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Abstract

Identification of factors that lead to the severe clinical course of COVID-19 is crucial for timely allocation of
resources. The purpose of this study was to evaluate possible sex differences in cardiac injury associated with
HLA-C*04:01. High sensitivity troponin T on admission (hs-TnTa) and maximum high sensitivity troponin T (hs-
TnTmax) were used to assess for cardiac injury in patients with COVID-19 (n = 435). We tested for the association
of elevated hs-TnT with HLA-C* 04:01 and evaluated for potential sex-specific differences. An association between
hs-TnTa and the severity of clinical course was identified. In addition, our study revealed that hs-TnTmax was
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higher in men who were carriers of HLA-C*04:01 compared to men without the risk allele. Male carriers of HLA-
C*04:01 with COVID-19 developed higher hs-TnTmax, suggesting a larger extent of cardiac injury. This association
suggests the presence of different pathomechanisms in COVID-19 based on sex.

Keywords: Genetic, HLA, HLA-C, HLA-C*04:01, COVID-19, troponin T, hs-TnT

INTRODUCTION

Since November 2019, the rapid spread of coronavirus disease 2019 (COVID-19) has become one of the
greatest challenges to the healthcare system in the 21st century.

Identification of genetic or acquired risk factors is crucial to prevent or mitigate adverse outcomes.

We recently reported on HLA-C*04:01, a potential risk gene for the severe clinical course of COVID-19.
HLA-C*04:01 carriers had double the risk of intubation [odds ratio 3.5 (CI 95% 1.9-6.6; risk ratio 1.5
(CI 95% 1.1-1.2)] when infected with SARS-CoV-2"",

There is a broad spectrum of clinical manifestations of COVID-19. In 7.2%-12% of cases, the myocardial
injury was detected™ and reported to be associated with a worse prognosis””. Changes in high sensitivity
troponin T (hs-TnT) levels over time may suggest cardiac injury at any point during hospitalization'*”.

Therefore, serial hs-TnT testing might be useful in staging disease severity”. Since male sex was reported as
an independent risk factor for a severe clinical course of COVID-19"", we performed a subgroup analysis of
our cohort based on sex.

METHODS

In the spring of 2020, an international multicenter investigation was initiated to analyze the association of
human leukocyte antigens (HLA) with the severe course of COVID-19. In total, 435 patients from Germany
(n = 135), Switzerland (n = 20), Spain (n = 133), and the United States (1 = 147) were included in the study
and HLA typed.

Enrolled patients were older than 18 years with COVID-19 confirmed by real-time quantitative polymerase
chain reaction method and represented the complete clinical spectrum from mild to severe cases. The severe
clinical course of COVID-19 was defined as requiring intubation. Patients were recruited from the
outpatient clinics, emergency rooms, inpatient wards, and intensive care units. Results of HLA analyses
were replicated in genome-wide association studies (GWAS). HLA-C*04: 01 was identified as a risk factor
for a severe course of COVID-19 and for susceptibility to COVID-19, as previously described.

Then, the relationship between hs-TnT on admission (hs-TnTa) or the maximum hs-TnT (hs-TnTmax)
value during the clinical treatment period and HLA-C*04:01 carrier status was investigated. Hs-TnT values
> 0.14 ng/L were considered pathologic according to hospital laboratory cut-ofts.

Patients for whom hs-TnT values were available were included in the subgroup analysis (n = 104). After
examining the normal distribution, the cohorts were compared using the Wilcoxon-Mann-Whitney-Test. A
P-value of < 0.05 was considered statistically significant. Correction for multiple testing was carried out
using the Bonferroni method. In addition, creatine phosphokinase (CK) levels were analyzed for all patients
within the hs-TnT subgroup analysis. The same methodology as for hs-TnT values was used.
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This study was approved by the ethics committee of Charité-Universitdtsmedizin-Berlin (EA2/066/20).
Informed consent was obtained from all patients prior to inclusion in the study.

RESULTS

The cohort analyzed consisted of 104 patients, including 27 females (26%). The median age was 62.5 years
(IQR 14 years) with a median BMI of 28 kg/m* (IQR 7 kg/m?). Pre-existing cardiovascular diseases and risk
factors included arterial hypertension (58%), diabetes mellitus (all types, 29%), and coronary artery disease
(13%).

An association between hs-TnTa and the severity of clinical course of COVID-19 (P < 0.001) was identified.
This association was independent of the HLA-C*04:01 carrier status of the patient. There was no difference
in the concentration of hs-TnTa in men vs. women, and an age-stratified analysis showed no significant
differences.

However, hs-TnTmax was higher in male carriers of HLA-C*04:01 (n = 14, median hs-TnTmax 151 pg/mL)
vs. men without the risk allele (n = 63, median hs-TnTmax 38 pg/mL; P = 0.008; Figure 1). The result
remained significant after excluding the patient with the highest hs-TnTmax value of 837 pg/mL (P = 0.013
vs. P =0.008 in the analysis of the complete data set; Figure 1, dot plot).

There was no difference in cardiovascular risk factors, such as diabetes mellitus, arterial hypertension, and
coronary artery disease, between male carriers and non-carriers of HLA-C*04:01 [Table 1], suggesting that
the allele was an independent risk factor. In women, there was no difference in hs-TnTmax between carriers
and non-carriers of HLA-C*04:01. An age-stratified analysis showed no significant differences.

After that, CK was analyzed as an additional marker for cardiac injury. Figure 2 illustrates a trend of higher
CK blood levels in male carriers of HLA-C*04:01 vs. male non-carriers. This trend did not reach statistical
significance. However, male carriers of HLA-C*04:01 had higher CK levels than female carriers of
HLA-C*04:01 (P = 0.034; CK mean, men = 273 U/l and women = 82 U/I).

DISCUSSION

Male sex has been shown to be an important clinical risk factor for adverse outcomes in COVID-19""". We
recently described HLA-C*04:01 as a new risk factor for the severe clinical course of COVID-19". The main
hypothesis of our current study is that carriers of HLA-C*04:01 have an increased risk for cardiac injury and
that there are sex-specific differences with regards to the extent. We performed a subgroup analysis of
hs-TnTa and hs-TnTmax based on sex.

The general pathomechanisms of SARS-CoV-2 are well described in the literature. To enter a cell, SARS-
CoV-2 binds to the angiotensin-converting enzyme 2 (ACE2) receptor, which has been described in various
tissues including adipose tissue, intestinal tract, kidney, lungs, central nervous system, and the
cardiovascular system, particularly in the endothelium!?. As a result, endothelial injury and associated
myocardial injury are commonly observed in patients with COVID-19"". In that regard, hormones play a
crucial role in the regulation of the renin-angiotensin-aldosterone system (RAAS) and, consequently, ACE2
and its membrane-bound form, the ACE2 receptor. While the effects on COVID-19 are not yet fully
understood, testosterone is known to increase ACE2 in the heart and kidneys, while estrogen decreases
ACE2 in the same organs. Data on the course and severity of COVID-19 also support the notion of
potential biological sex differences affecting COVID-19 vulnerability, as 50% more men than women were
hospitalized during outbreaks"*. Moreover, the male-to-female case fatality ratio seems to increase in all age
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Table 1. Baseline parameters and hs-TnTa and hs-TnTmax based on sex and HLA-C*04:01 status. *P < 0.05

HLA-C*04:01

Carrier Non carrier Non carrier Carrier

Male Male Female Female

n=14 n=63 n=22 n=5
Age in years; median (IQR) 63 (2D 62 (16) 64 (16) 54 (9)
BMI in kg/m’; median (IQR) 26 (4) 28 (6) 31313) 27.(3)
Medical History
CAD n (%) 1(7%) 12 (19%) 1(5%) 0 (0%)
Diabetes mellitus; n (%) 5(36%) 20 (32%) 4 (18%) 2 (40%)
Art. Hypertension; n (%) 9 (64%) 34 (54%) 14 (64%) 3(60%)
Acute kidney failure n (%) 2 (14%) 4 (6%) 0 (0%) 0 (0%)
Clinical Events
Intensive care unit n (%) 10 (71%) 38 (60%) 7 (32%) 2 (40%)
Mechanical ventilation n (%) 10 (71%) 22 (35%) 5(23%) 1(20%)
Died n (%) 2 (14%) 7 (11%) 1(5%) 0 (0%)
Laboratory Data
Erythrocytes/pl median (IQR) 4,2(,0) 450,2) 4,5(0,9) 4,4 (1,2)
Hemoglobin (Hb) g/I median (IQR) 12,6 (2,7) 13,3(3,8) 12,5(2,8) 13,5(3,9)
Hematocrit (Hct) % median (IQR) 37 (6) 38 (10) 36 (8) 37(10)
Leukocytes 1000/nl median (IQR) 10,2 (7,7) 7,0(4,1) 59(@3,8) 81(2,2)
Lymphocytes /nl median (IQR) 1,6 (2,0) 0,9 (0,5) 0,9(0,7) 1,1(0,D)
Thrombocytes 1000/nl median (IQR) 170 (83) 194 (119) 215 (68) 242 (26)
Procalcitonin (PCT) ug/I median (IQR) 0,50,3) 0,2(0,4) 0,1(0,N 0,2(0,2)
C-reactive protein (CRP) mg/L median (IQR) 142 (205) 79 (100) 50,5 (115) 92 (5)
Myoglobin png/I median (IQR) 264 (384) 133 (561 921(0) 21(0)
Creatine phosphokinase (CK) U/l median (IQR) 273 (801) 17 (238) 82 (51) 39 (52)
hs-TnTa pg/mL median (IQR) 22,0(68,0) 18,0 (38,5) 8,5(17,0) 13,0 (11,0)
hs-TnTmax pg/mL median (IQR) 151,0 (417,0)* 36,0 (68,0) 10,0 (144,0) 11,5 (13,0)
groups"?.

The results of this study are consistent with existing evidence. The association of HLA-C*04:01 with hs-TnT
values in male carriers is described herein for the first time.

Similar to prior studies, an association between hs-TnTa and the severity of clinical course of COVID-19
was identified"""?.

Guadiana-Romualdo et al. identified hs-TnT as an independent predictor for 30-day mortality in
COVID-19 when using sex-specific cutoffs"".

In their multicenter, cross-sectional study, Lombardi et al. also found that hs-TnT was an independent
variable associated with increased in-hospital mortality independent of concomitant cardiac diseases during
COVID-19". Furthermore, the risk for cardiovascular and non-cardiovascular complications such as heart
failure, multiorgan failure, pulmonary embolism, and sepsis was increased in the group with elevated
hs-TnT values".
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Figure 1. hs-TnTmax based on HLA-C*04:01 carrier status and sex. o and * symbolize statistical outliers. A o marks statistical outliers
that are within 1.5-3.0x% of the interquartile range (IQR). A * marks statistical outliers that are > 3.0% the IQR.

A possible explanation for sex-specific differences in hs-TnT elevation may be hormonal factors. Estradiol
has been demonstrated to enhance T-cell response against infectious agents in general and increase

[16

antibody production, somatic hypermutation, and class switching". Estradiol promotes increased levels of
neutrophils and stimulates the release of cytokines by monocytes/macrophages"”. Furthermore, the
decrease in estradiol levels in postmenopausal women has been associated with increased production of

inflammatory cytokines in COVID-19"%.
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Figure 2. Creatine phosphokinase (CK) based on HLA-C*04:01 carrier status and sex. o and * symbolize statistical outliers. A o marks
statistical outliers that are within 1.5-3.0x of the interquartile range (IQR). A * marks statistical outliers that are > 3.0x the IQR.

Estradiol levels decrease post menopause. However, the cardiovascular protective effects of decades of
higher estradiol levels in the blood appear to remain for some time. In that regard, Dietl et al. showed the
convergence of hs-TnT in men and women post menopause with increasing age'”. Subramanya et al.
demonstrated an increase in the left ventricular mass (LVM) as a result of an increasing androgen effect in
postmenopausal women™. These findings provide a biologically plausible explanation for the increase in
cardiac markers in men with COVID-19.

Given the small sample size of our cohort, an analysis of pre- and postmenopausal women was not feasible.
Further research is needed to study the influence of HLA-C*04:01 in women with COVID-19 before and
after menopause.

The increase of hs-TnTmax in male carriers of HLA-C*04:01 was accompanied by a trend of higher CK
values [Figure 2], supporting the hypothesis that these individuals are at greater risk for cardiac injury
compared to male non-carriers.

Renal function may impact serum levels of hs-TnT and should be considered in the analysis®. In our
cohort of male carriers of HLA-C*04:01, 14% (n = 2) had acute kidney failure. When those two patients
were excluded from the analysis, the results remained significant.

In conclusion, the correlation of hs-TnTmax elevation in combination with HLA-C*04:01 carrier status in
men supports our hypothesis of a sex-specific increase in the risk for cardiac injury. The results suggest a
potential sex difference in the pathomechanism of COVID-19. Our findings may help to better understand
the pathophysiology of COVID-19 and define more targeted therapy concepts for risk groups. Due to the
relatively small number of patients, it is necessary to validate the results in a larger cohort.
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Limitations

Sample size and inclusion of different stages of COVID-19 at the time of admission should be considered as
limitations of the study. The patients included were mainly of European ethnicity. Larger and multiethnic
cohorts are necessary to reliably investigate the exact size of the effects. Furthermore, a comparison of pre-
and postmenopausal women will be necessary to investigate potential hormonal influences in more detail.
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