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A B S T R A C T   

We explored the pathological changes and the activation of local complement system in COVID-19 pneumonia. 
Lung paraffin sections of COVID-19 infected patients were analyzed by HE (hematoxylin-eosin) staining. The 
deposition of complement C3, the deposition of C3b/iC3b/C3d and C5b-9, and the expression of complement 
regulatory proteins, CD59, CD46 and CD55 were detected by immunohistochemistry. In COVID-19 patients’ lung 
tissues, fibrin exudation, mixed with erythrocyte, alveolar macrophage and shed pneumocyte are usually 
observed in the alveoli. The formation of an “alveolar emboli” structure may contribute to thrombosis and 
consolidation in lung tissue. In addition, we also found that compared to normal tissue, the lung tissues of 
COVID-19 patients displayed the hyper-activation of complement that is represented by extensive deposition of 
C3, C3b/iC3b/C3d and C5b-9, and the increased expression level of complement regulatory proteins CD55, and 
especially CD59 but not CD46. The thrombosis and consolidation in lung tissues may contribute to the patho
genesis of COVID-19. The increased expression of CD55 and CD59 may reflect a feedback of self-protection on the 
complement hyper-activation. Further, the increased C3 deposition and the strongly activated complement 
system in lung tissues may suggest the rationale of complement-targeted therapeutics in conquering COVID-19.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a 
new member of coronavirus (CoVs) family, is the etiologic agent in the 
pandemic of COVID-19 (Corona Virus Disease 2019). It is a positive- 
sense single-stranded RNA virus, coated particles, round or oval, often 
polymorphic, with a diameter of 60–140 nm [12]. Its genetic charac
teristics are distantly different from severe acute respiratory syndrome 
coronavirus (SARS-CoV) and Middle East respiratory syndrome coro
navirus (MERS-CoV), and it has 88–89% homology with bat SARS-like 
coronavirus (bat-SL-CoVZC45 and SL-CoVZXC21) [36]. SARS-CoV-2 
infection, like SARS [69] and MERS [70] coronavirus infections, can 
also cause severe lung damage [65,72]. Some patients may have acute 
respiratory distress syndrome (ARDS), multiple organ failure, and the 

critically ill patients need to be admitted to the intensive care unit (ICU) 
[72]. Based on the clinical retrospective analysis of nearly 9000 patients, 
the transmission rate of COVID-19 was 3.77, and the mortality rate is 
about 3.06% [73]. Although the mortality rate is much lower than SARS 
and MERS, SARS-CoV-2 infectiousness seems to be stronger. 

The spike protein (S protein) of coronavirus helps the virus enter the 
target cells. Similar to SARS-CoV, SARS-CoV-2 S protein contains a 
receptor-binding domain (RBD) [73], by which SARS-CoV-2 binds to a 
receptor called angiotensin-converting enzyme 2 (ACE2) to infect 
human cells, and enters the target cells in the assistance of the protease 
TMPRSS2 [30,75]. Type II alveolar epithelial cells (AT2) become the 
primary target of COVID-19 invasion due to high expression of ACE2, 
thus leading to the impaired lung function and pneumonia of the 
infected individuals [75]. Through the single-cell sequencing, it has 
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been demonstrated that there are more organs such as small intestine, 
heart, kidney, colon, bladder, and testicles than lung to express ACE2 in 
varying levels, suggesting that these organs may also be affected by 
SARS-CoV-2 [11,16,71]. Accordingly, SARS-CoV-2 may cause diarrhea 
[16], liver damage [11,42], renal damage, and heart attack [22,29]. 

The innate immune system plays a first-line defense against virus 
infection to prevent the virus from invading or replicating. As an 
important part of innate immunity, complement system is also a bridge 
connecting innate and adaptive immunity, and plays a key role in 
removing cellular debris, apoptotic/dead cells and foreign invading 
pathogens, and further in coordinating the entire immune and inflam
matory response [57,58]. Although complement is mainly synthesized 
in the liver, a large number of studies have also shown that different 
components of complement are also expressed in alveolar epithelial cells 
and pulmonary endothelial cells [1,15,25,62]. The complement system 
can be activated quickly and strongly upon pathogen invasion via 
classical, lectin and/or alternative pathways [61], thus causing signifi
cant increase of complement activation products such as C3a, C5a, C3d 
and C5b-9 (MAC, membrane attack complex) in lung tissue [31,33,34, 
49]. The hyper-activation of complement may subsequently contribute 
to the lung damage [7,64] as observed in SARS patients [13,52]. Be
sides, C5b-9 staining on tubules and vessels of the kidney, and on the 
hepatic artery and portal vein of the liver were also observed in 
COVID-19 patients [45]. 

In SARS-CoV-2 infection, all of the surface glycoprotein including 
spike proteins, antiviral antibodies, elevated CRP (C-Reactive Protein), 
and metabolic acidosis are potential to activate complement via three 
distinct pathways [8,9]. The lectin pathway has ever been reported to be 
activated in COVID-19 patients, resulting in the significant increase of 
serum C5a [24]. Further, extensive depositions of C4d that is produced 
in complement activation via classical and lectin pathways and of 
C5b-C9 that is terminal complement membrane-attack complex (MAC) 
has been detected in septal capillaries and interalveolar septa of the 
lungs from COVID-19 autopsies [46]. MASP2 (representative of activa
tion of lectin complement pathway) deposition on microvasculature of 
skin biopsy was found restricted to severe/critical COVID-19 cases [39]. 
In addition, SARS-CoV-2 spike proteins are able to directly activate 
complement alternative pathway [74]. In consistent, serum concentra
tion of C3 decreased in 8 out of 14 (57%) health care workers infected 
with SARS-CoV-2, indicating the C3 consumption most likely due to the 
complement activation [68]. Thus, the inhibitors against distinct com
plement components such as C5a [24], C5 [19,38,76] and C3 [48] have 
achieved a favorable effect in the preliminary clinical trial for COVID-19 
treatment. Complement regulatory protein CD55 is known to be 
over-expressed in peripheral monocytes of COVID-19 patients [35], and 
the mutations in CD55 have been linked to severity of COVID-19 disease 
[56]. However, the expression levels of three membrane complement 
regulatory proteins, CD55, CD46, and CD59 have not been systemati
cally examined in lungs of COVID-19 patients. In the present study, we 
detect the pathological features, the complement activation and the 
expression of the above complement regulatory proteins in two 
COVID-19 patients, which may be helpful for the future therapeutics in 
COVID-19. 

2. Materials and methods 

2.1. Patients and clinicopathological information collection 

The lung tissues were collected from two female COVID-19 patients 
at Renmin Hospital of Wuhan University, Wuhan, China, who were 86 
(Case 1) and 55 (Case 2) years old, respectively. Laboratory findings, 
chest CT results and other clinical information of the patients were 
collected and listed in Table 1. Case 1 has essential hypertension, 
lacunar infarction and chronic gastritis. CT (Computed Tomography) 
scan showed ground-glass opacities with consolidation and reticular 
and/or interlobular septal thickening located on the outside of both 

lungs upon admission. The nucleic acid testing confirmed that she was 
infected with SARS-CoV-2. The patient died with oxygen saturation 
values decreased to 60%. The timelines was 6 h from death to autopsy. 
The body was stored and autopsy was performed at room temperature. 

Table 1 
Clinical Features and Treatments of Patients.  

Patient No. Case 1 Case 2 

Age 86 55 
Gender Female Female 
Duration of 

hospitalization 
(days) 

18 11 

Co-morbidities Essential hypertension 
Coronary heart disease 
Lacunar infarction 
Chronic gastritis 

No 

Symptoms (fever, 
cough, dyspnea) 

Yes (6 days before 
admission) 

Yes (4th day after 
admission, one day after 
surgery) 

Smoking history No No 
Laboratory findings 2 days before death: 

White blood cell count: 
15.90 £ 10^9/L↑; Red 
blood cell count: 2.89 £
10^12/L↓; Hemoglobin: 
82 g/L↓; Platelet count: 
76 £ 10^9/L↓; Percentage 
of neutrophils: 93.5%↑; 
Percentage of 
lymphocytes: 1.3%↓; 
Absolute neutrophils 
count: 14.88 £ 10^9/L↑; 
Absolute lymphocytes 
count: 0.20 £ 10^9/L↓; 
Plasma prothrombin 
time: 14.5 s↑; Activated 
partial thromboplastin 
time: 46.3 s↑; Thrombin 
time: 18.2 s; Fibrinogen: 
6.1 g/L↑; D-dimer: 1.30 
mg/L↑; 
C-reactive protein: 33.3 
mg/L↑ 

2 days before death: 
White blood cell count: 
3.98 £ 10^9/L; 
Hemoglobin: 121 g/L; 
Platelet count: 121 £
10^9/L↓; Absolute 
neutrophils count: 2.99 
£ 10^9/L; Absolute 
lymphocytes count: 0.68 
£ 10^9/L↓; 
Plasma prothrombin 
time: 14.30 s↑;Activated 
partial thromboplastin 
time: 33.40 s↑; 
Fibrinogen: 6.37 g/L↑; D- 
dimer: 1.33 mg/L↑; 
C1q: 271 mg/L↑ 

Computed 
tomography (CT) 
presentation 

Ground-glass opacities 
with consolidation and 
reticular and/or 
interlobular septal 
thickening located on 
both lungs 

One day before surgery: 
10 mm Ground-glass 
opacification/opacity 
(confirmed as pulmonary 
meningioma-like nodule) 
4th day of appearance of 
symptoms: 
patchy ground-glass 
opacity and focal 
consolidation with 
increasing density in the 
left and right lungs 

Antiviral therapy No No 
Steroids therapy No No 
Ventilator support Mask oxygen inhalation Mask oxygen inhalation 
Surgery No Right lower lobectomy 

before the appearance of 
symptoms 

Oxygen saturation 99% (21st day of 
appearance of symptoms) 
98% (23rd day of 
appearance of symptoms) 
60% (24th day of 
appearance of symptoms) 

99% (1st day of 
appearance of symptoms) 
95% (4th day of 
appearance of symptoms) 
90% (6th day of 
appearance of symptoms) 
55% (7th day of 
appearance of symptoms) 

Days from 
appearance of 
symptoms to 
death (days) 

24 7 

Cause of death Respiratory failure 
Heart failure 

Respiratory failure 
Heart failure 

Autopsy Yes No  
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Lung tissue samples were autopsied from the patient with the consent of 
the patient’s family. Lung tissue was fixed with 10% buffered formalin 
immediately. Case 2 was diagnosed as 10 mm GGO (Ground-glass opa
cification/opacity) on CT scan, the classical COVID-19 ground-glass type 
of densities were not seen on the outside of both lungs. Her general 
condition was good, without fever, dizziness or respiratory symptoms. 
When she was admitted to the hospital, Wuhan was still in the early 
stages of the COVID-19 epidemic, so she did not undergo nucleic acid 
testing before surgery, but the following nucleic acid testing confirmed 
that she was infected with SARS-CoV-2. The patient underwent right 
lower lobectomy. The lesion of the GGO was confirmed as pulmonary 
meningioma-like nodule. On the first day post operation, her blood 
lymphocyte count decreased to 0.82 × 109/L. She presented with a fever 
of 38.5 ℃ on the second postoperative day. On the fourth day after the 
surgery, the patient gradually developed dyspnea and her blood oxygen 
saturation decreased to 95%. The patient died on the seventh day after 
the surgery with oxygen saturation values below 55%. In addition, two 
gender- and age-paired non-small cell lung cancer (NSCLC) patients 
without SARS-CoV-2 infection at the Zhongshan Hospital of Fudan 
University, Shanghai, China were included in this study, and their para- 
cancer lung tissue at least 2 cm away from cancer were collected as 
control. They were not in any other co-morbid conditions such as dia
betes, hypertension, cardiovascular disease and chronic obstructive 
pulmonary disease, and they did not have symptoms like fever, cough, 
and dyspnea. They had no history of smoking and they had not received 
any treatment before the operation. Prior written informed consent was 
collected from all patients. The study protocol was approved by the 
ethics board of Zhongshan Hospital of Fudan University and Renmin 
Hospital of Wuhan University (WDRY2020-K026, 2/14/2020). The 
diagnosis of pneumonia was confirmed by histology in all cases, though 
Case 1 and Case 2 were in different stages of pneumonia when the lung 
tissue samples were collected. Lung paraffin sections were analyzed by 
HE (hematoxylin-eosin) staining. Patients or the public were not 
involved in the design, or conduct, or reporting, or dissemination plans 
of our research. 

2.2. HE and Immunohistochemistry (IHC) staining 

Tissues were thoroughly fixed in 10% buffered formalin for at least 
24 h within 30 min after resection. Then the sectioned paraffin- 
embedded tissues were stained with HE. Two pathologists reviewed 
the sections to confirm the diagnosis. IHC assay using C3b/iC3b/C3d 
(ab136916, Abcam, Cambridge, MA, USA), C3 (ab200999, Abcam, 
Cambridge, MA, USA), C5b-9 (ab55811, Abcam, Cambridge, MA, USA), 
CD59 (ab133707, Abcam, Cambridge, MA, USA), CD55 (ab133684, 
Abcam, Cambridge, MA, USA), CD46 (ab108307, Abcam, Cambridge, 
MA, USA) rabbit monoclonal antibody was performed with iView DAB 
Detection Kit (Ventana, AZ, USA) on a BenchMark XT automated 
staining system (Ventana, AZ, USA). In brief, the tissue sections were 
deparaffinized and heat pretreated for antigen retrieval at 95 ◦C. Then 
tissue sections were incubated with primary antibody for 24 min at 37 ◦C 
after inactivation of the endogenous peroxidase. After washing, tissue 
sections were incubated with a biotinylated secondary antibody for 8 
min at 37 ◦C and then with a streptavidin-HRP conjugate. Primary 
antibody from the same species was used as the negative control. Same 
concentration of primary antibody and other IHC conditions were used 
to detect the COVID-19 group and control group. The results of IHC were 
assessed by two independent observers. If there was any discrepancy, 
the result was verified by a discussion panel consists of three observers. 
All observers were blinded with regard to the clinicopathological char
acteristics. The IHC images were analyzed with ImageJ software 
(1.51J8). 

2.3. Patient and public involvement 

Patients or the public were not involved in the design, or conduct, or 

reporting, or dissemination plans of our research. 

3. Results 

3.1. The histologic features in lung tissues of COVID-19 patients 

Representative laboratory findings, chest CT and other clinical in
formation of the patients were listed in Table 1. In Case 1, alveolar 
edema, dilated capillaries in the alveolar wall and vascular congestion 
were universally observed in the peripheral part of the pneumonia areas 
(Fig. 1A). In the center of the lesions, alveolar epithelial detachment 
along with ruptured capillaries of alveolar wall were noted (Fig. 1B), 
which led to fibrin exudation, mixed with erythrocyte, alveolar macro
phage and shed pneumocyte in the alveoli (Fig. 1C). The formation of an 
“alveolar emboli” structure resulted in thrombosis and consolidation of 
lung tissue (Fig. 1D), which may induce dyspnea and decreased oxygen 
saturation when infection is uncontrollable. The rupture of alveolar wall 
capillaries could be very sudden, leading to the rapid generation of 
blood clots in the alveoli, which might cause the sudden death of the 
COVID-19 patients. There was patchy inflammatory infiltration in the 
tissue. Medium to large blood vessels were found to be surrounded by 
some lymphocytes and plasma cells (Fig. 1E). Microthrombi were found 
within the alveolar capillaries. 

In Case 2, the lung lesion were generally less severe than that in CASE 
1, suggesting that pneumonia may be in the early stage. Histologically, 
the lesions were mainly composed of alveolar edema, dilated capillaries 
in the alveolar wall and vascular congestion (Fig. 2A). In the center area 
of the lesions, patchy shed alveolar epithelia, bleeding of capillaries of 
alveolar wall and fibrin exudate could be found (Fig. 2B). Type II 
pneumocyte hyperplasia and alveolar macrophage aggregation were 
also observed (Fig. 2C and 2D). The “alveolar emboli” structure could 
also be found in the alveolar cavity (Fig. 2E), though the alveolar injury 
were less severe than the former patient. 

3.2. The extensive complement activation in lungs of COVID-19 patients 

The paraformaldehyde-fixed lung tissues were subjected to IHC 
staining with C3, C3b/iC3b/C3d and C5b-9 antibodies. We found that 
compared to control lung tissues, the SARS-CoV-2-infected lung tissues 
displayed much higher C3 deposition levels, accompanied by much 
extensive deposition of complement activation products C3b/iC3b/C3d 
and C5b-9 (Fig. 3). In addition, C3, C3b/iC3b/C3d and C5b-9 distributed 
mainly along the alveolar wall and vascular intima, and partially on the 
membrane of macrophages and alveolar epithelial cells (Fig. 3). These 
results suggest that the complement system is strongly activated during 
COVID-19 infection, at least in part, due to the remarkably increased C3 
deposition level. 

3.3. Elevated expression of complements regulatory proteins in lungs of 
COVID-19 patients 

To understand the protective response to the complement hyper- 
activation, we next detected the expression levels of three membrane 
complement regulatory proteins, CD46, CD55, and CD59, in the above 
lung tissues. We found that the expression levels of CD55 and especially 
CD59 but not CD46 were elevated (Fig. 4), which suggests the local 
inflammatory condition may promote the expression of CD55 and CD59 
but not CD46. CD46 suppresses C3 activation by functioning as a 
cofactor for factor I–mediated cleavage of C3b and C4b [43]; while 
CD55 inactivates C3 and C5 convertases by preventing the formation of 
new and accelerating the decay of activated convertase via binding to 
C3b and C4b [44]. In addition, CD59 suppresses the complement acti
vation at terminal stage by preventing MAC assembly on the cell 
membrane via binding to C8α and C9 [77]. Therefore, the remarkable 
increase of CD59 expression (upper panel in Fig. 4) may restrain the 
formation of C5b-9 (bottom panel in Fig. 3) in lung tissues. These 
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feedback upregulation of membrane complement regulatory proteins 
may provide a protective effect from the complement attack on host cells 
due to excessive activation. 

4. Discussion 

COVID-19 is still a global public health crisis, thus requiring further 
study especially on the effective therapeutics. In this study, we found 
that the thrombosis and consolidation in lung tissues may contribute to 
the pathogenesis of COVID-19 based on the pathological changes. More 
importantly, in the lung tissues of COVID-19 patients, there are exten
sive deposition of complement activation products including C3b/iC3b/ 
C3d and C5b-9, both of which are stably inserted into cell membrane, 
indicating the excessive complement activation in SARS-CoV-2 infec
tion. These findings provide the rationality of the therapeutic strategy 
targeting the complement and/or coagulation systems in COVID-19 
treatment. 

The complement system can be activated through three pathways: 
Classic, Lectin and Alternative [57], all of which converge on C3 level to 
produce the activation products including C3a, C3b, iC3b, C3f, C3d, C3g 
and C3c [66]. Among them, C3d may stably insert into cell membrane 
via its thioester bond, thus being an indicative of C3 activation. Pul
monary C3d depositions were also found in the lungs of patients without 
COVID-19, independent of the diagnosis of ARDS (acute respiratory 
distress syndrome) [17]. At the terminal stage, C5 is cleaved into C5a 
and C5b, the latter of which assembles C5b-9 (MAC) in cell membrane 
by sequentially binding to C6, C7, C8 and C9. Among the complement 
cleavage products, C3a, especially C5a, may recruit a variety of immune 
cells and secrete a large number of proinflammatory cytokines (TNF-α, 
IL − 1, IL-6, etc.) and chemokines (MCP-1, MIP-2, KC, etc.) [59] by 
interacting with their receptors C3aR, or C5aR1 and C5aR2 / C5L2, 

respectively. Indeed, some cytokines such as IL-6, IL-10, and TNF-α were 
found to be significantly increased in the serum of severe COVID-19 
patients [18]. Moreover, C3b and its more stable degradation product 
iC3b can bind to a variety of complement receptors (CR) such as CR1, 
CR2, CR3, CR4 and CRIg that are expressed in immune cells, by which 
the immune cells may engulf or lyse these invaders. In addition to the 
direct cytolysis, C5b-9 can also activate NLRP3 inflammatory bodies, 
which in turn induces the maturation and secretion of IL-1β [37,67]. In 
this study, we found that the extensive deposition of C3b/iC3b/C3d and 
C5b-9 in the lung tissue of patients with COVID-19, indicating the 
excessive local complement activation, which may eventually lead to a 
severe immune attack on host cells and the resultant pneumonia. In 
animal models of viral infections such as SARS or MERS, the deletion of 
complement C3 gene, the pre-depletion of complement, or the use of 
complement inhibitors against different components can significantly 
reduce the infiltration of immune cells in the lungs and the level of 
related cytokines, thereby significantly reducing lung tissue damage 
[28,32,33,63,64], indicating that after virus infection, complement 
activation plays an important role in immune cell recruitment and 
cytokine release. In similar, anti-C5a antibody BDB-001 [24] or IFX-1, 
anti-C5 antibody eculizumab and LFG316 [19,38,76], and C3 antago
nist AMY-101 [48] have shown some favorable effect based on their 
preliminary data in a few COVID-19 patients. 

In order to avoid the "by-stander injury" effect on host cells after 
complement activation, there are more than 10 kinds of complement 
regulatory proteins, including membrane-bound complement regulatory 
proteins CD46, CD55 and CD59, and circulating complement inhibitors 
C1-INH, C4BP, FH, which play a complement inhibitory role at different 
stages of complement activation. It has been reported that CD55 [2,14, 
60] and CD59 [21,27,60] together with C3 [6,20,23,41,50] can be 
upregulated by the pro-inflammatory cytokines such as IL-1β, IL-6, 

Fig. 1. Representative images for hematoxylin- 
eosin (HE) staining of Case 1 COVID-19 pneu
monia. A. Alveolar edema, dilated capillaries in 
the alveolar wall and vascular congestion. B. In 
the center of the lesion, alveolar epithelial 
detachment along with ruptured capillaries of 
alveolar wall. C. Fibrin exudation, mixed with 
erythrocyte, alveolar macrophage and shed 
pneumocyte in the alveoli (arrows). D. The 
formation of an “alveolar emboli” structure led 
to thrombosis and consolidation of lung tissue 
(arrows). E. Medium to large blood vessels were 
found be surrounded by some lymphocytes and 
plasma cells. F. Normal lung tissue of paired 
control patient. Microphotography was carried 
out by Olympus DP74 microscope under a 
40 × objective. Scale bar is 50 µm.   
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TNF-α, TGF-β and IFN-γ, acute-phase proteins, lipopolysaccharide (LPS), 
and the inflammation-associated transcription factor NF-κB. In the 
SARS-CoV-2-infected lung tissues, we observed the upregulation of 
CD55, CD59 and C3, which may result from the stimulation of the 
pro-inflammatory factors in the infectious milieu. The increased depo
sition of C3 may enhance the complement activation; In contrast, the 
upregulation of CD55 and CD59 may restrict the complement activation 
to tip the balance, thus protecting the host cells from the complement 
attack in COVID-19. 

Microvascular injury and thrombosis are the important characters of 
COVID-19 pneumonia, which displays a pauci-inflammatory septal 
capillary injury with significant septal capillary mural and luminal fibrin 
deposition [46]. The tight interaction between the coagulation and 
complement system has been widely appreciated [4,5,51,55]. Throm
botic microangiopathy (TMA) can occur in many different clinical sce
narios including pathogenic complement activation [10]. In atypical 
hemolytic uremic syndrome (aHUS) patients with severe COVID-19, C5a 
induced the exocytosis of von Willebrand factor (vWF) and P-selectin 
from Weibel-Palade bodies, thus promoting microthrombosis by favor
ing vWF binding on the endothelium and platelet [3]. The characteris
tics of aHUS is microangiopathic hemolytic anemia, thrombocytopenia, 
and acute renal failure, this kind of disorder is result of uncontrolled 
complement activation [10]. Herein, we found that fibrin exudation 
mixed with erythrocyte, alveolar macrophage and shed pneumocyte in 
the alveoli, the formation of an “alveolar emboli” structure. The strong 
deposition of C3b/iC3b/C3d and C5b-9 in the lung tissues of COVID-19 
pneumonia patients may further indicate the connection between 
capillary injuries, thrombosis and complement activation. 

Therefore, similar to the usage of complement inhibitors, our find
ings also imply the rationality of anti-coagulation drugs in treating 
COVID-19. The systemic anticoagulation might be associated with 

improved outcomes among patients hospitalized with COVID-19 [53]. 
Currently, LMWH (low molecular weight heparin), UFH (unfractionated 
heparin), or fondaparinux indicated for prophylaxis of venous throm
boembolism (VTE) was advised in all COVID-19 hospitalized patients by 
the Italian Society on Thrombosis and Hemostasis [47]. Though anti
coagulation has no benefit in hospitalized, critically ill COVID-19 pa
tients [26] but has a clear benefit in hospitalized non-critically ill 
COVID-19 patients [40]. Therefore, the complement inhibitors alone 
[54], the anti-coagulants alone, or their combination are worthy of 
clinical trials in COVID-19 treatment. 

5. Conclusions 

There is a tight interaction between coagulation and complement 
systems. In the lung tissues of COVID-19 patient, both of thrombosis and 
excessive complement activation were simultaneously observed, which 
may severely damage host cells, eventually lead to an irrecoverable lung 
injury and death. 

Ethical Approval 

The study protocol was approved by the ethics board of Zhongshan 
Hospital of Fudan University and Renmin Hospital of Wuhan University 
(WDRY2020-K026, 2/14/2020). 

Funding 

This work was supported by Research Fund from Shanghai Municipal 
Key Clinical Specialty (shslczdzk01302) and the Fundamental Research 
Funds for the Central Universities (2042020kf1012). 

Fig. 2. Representative images for HE staining 
of Case 2 COVID-19 pneumonia. A. Alveolar 
edema, dilated capillaries in the alveolar wall 
and vascular congestion. B. In the center area of 
the lesion, patchy shed alveolar epithelia, 
bleeding of capillaries of alveolar wall and 
fibrin exudate. C and D. Type II pneumocyte 
hyperplasia and alveolar macrophage aggrega
tion (arrows). E. An “alveolar emboli” structure 
in the alveoli (arrows). F. Normal lung tissue of 
paired control patient. Microphotography was 
carried out by Olympus DP74 microscope under 
a 40 × objective. Scale bar is 50 µm.   
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Fig. 3. Excessive complement activation in the lung tissues of COVID-19 and 
control cancer patients detected by Immunohistochemistry (IHC) staining for 
C3, C3b/iC3b/C3d and C5b-9. Compare to normal tissues (A, B, E, F, I, J), the 
deposition of C3, C3b/iC3b/C3d and C5b-9 in COVID-19 infected lung tissues 
(C, D, G, H, K, L) was remarkably elevated. Microphotography was carried out 
by Olympus DP74 microscope under a 40 × objective. Scale bar is 50 µm. The 
pooled results were obtained by analyzing the IHC images by ImageJ soft
ware (M). 

Fig. 4. The expression levels of complement regulatory proteins in the lung 
tissues of COVID-19 and control cancer patients detected by IHC staining for 
CD46, CD55 and CD59. Compare to normal tissues (A, B, E, F, I, J), the 
expression of CD59 and CD55 but not CD46 in COVID-19 infected lung tissues 
(C, D, G, H, K, L)were upregulated. Microphotography was carried out by 
Olympus DP74 microscope under a 40 × objective. Scale bar is 50 µm. The 
pooled results were obtained by analyzing the IHC images by ImageJ soft
ware (M). 
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