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of the C5b-9n membrane attack complex to direct lysis of

infected cells.
have the capacity to regulate activation of the complement
We readwith great interest the recent article published by Sun

et al. reviewing the literature concerning the virulence of

pathogenic Leptospira species and pathogenesis of leptospi-

rosis [1]. As noted by the authors, this virulence results from

adherence factors, invasive enzymes, and endogenous toxins

inherent to these spirochetes, which can facilitate the mech-

anism of diffusion and inflammatory response.

While this provides strong evidence for the virulence of

Leptospira, it also suggests the susceptibility of the hosts'
complement system to these factors. Here, we would like to

expand this discussion on how the hosts’ complement sys-

tem is hijacked by Leptospira strains in human systems to

better understand their mechanisms of infection and

inflammation. Physiologically, the complement system plays

integral roles through the classical, lectin, and alternate

pathway, namely the production of opsonins that promote

phagocytosis, recruitment of inflammatory mediators via C3a

and C5a anaphylatoxins products generated by the basophil

and mast cell immune response, mobilization of inflamma-

tory mediated by C3a and C5a fragments, activation of B

lymphocytes and production of antibodies, and organization
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However, pathogenic Leptospira have the capacity to

override complement activation, hijack host complement

regulators, and target key complement proteins via self- and

host-expressed proteases [2]. Serum-resistant leptospires

system at the C3/C4 level, which restricts the deposition of

C5, C6, C7, C8, C9, and C5b-9n seen in nonpathogenic strains

[2]. Depositions of C3 alongside IgM, IgG, and IgA on the

alveolar basement membrane in a guinea pig model of se-

vere pulmonary leptospirosis [3], might suggest pathogenic

strains directly or indirectly inactivate classical, lectin, and

alternative pathways. These strains are also capable of

secreting metallopeptidases, maintaining a high polarity for

diffusion across the bloodstream into internal organs and

containing proteases that easily cleave terminal comple-

ment proteins, such as C6, C7, C8, and C9 [2,4]. C3 and C3

fragments, factor B (alternative pathway), C4b (lectin

pathway), and C2 (lectin pathway) are also inactivated by

these proteases [2,4]. These strains are notably activators of

regulators of complement activation proteins that inhibit

the complement system.

Taken together, we can understand that Leptospira evade

complement-mediated killing through: (i) direct effects of

endogenous proteases and virulence factors described by Sun

et al., (ii) action through hosts’ complement response regu-

lation pathway to trigger a nonselective autoimmune

response, and a possible (iii) indirect inactivation of comple-

ment pathways by an unknown mechanism.
f Alberta, 116 St & 85 Ave, T6G 2R3, Edmonton, Alberta, Canada.

vier B.V. This is an open access article under the CC BY-NC-ND

mailto:paj1@ualberta.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bj.2020.08.014&domain=pdf
www.sciencedirect.com/science/journal/23194170
https://doi.org/10.1016/j.bj.2020.08.014
https://doi.org/10.1016/j.bj.2020.08.014
https://doi.org/10.1016/j.bj.2020.08.014
http://creativecommons.org/licenses/by-nc-nd/4.0/


b i om e d i c a l j o u r n a l 4 3 ( 2 0 2 0 ) 4 6 2e4 6 3 463
Conflicts of interest

The authors declare no conflicts of interest.
r e f e r e n c e s

[1] Sun AH, Liu XX, Yan J. Leptospirosis is an invasive infectious
and systemic inflammatory disease. Biomed J 2020;43:24e31.
[2] Barbosa AS, Isaac L. Strategies used by Leptospira spirochetes
to evade the host complement system. FEBS Lett
2020:1873e3468.13768.

[3] Nally JE, Chantranuwat C, Wu XY, Fishbein MC, Pereira MM,
Pereira Da Silva JJ, et al. Alveolar septal deposition of
immunoglobulin and complement parallels pulmonary
hemorrhage in a Guinea pig model of severe pulmonary
leptospirosis. Am J Pathol 2004;164:1115e27.

[4] Fraga TR, Isaac L, Barbosa AS. Complement evasion by
pathogenic Leptospira. Front Immunol 2016;7:623.

http://refhub.elsevier.com/S2319-4170(20)30148-7/sref1
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref1
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref1
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref2
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref2
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref2
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref2
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref3
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref3
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref3
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref3
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref3
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref3
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref4
http://refhub.elsevier.com/S2319-4170(20)30148-7/sref4
https://doi.org/10.1016/j.bj.2020.08.014
https://doi.org/10.1016/j.bj.2020.08.014

	Role of the complement in Leptospira virulence and infection
	Conflicts of interest
	References


