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A plea for the pathogenic role of immune complexes in severe Covid-19
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A comprehensive picture of the immunopathological events that
occur after infection by SARS-CoV2 is progressively emerging, with
distinct features in benign versus severe cases and at earlier versus later
stages of infection. For the first time, however, the involvement of
immune complexes (ICs) in the pathogenesis of severe cases of Covid-19
is evoked in the review article by Felsenstein et al. that we have read
with great interest [1]. Most of the recent clinical and immunological
studies performed in patients with severe Covid-19 have focused on the
secondary burst of massive inflammation, at the primary site of infec-
tion in the lung, and also in other organs such as the kidney and the
cardio-vascular or neurological systems, associated with the Cytokine
Release Syndrome (CRS), commonly designated as a ‘cytokine storm’
[2]. The relatively low percentage of severe Covid-19 in patients with
chronic inflammatory disorders treated by powerful inflammatory cy-
tokine inhibitors [3], as well as encouraging preliminary results with
anti-IL6 agents such as tocilizumab [1] indicate that preventing or
treating the CRS may prevent or treat a number of severe clinical forms
of Covid-19. However, why does the CRS occur only in a proportion of
patients? What is the primum movens of the phenomenon? What are the
mechanisms that make the link between the CRS and the recognized
risk factors of severe Covid-19 (older age, male gender, hypertension,
diabetes)? These questions are still unanswered. As rightly outlined by
Felsenstein et al., ICs have to be seriously considered among the po-
tential determinants of the CRS [1]. This hypothesis is justified by the
delayed occurrence of the cytokine storm and patient's aggravation,
pathological observations of endothelitis, association with disseminated
microvascular thrombosis in the most severe cases, and location of the
lesions to specific organs, including heart, brain, kidney and skin [1,4];
similar observations are common in experimental and clinical models of
pathogenic ICs, such as serum sickness, or viral diseases with IC de-
position and massive inflammatory reactions [5]. In the recent weeks,
observations of intravenous immunoglobulins- (Igs-) responsive Kawa-
saki-like disease in children with SARS-CoV2 infection [6] and the ef-
ficacy of IL-1 receptor antagonist (anakinra) in a severely ill COVID-19
teenage patient [7] were published. Both add new arguments to the
hypothesis, the former in view of the documented association of the
Kawasaki syndrome with IC formation and deposition [8] and the latter
because the authors showed that high inflammatory markers were as-
sociated with pathologically low levels of C3 and C4 Complement

components. The first report of Covid-19 treated with the Complement
C3 inhibitor AMY-101 paves the way towards a new therapeutic ap-
proach which also strongly supports our hypothesis [9].

Historical studies on serum sickness focused on the circumstances of
IC disease occurrence and stressed the triggering effect of differences in
hydrostatic pressure and vasoactive changes in microvessels to enhance
IC deposit, inflammatory reaction, endothelitis and microthrombosis
[5]. In SARS-CoV2 infection, the particular property of the virus to bind
ACE2 [1], an enzymatic inhibitor of angiotensin II, able to modify the
local microenvironment of ICs in vessels and alveoli, could be a trigger
factor for IC-related endothelitis. Previous microvascular alterations, as
those seen in arterial hypertension or diabetes which are well-re-
cognized factors for Covid-19 severity [4], may also favor pathogenic
deposits of ICs with subsequent inflammation. The elegant pathological
analyses performed in selected cases of Covid-19 highlighted critical
alterations of the endothelial cells in relation to the presence of the
virus, suggesting a role of virus-receptor interaction [10]. However, as
far as we know, the non-mutually exclusive hypothesis of an involve-
ment of ICs was not ruled out. Although viral RNA detection in en-
dothelia may indicate a role for direct virus pathogenicity in micro-
vessels, it does not exclude that viral material may only be a part of
pathogenic ICs in various organs.

Historical experimental studies also demonstrated that the proper-
ties and pathogenicity of ICs are altered by antigen-antibody ratio, and
occurrence of serum sickness has generally been observed in ‘antigen
excess’ [5]. Thus, the corresponding figure may vary during the course
of the infection and according to the maturity of the immune system in
children or its decline in aging individuals [1]. Therapy with plasma
from Covid-19 patients after recovery could, in addition to its suggested
role by providing neutralizing antibodies, play a role by modifying the
antigen/antibody ratio that would be crucial for the beneficial versus
pathogenic nature of ICs. By analogy with Kawasaki disease, individual
susceptibility may be, at least partially, related to variants of genes
involved in B cell-related immunity (e.g. BLK, CD40/CD40L, and
FCGR2A genetic variants) [8].

The specific humoral and cellular immune response towards SARS-
CoV2 was comprehensively analyzed in a non-severe case of the disease
[11]. More recently antibody follow-up was performed in patients with
mild symptoms and critically ill patients, showing differences between
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the two clinical forms of Covid-19 [12]. However, very few of the
published reports refer to classical indicators of IC-related diseases,
such as Complement components, and in the case of renal involvement
[8] Complement and Ig deposits in renal tissue and their relationship to
the glomerular basement membrane were not documented. Measure-
ment of Complement consumption and of components of the Comple-
ment activation cascade might provide clues to the demonstration of IC
involvement, which could receive more conclusive support from their
identification in pathological samples when available. Genetic sus-
ceptibility related to abnormal regulation of the classical and alter-
native pathways of Complement activation should also be explored. In
addition, identification of ICs by simple techniques such as PEG-pre-
cipitation, followed by the characterization of their viral and Ig content
using mass spectrometric-based proteomic techniques [8], could pro-
vide evidence for their role in the CRS associated with SARS-CoV2 in-
fection.

In the same line as the follow-up of anti-SARS-CoV2 antibodies and
their isotypes (including IgA, because of the mucosal nature of the viral
infection) that of Complement components, combined with non-in-
vasive diagnosis of endothelitis and micro-thrombosis by imaging,
could help predict IC-related events in a given patient. Documenting the
status of ICs in Covid-19 may also be critical for the design and time
management of immune-based treatments such as plasma therapy and
vaccine.

Funding

The authors did not receive any specific grant for this paper from
funding agencies in the public, commercial or not-for-profit sectors.

Declaration of Competing Interest

None.

References

[1] S. Felsenstein, J.A. Herbert, P.S. McNamara, C.M. Hedrich, COVID-19: immunology
and treatment options, Clin. Immunol. 215 (2020) 108448, , https://doi.org/10.
1016/j.clim.2020.108448.

[2] J.B. Moore, C.H. June, Cytokine release syndrome in severe COVID-19, Science. 368
(2020) 473–474, https://doi.org/10.1126/science.abb8925.

[3] R. Haberman, J. Axelrad, A. Chen, R. Castillo, D. Yan, P. Izmirly, A. Neimann,
S. Adhikari, D. Hudesman, J.U. Scher, Covid-19 in immune-mediated inflammatory

diseases - case series from New York, N. Engl. J. Med. (2020), https://doi.org/10.
1056/NEJMc2009567.

[4] F. Zhou, T. Yu, R. Du, G. Fan, Y. Liu, Z. Liu, J. Xiang, Y. Wang, B. Song, X. Gu,
L. Guan, Y. Wei, H. Li, X. Wu, J. Xu, S. Tu, Y. Zhang, H. Chen, B. Cao, Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study, Lancet. 395 (2020) 1054–1062, https://doi.org/10.
1016/S0140-6736(20)30566-3.

[5] P.M. Carter, Immune complex disease, Ann. Rheum. Dis. 32 (1973) 265–271,
https://doi.org/10.1136/ard.32.3.265.

[6] V.G. Jones, M. Mills, D. Suarez, C.A. Hogan, D. Yeh, J. Bradley Segal, E.L. Nguyen,
G.R. Barsh, S. Maskatia, R. Mathew, COVID-19 and Kawasaki disease: novel virus
and novel case, Hosp. Pediatr. (2020), https://doi.org/10.1542/hpeds.2020-0123.

[7] C.E. Pain, S. Felsenstein, G. Cleary, S. Mayell, K. Conrad, S. Harave, P. Duong,
I. Sinha, D. Porter, C.M. Hedrich, Novel paediatric presentation of COVID-19 with
ARDS and cytokine storm syndrome without respiratory symptoms, Lancet
Rheumatol. (2020), https://doi.org/10.1016/S2665-9913(20)30137-5.

[8] S. Menikou, P.R. Langford, M. Levin, Kawasaki disease: the role of immune com-
plexes revisited, Front. Immunol. 10 (2019) 1156, https://doi.org/10.3389/fimmu.
2019.01156.

[9] S. Mastaglio, A. Ruggeri, A.M. Risitano, P. Angelillo, D. Yancopoulou,
D.C. Mastellos, M. Huber-Lang, S. Piemontese, A. Assanelli, C. Garlanda,
J.D. Lambris, F. Ciceri, The first case of COVID-19 treated with the complement C3
inhibitor AMY-101, Clin. Immunol. 215 (2020) 108450, https://doi.org/10.1016/j.
clim.2020.108450.

[10] Z. Varga, A.J. Flammer, P. Steiger, M. Haberecker, R. Andermatt, A.S. Zinkernagel,
M.R. Mehra, R.A. Schuepbach, F. Ruschitzka, H. Moch, Endothelial cell infection
and endotheliitis in COVID-19, Lancet. 395 (2020) 1417–1418, https://doi.org/10.
1016/S0140-6736(20)30937-5.

[11] I. Thevarajan, T.H.O. Nguyen, M. Koutsakos, J. Druce, L. Caly, C.E. van de Sandt,
X. Jia, S. Nicholson, M. Catton, B. Cowie, S.Y.C. Tong, S.R. Lewin, K. Kedzierska,
Breadth of concomitant immune responses prior to patient recovery: a case report of
non-severe COVID-19, Nat. Med. 26 (2020) 453–455, https://doi.org/10.1038/
s41591-020-0819-2.

[12] H. Hou, T. Wang, B. Zhang, Y. Luo, L. Mao, F. Wang, S. Wu, Z. Sun, Detection of IgM
and IgG antibodies in patients with coronavirus disease 2019, Clin. Transl.
Immunol. 9 (2020) e01136, , https://doi.org/10.1002/cti2.1136.

Dominique A. Vuittona,⁎, Lucine Vuittonb, Estelle Seillèsc,d,
Pierre Galanaude

a EA 3181, Université Bourgogne Franche-Comté, Besançon, France
b Department of Acute and Chronic Diseases, Education, and

Transplantation, Gastroenterology unit, University Hospital, Besançon,
France

c Immuno-biology Laboratory, Établissement Français du Sang (EFS)
Bourgogne Franche-Comté, Besançon, France

dU1098, Inserm-EFS-Université Bourgogne Franche-Comté, Besançon,
France

eU996, Inflammation, Microbiome and Immunosurveillance, Inserm,
Université Paris-Saclay, Clamart, France

E-mail address: dvuitton@univ-fcomte.fr (D.A. Vuitton).

⁎ Corresponding author at: EA 3181, Faculté de Médecine, Université Bourgogne Franche-Comté, rue Ambroise Paré, 25030 Besançon, France.

Letter to the Editor Clinical Immunology 217 (2020) 108493

2

https://doi.org/10.1016/j.clim.2020.108448
https://doi.org/10.1016/j.clim.2020.108448
https://doi.org/10.1126/science.abb8925
https://doi.org/10.1056/NEJMc2009567
https://doi.org/10.1056/NEJMc2009567
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1136/ard.32.3.265
https://doi.org/10.1542/hpeds.2020-0123
https://doi.org/10.1016/S2665-9913(20)30137-5
https://doi.org/10.3389/fimmu.2019.01156
https://doi.org/10.3389/fimmu.2019.01156
https://doi.org/10.1016/j.clim.2020.108450
https://doi.org/10.1016/j.clim.2020.108450
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1038/s41591-020-0819-2
https://doi.org/10.1038/s41591-020-0819-2
https://doi.org/10.1002/cti2.1136
mailto:dvuitton@univ-fcomte.fr

