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A B S T R A C T   

Background: Animal models and few clinical reports suggest the involvement of the complement system in the 
onset of severe manifestations of coronavirus disease-2019 (COVID-19). However, complement contribution to 
endotheliopathy and hypercoagulability has not been elucidated yet. 
Objective: To evaluate the association among complement activation, endothelial damage and disease severity or 
activity in COVID-19 patients. 
Methods: In this single-centre cohort study, 148 patients with COVID-19 of different severity were evaluated upon 
hospital admission and 30 days later. Markers of complement activation (SC5b-9 and C5a) and endothelial 
perturbation (von Willebrand factor [vWF], tissue-type plasminogen activator [t-PA], plasminogen activator 
inhibitor-1 [PAI-1], soluble thrombomodulin [sTM], and soluble endothelial selectin [sE-selectin]) were 
measured in plasma. 
Results: The patients had high plasma levels of SC5b-9 and C5a (p = 0.0001 for both) and vWF, t-PA and PAI-1 (p 
= 0.0001 for all). Their SC5b-9 levels correlated with those of vWF (r = 0.517, p = 0.0001) and paralleled 
disease severity (severe vs mild p = 0.0001, severe vs moderate p = 0.026 and moderate vs mild p = 0.001). The 
levels of sE-selectin were significantly increased only in the patients with severe disease. After 30 days, plasma 
SC5b-9, C5a and vWF levels had significantly decreased (p = 0.0001 for all), and 43% of the evaluated patients 
had normal levels. 
Conclusions: Complement activation is boosted during the progression of COVID-19 and dampened during 
remission, thus indicating its role in the pathophysiology of the disease. The association between complement 
activation and the biomarkers of endothelial damage suggests that complement may contribute to tissue injury 
and could be the target of specific therapy.  
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1. Introduction 

Coronavirus disease 2019 (COVID-19) is due to severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infection and charac-
terised by clinical symptoms ranging from minor upper airway 
manifestations to severe and life-threatening acute respiratory distress 
syndrome (ARDS), which is observed in approximately 15% of patients 
[1–3]. Increased levels of pro-inflammatory cytokines suggest that a 
sustained inflammatory response to the virus plays a role in the clinical 
manifestations of the disease [4], and these are associated with 
increased levels of markers of coagulation activation that justify the use 
of anticoagulant therapy [4–6]. This thrombophilic state has been linked 
to endothelial damage that is mediated by the cytokine storm and 
SARS-CoV-2 endothelial cell tropism via surface angiotensin-converting 
enzyme 2 (ACE2). Preliminary evidence of an association between 
increased circulating levels of biomarkers of endothelial damage and 
clinical outcomes suggests that an endotheliopathy may be critical for 
COVID-19 associated coagulopathy [7–9]. 

The pro-inflammatory and pro-thrombotic state associated with 
COVID-19 resembles that observed in patients with various autoim-
mune/inflammatory disorders in which the complement system is 
involved [10,11], and suggests that it is worth looking for signs of 
complement activation in COVID-19 patients [12–15]. The complement 
system is a key mediator of innate immune responses but, in addition to 
protecting against infectious agents [16,17], it also contributes to the 
hyperinflammatory response in concert with coagulation [11,17]. The 
activation peptide of complement component 5 (C5a) and the mem-
brane attack complex (MAC/C5b-9) drive neutrophil activation and the 
inflammation that eventually leads to endothelial activation/damage 
without necessarily mediating cell lysis [11,18,19]. 

However, although the role of complement in the acute respiratory 
distress syndrome (ARDS) caused by previous SARS coronaviruses has 
been established by experimental studies [20,21], its contribution to 
COVID-19 has been less widely investigated. Magro et al. found the 
tissue deposition of complement activation products (C5b-9, C4d, and 
MASP2 [mannose-binding protein-associated serine protease 2]) in five 
COVID-19 patients [12], and we reported for the first time significantly 
increased plasma levels of C5a and C5b-9 in a series of 31 patients with 
moderate or severe COVID-19 [13], a finding that has recently been 
confirmed by Carvelli et al. in 67 patients [14] and by Peffault de Latour 
et al. in 95 patients [22]. Carvelli et al. also suggested that the 
C5a-C5aR1 axis may play a role in the inflammatory mechanisms un-
derlying the development of ARDS [14]. Finally, the findings of a quite 
recent multimodal analytical study further support the view that com-
plement and coagulation hyperactivation predisposes COVID-19 pa-
tients to adverse outcomes [15]. However, there is still no published 
information concerning the relationship between complement activa-
tion and endothelial damage in COVID-19 patients. With this as back-
ground, we evaluated markers of complement activation and of 
endothelial damage in a cohort of 148 patients with COVID-19 of 
different severity during the acute phase of the disease at admission and 
during remission after 30 days of follow-up. 

2. Materials and methods 

2.1. Patients 

We studied 148 patients (87 males and 61 females; median age 63 
years, range 26–92) who were admitted to our hospital between March 1 
and April 15, 2020. The inclusion criteria were an age of >18 years and a 
diagnosis of COVID-19 confirmed by means of a positive RT-PCR for 
SARS-CoV-2 in at least one biological sample; the exclusion criteria were 
an infectious disease other than SARS-CoV2, previous or current auto-
immune diseases, and pregnancy. 

On the basis of the clinical, radiological and laboratory data, the 
severity of COVID-19 was considered to be mild when the patients were 

kept under observation with low intensity care, moderate when they 
required intermediate care with non-invasive ventilation, or severe 
when they were admitted to an intensive care unit for mechanical 
ventilation. The disease was mild in 58 patients, moderate in 44, and 
severe in 46. The controls were 27 healthy subjects: (19 men and eight 
women with a median age of 55 years, range 34–78). 

On the day of admission or the following day, antecubital vein blood 
samples were collected into EDTA tubes for the measurement of soluble 
C5b-9 (SC5b-9) and C5a, and sodium citrate tubes for the measurement 
of endothelial markers. The samples were processed within 2 h by means 
of centrifugation at 2000×g for 15 min at room temperature, and the 
plasma aliquots were immediately frozen and stored at − 80C◦ until 
testing. 

In addition to the plasma levels of SC5b-9 and C5a as markers of 
complement activation, we measured the following markers of endo-
thelial damage: von Willebrand factor (vWF), tissue-type plasminogen 
activator (t-PA), plasminogen activator inhibitor-1 (PAI-1), soluble 
thrombomodulin (sTM), and soluble E-selectin (sE-selectin). The labo-
ratory parameters collected from the patients’ clinical records were 
fibrin fragment D-dimer, C-reactive protein (CRP), interleukin-6 (IL-6), 
ferritin, white blood cells, neutrophils, lymphocytes, platelets, pro-
thrombin time (PT), activated partial thromboplastin time (aPTT), and 
fibrinogen. 

The study was approved by the Ethics Committee of Fondazione 
IRCCS Ca’ Granda Ospedale Maggiore Policlinico in Milan (No. 
360_2020) and was carried out in conformity with the 2013 revision of 
the Declaration of Helsinki and the code of Good Clinical Practice. 

2.2. SARS-CoV-2 detection in nasopharingeal swabs 

Nasopharingeal swabs were tested for the presence of SARS-CoV-2 
using a One-Step Reverse Transcription Real-Time PCR kit (Gene-
Finder COVID-19 Plus RealAmp kit. ELITe, platform InGenius (ELITech, 
Torino, Italy) according with manufacturer instructions. The assay de-
tects SARS-CoV-2 nucleocapsid (N) proteins, RNA Polymerase (RdRp) 
gene fragments, and envelope (E) gene fragment. The InGenius platform 
displays a sensibility of 1000 cp/ml and a specificity of 100%. A gene 
was considered detected when the cycle threshold (Ct) value resulted ≤
45 while the assay was considered negative for a Ct value > 45. Ct values 
lower than the Ct median of our patients (i.e. < 28.4) were considered 
highly positive indicating a higher viral load. Values higher than the Ct 
median were considered moderate or weak positive indicating a lower 
viral load. 

2.3. Complement activation products 

The plasma levels of soluble C5b-9 (SC5b-9) were measured using a 
solid-phase assay (MicroVue Complement SC5b-9 Plus EIA kit, Quidel 
Corporation, San Diego, CA, USA) whose intra- and inter-assay co-
efficients of variation (CVs) were respectively 6.8% and 13.1%; the 
lower detection limit was 3.7 ng/mL. 

Plasma C5a levels were measured using an immunoenzymatic 
method (MicroVue Complement C5a EIA, Quidel Corporation) with 
intra- and inter-assay CVs of <12%; the lower detection limit was 0.01 
ng/mL. 

2.4. Detection of endothelial biomarkers 

Plasma levels of von Willebrand factor (vWF) antigen were measured 
using a commercial method (HemosIL Von Willebrand Factor Antigen, 
Instrumentation Laboratory, Bedford, MA, USA) with intra- and inter- 
assay CVs of <2.3%; the lower detection limit was 2.2%. 

Tissue-type plasminogen activator (t-PA) antigen was measured in 
plasma using a commercially available ELISA (Zymutest t-PA antigen, 
Hyphen BioMed, Neuville sur Oise, France) in accordance with the 
manufacturer’s instructions. The intra- and inter-assay CVs were <10%, 
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and the lower detection limit was 0.5 ng/mL. 
Plasminogen activator inhibitor-1 (PAI-1) antigen was measured in 

plasma using a commercially available ELISA (Zymutest PAI-1 antigen, 
Hyphen BioMed) whose intra- and inter-assay CVs were 8% and 13%, 
respectively; the lower detection limit was 0.5 ng/mL. 

Soluble plasma thrombomodulin (sTM) plasma levels were measured 
using a commercial sandwich ELISA (Human Thrombomodulin/BDCA-3 
Quantikine ELISA Kit, R&D Systems, Minneapolis, MN, USA) whose 
intra- and inter-assay CVs were both <10%; the lower detection limit 
was 7.82 pg/mL. 

Soluble endothelial selectin (sE-selectin) was measured in plasma 
using a sandwich ELISA (Human sE-Selectin/CD62E Quantikine ELISA 
Kit, R&D Systems Inc.) whose intra- and inter-assay CVs were respec-
tively 5% and 8.8%; the lower detection limit was 0.009 ng/mL. 

2.5. Statistical analysis 

On the basis of the findings of our previous study [13], the sample 
size gave a statistical power of >80%, with an alpha error of <5%. The 
Kolmogorov-Smirnov test was used to assess normal distribution. The 
data are given as median values and ranges (min–max). The 
between-group differences were analysed using the Mann-Whitney test 
for independent samples; the within-group differences were analysed 
using Wilcoxon’s test for paired data. The correlations between the 
parameters were evaluated using Spearman’s test. A P value of <0.05 
was considered significant. The data were analysed using the SPSS PC 
statistical package v.25.0 (IBM, Armonk, NY, USA). 

3. Results 

3.1. Complement activation 

Fig. 1 shows the plasma levels of SC5b-9 and C5a in 148 COVID-19 
patients grouped on the basis of disease severity. In comparison with 
the normal controls (median 217 ng/mL, range 106–499), the median 
levels of SC5b-9 were higher in all three patient groups: 434 ng/mL, 
range 30–755 ng/mL in those with mild disease (p = 0.0001), 545 ng/ 
mL, range 31–1223 ng/mL, in those with moderate disease (p = 0.0001) 
and 635 ng/mL, range 182–1555 ng/mL, in those with severe disease (p 
= 0.0001). There were statistically significant differences in SC5b-9 
levels between the patients with mild and moderate disease (p =
0.001), moderate and severe disease (p = 0.026), and between mild and 
severe (p = 0.0001). The median levels of C5a were also higher in the 
three patient groups (mild disease: 15.4 ng/mL, range 4.2–21.8 ng/mL 
(p = 0.0001); moderate disease: 18.2 ng/mL, range 5.5–23.0 ng/mL (p 

= 0.0001); severe disease: 16.0 ng/mL, range 2.6–21.9 ng/mL (p =
0.0001) than in the controls: 7.4 ng/mL, range 3.1–11.8 ng/mL, without 
any significant differences between the patient groups. 

The data distribution does not change when the patients were sub-
divided via sex, age or BMI. Complement activation products did not 
display any correlation with age or BMI. 

Patients with high viral load at nasopharingeal swabs as detected by 
low RT-PCR Ct values displayed statistically significant higher levels of 
SC5b-9 (median 560, range 255–1555 ng/mL) than patients with low 
viral load (median 465, range 30–781 ng/mL; p < 0.005). The levels of 
C5a were also higher in patients with high viral load (17.6 [5.8–23] vs 
16.5 [5.5–21.5], but the difference was not statistically significant. 

3.2. Plasma von Willebrand factor levels and their correlations with 
complement activation products 

Fig. 2 shows the plasma levels of vWF in 148 patients with COVID-19 
grouped on the basis of disease severity, and their correlations with 
SC5b-9. In comparison with the controls (97%, range 67–166%), the 
levels were significantly higher in the patients with mild disease: (263%, 
range 90–435%; p = 0.0001, moderate disease (374%, range 153–652%; 
p = 0.0001), or severe disease (395%, range 251–667%; p = 0.0001). 
There were statistically significant differences in vWF levels between the 
patients with mild and moderate disease (p = 0.001), and between mild 
and severe patients (p = 0.0001). The highest levels were found in 
moderate or severe disease, thus mirroring the association between 
disease severity and the complement activation products. However, it is 
worth noting that vWF levels significantly correlated with SC5b-9 levels 
(r = 0.517, p = 0.0001), but not with C5a levels (r = 0.132). 

The data distribution does not change when the patients were sub-
divided via sex, age or BMI. Plasma vWF levels did not display any 
correlation with age or BMI. 

The levels of vWF were also higher in patients with high viral load 
than with low viral load (369%, range 219–667% vs 341%, range 
90–601%), but the difference was not statistically significant. 

3.3. Other biomarkers of endothelial activation/damage 

Given the limited nature of the sampling, t-PA antigen, PAI-1 anti-
gen, sTM and sE-selectin could only be measured in a subgroup of 50 
patients (13 with mild, 21 with moderate, and 16 with severe disease) 
(Fig. 3a-d). In comparison with the controls (13.4 ng/mL, range 
6.1–26.0 ng/mL), plasma levels of t-PA antigen were higher in the pa-
tients with mild (28.5 ng/mL, range 12.6–63.9 ng/mL; p = 0.0001), 
moderate (41.0 ng/mL, range 22.2–94.2 ng/mL; p = 0.0001) and severe 

Fig. 1. Plasma levels of soluble complement terminal complex (SC5b-9) (1a) and activated complement component 5 (C5a) (1b) in 58 COVID-19 patients kept under 
observation and receiving low-intensity care (mild), 44 patients requiring intermediate care with non-invasive ventilation (moderate), 46 patients admitted to an 
intensive care unit for mechanical ventilation (severe), and 27 healthy controls. 
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disease (35.7 ng/mL, range 16.0–75.2 ng/mL; p = 0.0001), with a sta-
tistically significant difference in levels between the patients with mild 
and moderate disease (p = 0.012) (Fig. 3a). 

The levels of PAI-1 antigen were also higher in the three patient 
groups: mild disease (25.4 ng/mL, range 6.2–48.7 ng/mL [p = 0.0001]), 
moderate disease (34.6 ng/mL, range 12.9–59.5 ng/mL [p = 0.0001]) 

Fig. 2. a) Plasma levels of von Willebrand factor (vWF) in 58 COVID-19 patients kept under observation and receiving low-intensity care (mild), 44 patients 
requiring intermediate care with non-invasive ventilation (moderate), 46 patients admitted to an intensive care unit for mechanical ventilation (severe), and 27 
healthy controls; b) Correlation between the plasma levels of vWF and soluble complement terminal complex (SC5b-9) in 148 COVID-19 patients. 

Fig. 3. Plasma levels of tissue-type plasminogen activator (t-PA) (3a), plasminogen activator inhibitor-1 (PAI-1) (3b), soluble thrombomodulin (sTM) (3c), and 
soluble E-selectin (sE-selectin) (3d) in 13 COVID-19 patients kept under observation and receiving low-intensity care (mild), 21 patients requiring intermediate care 
with non-invasive ventilation (moderate), 16 patients admitted to an intensive care unit for mechanical ventilation (severe), and 20 healthy controls. 
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and severe disease (25.1 ng/mL, range 8.1–46.0 ng/mL [p = 0.0001]) 
than in the controls (4.2 ng/mL, range 1.5–35.3 ng/mL) without any 
significant difference between the patient groups (Fig. 3b). 

There was no significant difference in the plasma levels of sTM be-
tween the patients with mild disease (2947 pg/mL, range 553–4499 pg/ 
mL), moderate disease (2827 pg/mL, range 1170–6662 pg/mL) or se-
vere disease (3224 pg/mL, range 1154–5188 pg/mL) and the controls 
(2426 pg/mL, range 1520–4599 pg/mL) (Fig. 3c). Finally, sE-selectin 
levels were significantly higher in the patients with severe disease 
(37.5 ng/mL, range 16.0–122.0 ng/mL) than in the controls (p = 0.031) 
and patients with moderate disease (p = 0.003), but there was no sig-
nificant difference between the patients with mild (28.0 ng/mL, range 
10.0–56.0 ng/mL) or moderate disease (20.5 ng/mL, range 8.0–37.0 ng/ 
mL) and the normal controls (22.0 ng/mL, range 9.0–49.0 ng/mL) 
(Fig. 3d). 

3.4. Hematological and inflammatory parameters and their correlations 
with complement activation and endothelial activation/damage 

Table 1 shows that our cohort of COVID-19 patients had increased 
levels of acute phase proteins, and hematological and coagulation sys-
tem abnormalities. The plasma levels of fibrin fragment D-dimer 
increased with disease severity, and correlated with plasma vWF (r =
0.358, p = 0.001), CRP (r = 0.315, p = 0.0001) and IL-6 levels (r =
0.307, p = 0.008), as well as with neutrophil counts (r = 0.466, p =
0.0001). CRP levels increased with disease severity, and correlated 
positively with SC5b-9 (r = 0.288, p = 0.0001), C5a (r = 0,259, p =
0.002, vWF (0.382, p = 0.0001), ferritin (r = 0.447, p = 0.0001) and IL- 
6 levels (r = 0.454, p = 0.0001), and inversely with lymphocyte counts 
(r = − 0.428, p = 0.0001). Ferritin levels increased with disease severity 
and correlated positively with SC5b-9 (r = 0.318, p = 0.0001) and vWF 
levels (r = 0.450, p = 0.0001), and inversely with lymphocyte counts (r 
= − 0.325, p = 0.0001). IL-6 levels were high in all three groups and 
highest in the patients with severe disease but did not correlate with 
plasma SC5b-9 (r = 0.133) or C5a levels (r = 0.181). Lymphocyte counts 
decreased with the increase of disease severity, and inversely correlated 
with plasma vWF levels (r = − 0.376, p = 0.0001). 

3.5. Follow-up 

Thirty days after admission, plasma samples were obtained from 30 
patients in remission after experiencing different degrees of disease 
severity (20 with mild, eight with moderate, and two with severe dis-
ease) and were used to measure SC5b-9, C5a and vWF levels, which had 
respectively decreased from 511 ng/mL (range 256–783 ng/mL) to 373 
ng/mL (range 151–640 ng/mL) (p = 0.0001), from 16.4 ng/mL (range 
6.1–20.9 ng/mL) to 11.7 ng/mL (range 2.5–18.8 ng/mL) (p = 0.001), 
and from 310% (range 133–623%) to 145% (range 46–286%) (p =
0.0001). Fig. 4 shows the reduction in plasma SC5b-9 and vWF levels by 
disease severity, and it is interesting to note that both normalised in 43% 
of all cases and 50% of the cases of mild disease. 

A treatment with subcutaneous low molecular weight heparin at a 
daily dose of 100–200 IU/Kg and oral hydroxychloroquine at a daily 
dose 400 mg was carried out in all the patients enrolled in the study. 
Additional drugs were added depending on the clinical course of the 
patients and according to the physicians’ opinion. SC5b-9, C5a and vWF 
levels at 30 days displayed a statistically significant reduction in all the 
patients in remission. Treatment with i.v. methylprednisolone in 12 
patients at daily dose of 80 mg did not show a significant difference in 
the levels of these biomarkers in comparison with the 18 COVID-19 
patients that did not receive methylprednisolone. The addition of s.c. 
Anakinra in 6 patients on methylprednisolone at a daily dose of 
300–600 mg did not affect C5b-9, C5a and vWF values at the end of the 
follow up. Ta
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4. Discussion 

The complement system is emerging as a major player in the path-
ophysiology of COVID-19: it has been recognized that it played an 
important role in the development of respiratory dysfunction in mouse 
models of infections due to previous coronaviruses (SARS-CoV1 [20] 
and MERS-CoV [23]), and there have been recent reports of complement 
activation [13,14,22] and tissue deposition in the lung and skin of a few 
COVID-19 patients [12]. 

Our findings show that C5a and SC5b-9 levels were increased in 148 
patients with mild, moderate or severe disease, thus extending our 
previous observations [13] and revealing the concomitant activation of 
endothelial cells. The increase was proportional to the severity of the 
disease, and the levels decreased after clinical improvement. These 
findings support the view that SC5b-9 plasma levels may be considered 
sensitive indicators of COVID-19 severity and activity. Furthermore, 
their detection in COVID-19 patients suggests that the pathogenic role of 
complement is not restricted to the action of C5a but also involves 
SC5b-9. This has important therapeutic implications insofar as it implies 
that the aim of treating such patients with complement inhibitors should 
not be limited to controlling the C5a-C5aR1 axis [14], but should also be 
extended to blocking the assembly of the terminal complex. 

It is difficult to identify the factors responsible for in vivo complement 
activation in COVID-19 patients, but the observations that the spike 
protein activates the alternative pathway [24] make it likely that 
SARS-CoV-2 is the initial trigger. Our data showing the association of 
higher viral load in the nasopharyngeal tissues with higher SC5b-9 levels 
are in line with the recent report that viral load predicts mortality [25] 
and further supports a direct role of the virus in complement activation. 
Reduced interferon activity due to impaired function of critical genes or 
production of interferon blocking autoantibodies may contribute to a 
defective response to SARS-CoV-2 [26,27] and eventually to higher viral 
load in turn associated with disease severity [25] and complement 
activation. However, the activation of the classical pathway by anti-
bodies against the different viral epitopes cannot be excluded. More-
over, interferon may regulate the synthesis of complement components 
by various cell types [28,29], and the larger availability of complement 
components may fuel the increase in the levels of activation products. 
Interferon may activate complement in a rare vasculopathy, Degos 
Disease [30] but to date there is no evidence for such mechanisms in 
COVID-19. 

COVID-19 has been primarily conceptualised as an acute respiratory 
viral disease, but it is now accepted that it is a systemic disease in which 
a hyper-inflammatory response to the virus and generalised coagulop-
athy are thought to mediate damage to a number of tissues and organs. 

Together with pro-inflammatory cytokines, complement activation 
contributes to the induction and amplification of the inflammatory 
process as a result of the ability of C5a and SC5b-9 to recruit phagocytic 
cells in the lung and other infected organs, activate endothelial cells, and 
stimulate vascular permeability [19,31]. 

There is growing evidence that a common pathogenic denominator is 
endotheliopathy, as supported by the recent finding of increased plasma 
biomarkers of vascular injury [7,32]. In line with this, we found a sig-
nificant increase in the plasma levels of vWF in all three of our patient 
groups, with the highest values being observed in those with moderate 
and severe disease. In order to support the presence of endotheliopathy 
further, we also measured a number of biomarkers of endothelial acti-
vation/damage in a subgroup of 50 patients. Tissue-type plasminogen 
activator and PAI-1 levels were increased in all of the patients regardless 
of disease severity, and both are widely accepted markers of endothelial 
damage in cardiovascular disorders and other vasculopathies [33]. It 
can be speculated that the increase in t-PA levels may also be related to 
activation of the fibrinolytic system, as shown by the high levels of the 
fibrin degradation product D-dimer [5]. Furthermore, increased secre-
tion of PAI-1 by the activated endothelium may contribute to throm-
bophilia [34], but the techniques we used to detect t-PA and PAI-1 does 
not measure the functional activity of either, and so we cannot say 
whether their activity is enhanced. The soluble isoform of E-selectin, an 
endothelium-specific adhesion molecule released by activated or 
damaged cells, was also increased in the patients with severe COVID-19. 
Taken together, the presence of all these biomarkers speaks in favor of 
endotheliopathy in our patients, in line with the findings of a previous 
study [7] which, like ours, did not reveal any increase in plasma sTM. 
The soluble variant of TM is the result of proteolytic cleavage of the 
molecule from the endothelial cell surface after vascular injury, and 
plasma sTM has been detected in heterogeneous forms of endotheliop-
athy such as during the course of sepsis, TNF-induced endothelial acti-
vation and ARDS. However, normal or reduced levels of sTM have been 
found in patients with other vasculopathies, which raises doubts as to 
whether it is a sensitive enough marker of endothelial damage [35]. 

The correlation between circulating SC5b-9 levels and vWF during 
the course of active disease and their similar decline during remission 
suggest that complement activation plays an active role in the patho-
physiology of COVID-19. It has been reported that the terminal com-
plement complex may induce a pro-thrombotic and pro-inflammatory 
endothelium phenotype and mediate vWF release not necessarily as a 
result of cell death [36]. Although these studies used in vitro models, it is 
possible to speculate that similar mechanisms take place in vivo and, if 
so, this would explain the correlation between complement activation 
and circulating vWF levels. Our data strongly support the hypothesis 

Fig. 4. Plasma levels of soluble complement terminal complex (SC5b-9) (4a) and von Willebrand factor (vWF) (4b) upon admission and 30 days later in 30 patients 
who developed COVID-19 of different severity: 20 patients who had been kept under observation and received low-intensity care (mild); eight patients who had 
required intermediate care with non-invasive ventilation (moderate); and two patients who had been admitted to an intensive care unit for mechanical ventilation 
(severe). The dotted lines represent the lower and upper limits of normal. 
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that, in addition to the effect of pro-inflammatory cytokines and direct 
SARSCoV-2 endothelial tropism via ACE2 receptors [8], activation of the 
complement cascade plays a key role in mediating COVID-19 
endotheliopathy. 

It is worth noting that, as serum IL-6 levels did not have any rela-
tionship with those of C5a, SC5b-9 and vWF, complement activation 
may play an independent role in mediating the release of vWF from 
damaged endothelial cells [18,36]. Consequently, measuring comple-
ment activation products (particularly SC5b-9) may provide a sensitive 
and useful biomarker of COVID-19 severity and activity. Interestingly, 
both complement activation products and vWF levels tend to decrease or 
normalize during remission. Ad hoc clinical trials should be planned to 
validate the same biomarkers for evaluating the effect of the therapy. 

5. Conclusions 

In conclusion, complement should be accepted as another key 
pathogenic player in COVID-19 endotheliopathy and coagulation 
dysfunction because it mediates both vascular injury and coagulopathy 
as a result of its close crosstalk with the coagulation cascade. Drugs 
blocking complement activation are therefore potential means of con-
trolling the severe manifestations of COVID-19, alone or in combination 
with other anti-inflammatory and anti-viral drugs [22,37]. 
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