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Abstract: The clinical evolution of the COVID-19 patients highlights a significant minority of subjects with
very rapid lethal outcomes with respect to the almost complete healing after coronavirus infections for most
of the subjects involved. In addition, the reckless use of some drugs and therapeutic protocols that have not
shown any efficacy in reducing mortality in those patients where the progression of the disease was
unstoppable suggests a different interpretative way in the pathogenesis of severe cases. Starting from the
clinical data already known for almost twenty years on the behavior of human SARS coronaviruses it is
possible to advance a new hypothesis. The reference points taken into consideration are: i) the comparison of
the histological evidence of the autoptic material; ii) the poor pharmacological response in subjects with
severe phenotype of the pathology; iii) the common elements of endotheliitis that a subgroup of the
population characterized by the unfortunate clinical outcome expresses during the evolution of the
pathology. The tendency to develop a widespread, massive endothelial lesions not responding to any drug
therapy or health treatment necessarily play a crucial role in the onset of the systemic and severe stage of the
disease. The present hypothesis opens the door to a different therapeutic approach both to the full-blown
phase of COVID-19 and to the preventive phase or the very first manifestations of the disease, suggesting
greater attention to the protection of the vascular endothelium in subjects who already have it predisposed to
the severe evolution of this ailment than to simple antiviral defense.

Keywords: Coronavirus; SARS-CoV-2; COVID-19; Lymphocytopenia; Endothelial cells; Endotheliitis;
Prescriptive appropriateness; Personalized medicine

1. Introduction

The COVID-19 pandemic took the world's population by surprise, starting with the top
decision-makers. The originality of the causal infectious agent (SARS-CoV-2 or 2019-nCoV) has
ensured that each of us looks to the future with the presumption of a journey into the unknown
with the sharpest technological and pharmaceutical weapons available. Despite this, apart from the
initial hesitation of some political leaders, the answer was the lockdown. But what if this pathogen
wasn't so completely unfamiliar? But what if such a new positive sense RNA betacoronavirus had
left any clue of itself and its etiopathogenesis in any of its ancestors?

In late 2002, an unknown, highly virulent respiratory infection originally described as an
outbreak of a severe atypical pneumonia appeared in the Guangdong Province of southern China.
Such a severe acute respiratory syndrome (SARS) rapidly spread through Southeast Asia, Europe,
and North America [1]. Even in that circumstance the state of pandemic was declared and the
pathogen belonging to the coronavirus family (namely SARS-CoV) was held responsible.
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Even if we grant for the sake of argument that there may be translational reasons justifying the
substantial difference in size between the two infections [2,3], this is not the purpose of this note.
The questions we will try to answer are: i) What scientific evidence have we inherited from
previous human coronavirus-mediated diseases? ii) What is the current state-of-the art? iii) What
approach will we take to best treat patients with COVID-19?

2. What scientific evidence have we inherited from previous human coronavirus-mediated
diseases?

From the first cases of SARS, the clinical evidence revealed “worsening in week 2 is unrelated
to uncontrolled viral replication but may be related to immunopathological damage” [4]. Going
forward, a standard treatment protocol comprising antibiotics, a combination of ribavirin, and a 3-
week step-down course of corticosteroids resulted in overall satisfactory outcomes [5]. To
understanding SARS pathogenesis, manifestations include systemic vasculitis, apoptosis and
swelling of endothelial cells and inflammation in various organs like heart, kidney, liver and
adrenal glands. However, the absence of SARS-CoV in these organs where there is an abundant
expression of ACE2 allows us concluding that the vascular abnormalities and inflammatory
changes in various organs might be related to systemic toxic effects of immunopathological in
nature elicited by SARS-CoV infection [4,6]. Therefore, patterns of disease progression in terms of
response to different corticosteroid doses [7] and about the quality rather than magnitude of
immune response [8] were of interest. To support the latter aspect, the predisposition of the host
suffering of Kawasaki disease resulting in the vasculitis from an abnormal clonal expansion of
CD8+ T cells in response to the viral agent [9,10].

In 2013, the published series “From SARS to MERS: 10 years of research on highly pathogenic
human coronaviruses” originated with the stated purpose “that more research is urgently needed
to elucidate their replication mechanisms, identify potential drug targets, and develop effective
countermeasures” taught us many lessons. However, the hope to change the attitude of researchers
and funding policy makers this time around the expected return of a coronavirus pandemic
remained in vain, at least until the COVID-19 pandemic state has been declared [11].

Eventually, it is worth noticing that over imposable pulmonary CT scan findings were
described in SARS patients in 2003 [12], as well as the principal pathological findings associated
with acute respiratory distress syndrome [13].

3. What is the current state-of-the art?

Today we are witnessing redundancy in research and reporting in COVID-19, many of which
for the sake of publishing [14]. COVID-19 is a viral disease with multi-organ clinical expression
where lung injury represents only the first phase of the disease. Nevertheless, in some subgroups of
the human population COVID-19 dramatically evolves into a multisystemic disease [15] At this
regard, an increasing awareness about COVID-19 immunity, inflammation and intervention is
taking shape [16]. Moreover, different respiratory treatments for different phenotypes have been
proposed [17], together with prediction models for diagnosis and prognosis [18].

From a cell biology perspective, COVID-19 can be divided into three phases that correspond to
different clinical stages of the disease [19]. SARS-CoV-2 infects T lymphocytes through its spike
protein-mediated membrane fusion [20]. This step, which is crucial in assessing the hazard of the
disease in a subgroup of infected people, appears increasingly linked to an alteration of the
endothelial cells that cover the entire circulatory tree, at an arterial, capillary and venous level [21].
Therefore, the claim suggesting “expanding our understanding of processes that mediate
endothelial cell-cell communication is an important step in the approach to treatment of disease
processes” is of paramount importance [22].

4. What approach will we take to best treat COVID-19 patients?
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Starting from an acquired individual predisposition, it is precisely the ubiquitous presence of
vascular endothelial cells in all the parenchyma and tissues of the body to determine modifications
of their physiological pattern when they are attacked by the circulating virus [23]. In our opinion,
among these changes, an increased degree of molecular freedom at level of membrane bilayer and
endothelial cilia structures represents the key to interpretation [24]. From a clinical, laboratory and
histopathological viewpoint the altered signal transduction events are the most important factor for
the development of these widespread organ, polysystemic lesions and which also involve vascular
parietal microthrombosis. Such a cellular adaptation generates an increase in the attraction and
uptake stage with firm adhesion to the endothelial surface of the circulating blood bodies [25].
Among these, the lymphocytes and platelets are noteworthy: the former, responsible for a massive
transendothelial transmigration and the latter through an induction to the phenomena of micro
adhesion and the beginning of the thrombotic phases [26]. The first mechanism justifies the
phenomenon of lymphocytopenia especially affecting the CD8 + (cytotoxic) and CD4 +
subpopulations. In fact, despite the intense lymph node and bone marrow production of
leukocytes, compared to a significant increase in circulating neutrophils which rapidly rise up to
90% of the white blood cells present in the blood, and temporary increases also in the circulating
lymphocytes, the latter decrease both in percentage and in absolute numbers at values comparable
to an acquired immunodeficiency syndrome. The drop is prevalent in the T lymphocyte line. This
immediately has two effects:

1) The first is to have an intense perivascular lymphocellular infiltrate spread in all organs,
with toxic effects on tissue parenchyma both for immediate hypoxemia which prevents organ cells
from continuing to perform their normal functions and for direct damage by cytotoxic CD8 +
lymphocytes at the level of the same parenchymal cells [4,16]. In fact, the function of these immune
cells is to attack cancer and virus infected cells.

2) The second is an immunosuppression effect, also by reducing T helper lymphocytes and
circulating natural killer cells. So, the response times of the immune system to COVID-19 are longer
than the time expected for the body's normal antibody reaction to infections [27].

In this context, it is not clear why glucocorticoid drugs continue to be administered even at
massive doses which further reduce the antiviral capacity of the residual lymphocyte population
[28].

The thrombotic phenomena will then determine consequent diffuse microembolies since the
attraction and surface ligands of the shear stress endothelial cells may or may not retain the
thrombotic structures formed. This hypothesis is supported by the fact that despite the intense and
sometimes preventive administration of heparin even in large doses, this does not prevent or limit
the dramatic effects of the intravascular disseminated coagulation [29,30]. The precapillary terminal
arterial vessels are extremely widespread, and they are necessarily present in all parts of the body
because the microcirculation must touch all the cells of the body since the need of oxygen to
survive. They have an endothelium consisting of simple monolayer paved epithelial tissue of
mesenchymal origin whose functions are multiple. In addition to those of constituting an important
blood pressure regulation organs actively participating in the changes of the blood flow at the
terminal level through the phenomena of dilation and contraction of the vascular lumen, they also
perform two important functions strictly connected to each other by the ability of their cytoplasmic
membrane to easily adapt to these purposes: i) the mitotic function of cell duplication linked to
neoangiogenesis and ii) the structural modification that occurs in the phase of the transcellular
passage of lymphocytes from the vascular lumen to the perivascular parenchymal tissue. These two
phases are necessarily regulated by physiological regulatory mechanisms. However, they can be
modified and altered by various agents such as the toxic action generated by both infectious,
especially viral, and autoimmune diseases, by chemical stress related to the metabolic or/and
pharmacological action, by cellular senescence, just to name the most important [31-33].

According to the pathogenetic mechanism proposed by us for COVID-19, the clinical
manifestations of the pathological pictures resulting from these endothelial alterations are mainly
linked to the exaggerated lymphopenia that we find in phase 2, that is, in the phase of the multi-
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organ tissue damage of which we have previously reported [21]. In this regard, it should be
reiterated that this pathological situation cannot occur without an active participation of endothelial
cells and therefore we will have to talk about endotheliitis, where the occasional binding phase of
circulating lymphocytes immediately turns into a close adhesion of the former and in the
subsequent passage transendothelial of the latter.

The accelerated migration stage is necessarily related to a mechanism of reduction of
membrane rigidity in analogy to the rearrangement of molecules in the cholesteric, smectic, nematic
phases of liquid crystals [34-36]. It allows rapid penetration of the large lymphocyte corpus (6-8 um
in diameter) through the thin barrier of the endothelial cell whose thickness does not exceed 1 pm
[37]. Such a phase transition could occur due to the changes in the apical cell polarity that the
mechanical force of shear stress, exerted by the blood flow on the lymphocyte closely attached to
the endothelium, is plausibly capable of generating [38]. By doing so, the structure of the
endothelial cytoplasmic membrane is modified, initiating a phagocytosis/exocytosis process and
allowing a mitotic-like membrane separation [39]. These phenomena are functional and
physiological in endothelial cells, but in this step of the pathology they instead become exaggerated
and out of control, hence the rapid and massive passage of T-lymphocytes through the endothelial
cell body into the perivascular tissue with all resulting pathological consequences [40].

Moreover, to further confirm the phase of "tight" adhesion between lymphocyte and
endothelium there are some parameters that during COVID-19 should always be carefully
monitored. They are the blood values of the calcium ion and haptoglobin. Ca?* is also responsible
for molecular adhesion when the relationship concerns actin filaments such as those present in the
cilia present on the surfaces of endothelial cells [24,41]. In COVID-19 patients, calcemia is always
below normal values. On the contrary, the presence of high haptoglobin values even in the absence
of haemolysis phenomena suggest a liver release during the pathogenic challenge [42]. The role of
haptoglobin in the genesis of thrombotic phenomena needs more in-depth studies.

5. Conclusions

On the basis of clinical observations from COVID-19 patients, the severity of COVID-19 is
determined by the viral attack but becomes truly dramatic when it is associated with endotheliitis
triggered by the presence of risk factors at level of vascular endothelium such as aging, and/or
concomitant pathologies, therapies and immune-based diseases [43]. For this reason, we suggest
that the therapeutic action in COVID-19 cannot ignore personalized medicine. The elderly, patients
subjected for a long time to pharmacological treatments with a potential degree of endothelial
toxicity and patients with diseases that act heavily on the endothelium and which generally
manifest themselves as microangiopathies are at risk. In addition to both trying to limit the viral
action with the use of effective antiretrovirals for RNA viruses and improving the antibody
response with immunostimulation using specific monoclonal antibodies, it should mainly focus on
the defense of patients with diabetes, scleroderma microangiopathy, Raynaud disease, obliterating
arteritis, Kawasaki disease.

We are also convinced that if COVID-19 is observed with this attention to its deeper
etiopathogenetic mechanisms, the social protection measures currently in place in this pandemic
can be tailored and re-evaluated.

Author Contributions: Conceptualization, G.T. and V.T; writing —original draft preparation, literature search,
V.T.; review, discussion and editing, T.G., B.Z., V.T. All authors have read and agreed to the published version
of the manuscript

Acknowledgments: We kindly appreciate passionate and in-depth discussions with prof. Franco Rustichelli
about behaviour analogies between cells and liquid crystals.

Conflicts of Interest: The authors declare no conflict of interest.



197

198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Manocha, S.; Walley, K.R.; Russell, J.A. Severe acute respiratory distress syndrome (SARS): a critical care
perspective. Crit Care Med 2003, 31, 2684-2692. DOI: 10.1097/01.CCM.0000091929.51288.5F

Guarner, J. Three Emerging Coronaviruses in Two Decades. Am | Clin Pathol 2020, 153, 420-421. DOI:
10.1093/AJCP/AQAA029

Liu, J.; Zheng, X.; Tong, Q.; Li, W.; Wang, B.; Sutter, K; Trilling, M.; Lu, M.; Dittmer, U.; Yang, D.
Overlapping and discrete aspects of the pathology and pathogenesis of the emerging human pathogenic
coronaviruses SARS-CoV, MERS-CoV, and 2019-nCoV. | Med Virol 2020, 92, 491-494. DOI:
10.1002/jmv.25709

Peiris, J. S.; Chu, C. M,; Cheng, V. C,; Chan, K. S;; Hung, I. F.; Poon, L. L.; Law, K. I; Tang, B. S.; Hon, T. Y.;
Chan, C. S,; et al. Clinical progression and viral load in a community outbreak of coronavirus-associated
SARS pneumonia: a prospective study. Lancet 2003, 361, 1767-1772. DOI: 10.1016/s0140-6736(03)13412-5.
Lau, A. C; So, L. K,; Miu, F. P.; Yung, R. W.; Poon, E.; Cheung, T. M.; Yam, L. Y. Outcome of coronavirus-
associated severe acute respiratory syndrome using a standard treatment protocol. Respirology 2004, 9, 173-
183. DOI: 10.1111/§.1440-1843.2004.00588.x.

Hamming, I.; Timens, W.; Bulthuis, M. L.; Lely, A. T.; Navis, G.; van Goor, H. Tissue distribution of ACE2
protein, the functional receptor for SARS coronavirus. A first step in understanding SARS pathogenesis. |
Pathol 2004, 203, 631-637. DOI: 10.1002/path.1570.

Bernard, G.R. Corticosteroids: the "terminator" of all untreatable serious pulmonary illness. Am | Respir Crit
Care Med 2003, 168, 1409-1410. DOTI: 10.1164/rccm.2310004.

Li, C.K;; Wu, H;; Yan, H.; Ma, S.; Wang, L.; Zhang, M,; Tang, X.; Temperton, N. J.; Weiss, R. A.; Brenchley,
J. M.; et al. T cell responses to whole SARS coronavirus in humans. ] Immunol 2008; 181: 5490-500. DOI:
10.4049/jimmunol.181.8.5490.

Esper, F.; Shapiro, E. D.; Weibel, C.; Ferguson, D.; Landry, M. L.; Kahn, ]. S. Association between a novel
human coronavirus and Kawasaki disease. | Infect Dis 2005, 191, 499-502. DOI: 10.1086/428291.

Boivin, W.A.; Cooper, D.M.; Hiebert, P.R.; Granville, D.J. Intracellular versus extracellular granzyme B in
immunity and disease: challenging the dogma. Lab Invest 2009, 89, 1195-1220. DOI:
10.1038/labinvest.2009.91.

Hilgenfeld, R.; Peiris, M. From SARS to MERS: 10 years of research on highly pathogenic human
coronaviruses. Antiviral Res 2013, 100, 286-295. DOI: 10.1016/j.antiviral.2013.08.015.

Ioannidis JPA. Coronavirus disease 2019: the harms of exaggerated information and non-evidence-based
measures Eur | Clin Invest 2020, 50, €13222. DOI:10.1111/eci.13222.

Xu, Z.; Shi, L.; Wang, Y.; Zhang, ].; Huang, L.; Zhang, C.; Liu, S.; Zhao, P.; Liu, H.; Zhu, L.; et al. Pathological
findings of COVID-19 associated with acute respiratory distress syndrome. Lancet Respir Med 2020, 8, 420-
422. DOI: 10.1016/52213-2600(20)30076-X.

Papes, D.; Ozimec, E. Redundancy in reporting on COVID-19. Eur ] Clin Invest 2020; published online Apr
29. DOI:10.1111/eci.13257

Huang, C.; Wang, Y.; Li, X;; Ren, L.; Zhao, ].; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X,; et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. DOI:
10.1016/S0140-6736(20)30183-5.

Tay, M. Z.; Poh, C. M.; Rénia, L.; MacAry, P. A.; & Ng, L. The trinity of COVID-19: immunity, inflammation
and intervention. Nat Rev Immunol 2020, published online Apr 28. DOI: 10.1038/s41577-020-0311-8.
Gattinoni, L.; Chiumello, D.; Caironi, P.; Busana, M.; Romitti, F.; Brazzi, L.; Camporota, L. COVID-19
pneumonia: different respiratory treatments for different phenotypes? Intensive Care Med 2020, published
online Apr 14. DOI: 10.1007/s00134-020-06033-2.

Wynants, L.; Van Calster, B.; Bonten, M.; Collins, G. S.; Debray, T.; De Vos, M.; Haller, M. C.; Heinze, G.;
Moons, K; Riley, R.D.; et al. Prediction models for diagnosis and prognosis of covid-19 infection: systematic
review and critical appraisal. BM] 2020, published online Apr 7. DOI: 10.1136/bm;j.m1328.

Mason RJ. Pathogenesis of COVID-19 from a cell biology perspective. Eur Respir | 2020, 55, 2000607. DOi:
10.1183/13993003.00607-2020.

Wang, X.; Xu, W.; Hu, G; Xia, S; Sun, Z,; Liu, Z.; Xie, Y.; Zhang, R ; Jiang, S.; Lu, L. SARS-CoV-2 infects T
lymphocytes through its spike protein-mediated membrane fusion. Cell Mol Immunol 2020, published
online Apr 7. DOI: 10.1038/s41423-020-0424-9.



250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Varga, Z.; Flammer, A. J.; Steiger, P.; Haberecker, M.; Andermatt, R.; Zinkernagel, A. S.; Mehra, M. R;;
Schuepbach, R. A.; Ruschitzka, F.; Moch, H. Endothelial cell infection and endotheliitis in COVID-19. Lancet
2020, 395, 1417-1418. DOI: 10.1016/S0140-6736(20)30937-5.

Lee, D.D.; Schwarz, M.A. Cell-Cell Communication Breakdown and Endothelial Dysfunction. Crit Care Clin
2020, 36, 189-200. DOI: 10.1016/j.ccc.2019.11.001.

Henry, B.M.; Vikse, J.; Benoit, S.; Favaloro, E.J.; Lippi, G. Hyperinflammation and derangement of renin-
angiotensin-aldosterone system in COVID-19: A novel hypothesis for clinically suspected
hypercoagulopathy and microvascular immunothrombosis. Clin Chim Acta 2020, 507, 167-173. DOLI:
10.1016/j.cca.2020.04.027.

Nachury, M.V.; Mick, D.U. Establishing and regulating the composition of cilia for signal transduction. Nat
Rev Mol Cell Biol 2019, 20, 389-405. DOI: 10.1038/s41580-019-0116-4.

Merad, M.; Martin, J.C. Pathological inflammation in patients with COVID-19: a key role for monocytes
and macrophages. Nat Rev Immunol 2020, published online May 6. DOI:10.1038/s41577-020-0331-4.

Certo, M.; Elkafrawy, H.; Pucino, V.; Cucchi, D.; Cheung, K.; Mauro, C. Endothelial cell and T-cell crosstalk:
Targeting metabolism as a therapeutic approach in chronic inflammation. Br ] Pharmacol 2020; published
online Jan 30. DOI: 10.1111/bph.15002.

Du, S.Q.; Yuan, W. Mathematical modeling of interaction between innate and adaptive immune responses
in COVID-19 and implications for viral pathogenesis. | Med Virol 2020, published online May 1.
DOI:10.1002/jmv.25866

Russell, C.D.; Millar, ].E.; Baillie, J.K. Clinical evidence does not support corticosteroid treatment for 2019-
nCoV lung injury. Lancet 2020, 395, 473-475. DOI: 10.1016/S0140-6736(20)30317-2.

Levi, M.; Thachil, J.; Iba, T.; Levy, ].H. Coagulation abnormalities and thrombosis in patients with COVID-
19. Lancet Haematol 2020, published online May 11. DOI: 10.1016/52352-3026(20)30145-9.

Cattaneo, M.; Bertinato, E.M.; Birocchi, S.; Brizio, C.; Malavolta, D.; Manzoni, M.; Muscarella, G.; Orlandi,
M. Pulmonary Embolism or Pulmonary Thrombosis in COVID-19? Is the Recommendation to Use High-
Dose Heparin for Thromboprophylaxis Justified? Thromb Haemost 2020, published online Apr 29. DOIL:
10.1055/s-0040-1712097.

Kellner, M.; Noonepalle, S.; Lu, Q.; Srivastava, A.; Zemskov, E.; Black, SM. ROS Signaling in the
Pathogenesis of Acute Lung Injury (ALI) and Acute Respiratory Distress Syndrome (ARDS). Adv Exp Med
Biol 2017, 967, 105-137. DOI: 10.1007/978-3-319-63245-2_8.

Karki, P.; Birukov, K.G. Rho and Reactive Oxygen Species at Crossroads of Endothelial Permeability and
Inflammation. Antioxid Redox Signal 2019, 31, 1009-1022. DOI: 10.1089/ars.2019.7798.

Jambusaria, A.; Hong, Z.; Zhang, L.; Srivastava, S.; Jana, A.; Toth, P.T,; Dai, Y.; Malik, A.B.; Rehman, J.
Endothelial heterogeneity across distinct vascular beds during homeostasis and inflammation. Elife 2020,
published online Jan 16. DOI: 10.7554/eLife.51413.

Mitov, M. Cholesteric liquid crystals in living matter. Soft Matter 2017, 13, 4176-4209. DOIL:
10.1039/c7sm00384f.

Saw, T.B,; Xi, W.; Ladoux, B.; Lim, C.T. Biological Tissues as Active Nematic Liquid Crystals. Adv Mater
2018, 30, 1802579. DOI: 10.1002/adma.201802579.

Ciferri, A.; Crumbliss, A.L. Supramolecular and Liquid Crystalline Contributions to the Assembly of
Myofibril. Molecules 2020, 25, E862. DOI: 10.3390/molecules25040862.

Martinelli, R.; Zeiger, A.S.; Whitfield, M.; Sciuto, T.E.; Dvorak, A.; Van Vliet, K.J.; Greenwood, J.; Carman,
C.V. Probing the biomechanical contribution of the endothelium to lymphocyte migration: diapedesis by
the path of least resistance. | Cell Sci 2014, 127, 3720-3734. DOI: 10.1242/jcs.148619.

Reglero-Real, N; Alvarez-Varela, A.; Cernuda-Morolldn, E.; Feito, J.; Marcos-Ramiro, B.; Fernandez-
Martin, L.; Gémez-Lechoén, M.].; Muntané, J.; Sandoval, P.; Majano, P.L.; et al. Apicobasal polarity controls
lymphocyte adhesion to hepatic epithelial cells. Cell Rep 2014, 8, 1879-1893. DOI:
10.1016/j.celrep.2014.08.007.

Hiibner, S.; Efthymiadis, A. Recent progress in histochemistry and cell biology. Histochem Cell Biol 2012,
137, 403-457. DOI: 10.1007/s00418-012-0933-4.

Li, H.; Liu, L.; Zhang, D.; Xu, J.; Dai, H.; Tang, N.; Su, X.; Cao, B. SARS-CoV-2 and viral sepsis: observations
and hypotheses. Lancet 2020, 395, 1517-1520. DOI: 10.1016/50140-6736(20)30920-X.



302
303
304
305
306
307
308
309

41.

42.

43.

Negri, S.; Faris, P.; Berra-Romani, R.; Guerra, G.; Moccia, F. Endothelial transient receptor potential
channels and vascular remodeling: extracellular Ca? entry for angiogenesis, arteriogenesis and
vasculogenesis. Front Physiol 2020, 10, 1618. DOI: 10.3389/fphys.2019.01618.

Armour, E.M.; Bruner, T.L.; Hines, ].K.; Butler, M.W. Low-dose immune challenges result in detectable
levels of oxidative damage. | Exp Biol 2020, published online Mar 16. DOI: 10.1242/jeb.220095.

Sardu, C.; Gambardella, J.; Morelli, M.B.; Wang, X.; Marfella, R.; Santulli, G. Hypertension, Thrombosis,
Kidney Failure, and Diabetes: Is COVID-19 an Endothelial Disease? A Comprehensive Evaluation of
Clinical and Basic Evidence. ] Clin Med 2020, 9, E1417. DOI:10.3390/jcm9051417



