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Coronavirus disease 2019 (COVID-19), a respiratory illness caused by infection with severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), has claimed over one million lives worldwide since December 2019. The complement system,

while a first-line immune defense against invading pathogens, has off-target effects that lead to increases in inflammation,

tissue damage, and thrombosis; these are common, life-threatening complications seen in patients with COVID-19. The

potential impact of complement activation in COVID-19 and possible treatments targeting the complement system are

discussed.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory illness caused by severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) infection  and was first recognized in December 2019 in Wuhan, China . The virus quickly spread

throughout the world and has been reported in over 180 countries . As of December 14, 2020, there have been 73,188,395

cases and 1,627,783 deaths worldwide . There is currently only one medication approved by the Food and Drug

Administration (FDA) for the treatment of COVID-19 as well as two additional antiviral therapies available through emergency

use authorization . New data on treatment possibilities are emerging daily, and many investigations and clinical trials are

underway. There is an urgent need for information on treatment of COVID-19. Many of the symptoms associated with COVID-

19 can be related to immune response and complement activation.

2. Complement as a Therapeutic Target

2.1. C3 Inhibition

Compstatin is a highly selective inhibitor of C3 . A potent compstatin-based C3 inhibitor, AMY-101, has been developed .

The molecule is a small peptide that is selective for human and primate C3. AMY-101 is currently in phase II clinical trials after

showing favorable safety and tolerability in humans in phase I trials. A case report has demonstrated that AMY-101 may

facilitate clinical improvement in severe COVID-19 patients . The case presents a 71-year-old male patient diagnosed with

ARDS caused by SARS-CoV-2. The patient was eligible as a candidate for experimental treatments of COVID-19, including

compassionate use of AMY-101. The therapy was administered as a one-time loading dose, followed by 13 daily maintenance

doses for a total of 14 days of treatment. No side effects were recorded after the loading dose and no infusion reactions were

reported during the entire duration of therapy. The patient showed dramatic clinical improvement within 48 h of AMY-101

treatment, demonstrated by significantly improved respiratory performance and a gradual decrease in oxygen requirements.

By day 19 after initiation of AMY-101 treatment initiation, the patient was afebrile with no respiratory symptoms and was

without need for oxygen support. This case report preliminarily demonstrates the safe and effective use of AMY-101 in the

treatment of severe COVID-19 and reinforces the need for further clinical studies of C3 inhibition as anti-inflammatory therapy.

2.2. C5 Inhibition
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C5 inhibition has been used clinically for 15 years in the setting of paroxysmal nocturnal hemoglobinuria (PNH), a rare blood

disorder characterized by complement-dependent hemolysis . The C5 inhibitors eculizumab (Soliris) and ravulizumab-

cwvz (Ultomiris) have both been proposed in the treatment of ARDS in COVID-19 . Eculizumab, a long-acting humanized

monoclonal antibody against complement C5, is currently available for compassionate use in COVID-19 under an expanded

access program . Preliminary results of patients with severe COVID-19 treated with eculizumab yielded positive results. In a

case report of four patients treated with eculizumab off-label, all patients successfully recovered after treatment with a noted

drop in inflammatory markers . The Eculizumab (Soliris) in COVID-19 Infected Patients (SOLID C-19) trial is an ongoing

compassionate use study . A preliminary case report demonstrates the safe and effective use of eculizumab in a 44-year-

old female patient with severe COVID-19 pneumonia on invasive mechanical ventilation . Upon treatment with eculizumab,

the patient’s chest x-ray and clinical condition improved. The patient continued to improve with consecutive doses and was

able to be extubated 14 days later after four doses of eculizumab. These preliminary results are promising until more data

become available. Ravulizumab-cwvz is a long-acting C5 complement inhibitor with an upcoming phase III clinical trial for

COVID-19 severe pneumonia . Based on anecdotal information from compassionate use cases, the phase III controlled

clinical trial will assess 28-day survival among patients with severe COVID-19 receiving ravulizumab with current best

supportive care or best supportive care alone. The study is expected to have primary outcome data by May 2021 and to be

completed by August 2021 .

Results of a recent exploratory study comparing the efficacy of eculizumab to AMY-101 in independent cohorts reported

clinical improvement in both groups of patients . Three patients with severe COVID-19 ARDS were given AMY-101 via

continuous IV infusion, while 10 patients with COVID-19 enrolled in a phase I/II single-arm clinical trial were given eculizumab

IV once weekly. All treated patients required oxygen support prior to treatment initiation. Both treatments resulted in sustained

anti-inflammatory response marked by reductions in C-reactive protein and IL-6, improvement in lung function, and resolution

of ARDS. C3 inhibition with AMY-101 resulted in further reduced neutrophil counts, serum LDH levels, and lymphocyte

recovery. These early results demonstrate not only the role of complement in COVID-19, but the utility of C3 and C5 as

therapeutic targets to improve patient outcomes.

Clinical trials have begun for monoclonal anti-human C5a antibody, IFX-1, in patients with COVID-19 with severe pneumonia

. IFX-1 is not thought to impact formation of the MAC. IFX-1 does not currently have any approved indications but is in

development to treat inflammatory conditions. According to preclinical data, IFX-1 controls inflammatory-related tissue and

organ damage . Phase II/III trials investigating the use of IFX-1 in COVID-19 are currently underway with results expected

in mid-2021 . Preliminary results are reported to be positive, with IFX-1 treatment associated with a trend in lower 28-day

all-cause mortality compared to best supportive care alone . Treatment with IFX-1 has also shown trends of maintained

kidney function, faster lymphocyte count normalization, and greater reduction in LDH in patients with severe COVID-19 .

Avdoralimab is a fully human monoclonal antibody that blocks the C5a receptor . By preventing the binding of C5a to the

receptor, avdoralimab has the potential to reduce the C5a mediated inflammatory response to SARS-CoV-2 in the lungs .

Double-blind, randomized phase II trials, named FOR COVID-19 Elimination (FORCE), began in April 2020 . The trial

compares avdoralimab against placebo in two cohorts of patients with COVID-19: those requiring supplemental oxygen and

those requiring mechanical ventilation. Results of the FORCE trial are expected at the end of 2020.

2.3. Heparin

Heparin is a familiar anticoagulant with clinical use dating back to the 1920s . It achieves anticoagulation through

antithrombin dependent inactivation of thrombin and activated coagulation factor Xa . It also prevents fibrin formation and

inhibits thrombin-induced activation of platelets and other coagulation factors .
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The utility of heparin in COVID-19 is not limited to its anticoagulant activity (Figure 1). Heparin has been shown to also have

anti-complement, anti-inflammatory, and anti-viral properties. Heparin interferes with C3 convertases and with the function of

late components of the complement system . It can do this independently of antithrombin binding activity . The inhibition

of C3 convertase blocks the cleavage of C3, preventing the creation of detrimental fragments C3a and downstream C5a.

Heparin inhibits inflammation through alteration of pro-inflammatory protein activity and prevention of adhesion and influx of

inflammatory cells in affected areas . Heparin interacts directly with viral particles and has been shown to bind to the

SARS-CoV-2 S1 Spike RBD, causing significant structural change and alteration of function . Coronavirus surface proteins

are known to interact with heparan sulfate, a glycosaminoglycans (GAG) closely related to heparin, in order to attach to target

cells . Heparin may act as a competitive inhibitor for these sites, decreasing viral attachment to host cells . The ability

of heparin to decrease complement activation, inflammation, and viral infiltration makes it a promising candidate for clinical

review in COVID-19.

Figure 1. Potential impact of heparin in COVID-19.

Heparin use in clinical trials has been divided into prophylactic or therapeutic dosing in the treatment of COVID-19 associated

thrombosis. A retrospective study by Tang et al. reviewed data from 449 patients with severe COVID-19 . All patients

received antiviral therapy with supportive care and 99 patients also received low molecular weight heparin (LMWH) at

prophylactic doses. Although no difference was found in 28-day mortality overall between the groups, heparin receivers did

have lower 28-day mortality if they had a sepsis-induced coagulopathy (SIC) score ≥4 or D-dimer greater than six times the

upper limit of normal. It was concluded that LMWH at prophylactic doses may be associated with improved prognosis in

patients with severe COVID-19 meeting SIC criteria or with markedly elevated D-dimer.

There is limited data available for the outcomes of patients with COVID-19 receiving therapeutic doses of heparin. One cohort

study of 2,773 patients found that of patients on invasive mechanical ventilation (n = 395), anticoagulation was associated

with an in-hospital mortality of 29.1% . Patients who did not receive anticoagulation (n = 1987) had an in-hospital mortality

of 62.7%. The study also found that patients were more likely to require invasive mechanical ventilation if they received

anticoagulation . A retrospective, observational study of 2,075 patients with COVID-19 compared mortality between

patients who received heparin (n = 1734) versus those who did not (n = 341) . The data were adjusted for age, gender,

signs of increasing severity (temperature greater than 30° C or oxygen saturation less than 90%), and other COVID-19

treatments. Heparin was associated with lower mortality when the model was adjusted for age and gender and remained

significant when additionally adjusted for severity and then other treatments. These promising observational results highlight

the need for further, controlled trials of heparin use in COVID-19.
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Although promising, the use of heparin in COVID-19 is not without safety concerns. Therapeutic dosing of heparin is

associated with a 10–15% risk of significant bleeding . Another concern is the rare risk for heparin-induced

thrombocytopenia. Although excess coagulation can cause many complications, coagulation in the alveoli and airways is

protective to isolate pulmonary pathogens and prevent infection. Heparin also has effects on various growth factors that may

result in protection or harm to organs . More information is needed before a recommendation may be made one way or the

other on the use of heparin in patients with COVID-19.

3. Conclusions

While there are many promising treatment options being investigated, the need for further discovery and understanding of

drugs to treat COVID-19 is paramount. Until the infection can be effectively prevented, proper diagnosis and drug therapy

remain on the forefront of treatment. Diagnostic testing and clinical presentation should be used to guide treatment so patients

are receiving the best therapy, offering them the best chance at survival and recovery. The complement system is key in the

body’s immune response to invading pathogens, its unchecked activation may lead to serious host damage and organ

dysfunction. Targeting complement has been demonstrated to be effective in the treatment of other inflammatory conditions

and may be the key to relieving immune-mediated lung inflammation and damage in COVID-19. Preliminary data suggest the

successful use of several anti-complement drugs in patients with severe COVID-19 pneumonia. Regulating complement

activation in response to SARS-CoV-2 has the potential to alleviate respiratory symptoms and prevent disease progression.

This has the power to improve patient outcomes and save lives.

Beyond COVID-19, complement is a possible target for many immune-mediated inflammatory conditions. Complement plays

a contributory role in many auto-immune diseases, such as systemic lupus erythematosus, rheumatoid arthritis, and

antiphospholipid antibody syndrome . Further demonstrated use of anti-complement therapies in COVID-19 may open the

door for their investigation in additional settings.
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