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A B S T R A C T   

Coronavirus disease 19 (COVID-19) may present as a multi-organ disease with a hyperinflammatory and pro
thrombotic response (immunothrombosis) in addition to upper and lower airway involvement. Previous data 
showed that complement activation plays a role in immunothrombosis mainly in severe forms. 

The study aimed to investigate whether complement involvement is present in the early phases of the disease 
and can be predictive of a negative outcome. 

We enrolled 97 symptomatic patients with a positive RT-PCR for SARS-CoV-2 presenting to the emergency 
room. The patients with mild symptoms/lung involvement at CT-scan were discharged and the remaining were 
hospitalized. All the patients were evaluated after a 4-week follow-up and classified as mild (n. 54), moderate (n. 
17) or severe COVID-19 (n. 26). Blood samples collected before starting any anti-inflammatory/ 
immunosuppressive therapy were assessed for soluble C5b-9 (sC5b-9) and C5a plasma levels by ELISA, and 
for the following serum mediators by ELLA: IL-1β, IL-6, IL-8, TNFα, IL-4, IL-10, IL-12p70, IFNγ, IFNα, VEGF-A, 
VEGF-B, GM-CSF, IL-2, IL-17A, VEGFR2, BLyS. Additional routine laboratory parameters were measured (fibrin 
fragment D-dimer, C-reactive protein, ferritin, white blood cells, neutrophils, lymphocytes, monocytes, platelets, 
prothrombin time, activated partial thromboplastin time, and fibrinogen). Fifty age and sex-matched healthy 
controls were also evaluated. 

SC5b-9 and C5a plasma levels were significantly increased in the hospitalized patients (moderate and severe) 
in comparison with the non-hospitalized mild group. SC5b9 and C5a plasma levels were predictive of the disease 
severity evaluated one month later. IL-6, IL-8, TNFα, IL-10 and complement split products were higher in 
moderate/severe versus non-hospitalized mild COVID-19 patients and healthy controls but with a huge het
erogeneity. SC5b-9 and C5a plasma levels correlated positively with CRP, ferritin values and the neutrophil/ 
lymphocyte ratio. 
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Complement can be activated in the very early phases of the disease, even in mild non-hospitalized patients. 
Complement activation can be observed even when pro-inflammatory cytokines are not increased, and predicts a 
negative outcome.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) displays a bimodal presenta
tion with the first phase characterized by flu-like symptoms and the 
second one associated with pneumonia and multi-organ damage. The 
final clinical outcome is heterogeneous. While most of the patients 
display a mild or moderate upper airway illness not requiring hospi
talization, some develop severe disease and to life-threatening acute 
respiratory distress syndrome (ARDS) [1–3]. These complications are 
largely due to immune dysregulation with a hyperinflammatory and 
prothrombotic response (immunothrombosis) triggered by the SARS- 
CoV-2 virus and sustained by different pathogenic mechanisms [4,5]. 

Besides the high circulating levels of pro-inflammatory cytokines (e. 
g. Interleukin [IL]-6) there is growing evidence that complement acti
vation plays a crucial role [6] as suggested by increased plasma levels of 
activation products (soluble C5b9 [sC5b-9], C5a) and complement de
posits in the affected tissues of COVID-19 patients [7–26]. This finding is 
consistent with the complement involvement reported in several viral 
diseases including infections with other coronaviruses [27–29] and the 
suggested protective effects of complement blockade on COVID-19 [6]. 

Moreover, complement activation is associated with endotheliop
athy, increased necrosis markers and disease severity with a trend to 
normalization in remission [8,30]. Altogether this finding supports that 
inflammation, and in particular complement activation, is crucial in 
COVID-19 pathogenesis and may be used as a predictive tool. 

Predicting the risk of severe COVID-19 would be useful to direct 
limited health resources toward patients at the highest risk requiring 
more intensive management. Age, male sex, genetic markers and 
comorbidities (e.g. obesity, diabetes, immunosuppression) are well- 
known variables affecting the final outcome of the disease and predic
tive of more severe disease [31,32]. 

While the studies on the predictive markers of disease aggressiveness 
have been largely performed in severe/hospitalized patients, much less 
information is available for mild COVID-19 in the early phase of the 
disease. The aim of our study was to assess whether complement is 
already activated at the presentation of the disease with different 
severity and whether the plasma levels of complement activation 
products can predict the clinical outcome and in particular the extent of 
lung involvement. Therefore, we searched for relationships between 
circulating levels of markers of inflammation and complement activa
tion at baseline, and COVID-19 severity (classified as mild, moderate 
and severe) after a follow-up of four weeks. Since treatment may 
potentially affect the biological parameters, only patients whose blood 
samples were obtained before receiving any anti-inflammatory/ 
immunosuppressive drugs were included in the study. 

2. Patients and methods 

2.1. Patients 

We studied 97 symptomatic patients presenting to the emergency 
room (ER) of Reggio Emilia Hospital between 9th March 2020 and 22nd 
April 2020 for suspected COVID-19 during the outbreak peak. These 
patients were prospectively followed-up. The inclusion criteria were age 
> 18 years and a diagnosis of COVID-19 confirmed by 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 
autoimmune diseases, and pregnancy. 

During the COVID-19 outbreak, the diagnostic protocol for these 
patients included nasopharyngeal and oropharyngeal swabs for RT-PCR, 

blood tests, chest X-rays, and CT scans in cases of positive X-ray findings 
or negative X-rays but highly suggestive clinical features. Starting from 
March 13, 2020, each radiologist completed a routine CT report and a 
structured report that included the presence/absence of ground-glass 
opacities and consolidations, and the extent of pulmonary lesions 
using a visual scoring system (< 20%, 20–39%, 40–59%, ≥ 60%) [33]. 
CTs performed between March 9 and March 13, 2020 (before the 
introduction of the structured report) were retrospectively reviewed by 
two expert chest radiologists (L.S. and G.B.) to collect the same pa
rameters described above. 

A multidisciplinary team (pulmonologists, infectious disease spe
cialists, intensive care specialists and emergency physicians) established 
a six-class classification based on patient features, vital signs, medical 
history, symptoms, blood test results and instrumental findings to 
manage patients presenting to the ER [34]. Six clinical phenotypes were 
identified. Patients belonging to the first two clinical phenotypes (Phe
notypes 1 and 2A) were discharged and referred to the preventive 
medicine and public health department for follow-up and advised to 
home quarantine and symptomatic therapy. These patients usually had a 
fever, with or without respiratory symptoms, with SpO2 > 95% in room 
air and respiratory rate < 25 breaths per minute, with or without 
radiological evidence of pneumonia (usually <20% of lung parenchymal 
involvement at CT-scan), and with a negative walking test. All other 
patients were hospitalized. 

The demographic characteristics of the enrolled patients are reported 
in Table 1. 

The clinical outcome was evaluated after a 4-week follow-up period 
and the patients were classified as mild (n.54), moderate (n. 17) or se
vere COVID-19 (n. 26). Mild cases included patients with phenotypes 1 
and 2A patients, who during the follow-up had stable disease and were 
not hospitalized; patients presenting with phenotypes 2B and 3 at ER 
admission and not worsening during the follow-up were considered 
moderate COVID-19. These patients were hospitalized and responded to 
conventional patients O2 therapy. Phenotypes 4 and 5 at ER admission 
or patients presenting with milder disease, but worsening during the 
follow-up, were considered severe cases. These patients were hospital
ized and were admitted to sub-intensive units or to the intensive care 
unit dedicated to COVID-19 patients requiring non-invasive mechanical 
ventilation (NIV) or intubation. 

The healthy control group comprised 50 healthy subjects: 35 men 
and 15 women with a median age 54 years, range 35–65. Samples were 
collected before the COVID-19 pandemic and randomly selected to 
match sex and age of the patients fom the archives of IRCCS Istituto 
Auxologico Italiano. 

On the day of admission or on the following day, antecubital vein 

Table 1 
Demographic and clinical characteristics of the enrolled patients.   

Non-hospitalized (n =
54) 

Hospitalized (n =
43) 

Demographics 
Gender, %F (n) 59.30 (32) 26.20 (11) 
Age, mean (SD) 50.50 (15.8) 61.70 (12) 
Lung damage, % (n) 
Parenchymal involvement   
<20% 100.00 (54) 5.90 (1) 
20–60% 0.00 (0) 73.90 (31) 
>60% 0.00 (0) 23.20 (11) 

Ground glass 71.70 (33/46) 97.05 (42) 
Area of parenchymal 

consolidation 
30.40 (14/46) 74.80 (32)  
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blood samples were collected into EDTA tubes for the measurement of 
sC5b-9 and C5a, and in serum tubes for the measurement of the cyto
kines. Within two hours, the samples were centrifuged at 2000 ×g for 15 
min at room temperature, and then the plasma aliquots were immedi
ately frozen and stored at -80C◦ until testing. Serum/plasma samples 
from these patients have been collected before starting any therapy that 
could potentially affect the immune parameters under investigation. 
Most of the hospitalized patients with moderate/severe COVID19 were 
treated with tocilizumab and/or glucocorticoids. 

The results of the following laboratory parameters were obtained 
from the patients’ clinical records: fibrin fragment D-dimer, C-reactive 
protein (CRP), ferritin, white blood cells, neutrophils, lymphocytes, 
monocytes, platelets, prothrombin time (PT), activated partial throm
boplastin time (aPTT), and fibrinogen. 

The study was approved by the Area Vasta Emilia Nord (AVEN) 
Ethics Committee on 28 July 2020 (protocol number 855/2020/OSS/ 
AUSLRE – COVID-2020- 12371808) and was carried out in conformity 
with the 2013 revision of the Declaration of Helsinki and the code of 
Good Clinical Practice. 

2.2. Complement activation products 

The plasma levels of sC5b-9 and C5a were measured using solid- 
phase assays (MicroVue Complement SC5b-9 Plus EIA kit, MicroVue 
Complement C5a EIA, Quidel Corporation, San Diego, CA, USA) as 
previously described [7,8]. Intra- and inter-assay coefficients of varia
tion (CVs) were respectively 6.8% and 13.1% for sC5b-9 and < 12% for 
C5a. The lower detection limit was 3.7 ng/ml for sC5b-9 and 0.01 ng/ml 
for C5a. The following cutoffs [95th percentile] were calculated in the 
group of healthy subjects: 411.50 ng/ml for sC5b-9 and 15.53 ng/ml for 
C5a respectively. 

2.3. Cytokine detection 

We performed multi-analyte profiling of 17 soluble mediators in 
patients’ and controls’ serum samples using the automated microfluidic 
analyzer ELLA (BioTechne, Minneapolis, MN, USA), according to the 
manufacturer’s protocol. Based on the assay dilution factor, the 
following panels were analyzed: panel 1) IL-1β, IL-6, IL-8, TNFα; panel 
2) IL-4, IL-10, IL-12p70, IFNγ; panel 3) IFNα, VEGF-A, VEGF-B, GM-CSF; 
panel 4) IL-2, IL-17A, VEGFR2, BLyS. Intra- and inter-assay CVs were <
8%. 

2.4. Statistical analysis 

Descriptive statistics were used to summarize the demographic and 
clinical characteristics of the enrolled patients. Unless otherwise indi
cated, all data are given as median [25th and 75th percentiles]. Differ
ences among unmatched groups were assessed by applying a non- 
parametric Kruskal-Wallis test and pairwise comparisons were 
adjusted by using Dunn’s post hoc test. 

Spearman’s test was performed to assess the correlation between 
continuous variables. A p-value <0.05 was considered significant. The 
association between COVID-19 outcome (moderate/severe vs mild) and 
complement split products was investigated by performing a multivar
iable logistic model. Age and comorbidities were identified as con
founders and included in the model. A p-value <0.05 was considered 
significant. 

Statistical analysis was performed using R statistical package version 
4.0.5 for Windows [35]. 

3. Results 

3.1. Patients 

Of the 97 patients included in the study, 54 were classified as mild, 

17 as moderate, and 26 as severe COVID-19 according to the scoring 
method detailed in the section Materials and Methods. Compared to 
non-hospitalized patients, those who were hospitalized were older, more 
likely to be males, and had greater lung parenchymal involvement, areas 
of ground-glass opacity, and parenchymal consolidation. Only one pa
tient with lung involvement <20% was initially discharged but then 
hospitalized a few days after the first visit to the hospital and eventually 
classified as moderate. 

Table 2 reports the therapies carried out in the three groups during 
the follow-up. All the severe patients who underwent intubation, had 
been previously treated with NIV. 

3.2. Laboratory profile of the patients at admission 

Blood samples from all the patients were collected before starting the 
treatment to avoid any drug interference with the biological parameters 
to analyse. 

Table 3 reports the hematological and inflammatory parameters of 
the included patients. 

3.3. Complement activation product levels predict disease severity 

Plasma levels of soluble sC5b-9 and C5a in the moderate and the 
severe subgroups of COVID-19 patients were significantly higher than in 
the healthy controls, consistent with the data reported in our previous 
study [8]. In particular, some moderate/severe patients display plasma 
levels of C5a lower than the cutoff. However, most of these patients (six 
out of nine) had high levels of sC5b-9 (Supplementary Table A.1). The 
data presented in Fig. 1 also show that the plasma levels of C5a and 
SC5b-9 were significantly higher in the mild group of COVID-19 patients 
as compared to the healthy controls. 

The plasma levels of C5a and sC5b-9 at admission were predictive of 
the disease severity evaluated one month later. 

As reported in Table 1 moderate/severe disease was associated with 
older age and was more frequent in males. Patients with ≥1 concomitant 
comorbidity were older than patients without (61.5 ± 13.5 vs 47.3 ±
13.6, p < 0.0001) and were equally distributed among male and female 
patients. Therefore, the male gender and the presence of ≥1 comorbidity 
increased the risk of moderate/severe COVID-19. C5a and sC5b-9 
plasma levels predicted the disease severity also after adjusting for 
gender, and the presence of comorbidities (p = 0.02 and p < 0.001, 
respectively). 

3.4. Cytokine levels 

IL-6, IL-10, and TNFα serum levels were significantly higher in all 
three patients’ sub-groups versus the healthy controls (Fig. 2). When the 
hospitalized moderate/severe patients were grouped together, the 
serum levels of IL-6, IL-8, IL-10, and TNFα were substantially higher 
than those in the non-hospitalized mild group even though with large 

Table 2 
Therapies carried out in the included patients.   

Mild (n =
54) 

Moderate (n =
17) 

Severe (n =
26) 

Therapy, % (n) 
NIV 0.0 (0) 0.0 (0) 96.2 (25) 
Intubation 0.0 (0) 0.0 (0) 38.5 (10) 
TCZ + GCs +

Anticoagulants 0.0 (0) 5.9 (1) 42.3 (11) 

TCZ + Anticoagulants 0.0 (0) 52.9 (9) 42.3 (11) 
GCs + Anticoagulants 0.0 (0) 11.8 (2) 7.7 (2) 
Anticoagulants 3.7 (2) 29.4 (5) 7.7 (2) 

NIV: non-invasive ventilation; TCZ: Tocilizumab; GCs: glucocorticosteroids; 
Anticoagulants: only 2 patients were on Vitamin K antagonists and the 
remaining were on prophylactic heparin. 
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variability (data not shown). There were no significant differences in 
serum levels of IL-1β, IFNγ, IL-12p70, IL-4, GM-CSF, IFNα, VEGF-A, 
VEGF-B, BLyS, IL-17A, IL-2, and VEGFR2 between the examined groups. 

3.5. Correlation between complement activation products and cytokines 

The levels of IL-6, IL-8, TNFα, IL-10 and complement activation 
products were higher in hospitalized (moderate/severe) versus non- 
hospitalized (mild) COVID-19 patients and healthy controls. However, 
the analytical data displayed a huge variability. Fig. 3 shows the levels of 
IL-6 and C5a (A) or sC5b-9 (B) in the three clinical subgroups of patients. 
The complement activation product levels were widely distributed 
particularly in the mild and the moderate subgroups, suggesting that 
complement activation is not necessarily associated with the increase of 
the prototype pro-inflammatory cytokine (i.e. IL-6) in COVID-19 pa
tients. Comparable results were found for the relationship between 
complement activation products and the other cytokines (data not 
shown). 

3.6. Correlation between complement activation product levels and other 
laboratory parameters 

SC5b-9 and C5a plasma levels correlated positively with CRP values 
(r = 0.714 [95%CI: 0.578 to 0.811], p < 0.0001 and r = 0.633 [95%CI: 
0.472 to 0.754], p < 0.0001 respectively). A comparable correlation was 
also found between sC5b-9, C5a levels and ferritin (r = 0.645 [95%CI: 
0.477 to 0.767], p < 0.0001; r = 0.551 [95%CI: 0.357 to 0.700], p <
0.0001). Levels of both CRP and ferritin have been reported to increase 
during the hyper-inflammatory state of COVID-19 [36]. 

Levels of both sC5b9 and C5a significantly correlated also with 
another parameter of COVID-19 severity such as the neutrophil/ 
lymphocyte ratio (NLR) (r = 0.497 [95%CI: 0.304 to 0.651] p < 0.0001 
and r = 0.450 [95%CI: 0.246 to 0.615] p < 0.0001 respectively). 

4. Discussion 

The present study shows that the plasma levels of complement 
activation products are increased in COVID-19 patients extending 
similar findings previously reported in another cohort of patients 
recruited in the North of Italy [7,8]. In addition, the data reveal that: (i) 
complement can be activated in the very early phases of the disease and 
in mild non-hospitalized patients; (ii) complement activation occurs 
even when pro-inflammatory cytokines are not increased, and (iii) the 
measurement of complement activation products before anti- 
inflammatory therapy predicts a negative outcome. 

Complement activation in COVID-19, particularly in severely ill pa
tients in whom immunothrombosis represents the main pathogenic 
mechanism [6]. In fact, the activation of the complement cascade has 
been associated with parameters of endothelial damage and necrosis 
markers [8,30]. These finding together with the known ability of com
plement to induce neutrophil activation and chemotaxis, activation, and 
to promote NET formation support the crucial role played by this system 
in thrombus formation, particularly in lung microcirculation [6,37]. 
Although pro-inflammatory cytokines may also contribute, recent 
studies have shown that a significant number of patients have low serum 
levels of cytokines and manifest cytokine-independent disease progres
sion, in contrast with high complement activation markers [8,38,39]. 
These findings suggest that the two inflammatory pathways can be 
distinct. The demonstration of increased complement activation prod
ucts at the beginning of the disease and even in the not hospitalized mild 
variants is consistent with the possibility that inflammation may not 
solely dependent on the production of pro-inflammatory cytokines. 

Table 3 
Hematological and inflammatory parameters of the cohort.  

Parameter Mild Moderate Severe Normal 
ranges 

(n = 54) (n = 17) (n = 26) 

D-dimer ng/ml 
306 [221 to 
458] 

998 [446 to 
1320] 

1171 [527 to 
3031] 

<500 

CRP mg/dl 0.34 [0.05 
to 1.06] 

8.01 [5.84 to 
13.88] 

17.2 [12.82 
to 26.31] 

0.00– - 
0.50 

Ferritin ng/ml 
152 [64 to 
330] 

906 [633 to 
1100] 

602 [342 to 
1664] 30– - 400 

PT ratio 
0.98 [0.93 
to 1.03] 

1.02 [1.01 to 
1.10] 

1.11 [1.06 to 
1.16] 

0.84– - 
1.20 

aPTT ratio 
1.02 [0.92 
to 1.12] 

1.13 [1.04 to 
1.19] 

1.11 [0.97 to 
1.25] 

0.86– - 
1.20 

Fibrinogen 365 [318 to 
442] 

574 [509 to 
631] 

646 [520 to 
722] 

165– - 350 

Leukocytes 
x103/μl 

5.60 [4.34 
to 7.23] 

6.71 [5.31 to 
9.76] 

6.56 [5.45 to 
8.34] 

4.80– 
-10.80 

Neutrophils 
x103/μl 

3.80 [2.70 
to 5.50] 

4.60 [4.00 to 
8.30] 

6.60 [5.50 to 
8.30] 

1.50– - 
6.50 

Lymphocytes 
x103/μl 

1.40 [1.10 
to 1.80] 

0.90 [0.70 to 
1.40] 

0.60 [0.50 to 
0.90] 

1.20– - 
3.40 

Monocytes x103/ 
μl 

0.40 [0.30 
to 0.50] 

0.30 [0.20 to 
0.50] 

0.20 [0.20 to 
0.40] 

0.20– - 
0.60 

Platelets 226 [195 to 
277] 

209 [163 to 
264] 

237 [219 to 
319] 130– - 430 x103/μl  

Fig. 1. Complement activation products in Covid-19 patients. Distribution of C5a (A) and sC5b-9 (B) levels in the mild, moderate and severe COVID-19 groups, and 
in the healthy controls (HC). The bars are the median values. The circles identify samples with C5a levels lower than the cutoff (15.53 ng/ml). ** p < 0.001, *** p 
< 0.0001. 
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Fig. 2. Cytokine quantification in Covid-19 patients. Serum levels of IL-6, IL-10, IL-8 and TNFα in the mild, moderate and severe COVID-19 groups and healthy 
controls. * p < 0.05, ** p < 0.001, *** p < 0.0001. 

Fig. 3. Relationship between complement activation products and IL-6 in Covid-19 patients. Analytical data of C5a (A) or sC5b-9 (B) and of IL-6 levels in the three 
patients’ subgroups. Vertical dotted lines correspond to C5a (A) or sC5b-9 (B) cutoff. Horizontal dotted lines correspond to IL-6 cutoff levels. 
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The mechanism of complement activation in COVID-19 patients has 
not been fully elucidated. SARS-CoV-2 was reported to activate com
plement through the N-protein that binds MASP-2 thereby activating the 
lectin pathway of the complement cascade [40,41]. In vitro studies have 
also shown that spike proteins (subunits S1 and S2) of SARS-CoV-2 may 
activate the alternative pathway [41–43]. In addition, complement was 
found to be activated via the classical pathway by antibodies against the 
viral RBD and by antibodies to self-antigens in tissues damaged by the 
virus [25,44]. Another study reported that an inducible cell-intrinsic C3 
convertase was generated in respiratory epithelial cells during infection 
with SARS-CoV-2 [45]. 

The endothelial injury in COVID-19, especially in severe cases, has 
similarities to that reported in other thrombotic microangiopathies in 
which a genetic predisposition for complement activation plays a 
pathogenic role in combination with a triggering factor leading to 
thrombosis and tissue damage [46,47]. A genetic predisposition toward 
complement activation has also been reported in severe COVID-19 
which may contribute to the final pathogenic scenario [48–50]. 

Complement activation products proved to be predictive markers of 
the disease outcome evaluated after four weeks of follow-up after 
excluding any interference of variables, such as age, gender, and co- 
morbidities, that are well known to represent negative predictors. 
Moreover, the fact that the blood samples were collected from the pa
tients before starting treatment rules out any interference of concomi
tant anti-inflammatory therapies. 

It is worth noting that the levels of sC5b-9 appear to be a more 
reliable marker of in vivo complement activation being high in a few 
patients whose C5a levels fell within the normal range. This finding is 
consistent with data in our previous studies [7,8] and can be explained 
by the fact that soluble sC5b-9 is a more stable complex that remains in 
the fluid phase in comparison with anaphylatoxin C5a which can be 
cleared and recycled by C5a receptors with different kinetics [51,52]. 

The crucial role of complement activation is further supported by the 
correlation between the C5a and C5b9 levels and the values of well- 
known markers of inflammation in COVID-19 such as CRP and ferritin 
[36]. The same is also true for the neutrophil/lymphocyte ratio which 
has been reported as an additional marker of inflammation and a 
negative prognostic factor [53]. 

In conclusion, the measurement of complement activation products 
and their kinetics is emerging as a useful tool for stratifying patients at 
higher risk of severe disease and for optimizing appropriate utilization 
of the health system resources during a pandemic situation. 
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