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To The Editor

Microbial invasion of the skin and underlying soft tissues, known as skin and soft tissue 

infections (SSTIs), contribute to considerable burden of disease worldwide (Kaye et al. 

2019; Lozano et al. 2012). Knowledge about host factors contributing to SSTI risk is 
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important to prevent the SSTIs. The genetics of SSTI susceptibility remain largely unknown, 

and the only previously published genome-wide study on SSTIs is a small family-based 

linkage study that did not identify significant linkage to any genes for erysipelas or cellulitis 

susceptibility (Hannula-Jouppi et al. 2013).

A range of cardiometabolic risk factors have been associated with SSTIs (Butler-Laporte 

et al. 2020; Kaye et al. 2019; Winter-Jensen et al. 2020). Few studies have used genetic 

variants as instrumental variables (Mendelian randomization [MR]), to assess causality, 

which may reduce bias due to reverse causation and confounding (Davies et al. 2018). 

Increasing body mass index (BMI) has been found to increase the risk of SSTIs in such a 

framework (Butler-Laporte et al. 2020; Winter-Jensen et al. 2020), but other cardiometabolic 

risk factors have not been explored.

The aims of this study were to conduct the first genome-wide association study (GWAS) 

on susceptibility to SSTIs, explore possible biological pathways through transcriptome-wide 

association analyses, and perform MR analyses to investigate potential causal relationships 

of cardiometabolic risk factors on SSTIs.

We used two independent cohorts, where the UK Biobank served as the discovery cohort 

in the genome-wide association analyses, and the Trøndelag Health Study (the HUNT 

Study) served as the replication cohort. Subjects who had been hospitalized with a primary 

diagnosis of SSTI served as cases, while those who had not been hospitalized with a primary 

or secondary diagnosis of SSTI were considered controls (Supplementary Material and 

Methods).

Genome-wide association analyses were conducted using SAIGE, with age, sex, genotype 

chip, and ancestry-informative principal components as covariates (Zhou et al. 2018), and 

meta-analyses were carried out using METAL (Supplementary Materials and Methods). 

Associations with p-value <1e-6 and p-value <5e-8 were considered genome-wide 

suggestive and significant, respectively.

We used FUSION to performed transcriptome-wide association analyses by combining 

summary statistics from the genome-wide meta-analysis with linkage disequilibrium 

(European ancestry in 1000 Genomes Project) and reference gene expression panels (GTEx 

v7) to estimate gene expression patterns associated with SSTIs (Gusev et al. 2016). Sun-

exposed skin (lower legs) was the tissue of interest for the transcriptome-wide analyses 

(8,609 genes tested), while all 48 general tissues from GTEx v7 were analyzed for 

the chromosome with genome-wide significant hits (10,518 tests). Bonferroni-corrected 

threshold for genome-wide significance was p-value <2.6e-6.

Two-sample MR analyses were conducted separately for results from the meta-analysis, 

UK Biobank and HUNT. Genetic instruments for BMI, type 2 diabetes mellitus, low-

density lipoprotein cholesterol, systolic blood pressure, lifetime smoking, and sedentary 

lifestyle were extracted from relevant published GWASs (Supplementary Table 1). The 

TwoSampleMR R package (version 0.5.0) (Hemani et al. 2018) was used to carry out 

inverse-variance weighted MR analyses (main analyses), along with statistical test for 

heterogeneity, simple median, weighted median and MR Egger (sensitivity analyses).
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In both UK Biobank and HUNT, cases, compared with controls, were at baseline older, had 

higher BMI and systolic blood pressure, and were more likely to be male, ever-smoker and 

self-reported diabetic (Supplementary Table 2).

The genome-wide association analysis included 6,107 cases and 399,239 controls from UK 

Biobank, and 1,657 cases and 67,522 controls from HUNT. UK Biobank yielded seven 

suggestive loci (Supplementary Table 3 and Supplementary Figure 1), of which one was 

replicated in HUNT: rs3749748 in the LINC01184/SLC12A2-gene region on chromosome 5 

(Supplementary Figures 2 and 3). In the meta-analysis of 7,764 cases and 466,761 controls, 

only the locus in LINC01184/SLC12A2 reached genome-wide significance (Figure 1), while 

two additional loci were close to genome-wide significance: PSMA1 on chromosome 11 

and GAN on chromosome 16 (Supplementary Table 3). There was no indication of genomic 

inflation (Figure 1 and Supplementary Figures 1 and 2).

LINC01184 is part of the lincRNA class of genes that does not encode for proteins, but 

have still been found to modulate inflammation and infection risk (Atianand et al. 2016; 

Carpenter et al. 2013). SLC12A2 encodes for the protein NKCC1 which regulates transport 

of chloride, potassium and sodium across cell membranes, and is key in modulating ion 

movement across the epithelium, volume of cells, and anti-microbial activity (Matthay and 

Su 2007; Yang et al. 2020).

In the transcriptome-wide association analysis of skin on the lower legs, the only gene 

that was statistically significantly associated with SSTIs was LINC01184 (Supplementary 

Figure 4). A reduced expression of LINC01184 was associated with increased risk of 

SSTIs. The same association was observed in all tissues, but less pronounced in the brain 

(Supplementary Figure 4).

Increase in genetically predicted BMI, systolic blood pressure and smoking increased the 

risk of SSTIs, while increasing low-density lipoprotein cholesterol was associated with 

a reduced risk of SSTIs (Figure 2). Sensitivity analyses supported the findings from the 

inverse-variance weighted analyses (Supplementary Table 4).

This is the first GWAS published on SSTIs to date, with a large number of cases and 

controls. We were able to identify a novel locus – LINC01184/SLC12A2 – robustly 

associated with SSTIs in the discovery cohort and the independent replication cohort. A 

limitation of our study is that we did not have the power to identify more than one genome-

wide significant locus, which in part may be due to non-differential misclassification of the 

outcome, and we thus encourage replication with meta-analysis in independent cohorts. Of 

note, while the minor allele frequency of rs3749748 in North-Western European populations 

is around 23%, it is only 4% in African-American populations (Karczewski et al. 2020). It 

is therefore important to evaluate populations of different ancestries than the one currently 

considered.

In conclusion, we have identified genetic variation in LINC01184/SLC12A2 to be strongly 

associated with risk of SSTIs. Interventions to reduce smoking, hypertension, overweight 

and obesity in the population will likely reduce the disease burden of SSTIs.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Manhattan plot of results for the meta-analysis.
Axes display the -log10 transformed p-value by chromosomal position. The blue line 

indicates genome-wide suggestive associations (p-value <1e-6) and the red line genome-

wide significant associations (p-value <5e-8). Genome-wide significant loci (+/- 500kb of 

lead variant) are highlighted in green. Top right corner: Quantile-quantile plot. Axes display 

the observed (y-axis) and expected (x-axis) -log10 transformed p-value. The black dots 

represent observed p-values while the red line represents expected p-values under the null 

distribution. Genomic inflation factor (λ) = 1.01.
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Figure 2. Mendelian randomization analyses of cardiometabolic risk factors on risk of skin and 
soft tissue infection.
Forest plot of the two-sample inverse-variance weighted Mendelian randomization analyses 

of cardiometabolic risk factors identified as genetically correlated with skin and soft tissue 

infection. Each risk factor was evaluated separately using results from the meta-analysis, 

UK Biobank and HUNT, and the corresponding risk factors were grouped by color. The 

x-axis represents the increased odds ratio per standard deviation increase of the genetically 

predicted risk factor (per unit increase in log odds ratio for genetically proxied type 2 

diabetes mellitus liability). BMI, body mass index; LDL, low-density lipoprotein.
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