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Summary

Infection by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2),
(COVID-19), has spread widely around the globe. Significant

the virus that causes coronavirus disease

inter-individual differences have been observed during the course
of the infection, which suggests that genetic susceptibility may
be a contributing factor. CC chemokine receptor 5 (CCR5), which
acts as a co-receptor for the entry of HIV-1 into cells, is
promising candidate whose can have an influence on SARS-CoV-2
infection. A genetic mutation known as CCR5A32, consisting of
a 32-nucleotide deletion, encodes a truncated protein that
protects homozygous carriers of the deletion from HIV-1
infection. Similarly, inhibition of CCR5 seems to be protective
against COVID-19. In our study, we successfully genotyped

416 first-wave  SARS-CoV-2-positive infection  survivors
(164 asymptomatic and 252 symptomatic) for CCR5A32,
comparing them with apopulation based sample of

2,404 subjects. We found the highest number (P=0.03) of
CCR5A32 carriers in  SARS-CoV-2-positive/COVID-19-asympto-
matic subjects (23.8 %) and the lowest number in SARS-CoV-2-
(16.7 %),  with
frequency in the control population in the middle (21.0 %). We
conclude that the CCR5A32 I/D polymorphism may have the
potential to predict the severity of SARS-CoV-2 infection.

positive/COVID-19-symptomatic ~ patients
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Infection by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is an emerging, rapidly
evolving situation affecting millions of subjects
worldwide (Berekaa 2020). Caused by the SARS-CoV-2
infection, COVID-19 differs from previously occurring
SARS and MERS infections in that it is far more
infectious but significantly less lethal.

Importantly, significant geographic and ethnic
variations in COVID-19 prevalence and mortality have
been observed (Hippisley-Cox et al. 2020). Similar to
other communicable diseases (Casanova 2015), genetic
predispositions may at least partly explain the differences
ascribed to COVID-19 to date (Vaska 2020, Elhabyan
et al. 2020). However, the number of studies to have
investigated genetic predisposition to COVID-19 is low.

One of the candidates with potential to influence
susceptibility to SARS-CoV-2 infection and COVID-19
severity is CC chemokine receptor 5 (CCR5; OMIM acc.
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No. 601373). CCRS acts as a co-receptor for HIV-1 entry
into cells as well as cell-to-cell virus transmission during
infection. Variability within the CCR5 gene plays an
important role in resistance against HIV-1 infection. The
CCR) resistant variant (rs333) comprises the deletion of
nucleotides 794-825 (amino acids 175-185). The resulting
frameshift mutation generates a novel 31 AA inclusion
and premature stop codon, producing truncated protein
(Liu et al. 1996). Known as CCR5A32, this genetic
variant significantly reduces promoter activity, impairs
CCRS cell-surface expression and fully protects against
HIV-1 infection in homozygous subjects (Ellwanger ef al.
2020).

The importance of CCRS in the pathogenesis of
COVID-19 has been highlighted in two recent studies.
Given the structural similarities between HIV-1 and
SARS-CoV-2, the anti-AIDS agent enfuvirtide has been
proposed as a potential inhibitor of SARS-CoV-2 entry
into cells (Kliger and Levanon 2020). In a pilot study by
Pattersson et al. (2020), a leronlimab-mediated CCRS
blockade was shown to improve inflammation markers
and generate extreme reductions in plasma viremia.
Furthermore, upregulation of CCRS5 has been confirmed
in COVID-19 patients (Ray et al. 2020).

Although the abovementioned studies have done
much to highlight the importance of CCRS5 in SARS-
CoV-2 infection, if there is some protective effects of
CCR5A32 against COVID-19 have yet to be examined.

To address this deficit in the knowledge, our
study focused on genotyping the CCRS5 1/D (A32, rs333)
polymorphism in a total of 420 subjects, all testing
positive for the presence of SARS-CoV-2 infection
during the first wave of the disease in the Czech Republic
(approx. 03/2020 — 06/2020). All these subjects were
SARS-CoV-2 negative at the time of the DNA sample
collection. Adult subjects from the DNA bank of the
post-MONICA study were used as controls (for more
details, see Cifkova et al. 2010, Hubacek et al. 2009).
No information on COVID-19 infections in these subjects
was available. Written informed consent was provided by
all subjects involved in the study, with the protocol
approved by the ethics committee of the participating
institution.

Controls and patients were comparable with
regard to age (48+11 years in controls and 44+15 years in
patients), prevalence of females (53.4 % vs. 54.7 %) and
prevalence of diabetes (8.2 % vs. 7.8 %). However, there
were significantly less hypertonic individuals in the
group of patients (13.3 % vs. 22.4 %; P=0.0001).

DNA were isolated from whole EDTA blood.
The CCRS5 13333 polymorphism was genotyped using the
oligos 5' TCTCAAAAAGAAGGTCTTCATTACACC
and 5' TTCGACACCGAAGCAGAGTTTTTAGG.
A PCR product of 172 bp is characteristic for the wild-
type untruncated sequence and 140 bp for the minor
deletion  allele. PCR  was  performed on
an DYAD Disciple PCR device (MJ Research, Reno,
USA); all
Fermentas International, Burlington, Ontario, Canada.

Nevada, chemicals were produced by
After quality checks, genotypes were obtained
from 2,404 controls, 164 SARS-CoV-2-positive/COVID-
19-asymptomatic patients and 252 SARS-CoV-2-
positive/COVID-19-symptomatic patients (Table 1).

We found 21 % of the general population were
carriers of at least one CCR5A32 allele. Representing
a population allele frequency of 11.4 %, this finding is
almost identical to that of a previous study by Drabek and
Petrek (1998). They found 21.3 % of 386 Czech subjects
were carriers of the CCR5A32 allele. Our data on
genotype distribution and population frequency in the
Czech population correspond with results from
neighboring populations in Poland (Zwolinska et al.
2013) or Germany (Hiitter et al. 2015).

There were no differences between the entire
group of SARS-CoV-2-positive subjects and population
controls in respect of CCR5A32 deletion carriers (19.5 %
vs. 21.0 %, P=0.48).

Importantly, however, we observed a weak but
significant trend in the frequency of CCR5A32 allele
carriers (P=0.03; one-sided Cochran-Armitage trend test)
between groups (Table 1). According to our expectations,
the highest number of CCR5A32 carriers was found in
SARS-CoV-2-positive/COVID-19-asymptomatic subjects
(23.8 %) and the lowest in SARS-CoV-2-positive/COVID-
19-symptomatic patients (16.7 %), with frequency in the
control population in the middle (21.0 %).

How the CCR5A32 allele exactly protects
against COVID-19 is not known. However, our results
are in agreement with a summary of the indirect evidence
(Mehlotra 2020), which indicates a promising new
function of CCR5 beyond HIV-1/AIDS pathology.

Previously reported interethnic and interpopu-
lation differences could have a certain background in
CCR5A32 prevalence (Libert et al. 1998). While the
allele is most frequent in Northern-European Caucasians
(approx. 16 %), only about 5 % of Southern Europeans
(Sardinia) are carriers, highlighting a significant north-
south trend. In Asians and black Africans, carriers of the
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allele are completely absent. It is assumed the mutation
originated from a single case only, quickly expanding,
which suggests this deletion holds an important selection
advantage (Libert et al. 1998). The absence of the

CCR5A32 deletion among Asians and black Africans
the increased COVID-19
prevalence and mortality observed in these ethnic groups
(Hippisley-Cox et al. 2020).

may partially explain

Table 1. Distribution of CCR5A32 (rs333) genotypes in controls and SARS-CoV-2-positive subjects.

CCRS COVID-19 Controls COVID-19 p
asymptomatic (population) symptomatic

rs333 N % N % N %

i 125 76.2 1899 79.0 210 83.3

/D 36 22.0 464 19.3 40 15.9 0.17*

D/D 3 1.8 41 1.7 2 0.8

+D 39 23.8 505 21.0 42 16.7 0.03*

1 125 76.2 1899 79.0 210 83.3

* 3x2 chi-square test for I/I vs. +D subjects, # One-sided Cochran-Armitage trend test, I=insertion; D=deletion.

Generally, ligands binding to chemokine
receptors influence susceptibility to infectious diseases
and their clinical manifestations (Ellwanger et al. 2020).
The CCR5A32 genetic variant has the potential to modify
the CCR5-mediated organism response to many viral
pathogens, including influenza and hepatitis viruses,
cytomegalovirus as well as coronaviruses. While no
functional receptor has been detected on cell surfaces in
CCR5A32 homozygotes, reduced CCRS expression has
1997,

Venkatesan et al. 2002). Therefore, it would appear this

been observed in heterozygotes (Wu et al

mutation acts as a natural model of complete
CCRS inhibition. Over-activation of the immune system,
which is a hallmark of severe COVID-19 cases (Mechta
et al. 2020, Paces et al. 2020), can be treated by CCRS5
inhibition (Kliger and Levanon 2020, Pattersson et al.
2020). Mehlortra (2020) have summarized the results
published thus far on the potential importance of A32
within CCRS5, along with some other SNPs affecting
CCRS expression. They speculate that CCRS inhibition
may be of importance in COVID-19 treatment.

It is clear that genetic predisposition plays
an important role in COVID-19 pathogenesis. However,
the studies published thus far on the subject are not only
scarce, but typically lack replication. Several publications
(Bellone and Calvisi 2020, Yamamoto et al. 2020)
highlight the importance of common insertion/deletion
the

(Ovsyannikova et al.

polymorphisms  within angiotensin-converting
2020)

proposing genes for vitamin D receptor, HFE and MBL,

enzyme, with others

among others, as potential candidates.

Our results are in agreement with the findings of
a genome-wide association study carried out by the Severe
Covid-19 GWAS Group (2020). They detected two signals
associated with severe COVID-19. The strongest signal
was located within the ABO blood-group system but, most
importantly, the second strongest signal was localized at
the 3p21.31 loci in the vicinity of CCRS and a number of
other chemokine receptors (Mehlotra 2020).

It is acknowledged that male sex, increased age,
comorbidities (hypertension, obesity, diabetes, cancer)
and non-white ethnicity influence the course of severe
COVID-19 disease (Hippisley-Cox et al. 2020). With
regard to the effect of ethnicity, differences in genetic
That
Caucasians are attributed with the highest population

background may be of major importance.
frequency of CCR5A32 seems to provide a partial
explanation for these differences.

Therefore, in our view, knowledge of the host
genomic factors that increase susceptibility or resistance
to SARS-CoV-2 infection and COVID-19 severity is
important to provide patients with a simple, quick and
cost-effective test aimed at identifying individual
DNA polymorphisms, which is likely to improve the
timely prediction of COVID-19 complications and
improve patient care.

We conclude that the A32 deletion within the
CCRS gene,
populations, may potentially protect against symptomatic
COVID-19. To wvalidate and extend the
reported here, a larger study involving also severe

COVID-19 patients is needed.

most commonly found in Caucasian

findings
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