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INTRODUCTION

The COVID-19 pandemic has infected 176 million people and caused 3.8 million deaths worldwide. Artificial intelligence applications and Genome Wide Association Studies (GWAS) have helped us better understand factors that predict COVID-19 severity (The Severe Covid-19 GWAS Group, 2020). The pandemic has disproportionately affected African Americans, Hispanics, native Americans and other ethnic minorities with higher levels of hospitalization and higher mortality rates (Kirby, 2020). It is crucial to identify genetic alleles predicting severity and mortality among ethnic minorities. Interferon-induced transmembrane proteins (IFITMs) are a family of proteins that inhibit viral entry into host cells. The IFITM3-rs-12252 allele has been associated with severe disease and death with influenza and other viruses. We explore the potential role of this allele on the mortality and severity of illness of patients with Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection.



EVOLUTIONARY DATA

Microorganisms can become pathogenic resulting in human diseases, epidemics and pandemics. They can also coexist with us as part of our microbiome or becoming integrated into our genome. Human genome has evolved over millions of years of natural selection by positive selection of protective traits and negative selection of deleterious traits (alleles) (Pittman et al., 2016). The earliest allele discovered was the heterozygous sickle-cell trait, that reduced the risk and severity of malaria. Another well-characterized allele is the 32 base pair deletion in the gene chemokine receptor CCR5 gene (CCR5-Δ32). Individuals homozygous for this allele are resistant to HIV and carriers have a reduced risk of infection. The frequency of this allele suggests that it may have conferred resistance against the Yersinia pestis and the smallpox virus, which have caused epidemics since prehistoric times.

The deadliest pandemic in modern times was the 1918 Pandemic Flu with approximately 50 million deaths, followed by annual flu outbreaks and pandemics of lesser magnitudes. The IFITM3 rs-12252 allele has been associated with severe Influenza. The frequency of this allele in different populations may impact the outcome of the SARS-COV2 pandemic.



THE IFITM PROTEINS

The Interferon Inducible transmembrane protein's (IFITMs) are a family of evolutionarily conserved viral restriction proteins which have been shown to inhibit the infection of enveloped RNA viruses from 9 viral families including Influenza, dengue virus, Ebola virus and Coronavirus. IFITM1-3 is the first line defense against pathogen infection in vertebrates (Bailey et al., 2014) and is activated in response to type I and II interferon stimulation. IFITM1 is localized on the plasma membrane and restricts the entry of viruses that enter through the plasma membrane. IFITM2 and 3 are localized to early and late endocytic vesicles and lysosomes and restrict viruses that enter through late endocytic compartments. IFITM5 and IFITM10 have no known human immune functions but IFITM5 has been associated with osteoblast function and mutations have been associated with bone demineralization (Zhytnik et al., 2019). Examination of the primate genomes showed that the IFITM3 gene is the most ancient member of the IFITM locus (Compton et al., 2016) and the most important IFITM in preventing the entry of RNA viruses. Human mutant IFITM1, IFITM2, and IFITM3 were generated by CRISPR-Cas9 gene editing and showed that IFITM3 can involve vesicles bearing entering virus and shuttle the late endocytic vesicles bearing viruses to lysosomes for degradation (Spence et al., 2019).



THE IFITM3-RS-12252 ALLELE RESULTS IN SEVERE INFLUENZA

Many alleles have been correlated with an increase in the severity of influenza, but the most studied allele is the G variant of the SNP rs12252 of the IFITM3 (IFITM3 rs12252). Knockout mice lacking normal IFITM3 were observed to develop fulminant viral pneumonia when exposed to a low-pathogenicity influenza virus (Everitt et al., 2012). A statistically significant number of hospitalized subjects with H1N1 influenza had the IFITM3 rs12252 allele (Zhang et al., 2013). Individuals with the at-risk IFITM3 rs12252 allele had a 6-fold risk of severe influenza and were associated with early hypercytokinemia (cytokine storm) and increased mortality with influenza infection (Wellington et al., 2019).



BIOLOGICAL EFFECT OF THE MUTANT IFITM3-RS-12252 PROTEIN

The IFITM3 gene is predicted to encode a wild-type protein which exists as transmembrane protein. The substitution of A with G in the IFITM3 rs12252 allele was thought to cause aberrant splicing of IFITM3 mRNA. This rs-12252 mutation site encompasses a 20-YEML-23 tetrapeptide that is an endocytic signal essential for endocytosis and localization. Proteins engineered with a Y20 mutation converted IFITM3 from inhibitors to enhancers of Middle East Respiratory Syndrome associated Coronavirus (MERS-CoV) and Severe Acute Respiratory Syndrome associated Coronavirus (SARS-CoV) entry into cells in vitro (Zhao et al., 2018) and of SARS-COV2 viral entry (Shi et al., 2021).



PREVALENCE OF IFITM3-RS-12252 ALLELE

The prevalence of the IFITM3 rs12252 allele is available from multiple databases1 (Table 1). The 1000 Genomes Project (5,008 individuals) showed an allele frequency for the G-variant of 0.528 in the East Asian (Chinese, Japanese, Vietnamese) population, 0.26 in the African population, 0.04 in European population, 0.17 in the Hispanic American population and 0.14 in a South Asian population (The 1000 Genomes Project Consortium, 2015). The gnomAD genomes database (143,048 samples) showed an allele frequency of 0.25 among African Americans, 0.117 among Latino American and 0.039 among Europeans (Karczewski et al., 2020). The NCBI ALFA database (11,176 samples) showed an allele frequency of 0.055 among Europeans and 0.15 among African Americans (Phan et al., 2020). The NHLBI Exome sequencing Project (12,094 samples) showed an allele frequency of 0.22 among African Americans and 0.040 among European Americans (Exome Variant Server, 2021). The allele frequency was 18% in Mestizo (a mixed race of Indigenous and Spanish) populations in Western Mexico (López-Jiménez et al., 2018). With a larger combined sample size of 168,953 the allele frequency of G variant was 0.01 to 0.055 in European and European American population, 0.15 to 0.31 in an African and African American population, 0.18 to 0.21 in a Mexican American population, 0.47 to 0.52 in an East Asian population and 0.10 to 0.16 in a South Asian population.


Table 1. Allele Frequency of the IFITM-rs12252 alleles among various populations.
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CORRELATION OF THE IFITM3-RS-12252 ALLELE WITH SARS-COV-2 SEVERITY AND MORTALITY

In a study of hospitalized patient with COVID-19 in Beijing, China there was a significant association between homozygosity for the IFITM3-rs12252 allele and severity of COVID-19 and death (Zhang et al., 2020). The frequency of the homozygosity for the IFITM3-rs-12252 in patients with mild disease was similar to the general population. This allele was also associated with a risk of hospitalization in a cohort of hospitalized patients with COVID-19 in Spain (Gómez et al., 2021). This cohort was a Caucasian population with a low frequency (0.03) of the IFITM3-rs-12252 allele. This allele was also non-significantly more common in patients requiring intensive care. Another allele of the IFITM3 rs34481144 has been associated with severity of influenza. A significant correlation was observed between the mortality rate with COVID-19 for ethnic groups in Britain and the combined frequency of IFITM3 alleles rs12252 and rs34481144 in these ethnic groups, suggesting that these alleles may be associated with more severe outcomes (Nikoloudis et al., 2020). The IFITM3-rs12252 variant was also associated with hospitalization and mortality in a study of 880 patients from Saudi Arabia, and they had a lower level of Interferon Gamma (Alghamdi et al., 2021). In contrast, a study from Germany did not find an association with infection risk or severity but suggested that this allele may be important for predicting infection risk (Schönfelder et al., 2021).

While socioeconomic factors and disparities in access to healthcare may partly explain the disproportionately higher mortality and morbidity associated with SARS-COV-2 infection among African Americans, genetic factors may also be responsible for the wide differences seen. The higher frequency of the IFITM3-rs-12252 allele among African Americans (0.15–030) compared to Caucasians (0.01–0.05) may also be an important factor in the higher severity and death rate seen with COVID-19 in African Americans.

An analysis of publicly available transcriptomic data sets of SARS-COV-2 infected humans and mammals identified IFITM3 as an early upregulated gene in infected lung epithelial cells (Hachim et al., 2020). Gene expression analysis of host human genes induced by SARS-COV-2 and SARS-COV shows that IFITM-3 was upregulated by SARS-COV-2 but not SARS-COV (Sardar et al., 2020). This suggests that SARS-COV-2 uses IFITM-3 for viral entry, and that mutations that enhance viral entry may lead to a severe disease. The IFITM3-rs12252 allele involves a four amino-acid tetrapeptide endocytic signal. Artificial mutations of this endocytosis-promoting Yxxϕ motif converts IFITM3 from an inhibitor to an enhancer of and of SARS-COV2 viral entry (Shi et al., 2021).



DISCUSSION

Currently, the Covid-19 pandemic has resulted in 34 million cases and 615,000 deaths in the United States. The mortality has disproportionally affected African American, Hispanic, and Native American populations. This disparity may be because African Americans have higher incidence rates of obesity and diabetes and often hold jobs that have an increased risk of community exposure (Price-Haywood et al., 2020). A disproportionate incidence of COVID-19 infections, hospitalizations and deaths have also been noted in the Hispanic population in the United States (Evans, 2020). American Indians and Alaska Natives were 3.7 times more likely to be hospitalized and 2.4 times more likely to die compared to non-Hispanic whites in the United States (Burki, 2021). In Britain, the worst outcomes are in ethnic minority groups, especially Black and South Asian people (Razai et al., 2021).

Socioeconomic factors, disparity in access to health care and structural racism are important factors in the severity and mortality rate among ethnic minority Covid-19 patients (Kirby, 2020). But this cannot fully account for the disproportionately higher morbidity and mortality among ethnic minorities and genetic factors may be important. The IFITM3 is important in the first line of defense against SARS-COV-2, and alleles like the IFITM3-rs-12252 may convert it from an inhibitor to an enhancer of SARS-COV-2 viral entry to cells. The altered viral endocytosis in patients with the IFITM3-rs12252 allele may causes high viral load and cytokine storm associated with severe Covid-19 in susceptible patients. The higher frequency of the at-risk IFITM3 rs12252 allele among African Americans (0.25), Hispanics (0.20), and South Asians (0.15) compared to European ancestry (0.01–0.04) may contribute to the disproportionately higher morbidity and mortality among ethnic minorities.

SARS-COV-2 is a mutated cold virus which caused mild illness in most patients. Viruses become highly pathogenic by selecting for specific host genetic variants within the target population. SARS-COV-2 causes severe morbidity and mortality only in certain population subtypes and genotypes. We are suggesting that SARS-COV-2 infections can results in severe illness and death in individuals and populations with the IFITM3-rs12252 G variant. Modern medicine, epidemiological measures, vaccination, isolation and containment efforts can counteract the negative evolutionary pressures on deleterious mutations in the twenty first century. An example of this is the lower morbidity and mortality from COVID-19 seen in China. Despite a high allele frequency of 0.50 of the at-risk IFITM3-rs-12252 allele among the Chinese population, the mortality and morbidity were low in China in the first 3 months of the outbreak excluding Wuhan (Liu et al., 2021). The lead author of the study attributes the low mortality in China to the lockdown and associate behavioral changes like facemasks, increased hygiene, social distancing and travel restrictions.

It was recently reported that the antibody response to the Influenza vaccination was attenuated in IFITM3-rs-12252 homozygous carriers and in IFITM3 deletion mice (Lei et al., 2020). Since COVID-19 vaccination efforts are well underway in most of the world, the antibody response to COVID-19 vaccination in IFITM3-rs-12252 allele carriers needs to be studied and corrective measures undertaken if needed.

The COVID-19 pandemic is waning in the Western countries while it is making a resurgence in India and Africa. We are still early in the pandemic and the SARS-COV-2 virus may mutate to more pathogenic variants and cause annual epidemics. The SARS-COV-2 virus B.1.617.2 (Delta variant) is projected to be the dominant variant in the USA and UK soon (Paul et al., 2021). The delta variant is highly contagious. We should not let our guard down and continue containment measures albeit in a smarter, and less intrusive way and institute early intensive medical care for patients at higher risk of severity. These should be focused on vulnerable ethnic minorities. The role of the IFITM3-rs12252 allele in the higher morbidity and mortality from COVID-19 among African American and other ethnic minorities should be studied and better understood. Understanding the interaction between SARS-CoV-2 and the IFITM3-rs12252 allele could help identify novel therapeutic targets, leading to precise biological and immune therapy.
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FOOTNOTES

1Available online at: http://useast.ensembl.org/Homo_sapiens/Variation/Population?db=core;r=11,320272-321272;v=rs12252;vdb=variation;vf=164428450#population_freq_AFR.
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