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a b s t r a c t

Objective: Globally approximately 60 cases of C1q deficiency have been described with a high prevalence
of Systemic Lupus Erythematosus (SLE). So far treatment has been guided by the clinical presentation
rather than the underlying C1q deficiency. Recently, it was shown that C1q production can be restored by
allogeneic hematopoietic stem cell transplantation. Current literature lacks information on disease
progression and quality of life of C1q deficient persons which is of major importance to guide clinicians
taking care of patients with this rare disease.
Methods: We performed an international survey, of clinicians treating C1q deficient patients. A high
response rate of >70% of the contacted clinicians yielded information on 45 patients with C1q deficiency
of which 25 are published.

Abbreviations: CRP, C-reactive protein; FFP, fresh frozen plasma; GI, gastroin-
testinal infections; HSCT, hematopoietic stem cells transplantations; SLE, systemic
lupus erythematosus.
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Infections
Systemic lupus erythematosus Results: Follow-up data of 45 patients from 31 families was obtained for a median of 11 years after

diagnosis. Of these patients 36 (80%) suffer from SLE, of which 16 suffer from SLE and infections, 5 (11%)
suffer from infections only and 4 (9%) have no symptoms. In total 9 (20%) of the C1q deficient individuals
had died. All except for one died before the age of 20 years. Estimated survival times suggest 20% case-
fatality before the age of 20, and at least 50% of patients are expected to reach their middle ages.
Conclusion: Here we report the largest phenotypic data set on C1q deficiency to date, revealing high
variance; with high mortality but also a subset of patients with an excellent prognosis. Management of
C1q deficiency requires a personalized approach.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

C1q deficiency is a rare hereditary disorder, which is strongly
associated with development of Systemic Lupus Erythematosus
(SLE) [1,2]. The first C1q deficient patient was reported in 1979 [3].
To date more than 60 cases of C1q deficiency have been published
with various mutations [4e8]. C1q deficiency has been observed in
persons from several ethnic backgrounds [1].

C1q is the recognition molecule of the classical pathway of the
complement system and together with C1r and C1s it forms the C1
complex. This complex is important for recognizing e.g. immune
complexes and to activate the complement system. C1q is mainly
produced by macrophages and immature dendritic cells and has
several ligands including bound IgM, complexed IgG but also DNA
and CRP [9e11]. In the context of autoimmunity another important
ligand for C1q is present on apoptotic and necrotic cells [12e14].
Hence, C1q is important to clear necrotic cells or apoptotic blebs
from the circulation as described as the “waste disposal hypothesis”
[15]. When the “waste disposal” is disturbed, apoptotic and necrotic
material containing autoantigens accumulates resulting in a state
that could predispose to development of autoimmunity like in SLE
[16]. In addition to a role in the waste disposal process C1q has also
been implicated in modulating the adaptive immune response
[17e19]. Collectively these data indicate that absence of C1q may
not only predispose to infections but also predispose to autoim-
munity because of defective clearance of autoantigens and an
altered adaptive immune response [20]. In most identified C1q
deficient individuals the clinical presentation is towards autoim-
munity and the development of SLE, whereas in some individuals
the disease mainly presents in the form of recurrent infections e.g.
meningitis and in exceptional cases remains largely unnoticed
[5,21].

Until now 16 nonsense and missense mutations have been
described which are present in 1 of the 3 chains of C1q (chromo-
somal location: 1p34e1p36.3) [5,22e25]. Mutations causing C1q
deficiency are in most cases present in homozygous form and the
parents often report a degree of consanguinity [5].

The treatment of C1q deficient patients has until recentlymainly
been aimed at the symptoms, rather than reversing the underlying
C1q deficiency. The exception in the past has been the infusion of
fresh frozen plasma containing C1q in a subset of the patients. This
treatment has been well tolerated, led to substantial clinical im-
provements and did not lead to overt induction of anti-C1q anti-
body formation [23,26]. Based on the observation that C1q levels
could be restored by bone marrow transplantation in C1q deficient
mice [27,28], now Hematopoietic Stem Cells Transplantations
(HSCT) have been performed in two C1q deficient individuals in
Sweden and one in the United Kingdom. In all three cases the
transplantation led to restoration of circulating C1q levels and an
improvement in clinical symptoms [29e31]. During follow-up two
patients did well, whereas the other passed away due to

intracerebral hemorrage and multi-organ failure. The risk of HSCT
related morbidity and mortality has to be weighed against its po-
tential benefits. HSCT related risk is increased in patients with
advanced autoimmune disease, or organ damage caused by recur-
rent infections. Therefore, insight into the natural history of C1q
deficiency is crucial to develop a therapeutic algorithm. Most cur-
rent C1q deficiency literature reports on the identification of new
mutations, in young children, but there is no data available on
clinical follow up. In this study, we have conducted a survey by
contacting clinicians who are currently treating C1q deficient
patients.

The aim of this study was to obtain insight into the prognosis of
C1q deficient individuals.

2. Methods

2.1. Questionnaire

To study the clinical follow up of C1q deficient individuals, we
designed a questionnaire (Table 1). This was sent by email to the
corresponding authors of several case- and concise reports as well
as to clinicians treating C1q deficient patients. From the 45 in-
dividuals, 25 individuals are published in literature and 20 are
undescribed.

2.2. Statistical analysis

The data from the completed questionnaires was analyzed using
IBM SPSS Statistics Data Editor Version 20. The odds ratios are re-
ported with 95% confidence interval and a p value. P-values <0.05
were considered significant. The differences between the quality of
life in living patients and deceased patients were studied using a
nonparametric t-test.

3. Results

3.1. Patient cohort

We received completed questionnaires of 45 C1q deficient in-
dividuals from 31 different families originating from 14 countries
(Table 1). Although most of the cases were from countries in the
Middle East, we also observed cases of native Dutch and Swedish
origin. No sex bias was found for C1q deficiency (male 49% - female
51%) or for SLE among the C1q deficient patients (male 42% - female
58%) (Table 3). The median time from diagnosis to completion of
the questionnaire was 6 years (range:0e34 years). The deficiency
for C1q was mostly identified using hemolytic complement assays
(CH50). In 60% of the described C1q deficient patients genetic
analysis was also performed to identify the mutation associated
with the C1q deficiency. Half of the patients have a mutation that
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