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Abstract

After the emergence of Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and Middle East Respiratory Syn-
drome Coronavirus (MERS-CoV) in the last two decades, the world is facing its new challenge in Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) pandemic with unprecedented global response. With the expanding domain of
presentations in COVID-19 patients, the full range of manifestations is yet to unfold. The classical clinical symptoms for
SARS-CoV-2 affected patients are dry cough, high fever, dyspnoea, lethal pneumonia whereas many patients have also been
found to be associated with a few additional signs and clinical manifestations of isolated vasculopathy. Albeit a deep and
profound knowledge has been gained on the clinical features and management of COVID-19, less clear association has been
provided on SARS-CoV-2 mediated direct or indirect vasculopathy and its possible correlation with disease prognosis. The
accumulative evidences suggest that novel coronavirus, apart from its primary respiratory confinement, may also invade
vascular endothelial cells of several systems including cerebral, cardio-pulmonary as well as renal microvasculature, modu-
lating multiple visceral perfusion indices. Here we analyse the phylogenetic perspective of SARS-CoV-2 along with other
strains of B-coronaviridae from a standpoint of vasculopathic derangements. Based on the existing case reports, literature
and open data bases, we also analyse the differential pattern of vasculopathy related changes in COVID-19 positive patients.
Besides, we debate the need of modulation in clinical approach from a hemodynamical point of view, as a measure towards
reducing disease transmission, morbidity and mortality in SARS-CoV-2 affected patients.
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Introduction

With the last two decades seeing epidemics in SARS-CoV
and MERS-CoV, COVID-19 caused by SARS-CoV-2 is
the new outbreak prevailing in the current moment. As per
recent updates, the pandemic has spread across 210 coun-
tries, infecting around 4,736,104 people and 313,498 deaths
till 17.05.2020 (www.worldometers.info/coronavirus/). The
first case was reported in the Hubei province, Wuhan city in
China. SARS-CoV-2 belongs to beta (p) group of the Coro-
naviridae family, being the seventh virus to infect humans.
Its resemblance with SARS-CoV like bat viruses suggests
that bat could be a potential reservoir of the virus. The trans-
mission of the virus along humans is based on the world
wide data although the intermediate host is still unknown
[1]. The first case report in Wuhan, China suggests that ini-
tially SARS-CoV-2 showed animal-to-human transmission
but subsequent cases confirmed about human-to-human
transmission and symptomatic patients are the most frequent
source of COVID-19 spread [2].

As the disease is still in an emerging state, its unique
set of symptoms never cease to pose a threat to clinicians.
Apart from the primary respiratory symptoms like fever,
breathlessness and fatal pneumonia, a subset of patients pre-
senting with derangement in vascular parameters have also
been documented through clinical and pre-clinical reports.
In this article, we review the disease from a perspective of
vasculopathic alterations and its correlation with subsequent
morbidities and mortality, supporting our hypothesis that
vascular endothelium is a key target of COVID-19.

The Phylogenetic homology and its
correlation with the possibilities

of developing isolated vasculopathy
in SARS-CoV-2 infected patients

Coronaviruses are single stranded (+) RNA viruses
that appear like a crown shape under an electron micro-
scope due to presence of spike glycoproteins on the outer
coat. The Coronaviridae family of order Nidovirales can
be classified into four genera of coronaviruses like alpha-
coronavirus (a-CoV), beta-coronavirus (B-CoV), delta-
coronavirus (8-CoV), and gamma-coronavirus (y-CoV) [2].
The divergence of Coronviruses into their subgroups is esti-
mated to have occurred 5000 years ago [3]. The members
of this virus group can cause respiratory, enteric, hepatic,
and neurological diseases in different animal species, includ-
ing camels, cattle, cats, and bats. Till date, seven Human-
CoVs (HCoV)—capable of infecting humans have been
identified (https://www.ncbi.nlm.nih.gov/books/NBKS55
4776). The genome of the new HCoV, isolated from a patient
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with atypical pneumonia after visiting Wuhan, had 89%
nucleotide identity with bat SARS-like-CoVZXC21 and 82%
with that of human SARS-CoV [4]. The size of its single-
stranded RNA genome vary from 26 to 32kbs. Although its
origins are not entirely understood, these genomic analyses
suggest that SARS-CoV-2 probably evolved from a strain
found in bats. However, identification of a potential interme-
diate mammalian host connecting bats and humans, remains
incomplete [1].

Vasculopathy: a phylogenetic‘footprint’
manifestation in SARS?

Systemic cytokine activation with reactive hemophagocytic
syndrome, acute tubular necrosis, skeletal muscle fiber
necrosis and lymphoid depletion in spleen, observed SARS-
CoV patients are reminiscent of those reported for fatal
influenza virus subtype H5N1 disease in 1997 [5]. SARS
patients also exhibit gastrointestinal symptoms [6] along
with splenic atrophy and lymphadenopathy [7]. Diarrhoea is
a very frequent manifestation among SARS patients (48.6%
of recruited patients); therefore a possible pattern in gas-
trointestinal vasculature involvement at early point of the
infection is clear [6]. Prominent findings based on autopsies
of SARS-CoV patients depict that SARS-CoV infection is a
systemic vascular disease with widespread extrapulmonary
dissemination among various organ systems, being eviden-
tial in the form of viral shedding in respiratory secretions,
stools, urine, and even sweat [8, 9]. MERS which shares
50% phylogenetic homology to SARS-CoV-2 [10] occurred
during 2012 mainly in Arab and Middle East, also has
similar tissue tropism but differs in the attachment recep-
tor. The disease presents as severe respiratory infection often
with shock, acute kidney injury (AKI), and coagulopathy
[11]. The receptor for MERS-CoV attachment identified as
dipeptidyl peptidase-4 (DPP4/CD26) [12], is expressed in
lung, liver, placenta, skeletal muscle, heart, brain, pancreas
[13]. The presence of this receptor may be linked to the
susceptibility of visceral vasculature including the brain, to
infection [14]; which needs further study. Patient reports
suggest that MERS-CoV infection targets multiple systems
including pulmonary, cardiovascular, renal, coagulation,
gastrointestinal tract, muscular. Angiotensin converting
enzyme 2 (ACE2) being the primary attachment receptor for
SARS-CoV-2, is a single-pass transmembrane protein with
protease activity that cleaves the vasoconstrictor angiotensin
II into the vasoprotective substance, angiotensin 1-7 [15,
16]. In humans, a broad expression of ACE2 receptor has
been found in heart, kidney, gastrointestinal tract, and in
other tissues; potentially explaining the multi-organ injury
observed with SARS-CoV-2 infection [17].
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Immuno-phylogenetic homology in vasculopathy
between SARS-CoV and SARS-CoV2

Cytopathic viruses, including SARS-CoV-2 [18], induce
injury and death of virus-infected cells and tissues as part
of the viral replicative cycle in airway epithelial cells [19].
Pyroptosis, a highly inflammatory form of programmed cell
death commonly seen with cytopathic viral infection,has
been found to be associated with subsequent vascular leak-
age, in patients with SARS-CoV [20, 21]. According to
recent study it has been found that SARS-CoV Viroporin
3a triggered the activation of the nod like receptor protein-
3(NLRP3) inflammasome along with the secretion of IL-1
in bone marrow-derived macrophages, leading to SARS-
CoV induced cell pyroptosis [21]. Interestingly, patients
infected with SARS-CoV-2 have been found with elevated
level of IL-1p in the serum [22]. IL-1p, a downstream indi-
cator of cell pyroptosis, can potentiate cell pyroptotic cas-
cade in lymphocytes, macrophages and vascular endothe-
lium, leading to vasculopathy in COVID-19 patients [Fig. 1].
Moreover, as both classical and non-classical pyroptosis

signalling can induce the release of IL-1p, it remains unclear
as to which pathway is involved in COVID-19 [23].

Immunological interplay can augment
SARS-CoV-2 mediated epithelial
and endothelial injury

Immunological response of COVID-19 infected patients
exhibits dynamic variations based on the magnitude of
disease severity. Initially upon viral invasion, activation of
innate immune system leads to the accumulation of neutro-
phils which is found to be higher among critically ill patients
in comparison to the patients with mild to moderate degree
of infection [24]. Collective evidences reflect that first line
defence of COVID-19 infection includes an elevation of
several cytokines such as IL-1f, IL-1RA,IL-7,IL-8,IL-
9,IL-10,IL-6, fibroblast growth factor(FGF),granulocyte
macrophage colony stimulating factor (GM-CSF), inter-
feron gamma (IFN- y),granulocyte colony stimulating fac-
tor (G-CSF), platelet derived growth factor (PDGF), tumour
necrosis factor (TNF- «),vascular endothelial growth factor
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SARS-CoV 2 access the host cell via
binding of its spike glycoprotein to ACE2,
sialic acid receptor,and extracellular
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Fig.2 Immunological response of SARS-CoV-2. SARS-CoV-2 facili-
tates its entry into host cell via binding of its spike glycoprotein to
ACE2, Sialic acid receptor, TMPRSS2, extracellular matrix metal-
loproteinase inducer (CD147). Viral particle can induce activation
of Alternative and Lectin pathway causing deposition of several
Complement Proteins which in turn mediates severe inflammatory
response. Hyperinflammatory cytokines such as IL-6, TNF, IL-17A,

(VEGF) as well as some chemokines such as interferon-
gamma-inducible-protein (IP-10), monocyte chemoattract-
ant protein-1 (MCP1), macrophage inflammatory protein
1 alpha (MIP1a) [22, 25]. It is important to mention that
higher amount of IL-2, IL-6, IL-7, IL-10, G-CSF,IP-
10,MCP-1,MIP-1a, and TNF-a are detected among severe
COVID-19 patients (ICU patients) rather than the non-ICU
patients [22, 24, 25] [Fig. 2]. Henceforth, it can be inferred
that ‘cytokine storm’ or ‘hypercytokinemia’ is one of the
significant pathophysiological mechanisms of COVID-19,
as previously found in SARS and MERS [26]. Accumula-
tive evidences suggest that IL-6 plays a vicious role behind
the cytokine storm and subsequent endothelial injury as
illustrated in Fig. 1 [27]. Highly inflammatory monocyte
derived ficolin-1 (FCN17%) macrophage population in the
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GM-CSF, G-CSF are found to be associated with Vascular injury.
On the other hand, systemically and locally increased Angiotensin-
II implicates its pathogenesis by overproduction of ROS via binding
with AT1R whereas Angiotensin(1-7) counteract the activity of the
Angiotensin-II by eNOS production via binding with the MasR but
increased amount of Angiotensin-II affect the microvascular health by
impairing eNOS mediated vasodilation

broncho-alveolar-lavage (BAL) fluid of critically ill COVID-
19 patients is related with the secretion of inflammatory
cytokines including IP-10, MCP-1, MIP-1a (Clinical Trials.
gov. Identifier NCT04273321, Efficacy and Safety of Cor-
ticosteroids in COVID-19. 2020 Feb 24; Available from:
https://clinicaltrials.gov/ct2/show/NCT04273321). Adaptive
immune responses among COVID-19 infected patients have
been detected within an average period of one week of onset
of symptoms (https://bit.ly/2zpaZ1a). Autopsy of a COVID-
19 patient revealed increased number of T-lymphocytes in
peripheral as well as visceral vasculature, mostly in lungs
[28]. Hence, this report indicates that T cells are accumu-
lated at the major site of viral infection in order to control
it. Besides, it is also important to note, that depletion of
CD8*T cells and NK cells is noticeably more in COVID-19
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patients unlike mild to moderate group which establishes
another important diagnostic phenomenon of this viral infec-
tion; i.e. lymphocytopenia [26].

SARS-CoV-2 enters the human host primarily by bind-
ing with ACE2 receptors, a key protein associated with both
adaptive and innate immune response, B cell activation and
‘Cytokine Storm’. Interestingly a number of literatures sug-
gest that higher expression of ACE2 also enhances viral
replication cycle after the entry into the host cells which
in turn mediates the alteration of epithelial transcriptome.
ACE2 expression also leads to the activation of neutrophils,
NK-cells, Th-17cells, Th-2 cells, Th-1cells, dendritic-cells,
TNF-a secreting cells and elaboration of several proin-
flammatory cytokines [29]. According to a recent single
cell-RNA sequencing(scRNAseq) dataset based study,
SARS-CoV-2 can exploit human or species specific inter-
feron driven upregulation of ACE2 gene and a subsequent
enhancement of ACE2 receptor surface expression in type-II
pneumocytes, illeal absorptive enterocytes and nasal gob-
let cells [30]; causing a strategic acceleration of the infec-
tion. Considering a significant endothelial ACE2 expression
across different visceral vasculature [31], and pleiotropic
response of type-1 IFN (IFN-a) toon endothelial cells [32],
which may affect the endothelial integrity and subsequent
injury [33]; a deeper understanding of the vascular response
upon SARS-CoV-2 infection is important. Additionally
interferon upon binding with its receptor induces phos-
phorylation of transcription factors such as STATs by JAK
and relocalization of these transcription factors inside the
nucleus activates interferon stimulated genes (ISG).These
ISGs are asoociated with inflammation, immunomodula-
tion and interfere viral replication [30, 34, 35]. Furthermore,
increased amount of Angiotensin-II (Ang-II) impair the level
of protective Ang (1-7). Besides Ang-II binds to Angio-
tensin-II receptor type-1 (AT,R),and thereby subsequently
enhances the synthesis of downstream nicotinamide adenine
dinucleotide phosphate oxidase 2 (Nox2) and reactive oxy-
gen species (ROS).Ang (1-7), on the other hand binds to
G-protein coupled Mas receptor (MasR) and a subsequent
overexpression of a potential vasodilator i.e. endothelial
nitric oxide synthase (eNOS) is evident. A mutual co-supres-
sion of individual downstream pathway between MasR and
AT R plays a pivotal role towards endothelial damage,
thrombosis inflammation and subsequent vasculopathy [36].

Additionally, as previously mentioned, aggravated inflam-
matory response has been observed among the infected
individuals which may further lead to Pyroptosis, specially
observed in lymphocytes, through the activation of NLRP
inflammasome. The crosstalk involved in the activation of
the signalling between NLRP3m, IL-1B,IL-18 and gasder-
min-D (GSDMD) as illustrated in Fig. 1, needs further study
in COVID-19 patients [20]. In case of SARS-CoV-2 infec-
tion, lectin pathway (LP) mostly generates inflammatory

response. In this pathway, binding of mannose binding
lectin (MBL) to mannose and N-acetylglucosamine (NAG)
residues in the virus envelop or virus-infected cells acti-
vate MBL-associated serine protease 2 (MASP-2) [37,
38]. MASP-2 is considered as a key regulator of LP which
results in an activation of complement system and inflam-
matory lung injury [39]. Furthermore, IHC staining of fixed
lung tissue samples from dead COVID-19 patients revealed
the presence of MBL,MASP-2,C4a,C3, C5b deposition in
type-I and type-II alveolar epithelial cells along with some
hyperplastic pneumocytes, exudates in alveolar space with
necrotic cell debris and inflammatory cells [39] [Fig. 2].

SARS-CoV-2 mediated alteration

in haematological parameters can reflect
underlying vascular endothelial damage
and coagulopathy

SARS-CoV-2 mediated alteration in human heme
metabolism

Recent studies have revealed a massive demand of por-
phyrins for viruses to survive. As a consequence, SARS-
CoV-2 displays an unusual binding affinity towards haemo-
globin. According to this study, E2 glycoprotein, envelope
protein, nucleocapsid phosphoprotein, orflab, ORF7a and
ORFS8 of the virus could bind to porphyrin of the 1-f chain
of haemoglobin (Hb) to form a complex by displacing Fe*?
from heme residues [40]. Henceforth such unusual attack
can lead Hb to carry less amount of oxygen and carbon
di-oxide, worsening the situation of patients already with
a severe respiratory distress.

SARS-CoV2 can augment intravascular haemolysis
and hypoxia

Inhibition of the human heme synthesis, can also trigger
the onset of haemolysis [41]. Considering a recent find-
ing that people with blood group-O are not easily infected
by SARS-CoV-2, whereas those with blood group A have
a significantly higher risk of acquiring the infection [42],
it can be speculated that immune haemolysis may be the
major mechanism of viral protein mediated attack on Hb.
Therefore, SARS-CoV-2 mediated systemic intravascular
haemolysis as well as alteration in heme metabolism can
lead to iron overload, oxidative stress, additional respiratory
distress, and hypoxia. This leads to a cascade of immune
response; with increased TNF-a, IL-6, IL-1, ICAM-1 lev-
els, in pulmonary and other visceral microvasculature with
subsequent capillary endothelial injury [43]. In conjugation
to the pro-coagulant effectors derived from pro-inflamma-
tory cytokines, neutrophilic extra cellular traps(NETS) and
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polyphosphates, the usual thrombo-protective state of small
to micro-vascular endothelial cells is dissociated; leading
to the development of microvascular thrombosis [44]. It has
also been documented that eosinophil count can be a signifi-
cant marker for COVID-19 prognosis [45, 46]. The role of
eosinophils and IL-5 in COVID-19 and its impact in visceral
microvasculature especially in pulmonary vasculature, needs
to be further investigated [47].

COVID-19 mediated complement activation
and neutrophilia

Literatures on post-mortem histopathological studies clarify
evidences of vascular deposition of C5b-9 as a key feature
of many micro thrombotic syndromes, regardless of the par-
ticular syndromic complex, including catastrophic antiphos-
pholipid antibody syndrome, atypical haemolytic uremic
syndrome(a-HUS), purpura fulminans and severe multi-
organ malignant atrophic papulosis, and can be responsive
to anti-complement therapies [48-52].

Tissue neutrophilia may be attributable to the neutrophil
chemoattractant properties of complement. Both neutrophil
and complement are key sentinels of innate immunity and
also modulate thrombogenic pathways, the latter thought
related to C5a receptor/tissue factor cross-talk mediated
by neutrophils [53]. Neutrophilia in COVID-19 positive
patients is correlated with a poor prognosis and could be
an index of the extent of complement activation [54, 55].
Another finding suggests an increase in peripheral blood
neutrophil vacuolization and granule content in patients is
consistent with an activated state, even if absolute numbers
are not elevated [36]. Henceforth, neutrophil count could be
important marker for underlying systemic vascular endothe-
lial as well respiratory epithelial cells and endothelial dam-
age associated micro-vascular pro-thrombotic changes,
which may eventually lead to Multiple organ dysfunction
(MOD) worsening the overall prognosis.

Alteration in coagulation factors

Besides SARS-CoV2 infection is also associated with
increased coagulation abnormalities including increased
fibrinogen and higher level of D-dimers, that have been
associated with higher morbidities and mortality [56, 57].
Interestingly, a correlation of IL-6 and fibrinogen levels
has been reported, demonstrating and confirming the link
between inflammatory and pro-coagulopathic changes [44].

Evidences also suggest, co-manifestation of sepsis
induced coagulopathy (SIC) and disseminated intravascu-
lar coagulopathy (DIC) especially in severe diseases as well
as in non-survivors along with a report of hyper-fibrinolytic
consumptive DIC with a bleeding diathesis [58, 59]. Recent
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publications and pre-print reports also suggest incidences of
venous thrombo-embolism events (VTE) in COVID19 posi-
tive critically ill patients admitted to ICU [60]. Henceforth
a regular Monitoring of fibrinogen, Prothombin time (PT),
activated partial thromboplastin time (aPTT), D-dimer, and
renal function should be performed along with a subsequent
risk adapted modulation in anti-coagulant therapy. Besides,
in a recent control cohort study of 540 specimens, the per-
centage positivity of lupus anticoagulant was significantly
higher in patients with COVID-19 than in control group.
Most of these patients admitted with a prolonged aPTT were
positive for lupus anticoagulant and an associated factor XII
deficiency [61]. Hence a further study is required to eluci-
date the role if any, of lupus anticoagulant in the pathogen-
esis of SARS-CoV-2 mediated thrombosis.

Impact of SARS-CoV-2 in cardio-pulmonary
microvasculature

Derrangment of cardiac-microvasculature
in SARS-CoV-2

To elucidate the topography of ACE2 in the heart a single
nuclear transcriptome analysis was performed on an isolated
myocardial nucleus which showed the maximum proportion
of ACE2 receptors in the pericytes. The expression in peri-
cytes of human heart makes it vulnerable to SARS-CoV-2
infection [62]. This microvascular injury especially in the
coronary microvasculature may attribute to the development
of cardiomyopathy in debilitating patients. The inter com-
munication between pericytes and endothelial cells (EC) via
the angiopoietin ligands (ANGPT1/2) with tyrosine kinase
with immunoglobulin like and EGF like domains (TIE2)
receptor interaction is vital for the EC survival and suitable
microvascular environment [63]. Viral invasion of pericytes
leads to disruption of this ambiance leading to micro-vas-
cular injury.

SARS-CoV-2 can affect the heart by an array of mecha-
nisms which ranges from myocardial insult due to direct
cardiomyocyte invasion [64] to oxidative stress as a sequela
of hypoxia and increased myocardial oxygen demand. A case
report of a 47-year-old afro Caribbean with past history of
myopericarditis presenting with dry cough, breathlessness,
chest pain was later diagnosed with cardiac tamponade evi-
dent on echocardiogram and elevated troponin-T levels [65].
Therapeutic pericardiocentesis was done which relieved
the symptoms. The subject tested positive for COVID-19.
Complications like fulminant myocarditis in genetically con-
firmed COVID-19 on sputum testing has also been reported.
A 63-year old man with COVID-19 presenting with cardiac
symptoms, lab panel revealed elevated IL-6 levels (272 pg/
ml) and trop-I levels with a reduced left ventricular ejection
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fraction on echocardiography. All other viral aetiologies of
myocarditis were ruled out. symptoms improved on receiv-
ing antiviral therapy and mechanical life-support [66].

A case series report shows elevated ST-segments on elec-
trocardiography in a set of 18 confirmed COVID-19 patients
with no evidence of pre-existing heart disease indicating
development of myocardial infarction. Obstruction in the
coronary circulation had precipitated in a subset of patients
which was revealed through angiography. Elevated D-dimer
levels were persistent in all of the cases [67]. After analys-
ing the above reports, consideration of SARS-CoV-2 as an
inciting factor in development of a myocardial pathology
should be pondered upon.

Another report of autopsies performed on four confirmed
COVID-19 deceased could be in favour of above cardiac
involvement. In all the cases the clinical course escalated
from an episode of mild fever, cough into full blown acute
respiratory distress syndrome with respiratory decompensa-
tion. Past history of obesity and hypertension, controlled on
medication, was present in all of them with type-2 diabetes
in three of them, chronic kidney disease in two of them.
Mechanical ventilation and antimicrobial or steroid ther-
apy (dexamethasone) were to no avail. Laboratory reports
revealed elevated PT, aPTT, fibrinogen degradation products
(FDP), FIB and D-dimer levels, consistent with a prothrom-
botic state along with neutrophilia and lymphocytopenia.
Subsequent cardiac examination on three patients revealed
cardiomegaly and right ventricular dilatation. Despite of the
absence of confluent myonecrosis or adjacent lymphocytic
infiltrate, individual cell necrosis was present in all of them
on histopathological examination [68]. As per the Chinese
CDC the co morbidities associated with increased COVID-
19 deaths were refractory hypertension, diabetes mellitus,
age greater than 70 and pre-existing heart diseases [69].

A retrospective data analysis evaluated over 150 lab con-
firmed patients of SARS-CoV-2 revealed that cardiovascular
diseases were associated with significantly higher chances of
death [70]. According to another retrospective cohort study
based on patients admitted in two hospitals of Wuhan, ele-
vated levels of IL-6, troponin I, lactate dehydrogenase was
a frequent finding. Autopsy on a 53-year-old female with
chronic kidney disease revealed acute myocardial infarction.
Old age, higher SOFA-score (sequential organ failure assess-
ment), elevated D-dimer levels (> 1 pg/ml) were associated
with a poor prognosis [56]. Derangement in coagulation
profile is persistent in all SARS-CoV-2 cases. This leads to
visceral microvascular damage in the form of endothelial
injury and thrombosis.

In a prospective study among 94 confirmed cases of
COVID-19 in Renmin hospital of Wuhan University, coagu-
lation profile was monitored over a period of time and com-
pared with 40 healthy controls. Results showed reduced
antithrombin levels and increased PT, aPTT, FDP and

D-dimer levels in COVID-19 patients compared to healthy
subjects [71].

Impact of SARS-CoV-2 in pulmonary
microvasculature: do we need to revise the tag
of ARDS?

Up-till now, respiratory symptoms are the primary mani-
festations in COVID-19 patients by far. Lungs seem to be
the port of entry widely used by the virus resulting in acute
respiratory distress in most of the patients. But, the pattern
of lung injury is not typical of classic Acute Respiratory
Distress Syndrome (ARDS) in COVID-19 patients with
the absence of hallmark signs like diffuse alveolar damage
(DAD) with hyaline membrane formation and type-II pneu-
mocyte hyperplasia [36]. Moreover, it has been observed
that the lung mechanics is not much hindered in the process,
evident on preserved lung compliance and high shunt frac-
tion [36]. Study reveals the lung injury in these diseases is
associated with membrane attack complex (c5b-9) deposi-
tion in the pulmonary microvasculature along with c4d and
MASP2, inclining towards a potential complement mediated
vascular injury. Purpuric skin lessons were also present in
these patients which revealed a pauci-inflammatory throm-
bogenic vasculopathy characterised by similar complement
deposition in vessel wall [36].

Coagulative vasculopathy may be the basis of visceral
damage triggered by complement mediated endothelial
injury. Monoclonal antibodies against complement factors
like eculizumab (targeted against C5), narsoplimab (lectin-
pathway-inhibitor by targeting MASP-2) could be con-
sidered for therapy. Another report supporting the above
mechanism shows fibrin deposition in the alveolar capillaries
consistent with a coagulopathy related damage to the pul-
monary bed [68]. The alveolar capillaries revealed thrombi
formation and surrounding edema with scattered hyaline
membrane formation. Another noticeable finding was pres-
ence of CD-61 +megakaryocytes, which could be the source
of platelet production subsequently leading to aggregation
[68]. Besides, studies have shown that immunostaining of
lung specimen with antibody to Rp3 NP protein of SARS-
CoV-2 shows increased expression in lung epithelia [72].

A summary of two cases of COVID-19 illustrates the
development of acute pulmonary embolism evident on CT
pulmonary angiogram in both of them. Blood profile showed
elevated d-dimer levels persistent with acute pulmonary
embolism [73].

Autopsy on four COVID-19 infected cases with pre-
existing diseases (chronic lymphocytic leukemia, renal
transplant, cirrhosis, hypertension, diabetes) revealed type-2
pneumocyte hyperplasia, hyaline membrane formation,
fibrin clusters in airspaces [74]. Above facts depict that
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COVID-19 may be associated with a hypercoagulable state
leading visceral thrombosis and subsequent damage.

Involvement of Renal microvasculature
in SARS-CoV-2

COVID-19 patients can develop Acute Kidney Injury (AKI)
as a complication. Incidence of AKI in COVID-19 patients
ranges from 0.5 to 28%. Previous data has shown the inci-
dence of 0.5 percent, 5.1 percent, 15 percent and 28 percent
in four different studies [75-77]. A study based in Wuhan,
China suggested AKI to be uncommon in COVID-19 as they
reported patients returning to normal after follow up and
temporary abnormal renal function is due to hypoxemia [78].

AKI is considered as a critical prognostic factor for
COVID-19 and is curable by interventions. Endotoxins, sep-
sis, rhabdomyolysis, cytokine storm leads to acute tubular
necrosis which subsequently causes AKI [79, 80]. Other pos-
sible ways of renal damage [79] are renal medullary hypoxia
due to alveolar damage, rhabdomyolysis leading to tubular
toxicity, cardiorenal syndrome (in patients of cardiomyopa-
thy/viral myocarditis), endothelial damage, high peak airway
pressure and intrabdominal hypertension leading to renal
compartment syndrome, third space fluid loss and hypo-
tension leading to renal hypoperfusion. In case reports on
COVID-19, rhabdomyolysis has been reported on presenta-
tion [81] and as a complication [82].

There have been studies indicating the direct cytopathic
effect on kidneys of COVID-19 [83, 84]. SARS-CoV-2 enters
into cells via host ACE2 receptors. According to a PubMed
Database, RNA expression of ACE2 is nearly 100 fold more
in GI, kidney and urinary tract than in Respiratory tract
[Gene ID: 59,272,Primary Source-HGNC:HGNC:13557].
Another preprint indicates that ACE2 and TMPRSSs family
[host cell receptor and the key protease for COVID-19] are
significantly co expressed in podocytes and Proximal Con-
voluted Tubule [85]. Renal histopathological analysis of 26
autopsies of patients with COVID-19 showed clusters of cor-
onavirus particles with spikes in the tubular epithelium and
podocytes. ACE2 was upregulated and immunostaining with
SARS-CoV nucleoprotein Ab was positive in tubules [83].
Fragments of coronavirus in patients with COVID-19 have
been found in urine [86]. This raises the possibility of virus
particles shedding in the urine and being a possible source
of infection. Mortality risk for COVID-19 patients with AKI
was significantly higher than without AKI [Hazard Ratio HR
5.3] [77]. Multiple studies have suggested increase in blood
urea nitrogen (BUN), creatinine, proteinuria, haematuria as
independent risk factors for mortality in COVID-19 [76].

For SARS- CoV infection, Uraemia is associated with
extensive impairment of lymphocyte and granulocyte func-
tion and T cells play a key role in recovery [87]. Due to
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similarities of SARS-CoV-2 structure with SARS-CoV, it
could raise a potential concern for haemodialysis patients
infected with SARS-CoV-2 [88]. Haemodialysis patients
usually have multiple comorbidities and frequent visits to
dialysis centre put them under risk of infection. Guidelines
and management plans for patients with COVID-19 under-
going dialysis are very important.

Neuro-vasculopathy in SARS-CoV-2

From the perspective of neurological manifestations of
COVID-19, evidences gathered in favour of vasculopathy
thus far principally correspond to cerebro-vascular events
(CVEs). After the early study from Wuhan [89] that doc-
umented the frequency of neurological consequences of
SARS-CoV-2 infection, a subsequent single-centre study
from the same province of China reported that more than
5% of such manifestations can be attributed to occurrence of
stroke, ischemic much more than hemorrhagic [90]. Reports
of some isolated cases across the world have reiterated the
notion that thrombotic events are indeed more likely. For
instance, a recent case study from USA has documented
occurrence of large vessel occlusion involving left middle
cerebral artery in a confirmed case of SARS-CoV-2 infection
[91]. Notably, the patient initially manifested with STEMI
for which he was put on treatment including anti-coagu-
lant therapy. Arterial Doppler of lower limbs, which was
performed because he had suggestive symptoms, revealed
occlusion in multiple arterial segments on both sides. Small
vessel lacunar infarct in left middle cerebral artery terri-
tory in the background of paroxysmal atrial fibrillation has
been documented from Hubei province in China [92]. Simi-
larly, a case described from a different province (Xi’an) in
China records the co-occurrence of right middle cerebral
artery infarction and deep vein thrombosis in both lower
limbs [93]. As opposed to the previous two reports where
thrombotic manifestations preceded SARS-CoV-2 detection,
the latter patient was a confirmed case of severe COVID-19
and developed thrombotic events around 2 weeks into the
illness. However, all three cases have been documented to
affected elderly patients in their 8th decade of life and with
co-morbid conditions. In recent times, it has been speculated
that the virus, so far considered as a primary lung patho-
gen, may indeed possess some vascular invasive potential
resulting in widespread thrombotic manifestations includ-
ing CVEs. The idea of ‘accelerated thrombosis’, as in other
disorders of immune dysregulation seems more realistic with
the passage of time. This observation is important because
of two reasons. First, the diagnostic challenges become even
steeper with these atypical presentations. Second, therapeu-
tic armamentarium faces the need for an up gradation, with
possible inclusion of anti-coagulants. Noteworthy, the size
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of cerebral vessels seemingly predisposed to viral invasion
include all three varieties, namely large, medium and small.
This observation however is in need of substantiation with
larger studies, for it should be accommodated in the thera-
peutic planning of such patients.

Arguments have also been framed about the putative role
of ACE2 receptor tropism of the viral particle in causing
cerebral hemorrhage. In accordance with the initial Wuhan
report [90], while ischemic strokes in COVID-19 have been
documented more often, hemorrhagic strokes have rarely
surfaced up. A recent report from Mazandaran province of
Iran describes the occurrence of large intracerebral hemor-
rhage in right hemisphere of an elderly male patient who
presented to emergency with loss of consciousness following
a 3-day episode of febrile illness [94]. The authors have duly
speculated the role of ACE2 receptor activation by the viral
particle in disrupting cerebral auto-regulation and thereby
resulting in hemorrhage. The speculation is in agreement
with a previous experimental model by Xia et al. which pro-
posed that ADAM-17 mediated brain ACE2 shedding can
contribute to neurogenic hypertension [95].

In sum, limited clinical data informs that SARS-CoV-2
has potential to cause CNS vasculopathy, although exact
molecular mechanisms are yet to be clarified. Ischemic
manifestations, as in other organ systems, are anticipated to
be more frequent in CNS as well. Larger studies elucidating
CNS vascular manifestations of COVID-19 will be required
to have a clearer interpretation of the subject and formulate
a therapeutic plan in such circumstances.

SARS-CoV-2 mediated miscellaneous
presentation of other systemic vasculopathy

With increasing number of COVID-19 cases around the
world, the diversity in presentation among patients is also
becoming significant. At the beginning, which was con-
sidered to be strictly confined to the lungs is now showing
features of multi-organ involvement. Liver invasion has
been reported in a few cases where autopsy revealed micro
thrombotic changes in the liver vasculature, along with
congestion of the sinuses, hepatocyte degeneration and
lobular necrosis with lymphocytic infiltrate [96]. Results
like micro-vesicular steatosis, lobular activity in the paren-
chyma has also been demonstrated on post mortem exami-
nation in COVID-19 cases [97]. Laboratory reports have
also indicated some degree of liver injury suggested by
increased aminotransferase levels in COVID-19 subjects
[98]. Sepsis related liver injury which involves hypoxic
damage, hepatocellular injury and a distorted immunoreg-
ulation may also be attributed to this particular pathogen-
esis [99]. Ischemic injury to the liver due to thrombosis in
the end vessels may cause liver necrosis

Apart from this report stating direct viral invasion of
secondary lymphoid organs like spleen and lymph nodes
has been noted [100]. Tissue resident CD-169 macrophages
expressing the ACE2 receptor seems to be the port of entry
in this case. Post mortem examination revealed haemor-
rhagic hilar lymph nodes with subcapsular sinus histiocy-
tosis. SARS-CoV-2 may provoke macrophages to release
IL-6 up regulating Fas—Fas ligand (Fas-FasL) mediated lym-
phocytic apoptosis. The picture inside the spleen includes
white pulp atrophy, red pulp congestion with depletion
of Germinal centres. Taken together this may result in an
immunocompromised state which may be an easy access for
secondary infections.

Gastrointestinal manifestations are another aspect of the
disease drawing attention with growing number of cases.
Presence of ACE2 receptors in the gut makes them a poten-
tial target for the virus [101]. Diarrhoea, vomiting has pre-
cipitated in some of the cases which were confirmed to be
SARS-CoV?2 infection by stool sample examination [102].
Another case report of a female presenting with abdomi-
nal pain and bloody diarrhoea has also been reported [103].
Colonoscopy revealed areas of focal erythema without
ulceration in the descending colon and she was diagnosed
with haemorrhagic colitis. Investigations were carried out
and almost all the possible etiologies of hemorrhagic colitis
came back negative. Given her travel history, her stool sam-
ples were sent for SARS-CoV-2 RNA RT polymerase chain
reaction which later came back to be positive [103]. With
the growing evidence of vascular involvement in COVID-
19 patients and a deranged coagulation profile, clinicians
should be aware about more fatal complications like mes-
enteric ischemia [31] or bowel wall necrosis in conjunction
with the disease.

Apart from this, the cytokine rage in the disease may lead
to a rare hyperinflammatory condition similar to second-
ary haemophagocytic lymphohistiocytosis (sHLH). HLH
is characterised by a febrile cytopenia, hepatosplenomeg-
aly, hyperferritinemia, hypertriglyceridemia and elevated
cytokine levels. A cytokine profile mimicking that of sHLH
in increased IL-2, IL-7, G-CSF, MCP-1, MIP-1a, TNF-o has
also been manifested in COVID-19 [22].

Dermatological involvement has also been reported in
the form of retiform purpura or live do racemosa consist-
ent with a microvascular occlusive pathology. Histological
examination revealed complement meditated injury to the
vessel wall [36].

Conclusion
Comparative study between various coronavirus reveals

similarities in entry and pathogenesis of SARS-CoV-2
along with SARS and MERS in various aspects of multi
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organ involvement and systematic vasculitis along with
similarities in immune-pathogenesis. Dynamic innate and
adaptive immune response can augment SARS-CoV2 medi-
ated epithelial and endothelial injury. Non structural viral
particles of SARS-COV?2 can hinder heme synthesis of Hb,
inducing autoimmune intra vascular hemolysis, hypoxia
and inflammatory stress mediated endothelitis and coagu-
lopathy. Array of cardiological manifestations in COVID19
may be an effect of microvascular occlusion due to hyper-
coaguable state consistent with the disease. Diverse clinical
manifestations suggest lungs injury that results in respiratory
problems in COVID-19 is not of classical ARDS pattern
rather is associated with Membrane attack complex (C5b-9)
deposition in pulmonary microvasculature inclining towards
a potential complement mediated vascular injury resulting
in coagulative vasculopathy. Cytokine damage, multiorgan
crosstalk, systemic effects of SARS-CoV-2 can lead to renal
medullary hypoxia, tubular toxicity which induces acute
kidney injury along with some evidence suggesting direct
cytopathic effect of SARS-CoV-2 spikes and ACE2 recep-
tors interaction in kidneys. By the same token, multiple neu-
rological consequences of COVID-19 raise the consideration
of vasculopathy in CNS resulting in cerebro-vascular events,
particularly ischemic stroke both arterial as well as venous.
The involvement of multiple organs in COVID-19 indicates
that endothelial injury leading to visceral vasculopathy may
be the inciting factor in the disease progression.
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