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Cardiac injury occurs in up to 36% of hospitalized patients with
COVID-19.1 Exact mechanism of cardiac injury in COVID-19 is not
well understood, but may relate to direct cardiomyocyte damage,
coronary plaque destabilization, cytokine inflammatory response,
and intracoronary microthrombi formation. Lindner et al.2 in an
autopsy study identified SARS-CoV-2 RNA in the myocardium in 24
of 39 autopsy cases. However, none of the 39 patients had myocardi-
tis. Plasma pro-inflammatory cytokine levels were increased in 16
patients, suggesting cytokine response as a plausible cause of cardiac
injury in COVID-19. Early reports identified ACE2 as a receptor for the
SARS-CoV-2. Clausen et al.3 have recently identified heparan sulfate
as a co-receptor for ACE2, whereby SARS-CoV-2 binds to heparan sul-
fate, a negatively charged polymer, through a positively charged site
adjacent to the ACE2 binding domain. Heparan sulfate is ubiquitously
expressed in mammalian tissues, and ACE2 is broadly expressed in
the arterial, capillary, and venous endothelial cells. Heparan sulfate
also interacts with antithrombin, which subsequently undergoes con-
formation change, resulting in the generation of the active form of
antithrombin. The active form of antithrombin inhibits the procoagu-
lant factors Xa and thrombin (IIa) (Fig. 1). Additionally, Gue et al.4

suggested that reduction in ACE2 activity may increase vascular per-
meability resulting in increased expression of tissue factor in suben-
dothelial cells, leucocytes, and platelets with subsequent activation
of coagulation and thrombosis.

As SARS-CoV-2 binds heparan sulfate and ACE2 for cellular entry,
it is possible that the high expression of ACE2 in the heart would
facilitate an interaction between SARS-CoV-2 and heparan sulfate,
leading to heparan sulfate consumption. A lower level of heparan sul-
fate would lead to a reduction in antithrombin activation creating a
hypercoagulable state. Heparan sulfate also mediates antithrombin's
anti-inflammatory activity.5 Loss of antithrombin’s anti-inflamma-
tory activity can potentially lead to endothelialitis and subsequent
endothelial injury and intra-cardiac thrombus formation.

We believe that heparan sulfate consumption during SARS-CoV-2
cellular entry might play a role in the thrombotic events associated
with COVID-19 infection.
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Fig. 1. Hypothesized mechanism for thrombotic events in COVID-19.

H.M. Salah and J.L. Mehta / Heart & Lung 50 (2021) 242�243 243
References

1. Lala A, Johnson KW, Januzzi JL, et al. Prevalence and impact of myocardial injury in
patients hospitalized with COVID-19 infection. J Am Coll Cardiol. 2020;76(5). https://
doi.org/10.1016/j.jacc.2020.06.007. 533 LP - 546.

2. Lindner D, Fitzek A, Br€auninger H, et al. Association of cardiac infection with SARS-
CoV-2 in confirmed COVID-19 autopsy cases. JAMA Cardiol. 2020. https://doi.org/
10.1001/jamacardio.2020.3551. Published online July 27.
3. Clausen TM, Sandoval DR, Spliid CB, et al. SARS-CoV-2 infection depends on cellular
heparan sulfate and ACE2. Cell. 2020. https://doi.org/10.1016/j.cell.2020.09.033.
Published online September 142020.07.14.201616.

4. Gue YX, Gorog DA. Reduction in ACE2 may mediate the prothrombotic phenotype in
COVID-19. Eur Heart J. 2020;41(33):3198–3199. https://doi.org/10.1093/eurheartj/ehaa534.

5. Liu J, Pedersen LC. Anticoagulant heparan sulfate: structural specificity and biosyn-
thesis. Appl Microbiol Biotechnol. 2007;74(2):263–272. https://doi.org/10.1007/
s00253-006-0722-x.

https://doi.org/10.1016/j.jacc.2020.06.007
https://doi.org/10.1016/j.jacc.2020.06.007
https://doi.org/10.1001/jamacardio.2020.3551
https://doi.org/10.1001/jamacardio.2020.3551
https://doi.org/10.1016/j.cell.2020.09.033
https://doi.org/10.1093/eurheartj/ehaa534
https://doi.org/10.1007/s00253-006-0722-x
https://doi.org/10.1007/s00253-006-0722-x

