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A B S T R A C T

Introduction: The pro-inflammatory immune response underlies severe cases of COVID-19. Anti-

gens of the Duffy blood group systems are receptors for pro-inflammation chemokines. TheACKR1

c.-67T>C gene variation silences the expression of Duffy antigens on erythrocytes and individuals

presenting this variant in homozygosity have impaired inflammatory response control. Our aim

was to evaluate the association between theACKR1 c.-67T>Cand the severity of COVID-19.

Methods: This was a retrospective single-center case-control study, enrolling 164 partici-

pants who were divided into four groups: 1) Death: COVID-19 patients who died during hos-

pitalization; 2) Hospital Discharge: COVID-19 patients who were discharged for home after

hospitalizations; 3) Convalescent Plasma Donors: COVID-19 patients who were not hospi-

talized, and; 4) Controls: patients with diagnosis other than COVID-19. Patients were geno-

typed for the ACKR1 c.-67T>C (FY*02 N.01 allele) and the frequency of individuals

presenting the altered allele was compared between the groups.

Results: The groups significantly differed in terms of the percentage of patients presenting at

least one FY*02N.01 allele: 36.8% (Death group), 37% (Hospital Discharge group), 16.1% (Conva-

lescent Plasma group) and 16.2% (Control group) (p = 0.027). The self-declared race (p < 0.001)

and the occurrence of in hospital death (p = 0.058) were independently associatedwith the pres-

ence of the FY*02N.01 allele. Hypertension (p < 0.001), age (p < 0.001) and the presence of at least

one FY*02N.01 allele (p = 0.009) were independently associatedwith the need for hospitalization.

Conclusion: There is a suggestive association between the presence of the FY*02N.01 and the

severity of COVID-19. This may be a mechanism underlying the worse prognosis for Afro-

descendants infected with SARS-CoV-2.

� 2022 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematolo-
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Introduction

The SARS-CoV2 epidemic began in December 2019 in China

and quickly spread around the world, leading the scientific

community to mobilize towards understanding the mecha-

nisms of infection and transmission of the SARS-CoV-2 virus,

as well as unveiling the exacerbated immune response that

underlies severe cases of the disease.

The imune response against COVID-19 is not completely under-

stood. It is known that genetic factors and clinical comorbities are

directly associatedwith the severity of symptoms and disease pro-

gression. T cell response has been shown to play an essential role

in the protective response against the SARS-CoV-2 virus. The CD4

T lymphocytes stimulate B lymphocytes to produce neutralizing

antibodies and to recruit CD8 T cytotoxic lymphocytes that will

eliminate the infected cells.1 When the immune response is inef-

fective, the innate immune cells continue to release cytokines, che-

mokines and acute phase proteins, inducing a hyperinflammatory

response with massive cellular homing to the infeccted tissues.

This exacerbated response may induce the acute respiratory dis-

tress syndrome and the collapse of other multiple organs. An inef-

fective initial immune response and the maintenance of a pro-

inflammatory response are responsible for the disease severity,

which can culminate in the patient's death.2

Racial ancestry is apparently associated with the severity

of the COVID-19 infection. In Louisiana, a statistical survey

found that African American patients accounted for 59% of

COVID-19 deaths, while the total population of African

descent in the state corresponded to 33%. Although socioeco-

nomical factors underlie the heterogeneity of COVID-19

severity presented by patients of Caucasian or African racial

background, it is known that individuals of African ancestry

have a stronger inflammatory response, in comparison to

those of European ancestry.3,4 Furthermore, previous studies

have demonstrated that individuals of African ancestry have

a higher frequency of variants related to pro-inflammatory

cytokines, justifying an increase in the release of these cyto-

kines, mainly the TNF-a. 3

The Duffy blood group system consists of five antigens dis-

posed on a multipass membrane glycoprotein called the

Atypical Chemokine Receptor 1 (ACKR1), also known as the

Duffy Antigen Receptor for Chemokines or DARC.5-7. The

Duffy antigens are present on the red blood cell (RBC) surface,

as well as on the post-capillary venules of most tissues.8 The

Duffy blood group system plays an important role in the

immune response, as Duffy antigens are high-affinity recep-

tors for the CC and CXC class of pro-inflammatory chemo-

kines, especially the IL-8, which is an inflammatory

chemokine involved in neutrophil activation and traffick-

ing.5,9-11 In such a manner, Duffy antigens (DARC) act as a

blood chemokine sink.

The majority of Afro-Americans (approximately two

thirds) show a T-to-C exchange in the ACKR1 gene, encoding

the Duffy antigens.12 This ACKR1 c.-67T>C gene variation

silences the expression of Duffy antigens on RBCs and, in

homozygosity, predicts the Duffy-null phenotype Fy(a-b-).

Duffy null individuals present higher sensibility to monocyte

mobilization by the CCL2 and, consequently, a decrease in the

inflammatory response control.10,13-15

Our aim was to evaluate the association between the

ACKR1 c.-67T>C single nucleotide variation and the severity

of the COVID-19 infection.

Methods

Patient recruitment

Patients were recruited at the Fundaç~ao Pr�o-Sangue fromMarch

to June 2020 and divided into three groups: 1) Death Group:

patients who were hospitalized due to COVID-19 who died

during the hospital stay; 2) Hospital Discharge Group: patients

that were hospitalized due to COVID-19 who were discharged

for home; 3) Convalescent Plasma Group: patients who had

confirmed diagnosis of COVID-19 with no need for hospitali-

zation and who were selected for convalescent plasma (CP)

donation, based on the positive results of the anti-SARS-CoV-

2 ELISA assay (OrthoClinical Diagnosis), and; 4) Control Group:

patients who did not present COVID-19 and who were ran-

domly selected. The study was conducted according to the

Helsinki principles.

DNA extraction

DNA was individually extracted from all selected samples,

using a genomic kit (PureLink, Invitrogen), following the man-

ufacturer�s instructions. The purity and concentration of the

purified material were evaluated by spectrophotometry

(Model 1000 spectrophotometer, Nanodrop). DNA samples

were diluted to a final concentration of 100ng/mL for the gen-

otyping experiments.

Genotyping of ACKR1 c.-67T≥C

The samples were genotyped for the c.-67T>C polymorphism

of the FY*B promoter region (FY*02 N.01 allele) and classified

as Mutated/Mutated (MM), Mutated/Wild Type (M/W) and

Wild-type/Wild-tipe (W/W). The RFLP genotyping protocol

was performed, using the Ban I enzyme, following the proto-

col described elsewhere.16

Statistical analysis

Categorical variables were compared between the groups

(Death, Hospital Discharge, Convalescent Plasma and Con-

trol), using the Chi-Square test. Continuous variables were

compared between the same groups, using the ANOVA test,

with the Tukey method as post-hoc. Multivariable analysis

was performed through logistic regression. All tests were held

in the SPSS software (20th version). A p-value less than 0.05

was considered significant.

Results

Characteristics of the COVID-19 patients

A total of 164 patients were enrolled in the study. The

included participants were divided into the four studied
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groups: 1) Death: n = 38; 2) Hospital Discharge: n = 27; 3) Con-

valescent Plasma: n = 62, and; 4) Controls: n = 37.

Table 1 summarizes the demographical and clinical char-

acteristics of the included patients.

Patients who died during hospitalization were significantly

older (57.37 § 14.89 years old) and presented higher rates of

diabetes (31%). The prevalence of systemic hypertension was

higher in the Death and Hospital Discharge groups, in com-

parison to the Convalescent Plasma group (p < 0.001). The

self-declared race did not significantly differ between the

groups.

Duffy null genotype

The frequency of the W/M genotype was higher in the Death

and Hospital Discharge groups (26.3% and 29.6%, respec-

tively), in comparison to the Convalescent Plasma and Con-

trol groups (8.05% and 10.8%), without reaching statistical

significance (p = 0.079). Groups significantly differed in terms

of the percentage of patients presenting at least one

FY*02N.01 allele: 36.8% (Death group), 37% (Hospital Discharge

group), 16.1% (Convalescent Plasma group) and 16.2% (Control

group) (p = 0.027).

The multivariable analysis was performed considering the

presence of the FY*02N.01 allele as a dependent variable. The

self-declared race (p < 0.001) and the occurrence of in-hospital

death (p = 0.058) were independently associated with the

presence of the FY*02N.01 allele. Another multivariable analy-

sis wasmade, considering hospitalization as a dependent var-

iable. Hypertension (p < 0.001), age (p < 0.001) and the

presence of at least one FY*02N.01 allele (p = 0.009) were inde-

pendently associated with this endpoint.

Discussion

This study evaluated the association between the c.-67T>C

variation of the ACKR1 gene (FY*02N.01), which silences the

expression of the DARC receptor on the RBC membrane and

the severity of the COVID-19 cases. It was demonstrated that:

1) the FY*02N.01 allele was more frequent among patients

with COVID-19 requiring hospitalization, in comparison to

the group of patients who did not require a hospital stay; 2)

the African self-declared race and death secondary to COVID-

19 were independently associated with the presence of at

least one FY*02N.01 allele, and; 3) the FY*02N.01 in homozy-

gosity or heterozygosity, older age and the presence of hyper-

tension were associated with the need for hospitalization of

COVID-19 patients.

Up to now, it has been demonstrated that the immune

response against the SARS-CoV-2 virus mainly involves the

production of type I and type III interferon (IFN) and cytokines

Table 1 – Clinical and demographical characteristics of the studied cohort of patients.

Death(38) Hospital
discharge(27)

Covalescent
plasmaDonor(62)

Controls(37) p-value

Gender (male) 23

(60.5%)

13

(48.1%)

33

(53.2%)

17

(45.9%)

0.607

Age 57.37 §

14.891

50.63 § 17.6 36.18 §

10.5

50 §

18.38

< 0.001

FY c.-67T>C 0.079

W/W 24 (63.2%) 17

(63%)

52

(83.9%)

31

(83.8%)

W/M 10

(26.3%)

8

(29.6%)

5

(8.05%)

4

(10.8%)

M/M 4

(10.5%)

2

(7.4%)

5

(8.05%)

2

(5.4%)

Grouped c.-67T>C genotype

Only wild alleles 24

(63.2%)

17

(63%)

52

(83.9%)

31

(83.8%)

0.027

One or more mutated alleles 14

(36.8%)

10

(37%)

10

(16.1%)

6

(16.2%)

Hypertension (yes/no) 11 (37.9%)/

18 (62.1%)

11

(52.4%)/

10

(47.6%)

3

(4.8%)/

59

(95.2%)

- <0.001

Diabetes (yes/no) 9

(31%)/

20

(69%)

3

(14.3%)/

18

(85.7%)

0

(0%)/

62

(100%)

- <0.001

Self-declared race

Caucasian 28

(73.7%)

17

(65.4%)

47

(75.8%)

28

(75.7%)

0.509

African 10

(26.3%)

9

(34.6%)

12

(19.4%)

8

(21.6%)

Other 0 0 3

(4.8%)

1

(2.7%)

hematol transfus cell ther. 2022;44(2):213−217 215



by the innate immune cells which are present in the inflam-

matory sites. These cytokines are capable of inhibiting the

viral replication and recruiting lymphocytes through the

release of chemokines. These lymphocytes can trigger a spe-

cific immune response against the virus. However, SARS-

CoV-2 is capable of reducing the IFN-I and IFN-III pahthways,

preventing the antiviral response and inducing the produc-

tion of multiple pro-inflammatory cytokines (IL-1B, IL-6, TNF

and IL- 1RA), which activate a compensatory mechanism, pre-

dominantly dependent on monocyte/macrophage

hyperactivation.2,17

The increase in plasmatic cytokine levels is apparently

correlated with the prognosis of the disease, especially the

high levels of IL-6. It was found that the increase in this cyto-

kine leads to a worse prognosis of the disease, with bilateral

pulmonary involvement and an increase in body temperature

consistent with an acute inflammatory response. In a study

conducted in China, it was found that the levels of this cyto-

kine were 2.9 times higher in patients with the most severe

COVID-19 illness and that, when these patients were treated

with the IL-6 inhibitor Tocilizumab, there was an improve-

ment in the clinical condition, without any adverse effects or

death.18,19

Duffy antigens are chemokine receptors that bind with

high affinity to inflammatory chemokines, including the CCL2

and CCL11, removing and absorbing the excess of chemokines

present in the inflammatory focus.15 The Duffy null pheno-

type, represented serologically by the Fy(a-b-), is observed in

Afro-descendants and, in this situation, secondary to the c.-

67T>C variation of the ACKR1 gene (FY*02N.01) in

homozygosity.20

The Duffy-null phenotype disturbs the balance that con-

trols the plasma chemokine levels, leading to hypersensitivity

to the chemokine signal. Studies in mice that received a

transfusion of Duffy-negative erythrocytes showed these ani-

mals evolved with more intense neutrophilic infiltrate,

increased levels of cytokines and increased vascular permea-

bilization in the lungs, when compared to mice that received

convencional Duffy-positive erythrocytes. Moreover, it has

been demonstrated Duffy null individuals are more sensitive

to monocyte mobilization induced by CCL2.13,21

In the present study, we detected that 37% of the patients

with severe COVID-19 presented at least one FY*02N.01 allele

and, consequently, a reduced expression of Duffy antigens on

the erythrocyte membrane. Hospitalized COVID-19 patients

also presented more frequently at least one FY*02N.01 allele,

in comparison to CP donors (37% versus 16.1%, Table 1). One

possible explanation for that association is that the decrease

in Duffy receptors on the RBC surface impacts the chemokine

clearance and potentiates the inflammatory response, with

greater impairment of COVID-19 target organs, resulting in a

more severe phenotype.

The Duffy null phenotype is more prevalent among people

of African ancestry, who are also prone to the development of

severe complications of COVID-19.4 It is known that individu-

als of African descent have a marked pro-inflammatory

response, when compared to individuals of Caucasian

descent. Several genomic studies have already described that

African people have a higher frequency of variants related to

pro-inflammatory cytokines and a lower frequency of

variants related to anti-inflammatory cytokines.15 The

decrease in Duffy receptors in erythrocytes due to the

FY*02N.01 may be one contributing factor to the worse prog-

nosis of people of African descent infected with COVID-19. In

our results, self-declared race was not associated with the

severity of the COVID-19 disease. However, self-declared race

was independently associated with the presence of the

FY*02N.01 allele, reinforcing the association between this

genetic variation and the African genome.

This study has some limitations, the most important of

which is the sample size, which was not large and possibly

justified the lack of statistical significance in the comparison

of the FY*02N.01 genotype frequency between the studied

groups. Furthermore, data referring to the body mass index

was not available for the included patients, nor was the socio-

economical status. Finally, the control group, comprising

patients with a diagnosis other that COVID-19, was not

matched to the COVID-19 groups, in terms of the severity of

the illness. Moreover, the illness presented by these patients

may correlate with the Duffy null genotype and this was not

addressed by the present study.

Conclusion

In conclusion, there is an association between the presence of

the FY*02N.01 allele and the need for hospitalization of

COVID-19 patients. This result sheds light on a possible role

played by Duffy receptors on the removal of chemokines from

the infected patients.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

This study was funded by the Fundaç~ao Pr�o-Sangue (no grant
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