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Complement

• Part of innate immune system
• Quick to act

• Amplification of immune 
respons by interaction with
cells
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The complement system

- Activation via three pathways

- Cascade (fixed sequence), strong amplification

- Spontaneous low level activation

- Tight regulation is necessary

Classical
pathway

Lectin
pathway

Alternative
Pathway

C3

Terminal 
pathway

Ca2+ Mg2+

Inflammation
(C5a, C3a)

Opsonisation
(C3b, iC3b)

C5b-9



4

Complement inhibitors
Cell-bound inhibitors

e.g. CD46, CD55, CR1 (CD35)

Fluid phase inhibitors:

e.g. C1INH, C4BP, FI
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Harris et al 2018
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Involvement of complement in disease 
different mechanisms

Ricklin et al (2018) Nat Rev Nephrol 14:26 
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Functional
assays

Antigen 
concentration

C auto-antibodies
against

Activation
products

CH50 C1q C1q C3d, C3b/c

AP50 C2 C1-INH sC5b-9

C1INH activity C3 FH C4d

LP activity C4, C4A, C4B C3NeF Bb

FH activity C5 C4NeF/C5NeF C3a / C5a

Reconstitution assays MBL C genetics Treatment follow-up

C1INH/ligand complexes FB, FD NGS Levels

C3/C4 deposition on cells FH, FI MLPA Complexes

C3NeF function Properdin ADA

Complement assay types

Serum

EDTA plasma
EDTA whole blood

Hirudin whole blood



Challenges
in C assays
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• Complement is temperature sensitive: 
correct preanalytical conditions are essential

à continuous activation upon storage
à falsely increased/decreased results

• Complement activation markers do mostly not dilute linearly
- validate dilution in a fit-for-purpose fashion

• Matrix determines C-activation possibilities
- not all matrices are feasible for all assays
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Effect of matrix and
temperature on C assays

Serum / EDTA-plasma / Hirudine plasma from 1 donor

Stored for 4 days at
• -80oC
• -30oC
• 4oC
• RT (20oC)
• 37oC
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Effect of 
storage 
duration per
temperature
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Sample OD Dilution Value 
(µg/ml) Recovery (%)

HC

0,235 5 0,728 79
0,175 10 0,917 100
0,137 20 <1.52 Out of range
0,122 40 <3.04 Out of range
0,111 80 <6.08 Out of range
0,107 160 << Out of range

Sample OD Dilution Value 
(µg/ml)

Recovery (%)

Spike

1,084 5 3,16 75
0,658 10 4,19 100
0,373 20 4,95 118
0,227 40 5,56 133
0,152 80 <6.08 Out of range
0,125 160 <12.2 Out of range

Sample OD Dilution Value 
(µg/ml) Recovery (%)

fully act 
serum

5 Out of range
10 Out of range

3,772 20 >15.1 Out of range
3,302 40 >30.2 Out of range
2,342 80 >60.3 Out of range
1,345 160 120 100
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The suggested dilution of 1:10 for
plasma was used as reference value.

Dilution curves are not running parallel 
to the standard curve.

Activated
factor B
(Bb)
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sC5b-9 ELISA
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Functional
assays
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Aim: to use an assay that is sensitive in the lower range 

Why: in order to be able to monitor inefficient suppression

Standard Subject

C3
C
4 C2

Y

hemolytic ELISA

7 µl (100%) 7,9 µl (88%)

Standard 
dilution

Adapted dilution

AP ELISA AP50
Pt1 10 53
Pt2 0 <4
Pt3 0 17
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Whole blood complement activation assay

To assess complement-mediated
toxicity of compounds in an in
vitro assay.

Whole blood whith remaining
C-activation capacity: Hirudin

45 min culture

Compound

Hirudinized whole blood
from healthy donors

Complement ELISA
(i.e. C3a-des-Arg)
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Assessing complement activation in an in vitro assay can be helpfull to predict toxicity

Whole blood complement activation assay
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Conclusion C-activation markers

Reporting a value for complement activation markers based
on one dilution can induce bias: 

1) Validate and adapt the dilution(s) to be used, 
depending on the expected values

2) Run a dilution series per sample and use the
dilution(s) with the best fit to the standard curve

3) Report a titer instead of a concentration
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Conclusion Matrix and temperature

• Serum for activation assays
• EDTA-plasma for activation markers
• Hirudine for whole blood assays

- Ca2+/Mg2+ in buffers can correct for absence in 
matrix and allows activation ex vivo

- in already activated samples, more activation
happens very easy

à Store as cold as possible
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