
COVID-19: Pathophysiology

SARS-CoV-2 enters cells via ACE2 receptor:

Immune Dysregulation in COVID-19

1 COVID-19 patients present with a 
delayed interferon response. 

Elevated levels of pro-inflammatory 
cytokines are also detected in many 
COVID-19 patients. 

2 Inflammatory monocytes and 
macrophages are present in the lungs of 
COVID-19 patients. These cells also 
infiltrate the lung and extrapulmonary 
organs from the blood during disease.

These cells have been described to 
produce the inflammatory cytokines.  

3 COVID-19 patients present with pan-lymphopenia. 

4 NK cell dysfunction is described in COVID-19 patients. 

This may have implications for pregnancy-associated complications seen in pregnant COVID-19 patients, 
including maternal vascular malperfusion (+ delayed villous maturation, chorangiosis, intervillous 
thrombi). 

5 Elevated D-dimers, low platelet counts, and evidence of endothelial cell damage suggest a 
hypercoagulative state in COVID-19 patients. Pulmonary microthrombi have also been described to 
contribute to lung pathology. 

Analysis of surface markers show up-regulation of co-inhibitory receptors (i.e., PD-1, CTLA-4) that are 
characteristic of exhausted T cells seen during chronic viral infection.

Pathophysiology of SARS-CoV-2

ACE2
• Negative regulator of the renin-

angiotensin-aldosterone system 
(RAAS)

• Promotes vasodilation via conversion 
of ATII to angiotensin 1-7

• Ubiquitously expressed by multiple 
organ tissues, with local regulatory 
function

> Lung
> Heart & vasculature
> Kidney
> Intestines
> Liver
> Brain

ACE2 is also described to modulate β-cell 
activity in the pancreas. 

SARS-CoV-2 binds the ACE2 receptor, disabling the ACE2 signaling axis…
… may explain potential gendered differences in the mortality and susceptibility of male and female cases.
… may explain the range of COVID-19 symptoms at onset, including headache, diarrhea, hepatic dysfunction, 
stroke, and hypertension.
… can explain major COVID-19-associated complications, where ACE2 is vital in its niches, including cardiac 
injury, gastrointestinal symptoms, endocrinopathy, and meningitis. 

and venous endothelial cells55,56, where 
it plays an anti- inflammatory protective 
effect. Whether the increased coagulopathy 
observed in patients with COVID-19 is also 
partly due to direct vascular damage induced 
by SARS- CoV-2 infection or ACE2 inhibition 
remains to be determined.

Therapeutic perspectives
Clinical trials to assess the benefits 
of inflammatory cytokine blockade 
targeting IL-6 and IL-1β alone or in 
combination are in progress (TABLE 1). 
Trials examining the blockade of additional 
myeloid- derived inflammatory cytokines, 
such as TNF57 and granulocyte–macrophage 
colony- stimulating factor (GM–CSF) 
(NCT04341116), have also been considered 
and/or initiated. Strategies aimed at broadly 
interfering with cytokine signalling could 
also significantly reduce hyperinflammation 
in patients with severe COVID-19, 
and several trials testing the use of JAK 
inhibitors are ongoing. Alternatively, 
strategies upstream of the production of 
individual cytokines could represent a 
broader and possibly more effective way to 
dampen the occurrence of cytokine release 
syndromes. Current evidence suggests that 

pathological macrophages mostly derive 
from circulating monocytes that massively 
infiltrate the lungs and other organs rather 
than from tissue- resident macrophage 
populations. Circulating CD14+ monocytes 
require the chemokine receptor CCR2 to 
exit the bone marrow and to accumulate in 
inflamed tissues58,59. CCR2 blockade could 
potentially help to reduce the accumulation 
of pathological monocytes in inflamed 
tissues, although it is likely that redundant 
mechanisms independent of CCR2 may 
also contribute to monocyte accumulation 
in tissues during severe inflammation. 
Trials targeting CCR5, another chemokine 
receptor that regulates monocyte and 
T cell migration, have been initiated 
in patients with COVID-19 who show 
mild- to- moderate symptoms of respiratory 
illness (NCT04343651). Although the 
antiviral activity of hydroxychloroquine 
remains uncertain, its immunomodulatory 
activity in chronic inflammatory diseases 
is well established60 and this could have 
contributed to the reported (although still 
controversial) clinical benefits of this drug in 
patients with COVID-19.

Based on evidence that interferon 
responses to coronaviruses deviate from 

those induced by other respiratory viruses37,61, 
trials testing the administration of type I 
or type III interferons have been initiated. 
Type I interferon (IFNαβ) receptors are 
ubiquitously expressed and type I interferons 
can drive antiviral effects but also induce 
the activation of immune cells that could 
potentially enhance tissue pathology. By 
contrast, type III interferon (also known as 
IFNλ) mainly targets epithelial cells as well 
as a restricted pool of immune cells, and 
could therefore promote a potent antiviral 
effect without enhancing pathological 
tissue inflammation62. As discussed above, 
inflammatory macrophages from the lungs 
of patients with severe COVID-19 exhibit a 
strong interferon signature and it is possible 
that, while interferon may be protective 
during the early stages of the disease, 
persistent IFNγ production could ultimately 
drive macrophage hyperactivation as is seen 
in macrophage activation syndrome. Trials 
exploring IFNγ blockade in patients with 
COVID-19 who show respiratory distress 
and hyperinflammation have been initiated 
(NCT04324021).

Current models of COVID-19 propose 
three distinct immune stages that are crucial 
for the ultimate disease course. In the first 
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Fig. 2 | Possible contribution of hyperactivated monocytes to coagulation in COVID-19. Circulating pro- inflammatory stimuli, such as viral pathogen- 
associated molecular patterns (PAMPs), damage- associated molecular patterns (DAMPs) and cytokines trigger activation of blood monocytes, which 
respond by inducing tissue factor membrane expression. Endothelial cells are activated by cytokines and viral particles and produce monocyte chemoat-
tractants and adhesion molecules. Endothelial damage induced by the virus can also expose tissue factor on endothelial cells. Activated monocytes are 
recruited to endothelial cells. Tissue factor expressed by activated monocytes, monocyte- derived microvesicles and endothelial cells activates the extrinsic 
coagulation pathway, leading to fibrin deposition and blood clotting. Neutrophils are recruited by activated endothelial cells and release neutrophil 
extracellular traps (NETs), which activate the coagulation contact pathway and bind and activate platelets to amplify blood clotting. Major endogenous 
anticoagulant pathways, which include tissue factor pathway inhibitor (TFPI), antithrombin and protein C, are reduced further, supporting coagulation 
activation. CCL2, CC- chemokine ligand 2; SARS- CoV-2, severe acute respiratory syndrome coronavirus 2; TLR , Toll- like receptor; TNF, tumour necrosis 
factor; vWF, von Willebrand factor.
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