainty is that blood types can be related
to newly diagnosed diseases after COVID-19
infection. ABO blood types and newly
diagnosed diseases after COVID-19 were
compared, and no significant difference
between the two groups was evident. This
inconsistency may be due to the limited size
of the study. According to our findings,
COVID-19 negatively impacts co-morbidities
regardless of blood group. So that after the
infection, close screening of such patients is
essential. Blood pressure, blood glucose, and
mental health should be followed up closely.

However, data on blood types and symptom
association in COVID-19 are scarce in the
literature. A study supported that blood
groups are more effective during the disease,
but their effect on symptoms at admission is
limited (25). Our study showed no evidence of
the association between the symptoms at
presentation and blood groups. A possible
explanation for this might be the study's small
sample size. Our findings are contrary to a
preprint study. A study found a relationship
between the long-term symptoms of the
disease and the A blood group (26). These
results,  however, have  demographic
limitations and should be confirmed with a
large patient series.

The severity of COVID-19 disease has been
predicted using various prediction models
(27). Several lines of evidence suggest that
COVID-19 severity was correlated with
elevated levels of inflammatory markers
(CRP, D-dimer, and LDH) and WBC (mostly

neutrophils) and decreased levels of

lymphocytes and platelets (28-30).

Thus far, a prospective observational cohort
study has been conducted to identify people at
risk of long COVID (31). Previous research
has established no significant relationship
between blood groups and inflammatory
markers of COVID-19 patients (32). Another
report has shown that there is no difference in
laboratory parameters between long-term
COVID-19 and non-long-term COVID-19
(33). Consistent with the literature, no
relationship was found between inflammatory
markers of the disease and blood groups.
These results match those observed in an
earlier study (32). It was stated in the same
study that blood groups do affect not only
inflammatory markers but also the course of
the disease. This implies that standard
biochemistry and hematological laboratory
tests are insufficient to forecast the long-term
progression of COVID-19. According to
earlier research, inflammatory mediators may
enable us to properly predict the severity of
COVID-19 problems and monitor subsequent
treatment interventions (34).

Contrary to expectations, several reports have
shown no association between ABO blood
types and the severity of illness. According to
a retrospective study conducted in China,
researchers did not find any relationship
between blood type and disease severity (35).
These results were supported by the study of
Barnkob et al, one of the largest scales studies
(36). No significant results were obtained
when ABO blood groups and ICU
hospitalizations were compared in a
multicentric study of 7648 patients (32).
Consistent with the literature, our research
found no significant difference between ABO
blood types and ICU hospitalization. One
possible  explanation is that discase
progression depends on multiple variables,
such as co-morbidity and viral load.

The generalisability of these results is subject
to certain limitations. There are 502
hospitalized patients in our sample, which is
comparatively small. Another drawback of
this study is that it was conducted in a single
center. Additional multi-center surveys are
required to determine the relationship between
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the ABO blood groups and long-term
COVID-19 outcomes. These studies may also
lay a solid foundation for future research. In
this investigation, several patients' laboratory
data were also absent, which posed another
obstacle to a thorough analysis.

5. Conclusion

Although blood types have a role in the
prediction and prognosis of COVID-19, it was
seen in our study that blood types did not
affect long-term COVID-19 symptoms and
clinical conditions. New symptoms after
COVID-19 exposure should be investigated,
and close screening of such patients is
essential, and large randomized controlled
trials may provide more definitive evidence.
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