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LEARNING 
OBJECTIVES 

Upon completion of this learning activity, participants 
should be able to:  

• Objective 1: distinguish various presentations of 
early complement deficiencies. 

• Objective 2: evaluate for early complement 
deficiency. 

• Objective 3: recognize which patients should 
undergo genetic evaluation.  



THE COMPLEMENT 
SYSTEM 

• Acts as part of the innate immune system to 
eliminate pathogens.  

• Decreased complement activity may occur 
due to inherited abnormalities affecting 
complement components or regulatory 
proteins or by acquired activation of 
complement through either of the three 
pathways (alternative, classical, lectin). 

• As such, there may be dysregulation of 
microorganism defense, self-tolerance, and 
inflammatory responses.  

 
Abbas AK, Lichtman AH, Pillai S, Baker DL. Cellular and Molecular 
Immunology. Tenth edition. Elsevier; 2022. 



C1Q DEFICIENCY 

• May be due to decreased levels or 
functional deficiency. 

• Most commonly these patients will 
develop SLE in early childhood and 
recurrent infections. 

• Other common manifestations that may 
occur: Raynaud phenomenon, alopecia, 
Sjogren syndrome, Hyper IgM syndrome, 
and/or central nervous system 
involvement.  

 

• Deficiency of other complement 
components – C1r/C1s, C2, C4 – are 
associated with SLE but C1q deficient 
patients have the most prevalent and 
severe autoimmune symptoms. 

 



Table from: Skattum L, van Deuren M, van der Poll T, Truedsson L. Complement deficiency states and associated infections. Mol Immunol. 
2011;48(14):1643-1655. 

Protein Genetics Infection susceptibility 
(including typical 
microorganisms) 

Other disease 
associations 

C1q Autosomal recessive; most 
frequent mutation is 
g.2687C>T of C1qA, leading 
to a stop codon 

Sepsis, meningitis, pneumonia, 
Streptococcus (S.) pneumoniae, 
Neisseria (N.) meningitis  

SLE/SLE-like disease (~90%) 

C1r/C1s Autosomal recessive Sepsis, meningitis, pneumonia 
due to encapsulated bacteria 

SLE/SLE-like disease (~60%) 
 

C4 Autosomal recessive Sepsis, meningitis, pneumonia 
due to encapsulated bacteria 
 

SLE/SLE-like disease (~80%), 
glomerulonephritis 
 

C2 Autosomal recessive 
>90% caused by 28bp 
deletion in C2 gene 
 

Sepsis, pneumonia, meningitis, 
osteitis  
S. pneumoniae, Staphylococcus 
(S.) aureus, N. meningitidis 

SLE or other rheumatic 
disease (~40%) 
Cardiovascular disease 
 

C3 Autosomal recessive Respiratory tract infections, 
meningitis 
N. meningitidis, S. pneumoniae, 
Haemophilus (H.) influenzae, S. 
pyogenes, S. aureus  

Immune-complex disease; 
glomerulonephritis, vasculitis 



 C1Q 
DEFICIENCY 

AND SLE 

• Lack of C1q is thought to 
result in an impaired 
capacity for removal of 
apoptotic cells and immune 
complexes, which may 
contribute to SLE 
development.  

• Deficiency of this 
complement component is 
associated with more severe 
autoimmune symptoms 

 Prechl J, Czirják L. The endothelial deprotection 
hypothesis for lupus pathogenesis: the dual role of C1q 
as a mediator of clearance and regulator of endothelial 
permeability. F1000Res. 2015;4:24. 





SIBLINGS' PRESENTATION 

• Older sibling (age 6) 
• Major manifestations:  diffuse proliferative glomerulonephritis and leukocytoclastic vasculitis 

confirmed on respective biopsies (kidney, skin) 
• Younger sibling (age 4) 
• Major manifestations: pericarditis, refractory arthritis  

Each sibling was diagnosed with systemic lupus erythematosus (SLE) at ages 6 
and 4 

• Positive findings: antinuclear antibody, anti-double-stranded DNA, anti-smith and ribonucleoprotein 
antibodies, and erythrocyte sedimentation rates 

Rheumatologic diagnostic work-up for both siblings was positive as follows: 



CLINICAL COURSE 

• Older sibling 

• Developed hypertension secondary to 
chronic steroid use and lupus nephritis  

• On lisinopril  

• Completed cyclophosphamide regimen 

• Currently on mycophenolate, 
hydroxyquinone,  and tapering steroids 
(currently at 6mg daily) 

• Will intermittently receive IVIG for 
hypogammaglobulinemia  

 

• Younger sibling:  

• Received rituximab previously for 
persistent arthritis  

• Developed intermittent arthralgias, 
mycophenolate was changed to 
methotrexate 

• Developed myositis with elevated muscle 
enzyme levels  

• Tapering steroids, currently at 3mg daily, 
and on hydroxychloroquine  

• Received IVIG for 2 months in early 2022 

 



IMMUNODEFICIENCY 
EVALUATION  

• Initial screening:  

• Absent total hemolytic 
complement (CH50) 

• Normal C3, C4 levels 

 



Complement Assay Result  
(Older sibling) 

Result   
(Younger sibling ) 
 

Interpretation Reference Range 
with units 

Alternative pathway 
(AH50), serum 

137 Normal  77-159 units/ml 

Classical pathway 
activity (CH50), serum 

0 LOW 176-382 units/ml 

C1q function, serum 0 0 LOW 2515-9414 units/ml 

C1 function, serum 0 0 LOW 116373-264072 
units/ml 

C1q level, plasma 82 134 Borderline 
LOW/HIGH  

83-125 mcg/ml  

C1q autoantibody test, 
serum 

0 0 Normal  0-7.0 (% of STD) 

C2 function, serum 22795 32150 Normal  15354-46242 units/ml 

C4 function, serum 5859419 13225843 Normal  400000-43000000 
units/ml  





COMPLEMENT 
COMPONENT 

TESTING 

Undetectable C1 and 
C1q function 

Borderline low C1q level 

Negative C1q 
autoantibody testing  

= FUNCTIONAL C1Q 
DEFICIENCY 







GENETIC EVALUATION 

• Given the siblings’ similar presentations, sequence analysis identified a 
homozygous Gly55Glu mutation in the C1q gene and a heterozygous 
Gly172Arg mutation in the C1s gene for each sibling  

• At this time, both are characterized as variants of uncertain significance 
(VUS) 

• Findings and presentation for each sibling is most consistent with the 
homozygous mutation as a likely pathogenic variant state and the 
heterozygous mutation as a likely carrier state  

 

 



MUTATIONS 
ASSOCIATED WITH 
C1Q DEFICIENCY 

• C1q gene mutations are inherited 
in an autosomal recessive 
manner 

 



NEXT STEPS  

• Initiating process for intravenous administration of 
fresh frozen plasma  

• May consider allogeneic hematopoietic stem cell 
transplantation in the future  

 





FUTURE OF 
GENETICS IN 

COMPLEMENT 
DEFICIENCIES  

• The presentation of these brothers highlights the 
importance of genetic testing  when there is high suspicion 
for monogenic disease based on: 

• Family history 

• Unusual disease presentation 

• Early diagnosis of complement deficiency helps characterize 
not only the prognosis and therapy guidance, but possible 
manifestations that may occur.  

• This information may suggest which disease manifestations to 
monitor and to potentially mitigate for.  

• As seen in our case with a novel mutation not discussed 
previously elsewhere,  genetic testing may allow for a more 
comprehensive compilation of causative mutations associated 
with early complement deficiencies as well as elucidation of 
possible complications that may be associated with specific 
mutations.  

• May lead to expedited diagnosis in the future as more 
mutations are compiled.  

 

 

 



TAKE HOME MESSAGE 

Genetic testing in unusual patient presentations, in this case 
early complement deficiencies, may help provide the most 
accurate clinical diagnosis that may then lead to the most 
precise treatment management.  
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