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A B S T R A C T   

Background and aims: The interferon-induced transmembrane protein 3 (IFITM3) plays an important role in the 
adaptive and innate immune response by inhibiting viral membrane hemifusion between the host and viral cell 
cytoplasm. Single nucleotide polymorphisms (SNPs) in the gene IFITM3 have been associated with susceptibility 
and severity of influenza or other viral infections. We aimed to analyze the role of SNPs in the gene IFITM3 in 
SARS-CoV-2 infection. 
Methods: We performed genotyping of the SNPs rs12252 and rs34481144 in the gene IFITM3 in 239 SARS-CoV-2- 
positive and 253 SARS-CoV-2-negative patients. We analyzed the association of the SNPs with susceptibility to 
SARS-CoV-2 infection and severity of COVID-19. 
Results: SARS-CoV-2-positive and SARS-CoV-2-negative patients did not differ regarding demographics. Neither 
IFITM3 rs12252 nor rs34481144 polymorphisms were related to SARS-CoV-2 infection risk or severity of COVID- 
19. Interestingly, we observed the putative deleterious rs12252 CC genotype only in SARS-CoV-2-positive pa-
tients (N = 2). Also, we found a non-significant higher frequency of rs34481144 A-allele carriers in the patients 
with ’serious’ COVID-19. 
Conclusions: In summary, we could not confirm the recently reported influence of polymorphisms in the gene 
IFITM3 on SARS-CoV-2 infection risk or severity of COVID-19 in a German cohort. Additional studies are needed 
to clarify the influence of the rs12252 CC genotype on SARS-CoV-2 infection risk and the rs34481144 A-allele on 
course of COVID-19.   

1. Introduction 

The interferon-induced transmembrane (IFITM) proteins play a 
critical role in the antiviral defense in the adaptive and innate immune 
response. The human IFITM locus is located on chromosome 11p15.5 
and comprises five genes, including IFITM3. The gene IFITM3 is an IFN- 
stimulated gene (ISG) and the protein IFITM3 is mainly expressed on 
endosomes and lysosomes. It prevents hemifusion of the viral membrane 
and host cellular membrane in a broad spectrum of enveloped viruses, e. 

g. influenza A, Ebola, Marburg or SARS-CoV [1]. 
Previous studies have reported that single nucleotide polymorphisms 

(SNPs) in the gene IFITM3 may diminish the antiviral effects of IFITM3 
causing a higher infection susceptibility and disease severity [2]. The C- 
allele of the SNP rs12252 (c.-22T>C) was found to be significantly 
associated with severity of H1N1 and H7N9 influenza A virus infections 
in Asians and Caucasians [3,4]. The C-allele of rs12252 is more common 
in East Asians with a minor allele frequency (MAF) of 0.47 compared to 
a lower MAF of 0.04 in the European population. Mechanistically, it is 
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predicted that the SNP rs12252 alters a splice acceptor site, resulting in a 
truncated and mislocalized IFITM3 protein, which lacks the first 21 N- 
terminal amino acids (Δ21IFITM3). The functional consequences of the 
truncation are still discussed controversially and need to be conclusively 
demonstrated [2,5]. In a first preliminary study, Zhang et al. observed a 
significantly higher frequency of rs12252 C-allele carriers in patients 
with severe COVID-19 (N = 24) compared to patients with mild COVID- 
19 (N = 56) [6]. Recently, it was shown in a Spanish cohort, that C-allele 
carriers of the SNP rs12252 have a 2-fold increased risk for SARS-CoV-2 
infection (N = 311) compared to a reference group (N = 440) collected 
before the pandemic [7]. 

The A-allele of a second SNP (rs34481144, c.-22-64G>A), which has 
the highest MAF in Europeans (0.46) and a very low MAF in East Asians 
(0.01), was also reported to be a risk factor for severe influenza A virus 
infections [4,8]. In an European study Allen et al. showed that the A- 
allele of this promoter SNP causes decreased IFITM3 mRNA and protein 
levels, diminishing the antiviral defense capacities of IFITM3 [9]. Up to 
now, no case-control studies have been performed analyzing the role of 
rs34481144 in COVID-19. 

For SARS-CoV the restriction of S protein-mediated entry by IFITM1, 
IFITM2 and IFITM3 could be demonstrated in a functional in vitro study 
[10]. The sequence similarity between SARS-CoV-2 and SARS-CoV is 
82% [11]. Because SARS-CoV-2 also enters the cells using the S protein, 
which binds to angiotensin-converting enzyme 2 (ACE2), it is hypoth-
esized that IFITM3 may as well play an important role in SARS-CoV-2 
infection. 

Thus, we analyzed whether the above described associations of the 
variants rs12252 and rs34481144 in the gene IFITM3 could be observed 
in a German cohort with SARS-CoV-2 infection as well. 

2. Methods 

2.1. Study participants, recruitment and outcome of the patients 

The study was conducted following approval of the Ethics Committee 
of the Medical Faculty of the University of Duisburg-Essen (20-9230-BO) 
and in cooperation with the West German Biobank (WBE; 20-WBE-088). 
Written informed consent was obtained from study patients. 

Enrolment started on March 11, 2020, and ended on September 30, 
2020. Patients were initially recruited upon presentation with COVID-19 
typical symptoms, i.e. fever, cough, and dyspnea or who were admitted 
to the hospital with already confirmed SARS-CoV-2 infection. We 
included 239 SARS-CoV-2-positive patients. Patients were classified as 
SARS-CoV-2-positive with at least one positive real-time reverse tran-
scription polymerase chain reaction (RT-PCR) test result. Follow-up was 
completed on October 31, 2020, at which time all patients either were 
discharged from the hospital as “cured” or had a fatal outcome of the 
disease. We also studied 253 SARS-CoV-2-negative patients, who pre-
sented with COVID-19 typical symptoms, but were tested exclusively 
negative for SARS-CoV-2 by RT-PCR. These patients were hospitalized at 
the University Hospital Essen or treated as outpatients, due to other 
medical conditions. Clinical outcome was defined as follows according 
to the criteria of the ECDC [12] - ’moderate’: outpatients and hospital-
ized patients; ’serious’: hospitalized patients admitted to an intensive 
care unit and/or became dependent on mechanical ventilation and all 
cases of COVID-19-related deaths during the hospital stay. In contrast to 
the ECDC classification, where patients are counted up to three times, 
every patient only counted once according to the worst clinical outcome 
observed during the hospital stay in our study. The patients included in 
this study were of Caucasian origin. 

2.2. Genotyping of IFITM3 

Genomic DNA was extracted from 200 µl EDTA-blood using the 
QIAamp® DNA Blood Mini Kit (Qiagen, Hilden, Germany). In cases 
where EDTA-blood was not available (N = 20), genomic DNA was 

extracted from liquid nitrogen-frozen viral transport medium of the 
nasopharyngeal swabs containing swabbed human cells with the Quick- 
DNA™ Microprep Kit (Zymo Research GmbH, Freiburg, Germany). All 
DNA extractions were performed under biosafety level 2 precautions. To 
prevent spreading of infectious aerosols, DNA from nasopharyngeal 
swabs was extracted within a biological safety cabinet wearing protec-
tive clothing. Polymerase chain reaction was performed with 2 µl 
genomic DNA and 30 µl Taq DNA-Polymerase 2x Master Mix Red 
(Ampliqon, Odense, Denmark) with the following conditions: initial 
denaturation 95 ◦C for 5 min; 38 cycles with denaturation 95 ◦C for 30 
sec, annealing at 60 ◦C for 30 sec and elongation 72 ◦C for 30 sec each; 
final elongation 72 ◦C for 10 min (biotinylated forward primer: 5′ [BIO] 
ATGTGGATCACGGTGGACG 3′; reverse primer 3′

AGGAATTTGTTCCGCCCTCA 5′). Genotyping of all samples was per-
formed by Pyrosequencing according to the manufacturers’ instructions 
(Qiagen, Hilden, Germany). In brief, biotinylated PCR amplicons were 
immobilized on streptavidin-coated sepharose beads (GE Healthcare, 
Solingen, Germany) with the vacuum tool of the workstation (Qiagen, 
Hilden, Germany). In the next step, PyroMark denaturation solution 
(Qiagen, Hilden, Germany) was used to separate the complementary 
strand from the biotinylated strand. The biotinylated, single-stranded 
DNA remains immobilized on the vacuum tool. Finally, the single- 
stranded DNA was released into the sequencing plate containing 0.3 
µM sequencing primer (5′ CCTTCTTCTCTCCTGTCAA 3′ for rs12252 and 
5′ CCATCCCAGTAACCCGACC 3′ for rs34481144, respectively). After 
incubation at 80 ◦C for 2 min, the hybridized primer and single-stranded 
template were incubated with the enzymes DNA polymerase, adenosine 
triphosphate (ATP) sulfurylase, luciferase and apyrase, as well as the 
substrates adenosine 5′ phosphosulfate (APS) and luciferin. Addition of 
dideoxyribonucleotide triphosphates (ddNTPs) was performed sequen-
tially. Each incorporation event is accompanied by the release of pyro-
phosphate (PPi) in a quantity equimolar to the amount of the 
incorporated nucleotide. ATP sulfurylase converts PPi to ATP, which 
drives luciferase-mediated conversion of luciferin to oxyluciferin that 
generates visible light. The height of each light signal is proportional to 
the number of nucleotides incorporated and can be visualized in the 
Pyrogram. Apyrase continuously degrades unincorporated nucleotides 
and ATP and when degradation is complete another nucleotide is added. 
Analyses were performed on the PyroMark Q96 MD instrument (Qiagen, 
Hilden, Germany). Assay design was validated by Sanger sequencing of 
five samples with various genotypes for the respective SNPs. 

2.3. Statistical analyses 

Hardy-Weinberg equilibrium (HWE) was calculated using Pearson’s 
Х2 goodness of fit test and samples were considered as deviant from 
HWE at a significance level of P < 0.05. 

For genetic association, we calculated odds ratio (OR) and 95% 
confidence interval (CI) by Fisher’s exact test using Baptista-Pike 
method for OR, respectively. Where zero counts caused problems with 
computation of the OR, Haldane-Anscombe correction was performed 
by adding 0.5 to all cells. P-values are reported two-sided and values of 
<0.05 were considered significant. Multivariable analysis was per-
formed to estimate independency of the variables age, sex and IFITM3 
rs12252 or IFITM3 rs34481144 genotypes by logistic regression (like-
lihood ratio test, backwards). 

3. Results 

From March 11, 2020, to October 31, 2020, we enrolled and studied 
239 SARS-CoV-2-positive and 253 SARS-CoV-2-negative patients to 
determine the associations of the SNPs rs12252 and rs34481144 in the 
gene IFTIM3 with susceptibility to SARS-CoV-2 infection and severity of 
COVID-19. The characteristics and genotypes of SARS-CoV-2-positive 
and -negative patients are summarized in Table 1. Distribution of sex 
(P = 0.86) and age (P = 0.10) was similar in both groups. 
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Genotypes for IFITM3 rs12252 were compatible with HWE (P = 0.10 
and P = 0.53, respectively). The MAF of the C-allele in SARS-CoV-2- 
positive patients (0.05) was similar to the MAF in SARS-CoV-2- 
negative patients (0.04). We did not observe an association for an 
increased SARS-CoV-2 infection risk for C-allele carriers (Table 1). 
Interestingly, we found CC genotype carriers only within the group of 
SARS-CoV-2 infected patients (N = 2). Comparing patients with ’mod-
erate’ COVID-19 to those with ’serious’ COVID-19, we also observed no 
differences in genotype or allele frequency distribution. 

The observed genotype frequencies for IFITM3 rs34481144 were also 
consistent with HWE (P = 0.79 and P = 0.73) in SARS-CoV-2-positive 
and -negative patients. The presence of the A-allele did not correlate 
with an increased SARS-CoV-2 infection risk or severity of COVID-19 
(Table 1). Interestingly, we observed a non-significant higher fre-
quency of the rs34481144 A-allele in the patients with ’serious’ COVID- 
19 (OR: 1.77, 95% CI: 0.94–3.32, P = 0.10). 

In a multivariable analysis male sex was the only independent pre-
dictor for severity of COVID-19 (OR: 2.52, 95% CI: 1.38–4.60, P =
0.003). IFITM3 rs34481144 A-allele showed a trend (P = 0.07) for an 
increased risk of severity of COVID-19 (OR: 1.81, 95% CI: 0.95–3.43). 

4. Discussion 

Although an association of IFITM3 rs12252 with SARS-CoV-2 infec-
tion risk seems reasonable, C-allele frequency and incidence of the CC 
genotype was quite low in both SARS-CoV-2-positive and -negative pa-
tients of our cohort. Thus, we did not observe a significant effect on 
infection risk or COVID-19 severity. Nevertheless, we observed the pu-
tative deleterious CC genotype only in SARS-CoV-2-positive patients (N 
= 2). Additional studies are needed to clarify the influence of the 

rs12252 CC genotype on SARS-CoV-2 infection risk or whether this 
observation was accidental. Our observed genotype frequencies fit very 
well to those reported by Gómez and colleagues even though we could 
not reproduce their significant findings [7]. In the latter study SARS- 
CoV-2-positive patients were compared to a Spanish control group, 
from whom samples were collected before the pandemic. In our study 
we compared samples from patients tested for SARS-CoV-2 as positive or 
negative by RT-PCR. These two studies do not compare well because of 
the different composition of the cohorts. Further studies with larger 
cohorts are needed to clarify the role of IFITM3 rs12252 in SARS-CoV-2 
infection. 

The minor allele frequency of the C-allele is considerably higher in 
East Asians and effects may be more pronounced. Zhang et al. observed 
an up to 6.37-fold increased risk for C-allele carriers to develop severe 
COVID-19 (MAF 0.30 vs 0.50, P = 0.0093) in their preliminary study 
with Chinese patients [13]. This study included only 80 patients with 
COVID-19 and the significant observations may, therefore, be fortuitous. 
Hence the effect of rs12252 on COVID-19 severity needs to be validated 
in larger cohorts and different ethnicities. 

This is the first study analyzing the role of the SNP rs34481144 in the 
gene IFITM3 in SARS-CoV-2 infection in a case-control study in Cauca-
sians. An association of this polymorphism with COVID-19 seems 
plausible based on its association with decreased antiviral defense in 
other viral diseases [9]. Also some in silico studies provided evidence 
that this polymorphism might be involved in SARS-CoV-2 infection 
[4,14,15]. Nonetheless, we did not observe a different distribution of 
rs34481144 alleles or genotypes in SARS-CoV-2-positive compared to 
SARS-CoV-2-negative patients. The variant was also not associated with 
course and outcome of COVID-19. It would be interesting to know if 
rs34481144 might represent a marker for the course of COVID-19 since 
we observed a non-significant higher A-allele frequency in the patients 
with ’serious’ COVID-19. 

In conclusion, we could neither find an association for IFITIM3 
rs12252 nor rs34481144 with SARS-CoV-2 infection susceptibility or 
COVID-19 severity in a German cohort. Our findings cannot be trans-
ferred to populations with different ethnicities. Therefore, the role of 
variants in the gene IFITM3 in SARS-CoV-2 infections still needs to be 
elucidated in larger cohorts encompassing various ethnicities. 
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Table 1 
Demographics, IFITM3 genotypes and outcome of the SARS-CoV-2-positive and 
SARS-CoV-2-negative patients.   

SARS-CoV- 
2-positive 
(N = 239) 

SARS-CoV-2- 
negative 
(N = 253) 

Moderate 
COVID-19 
(N = 164) 

Serious 
COVID-19 
(N = 75) 

Median age 
(range) – yrs. 

59.0 
(18–99) 

63.0 (22–97) 57.0 (18–94) 64 (26–99) 

Male sex – no. 
(%) 

141 (59.0) 147 (58.1) 86 (52.4) 55 (73.3)  

IFITM3 rs12252 T/C 
TT 215 (90.0) 234 (92.5) 147 (89.6) 68 (90.7) 
TC 22 (9.2) 19 (7.5) 15 (9.2) 7 (9.3) 
CC 2 (0.8) 0 (0.0) 2 (1.2) 0 (0.0) 
Minor allele 
frequency (C) 

0.05 0.04 0.06 0.05 

TC + CC vs TT OR: 1.37, 95% CI 
[0.73–2.58], P = 0.34 

OR: 0.89, 95% CI 
[0.35–2.25], P = 1.00 

C vs T OR: 1.73, 95% CI 
[0.77–3.89], P = 0.23 

OR: 0.86, 95 %CI 
[0.26–2.84], P = 1.00  

IFITM3 rs34481144 G/A 
GG 73 (30.5) 75 (29.6) 56 (34.2) 17 (22.7) 
GA 120 (50.2) 128 (50.6) 74 (45.1) 46 (61.3) 
AA 46 (19.3) 50 (19.8) 34 (20.7) 12 (16.0) 
Minor allele 
frequency (A) 

0.44 0.45 0.43 0.47 

AA + GA vs GG OR: 0.96, 95% CI 
[0.65–1.41], P = 0.84 

OR: 1.77, 95% CI 
[0.94–3.32], P = 0.10 

A vs G OR: 0.97, 95% CI 
[0.68–1.39], P = 0.93 

OR: 1.15, 95% CI 
[0.66–1.98], P = 0.67 

Clinical outcome was defined as follows according to the criteria of the ECDC 
[12] – ’moderate’: outpatients and hospitalized patients; ’serious’: hospitalized 
patients admitted to an intensive care unit and/or became dependent on me-
chanical ventilation and all cases of COVID-19-related deaths during the hospital 
stay. 
Abbreviations: YRS = Years; OR = Odds ratio; CI = Confidence interval; P = P- 
value as calculated for estimation of significant associations (P < 0.05) of IFITM3 
genotypes and SARS-CoV-2 infection risk or COVID-19 severity. 
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Peña, J.R. Vidal-Castiñeira, V. Corte-Iglesias, M.L. Saiz, V. Alvarez, E. Coto, The 
Interferon-induced transmembrane protein 3 gene (IFITM3) rs12252 C variant is 
associated with COVID-19, Cytokine 137 (2020) 155354, https://doi.org/10.1016/ 
j.cyto.2020.155354. 

[8] Y.-C. Kim, M.-J. Jeong, B.-H. Jeong, Strong association of regulatory single 
nucleotide polymorphisms (SNPs) of the IFITM3 gene with influenza H1N1 2009 
pandemic virus infection, Cell. Mol. Immunol. 17 (2020) 662–664, https://doi.org/ 
10.1038/s41423-019-0322-1. 

[9] E.K. Allen, A.G. Randolph, T. Bhangale, P. Dogra, M. Ohlson, C.M. Oshansky, A. 
E. Zamora, J.P. Shannon, D. Finkelstein, A. Dressen, J. DeVincenzo, M. Caniza, 
B. Youngblood, C.M. Rosenberger, P.G. Thomas, SNP-mediated disruption of CTCF 
binding at the IFITM3 promoter is associated with risk of severe influenza in 
humans, Nat. Med. 23 (2017) 975–983, https://doi.org/10.1038/nm.4370. 

[10] I.-C. Huang, C.C. Bailey, J.L. Weyer, S.R. Radoshitzky, M.M. Becker, J.J. Chiang, A. 
L. Brass, A.A. Ahmed, X. Chi, L. Dong, L.E. Longobardi, D. Boltz, J.H. Kuhn, S. 
J. Elledge, S. Bavari, M.R. Denison, H. Choe, M. Farzan, Distinct patterns of IFITM- 
mediated restriction of filoviruses, SARS coronavirus, and influenza A virus, PLoS 
Pathog. 7 (2011) e1001258, https://doi.org/10.1371/journal.ppat.1001258. 

[11] N. Kaur, R. Singh, Z. Dar, R.K. Bijarnia, N. Dhingra, T. Kaur, Genetic comparison 
among various coronavirus strains for the identification of potential vaccine targets 
of SARS-CoV2, Infect. Genet. Evol. (2020) 104490, https://doi.org/10.1016/j. 
meegid.2020.104490. 

[12] European Center of Disease Prevention and Control, ECDC surveillance report. http 
s://covid19-surveillance-report.ecdc.europa.eu/ (accessed 15 January 2021). 

[13] T. Zhao, Interferon-induced transmembrane protein 3 related to coronavirus 
disease 2019, J. Infect. Dis. 222 (2020) 1413, https://doi.org/10.1093/infdis/ 
jiaa454. 

[14] D. Nikoloudis, D. Kountouras, A. Hiona, The frequency of combined IFITM3 
haplotype involving the reference alleles of both rs12252 and rs34481144 is in line 
with COVID-19 standardized mortality ratio of ethnic groups in England, PeerJ 8 
(2020) e10402, https://doi.org/10.7717/peerj.10402. 

[15] A. Pati, S. Padhi, S. Suvankar, A.K. Panda, Minor allele of Interferon-Induced 
Transmembrane Protein-3 (IFITM3) polymorphism (rs12252) is covered against 
SARS-CoV-2 infection and mortality: a worldwide epidemiological investigation, 
J. Infect. Dis. (2020), https://doi.org/10.1093/infdis/jiaa630. 

K. Schönfelder et al.                                                                                                                                                                                                                            

https://doi.org/10.1038/nri3344
https://doi.org/10.1038/nri3344
https://doi.org/10.1038/nature10921
https://doi.org/10.1017/S0950268818002832
https://doi.org/10.1017/S0950268818002832
https://doi.org/10.1007/s00251-020-01188-0
https://doi.org/10.1007/s00251-020-01188-0
https://doi.org/10.1093/infdis/jix512
https://doi.org/10.1093/infdis/jix512
https://doi.org/10.1093/infdis/jiaa224
https://doi.org/10.1093/infdis/jiaa224
https://doi.org/10.1016/j.cyto.2020.155354
https://doi.org/10.1016/j.cyto.2020.155354
https://doi.org/10.1038/s41423-019-0322-1
https://doi.org/10.1038/s41423-019-0322-1
https://doi.org/10.1038/nm.4370
https://doi.org/10.1371/journal.ppat.1001258
https://doi.org/10.1016/j.meegid.2020.104490
https://doi.org/10.1016/j.meegid.2020.104490
https://covid19-surveillance-report.ecdc.europa.eu/
https://covid19-surveillance-report.ecdc.europa.eu/
https://doi.org/10.1093/infdis/jiaa454
https://doi.org/10.1093/infdis/jiaa454
https://doi.org/10.7717/peerj.10402
https://doi.org/10.1093/infdis/jiaa630

	The influence of IFITM3 polymorphisms on susceptibility to SARS-CoV-2 infection and severity of COVID-19
	1 Introduction
	2 Methods
	2.1 Study participants, recruitment and outcome of the patients
	2.2 Genotyping of IFITM3
	2.3 Statistical analyses

	3 Results
	4 Discussion
	Funding information
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


