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TO THE EDITOR—The recent article by de Nooijer, et al [1] correlates complement 

activation with morbidity and mortality in COVID-19. The authors discuss cytokines, 

inflammation, coagulation, and thromboembolic events, but never reach any conclusions 

regarding the path by which complement activation causes severe and sometimes fatal 

disease. 

 The final component of the complement pathway is the membrane attack complex 

(MAC) or terminal complement complex (TCC). MAC plays an important role in the early 

response to pathogens. This response is a critical defense mechanism against some 

extracellular pathogens, such aa Neisseria meningitides, with vulnerable cell membranes 

that can have pores created by MAC. Host cells are protected primarily by a membrane 

protein called CD59 which blocks the final addition of C9 which is necessary for the final 

formation of MAC. With many invading microbes, complement activation is intensified and 

CD59, as well as other lesser defense mechanisms, can be overwhelmed, resulting in 

endothelial cell damage by MAC. This endotheliopathy initiates two distinct pathways. The 

first is an inflammatory response marked by the release of interleukin-6. The second is a 

microthrombotic pathway heralded by the release of unusually large von Willebrand factor 

(ULVWF). The long multimers of von Willebrand factor extend from the surfaces of 

endothelial cells and trap activated platelets forming microthrombi. Microthrombogenesis has 

been proposed as the pathophysiological mechanism responsible for the acute respiratory 

distress syndrome (ARDS) as well as the multi-organ dysfunction syndrome (MODS) [2]. 

Diffuse alveolar damage, which is the histopathologic correlate of ARDS, has been found to 

be the predominant histopathology in COVID-19 [3]. Special stains have shown von 

Willebrand factor in the thrombi of small vessels and capillaries in the lungs of autopsied 

COVID-19 patients [4]. Tissue factor is not involved in microthrombogenesis. Furthermore, 

there is no coagulopathy as factor VIII is normal or elevated in COVID-19 patients rather 

than decreased as would be expected in a consumptive coagulopathy [5]. This is consistent 

with other microthrombotic disorders which have been found to have normal or elevated 

levels of factor VIII [6]. 
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 The authors mention the high incidence of thromboembolic events in COVID-19 

patients in their discussion. These are macrothrombotic events and are to be distinguished 

from the previously discussed microthrombotic features of COVID-19. Macrothrombosis 

occurs when the pathways of microthrombogenesis and fibrinogenesis (coagulation 

pathway) merge to form macrothrombi [7]. The coagulation pathway commences with 

subendothelial and extravascular injury which releases tissue factor. The vascular injury can 

be caused by numerous factors including needle sticks and vascular catheters. 

 Lastly, the authors comment on the possible use of C5 inhibitors as therapy. 

Eculizumab has been used successfully in at least two small trials [8,9]. These trials, while 

successful, note the increased risk of bacteremia and bacterial pneumonia. 
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