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ABSTRACT

Objectives: To determine the impact of the 32 bp deletion (CCR5A32) in the coding region of the C-C
chemokine receptor 5 (CCR5) on the risk of contracting SARS-CoV-2 and severe COVID-19.
Methods: Cross-sectional study among stem cell donors registered with DKMS in Germany. Genetic
information was linked to self-reported COVID-19 outcome data. Multivariable regression models were
fitted to determine the risk of contracting SARS-CoV-2, severe respiratory tract infection (RTI) and
respiratory hospitalization.
Results: CCR5 information was available for 110 544 donors who were tested at least once for SARS-CoV-2;
5536 reported SARS-CoV-2 infection. For 4758 donors, the COVID-19 disease course was fully evaluable;
498 reported no symptoms, 1227 described symptoms of severe respiratory tract infection, of whom 164
required respiratory hospitalization. The distribution of CCR5A32 genotypes (homozygous wild-type vs
CCR5A32 present) did not differ significantly between individuals with or without SARS-CoV-2 infection
(odds ratio (OR) 0.96, 95% CI 0.89-1.03, P = 0.21) nor between individuals with or without symptomatic
infection (OR 1.13,95% C10.88-1.45, P=0.32), severe RTI (OR 1.03,95% C1 0.88-1.22, P= 0.68) or respiratory
hospitalization (OR 1.16, 95% CI 0.79-1.69, P = 0.45).
Conclusions: Our data implicate that CCR5A32 mutations do not determine the risk of SARS-CoV-2
infections nor the disease course.
Trial registration: We registered the study with the German Center for Infection Research (https://dzif.
clinicalsite.org/de/cat/2099/trial/4361).
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

The 32 bp deletion (CCR5A32) in the coding region of the C-C
chemokine receptor 5 (CCR5) is a common variant and diminishes
CCR5 expression on the cell surface. CCR5A32 carriers show
resistance to human immunodeficiency virus type-1 (HIV-1)
infection due to CCR5 being one of two co-receptors for HIV-1
(Benkirane et al., 1997). In contrast, fatal influenza courses (Falcon
et al,, 2015) and West Nile virus (Lim et al., 2008) infection have
been linked to an impaired effector cell recruitment in CCR5A32
carriers.

The role of the receptor in SARS-CoV-2 remains elusive. The
CCR5 gene is located at 3p21.31, a gene cluster region associated
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with severe COVID-19 courses (Severe Covid-19 GWAS Group et al.,
2020). Increased risk of infection and mortality correlated with the
prevalence of the CCR5A32 allele in one population study (Panda
etal.,2020). On the contrary, leronlimab, a CCR5 blocking antibody,
showed potential clinical benefit in individual patients with severe
COVID-19 implying that CCR5 might mediate immune dysregu-
lation caused by the SARS-CoV-2 infection (Patterson et al., 2020).
Two ongoing randomized clinical trials evaluate leronlimab in
patients with COVID-19 (NCT04343651, NCT04347239).

Here, we present results from a cross-sectional study conducted
among stem cell donors aged 18-61 years registered with DKMS in
Germany. The study aimed to identify immunogenetic risk factors
for severe SARS-CoV-2 infections (Schetelig et al., 2020). All
participants provided informed consent for study participation.
Medical data on SARS-CoV-2 tests, risk factors, symptoms and
treatment were collected with a standardized health
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Figure 1. CCR5 genotype distribution among participants grouped according to the
clinical course of COVID-19.

questionnaire. The medical information was linked to existing data
on CCR5A32 deletions determined at donor registration (Solloch
et al., 2017). Donors who are homozygous for this mutation are
preferably selected for patients with HIV infections (Hiitter et al.,
2009).

CCR5 information was available for 110 544 study participants
who were tested at least once for SARS-CoV-2. Of these, 22 203
(20.1%) had a CCR5A32 deletion (Figure 1). The prevalence of
CCR5A32 was analyzed in 4 nested groups of participants based on
the reported medical data: individuals with SARS-CoV-2 infection,
symptomatic infection, severe respiratory tract infection (RTI), and
respiratory hospitalization. Severe RTI was defined by a combina-
tion of at least cough and fever, cough and dyspnea, fever and
dyspnea, or myalgia and dyspnea and included the subgroup of
patients who needed in-patient care with or without supplemental
oxygen or mechanical ventilation. The impact of the CCR5A32
variant on the risk of individuals to contract SARS-CoV-2 and to
experience a more severe course of COVID-19 was tested in
multivariable logistic regression models adjusted for sex, age,
diabetes mellitus, arterial hypertension, smoking status and for the
month of testing in case of risk of symptomatic infection.

SARS-CoV-2 infection was reported by 5536 participants with
CCR5 information. The severity of the clinical course of COVID-19
was fully evaluable for 4758 individuals. Of those, 498 reported an
asymptomatic COVID-19 course and 1227 described symptoms
compatible with severe RTI, with 164 requiring respiratory
hospitalization (Figure 1). This distribution of asymptomatic and
symptomatic cases was in line with national surveillance data
(Robert Koch Institute, 2020).

The genotype distribution of CCR5A32 did not differ signifi-
cantly between infected and non-infected individuals (homozy-
gous wild-type vs CCR5A32 present, odds ratio (OR) 0.96, 95% CI
0.89-1.03, P=0.21). No significant differences for the prevalence of
CCR5A32 were found among patients with different clinical
courses: symptomatic infections, OR 1.13, 95% CI 0.88-1.45, P =
0.32; severe RTI, OR 1.03, 95% CI 0.88-1.22, P = 0.68; respiratory

Table 1
Impact of CCR5A32 on SARS-CoV-2 infection and the course of the disease.
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hospitalizations, OR 1.16, 95% CI 0.79-1.69, P = 0.45 (Table 1). Since
the distribution of asymptomatic vs symptomatic cases largely
depends on the testing strategy, symptomatic cases might be over-
represented in our data collected during a period when individuals
tested were mainly those who showed symptoms suggesting
SARS-CoV-2 infection. However, our analysis did not show a trend
for a different distribution of CCR5A32 among asymptomatic and
symptomatic cases (Figure 1); it is therefore highly unlikely that
under-representation of asymptomatic cases biased our results.

We did not find a statistically significant difference, although
the study was powered sufficiently. For example, to detect a change
to the risk for respiratory hospitalization by factor 2 for individuals
with a heterozygous CCR5A32 deletion, the study had a power of
85%. The power was close to 100% for a comparable change to the
risk of infection, symptomatic infection, or severe RTI, with a 5%
significance level.

Consequently, our data do not support the previously suggested
association between CCR5A32 and the risk of contracting SARS-
CoV-2 or the risk of severe COVID-19 courses (Panda et al., 2020).

It is unclear to what extent the effects of CCR5A32 deletion and
a transient drug-induced CCR5 blockade as described by Patterson
(Patterson et al., 2020) are comparable; therefore, our results
should not be interpreted as an indicator that leronlimab will not
be effective. Our data may trigger further research to better
understand the impact of heterozygous or homozygous CCR5A32
compared to CCR5 blockade in the course of SARS-CoV-2 infection.
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CCR5 SARS-CoV-2 infection Evaluable infection®* Symptomatic infection Severe RTI Respiratory hospitalization
OR  (95%-CI) p n OR  (95%-Cl) p OR  (95%-CI) p OR (95%-CI) p

Wild-type homozygous 1 3816 1 1 1

CCR5A32 homozygous 1.05 (0.81-1.36) 0.70 59 112 (0.47-2.67) 080 0.92 (0.50-1.70) 0.80 1.21 (0.29-5.13) 0.79

CCR5A32 + wild-type  0.95 (0.88-1.02) 0.16 883 113 (0.88-146) 034 104 (0.88-123) 063 115 (0.78-1.7) 0.47

Wild-type homozygous 1 3816 1 1 1

CCR5A32 present 0.96 (0.89-1.03) 0.21 942 113 (0.88-145) 032 1.03 (0.88-1.22) 0.68 116 (0.79-1.69) 0.45

Legend: CI, confidence interval; n, number of cases; OR, odds ratio; p, p-value; RTI, respiratory tract infection. Odds ratios were calculated in a multivariable logistic regression
model containing information on age, sex, BMI, diabetes mellitus, arterial hypertension, smoking status and month of testing.

" Infections reported for January to July 2020.
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