Supplementary Figure 1
Flow of participants throughout the study

Supplementary Figure 2
Dihydrotestosterone and estrone levels in Covid-19 patients.
Dihydrotestosterone (a,c), estrone (b,d) levels were measured in plasma obtained from intensive
care unit (ICU) COVID-19 patients (ICUCOVID-19) and aged-matched healthy donors (HC). Blue
box plots represent males and pink box plots represent females. The laboratory assessed
hormone reference ranges are indicated in grey. Rectangles represent 25–75% of values, with
the median value indicated by a crossline, and mean values by a plus icon. Statistical
significance was assessed via One-Way-ANOVA.

Supplementary Figure 3
Testosterone and cytokine levels in dependency of disease severity. Testosterone levels were
measured in plasma obtained from critically ill male (blue columns) (a-c) and female (red
columns) (d) COVID-19 or non-COVID-19 patients are displayed in dependency of disease
severity as assessed by SOFA scores. Male COVID-19 patients were subdivided into patients
requiring ECMO therapy (+ECMO) and patients not requiring ECMO therapy (-ECMO) (c).
Percentile blots represent 25–75% of values, with the median value indicated by a crossline,
and mean values by a plus icon. The laboratory assessed hormone reference ranges are indicated
in grey. Values are shown as median and interquartile range. Cytokine levels were measured in

males (blue dots) (e-g) and females (red dots) (h-m) in dependency of the SOFA score.
Statistical significance in males was assessed by NON-parametric tests (Kruskal-Wallis test
and Dunn’s test for multiple comparisons). Statistical significance in females was evaluated by
unpaired, two-tailed NON-parametric Student’s t-test (Mann-Whitney test).

Supplementary Figure 4
Correlation of IFN-γ levels in male and female COVID-19 patients to testosterone levels.
Testosterone levels measured in plasma of COVID-19 male and female patients were plotted over the
expression levels of all assessed 27 cytokines and chemokines. Here, only IFN-γ is displayed, which
showed significant correlations in regression analysis with estradiol. Statistical significance was
assessed by generalized linear regression.

Supplementary Figure 5
Model: Sex hormone triggered activation of immune pathways in COVID-19 males.
Critically-ill men diagnosed with COVID-19 present reduced testosterone and increased
estradiol levels. Regression analysis revealed that among 27 cytokines and chemokines
analyzed, only IFN-γ levels show significant correlation to sex hormone levels. Estradiol levels
positively associated with IFN-γ levels. IFN-γ was repeatedly reported before to have an
estrogen responsive element (ERE) in its promoter region further highlighting the role of
estradiol in particular in regulating IFN-γ transcription. Macrophages contain membrane-bound
as well as nuclear acting androgen and estrogen receptors. Macrophages also contain an IFN-γ
receptor. IFN-γ poses a major cytokine that primes macrophages for the secretion of
inflammatory cytokines upon external TLR stimuli, such as viral infections. Macrophage
activation was proposed to play a key role in COVID-19 pathogenesis. Collectively, we herein
propose that sex hormones and IFN-γ may play key roles in macrophage activation in COVID19 patients.

Table S1: Covid-19 Comorbidities
Males
(n=39)

Females
(n=11)

P value

Coronary Heart Diseases (CHD)

8 (20.5)

1 (9.1)

0.6

Diabetes mellitus type II

12 (30.8)

3 (27.3)

1.0

Obesity (BMI>30)

12 (30.8)

3 (27.3)

1.0
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