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Abstract

Patients with common variable immunodeficiency (CVID) display low antibody
levels and associated symptoms, including an increased risk of infections. The
causes of CVID are uncertain and likely heterogeneous. The complement system
protects against pathogens and plays essential roles in homeostasis and devel-
opment. The influence of the complement system in CVID is not established.
We investigated CVID patients and healthy individuals for plasma levels of the
complement proteins: MASP-1, MASP-2, MASP-3, MAp19 and MAp44. We also
tested other patients with symptoms similar to the CVID patients. CVID patients
had lower average MASP-2 and MAp44 levels than healthy individuals (P <0.01);
the MASP-2 level was 0.73-fold lower, and the MAp44 level was 0.87-fold lower.
This was not observed in the other patient cohorts studied. Our findings in this ex-
ploratory study provide new insights into CVID and introduce a complement per-
spective for future investigations into the underlying mechanisms of the disease.

1 | INTRODUCTION

Infections are frequent causes of contact with the health-
care system. Some patients experience an exceptionally
high burden of infections that may result from an under-
lying primary immune defect (PID). Common variable
immunodeficiency (CVID) is among the most frequent
significant PID diagnoses, with a prevalence of approx-
imately 1:25000 in adults." According to the American

Academy of Allergy, Asthma & Immunology and the
American College of Allergy, Asthma & Immunology,
CVID is defined as a marked decrease in plasma IgG and
at least one of the classes IgM or IgA, and fulfilment of
the following three criteria: (i) onset of immunodeficiency
after age 2years, (ii) poor ability to produce antibody re-
sponse to antigenic challenge and (iii) defined causes of
hypogammaglobulinemia have been excluded.” Common
features are B cell perturbations and antibody deficiency,
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typically causing recurrent airway infections.! Patients
with CVID also frequently suffer from autoimmunity, en-
teropathy, granulomas and/or lymphoproliferative disor-
ders.’ The pathogenesis of the disease for most patients is
not established despite great efforts but is likely heteroge-
neous. In a minority of CVID patients, various monogenic
variants may drive the disease,*” but the underlying cause
remains unknown for most patients. Thus, new perspec-
tives on possible causative factors seem relevant.

The complement system is a highly preserved part
of the innate immune system and consists of more than
40 plasma proteins and surface-bound regulators.® The
biological importance is emphasized by the courses of
humans with rare detrimental defects in complement
proteins who are prone to devastating bacterial infections
and autoimmune diseases.” Furthermore, there is increas-
ing awareness that complement is pivotal in homeostasis
and development in some cell types (eg B cells)® as well as
more broadly in the organism.”'° In this light, we found
it of interest to further examine the connection between
complement and CVID.

Activation of the complement system may proceed
through three distinct pathways: the alternative, the clas-
sical and the lectin pathway.'! All three pathways converge
in a shared terminal pathway and may result in direct kill-
ing of the pathogen or in opsonization for elimination by
phagocytosis. Activation of the lectin pathway is based
on the ability of soluble pattern recognition molecules
(PRMs) to bind to specific molecular structures on the
surface of microorganisms or apoptotic cells.'* The lec-
tin pathway has five different PRMs in plasma; mannan-
binding lectin (MBL), collectin-LK (a heteromer of CL-L1
(collectin-10) and CL-K1 (collectin-11)), H-ficolin, L-
ficolin and M-ficolin (also termed ficolin-3, ficolin-2 and
ficolin-1, respectively). The PRMs circulate in plasma in
complexes with three serine proteases or with two so-
called associated proteins. For historical reasons, the three
serine proteases are termed MBL-associated serine prote-
ases MASP-1, MASP-2 and MASP-3, and the two associ-
ated proteins are termed MBL-associated proteins MAp19
(also termed sMAP) and MAp44 (also termed MAP-1)."
MASP-1, MASP-3 and MAp44 are produced through al-
ternative splicing of RNA from the same gene, MASPI,
whereas MASP-2 and MAp19 are produced through alter-
native splicing of RNA from the gene MASP2.™

When the lectin pathway PRMs bind their ligands, the
accompanying MASP-1 autoactivates and subsequently ac-
tivates neighbouring MASP-2.'* Activated MASP-2 cleaves
circulating complement factors C4 and C2, generating the
C3 convertase, C4bC2a.'® The C3 convertase drives down-
stream complement activation leading to (1) release of
anaphylactic factors (ie C3a, C4a and C5a) for stimulation
of cells of the immune system, (2) deposition of fragments

on surfaces that enhance phagocytosis and (3) assembling
of the (cell-killing) membrane attack complex. MASP-3
has the ability to cleave pro-Factor D to generate Factor
D, which is an essential protein of the alternative path-
way of the complement system.'®'*!” The MAps (MAp19
and MAp44) are able to complex with the PRMs but lack
the serine protease domain and hence enzymatic activity.
They are thought to attenuate complement activation by
competing with MASPs for binding to the PRMs.**®

Deficiencies in the MASPs (MASP-1, MASP-2 and
MASP-3) involved in the lectin pathway have previously
been reported, primarily as single patient cases. MASP-2
deficiency was proposed to promote invasive pneumococ-
cal infections as well as other symptoms such as ulcerative
colitis and erythema multiforme bullosum in an adult
male patient.'® However, MASP-2 deficiency has later also
been found in asymptomatic individuals.” The clinical role
of MASP-2 deficiency therefore remains controversial.

Apart from having a direct influence on the acti-
vation of enzymes in the alternative pathway of the
complement system,”” MASP-3 is also very important
in embryonic development, as complete MASP-3 defi-
ciency causes severe malformations causing so-called
3MC syndrome.'®?** Thus, the serine proteases and as-
sociated proteins of the lectin pathway may serve addi-
tional roles in humans beyond the killing of pathogens
and should therefore be of interest in the heterogeneous
CVID patients.

We have previously investigated the PRMs of the lec-
tin pathway in CVID patients in a cohort of suspect im-
munodeficiency patients.”> Our aim of the present study
was to expand this work by focusing on MASPs and MAps
of the lectin pathway of complement. With this, we aim
to provide the first comprehensive overview of the lectin
pathway proteins in CVID patients in a cohort of suspect
immunodeficiency patients.

2 | MATERIALS AND METHODS

2.1 | Study population
Twenty-nine patients suffering from CVID were identified
among 332 patients with frequent and/or severe infec-
tions referred for evaluation of immunodeficiency at the
Department of Clinical Immunology, Aarhus University
Hospital, Aarhus, Denmark, between February 2011 and
October 2013. One-hundred and fifty (75 females and
75 males) anonymized blood donors at the Blood Bank,
Aarhus University Hospital, Aarhus, Denmark, served as
healthy controls.

The characteristics of the entire patient cohort have
been described previously.”® Briefly, patients referred for
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laboratory assessment of immunodeficiency were cate-
gorized into the following five groups: (1) CVID accord-
ing to criteria set by the American Academy of Allergy,
Asthma & Immunology and the American College of
Allergy, Asthma & Immunology?; (2) lung transplantation
candidates (LTX) (n = 25); (3) recurrent airway infections
(RAI) without CVID or LTX (n = 122); and (4) recurrent
abscesses (n = 25); and (5) ‘other causes’ (n = 131). The
present study primarily focuses on the CVID group. The
other patient groups, which were included and analysed
in parallel, served as additional controls. Genetic analyses
were not available on all patients, but genetic deficiencies
determined for some of the patients have previously been
described.”

Females comprised 51.7% of CVID patients compared
with 50.0% of the healthy controls (non-significant).®
CVID patients were slightly older than healthy controls;
the median age in CVID patients was 42.8years, inter-
quartile range between 33 and 65years, and the median
age in controls was 29.0years, interquartile range between
23 and 41years (p <0.01).

2.2 | Methods

Heparin blood samples were centrifuged at 1849x g
for 5 min, and plasma was collected and subsequently
frozen at —80°C. To enable the tests, the samples were
thawed, diluted 1/4 in Tris-buffered saline (10 mM Tris,
145mM NacCl, pH 7.4) (TBS), and stored at —80°C. The
stability of the lectin pathway proteins is high, and
plasma concentration varies negligibly after repeated
freeze/thaw cycles.*

All of the following specific measurements of pro-
teins were performed blinded to patient data. The MASPs
(MASP-1, MASP-2 and MASP-3) and MAps (MAp19
and MAp44) involved in the lectin pathway were mea-
sured by sandwich-type immunoassays based on the
principle of time-resolved immunofluorometric assays
(TRIFMAS). The specific antibodies used in the TRIFMAs
were developed and produced in-house; the assays have
been described in detail elsewhere.?> 2 Briefly, for all
assays, microtiter wells were coated with capture anti-
body, followed by the addition of diluted samples and
subsequently biotinylated detection antibody. Next,
europium-labelled streptavidin was added, and the signals
from the wells were read by time-resolved fluorometry.
Sample dilution and loading on microtiter plates were
automated using a pipetting robot (JANUS, Perkin Elmer,
Hamburg, Germany). Each sample was analysed as tech-
nical duplicates. Measurements were repeated if the coef-
ficient of variation (CV) of the duplicates was above 15%.
Inter-assay CV based on three internal controls was also

determined for each protein, and CVs were <11% for all
proteins (MASP-1 <10%, MASP-3 <9.2%, MAp44 < 6.1%,
MASP-2 <11% and MAp19 < 8.5%).

2.3 | Statistics

Plasma protein concentrations were compared using a
multiple linear regression model and ¢ tests. Gaussian
distributions were approximated by a logarithmical
transformation of the measured concentrations of all
proteins except MAp19, which followed a Gaussian
distribution without transformation. Frequencies of low
concentrations (defined as below the 10th percentile of
healthy controls) and high concentrations (defined as
above the 90th percentile of healthy controls) of MASPs
and MAps in CVID patients were compared with healthy
controls using Fisher's exact test. Correlations between
concentrations of MASPs and MAps and C-reactive
protein (CRP) were performed using Spearman cor-
relation. All tests were two-sided. P values <0.05 were
defined as significant. Geometric mean and 95% CI and
arithmetic mean and 95% CI (MAp19) are depicted as
error bars in figures. Correction for mass significance
was not performed in this exploratory study. Analyses
were performed using Stata 16 software (StataCorp,
TX, USA). Graphical representations were performed
using GraphPad Prism software (GraphPad Software,
CA, USA).

2.4 | Ethics

The study was conducted under the approval of the
Central Denmark Region Committees on Health Research
Ethics (1-10-72-127-12) and the Danish Data Protection
Agency (1-16-02-40-12). The study was performed accord-
ing to the Declaration of Helsinki.

3 | RESULTS
3.1 | Levels of MASPs and MAps in CVID
patients and healthy individuals

MASP-1, MASP-2, MASP-3, MAp44 and MAp19 were
quantified in heparin plasma samples from 29 patients
with CVID and 150 healthy individuals by sandwich-type
immunoassays (Figure 1). All five proteins were quantifi-
able in all samples.

The mean level of MASP-1 was 11 pg/mL (95% con-
fidence intervals [CI]: 11; 12) in healthy individuals and
11 pg/mL (95% CI: 10; 12) in CVID patients. The mean
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TABLE 1 Prevalence of deficiencies and abundancies of single proteins in patients relative to healthy individuals

10th % 90th %

Controls CVID Controls CVID

10th % (pg/mL) n (%) P value? 90th % (ng/mL) n (%) P value®
MASP-1 7.567 1(3.5) 0.48 14.719 1(3.5) 0.48
MASP-3 6.125 0(0) 0.14 12.859 3(10.3) 1.00
MAp44 1.857 10 (34.5) <0.01 3.050 1(3.5) 0.48
MASP-2 0.247 10 (34.5) <0.01 0.708 0(0) 0.14
MAp19 0.278 5(17.2) 0.33 0.516 1(3.5) 0.48

Note: Deficiency: Protein levels below controls' 10th percentile.
Abundancy: Protein levels above controls’ 90th percentile.
“Compared by Fisher's exact test.

P values <0.05 are marked in bold.

level of MASP-2 was 0.41 pg/mL (95% CI: 0.38; 0.44) in
healthy individuals and 0.30 pg/mL (95% CI: 0.26; 0.36)
in CVID patients. The mean level of MASP-3 was 8.9 pg/
mL (95% CI: 8.5; 9.3) in healthy individuals and 9.8 pg/
mL (95% CI: 8.9; 11) in CVID patients. The mean level of
MAp44 was 2.4 pg/mL (95% CI: 2.3; 2.5) in healthy indi-
viduals and 2.1 pg/mL (95% CI: 1.9; 2.3) in CVID patients.
The mean level of MAp19 was 0.40 pg/mL (95% CI: 0.38;
0.41) in healthy individuals, and MAp19 was 0.34 pg/mL
(95% CI: 0.31; 0.39) in CVID patients.

Comparison between the CVID and the healthy indi-
viduals revealed significantly lower levels of MASP-2 and
MAp44 in CVID patients. Mean MASP-2 concentration in
CVID patients was 75% (95% CI: 63%; 89%) of healthy in-
dividuals. Mean MAp44 concentration in CVID patients

was 86% (95% CI: 79%; 95%) of healthy individuals. No
significant differences in plasma levels were observed for
MASP-1, MASP-3 or MAp19. We also determined the con-
centration of MASPs and MAps in 303 additional patients
encompassing RAI, LTX, recurrent abscesses or other
causes. Results for these patients are depicted in the sup-
plementary data file (Figure S1). Low levels of MASP-2
and MAp44 were not observed in any of the other patient
groups; however, MASP-1 levels were significantly higher
in RAI and other causes, MASP-3 levels were signifi-
cantly higher in RAI, abscesses and other causes, whereas
MAp44 levels were significantly higher in abscesses and
other causes.

Among all the included patient groups, only CVID pa-
tients displayed low levels of MASP-2 and MAp44.
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3.2 | Prevalence of low and high
concentrations

We subsequently examined whether the prevalence of
single MASPs and MAPs in concentrations defined as
‘low’ or ‘high’ differed in CVID patients and healthy
individuals (Table 1). Low concentrations were defined
as below the 10th percentile of healthy individuals, and
high concentrations were defined as above the 90th per-
centile of healthy individuals. Low levels of MASP-2 and
MAp44 were observed in 34.5% (n = 10 (34.5%) CVID
patients compared with 10.0% (n = 15 (10.0%) of the
healthy individuals (P <0.01), respectively. Low levels of
both MASP-2 and MAp44 were co-existing in five CVID
patients. No significant differences in the prevalence
of low concentrations of MASP-1, MASP-3 and MAp19
were observed. No significant differences in the preva-
lence of high concentrations of any of the MASPs and
MAps were observed. The prevalence of low and high
levels of MASPs and MAps in other patient groups re-
ferred for an immunological evaluation are depicted in
supplementary (Tables S1 and S2).

3.3 | Prevalence of combined
deficiencies

and MAps are both able to complex with PRMs of the
lectin pathway. The three MASPs possess enzymatic ac-
tivities and are crucial for activating the lectin pathway
of complement. We, therefore, investigated the com-
bined prevalence of low concentrations of the MASPs
(Figure 2). For each MASP, a low level was defined as
stated above (below the 10th percentile of plasma levels
in healthy individuals). We disclosed low levels of one
MASP in 11 of the CVID patients (37.9%) and in 41 of
the healthy individuals (27.3%). Low levels of two out of
the three MASPs were observed in none of the CVID pa-
tients and two of the healthy individuals (1.3%) (Fisher's
exact P = 0.49). The two MAps have no enzymatic ac-
tivity and are suggested to serve regulatory functions by
attenuating complement activation through competitive
binding to the PRMs. Thus, we examined the prevalence
of combined high concentrations of the two MAps. High
levels were defined as above (higher than the 90th per-
centile of plasma levels in healthy individuals). High lev-
els of one MAp were observed in 2 (6.9%) CVID patients
and 22 (14.7%) of healthy controls. High levels of both
MAps were not observed in any CVID patient but in 4
of the healthy controls (2.7%) (P = 0.45). The prevalence
of combined deficiencies of MASPs and MAps in other
patient groups referred for an immunological evaluation
are depicted in supplementary (Figure S2).

1 Controls
80 Il CVID
@ 60 -
@
o
% 40 -
N
20
o -
0 1 2
Number of MASP deficiencies
B 100
I Controls
80 - Il CVID
] 60
@
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% 40
X
20
0 -
0 1 2
Number of MAp abundacies

FIGURE 2 Constellations of deficiencies and abundancies
among the lectin pathway activating proteins. (A) The number of
deficient proteins among proteins MASP-1, MASP-2 and MASP-3.
Each protein was defined as deficient when its level was below the
10th percentile in healthy persons. (B) The number of abundant
proteins among the speculated/suspected (lectin pathway)
inhibitory proteins MAp44 and MAp19. Each protein was defined
as abundant when its level exceeded the 90th percentile in healthy
persons (Fisher's exact test)

3.4 | Correlations between proteins

The MASPs and MAps are produced through alternative
splicing of two genes, MASP1 (giving rise to MASP-1,
MASP-3 and MAp44) and MASP2 (giving rise to MASP-2
and MAp19), this is why we examined a potential cor-
relation between protein levels (Figure 3). We observed
that MASP-2 correlated positively with MAp19 in CVID
patients (r = 0.40, P = 0.03) but not in healthy individuals
(r = —0.06, P = 0.48). We also observed a positive correla-
tion among healthy individuals for MAp44 and MASP-1
(r = 0.27, P<0.001), MASP-1 and MASP-2 (r = 0.24,
P<0.001), MAp44 and MAp19 (r = 0.27, P<0.001), which
was not observed for CVID patients.

The levels of the MASPs and MAps may be influ-
enced by inflammation. We have previously found
higher levels of CRP in CVID patients compared with
healthy individuals.?® Using the earlier published data
set for CRP in the patient samples,”* we found that CRP
correlated positively with MAp19 in both CVID patients
(r = 0.51, P<0.001) and healthy individuals (r = 0.26,
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FIGURE 3 Correlations of protein levels in plasma. Data from CVID patients (n = 29) are shown in black and data from healthy
persons (n = 150) in grey. (A) Spearman'’s rho with P value for all pairwise correlations in CVID patients. The colouring indicate the
correlation coefficient, P values <0.05 er marked in bold. (B) Spearman's rho with P value for all pairwise correlations in healthy persons.
The colouring indicate the correlation coefficient, P values <0.05 are marked in bold. (C) Data points for the correlation between MAp19
and MASP-2. (D) Data points for the correlation between MAp19 and CRP

P<0.001). We also observed a positive correlation
among healthy individuals between MASP-3 and CRP
(r = 0.26, P<0.001); this was not observed for patients
with CVID. Correlations of lectin pathway proteins and
proteases in the entire cohort of patients referred for
evaluation of immunodeficiency (n = 332) are depicted
in supplementary (Table S3).

4 | DISCUSSION
The growing understanding of the complex interactions
of the immune system urged us to explore the levels of
the innate immune system proteins, MASPs and MAps, in
patients with CVID and other patients tested for primary
immunodeficiency diseases. Together with a previous
study,” the present study provides a complete description
of the levels of all 10 lectin pathway proteins in patients
referred for clinical investigation of immunodeficiency.
To the best of our knowledge, this is the first complete re-
port of the lectin pathway in patients with CVID.
Interestingly, we disclosed low levels of MASP-2 and
MAp44 in patients with CVID compared with healthy

individuals. MASP-2 is known to be crucial for activa-
tion of the lectin pathway of the complement system'
and the only protease of the lectin pathway able to cleave
C4 under physiological conditions.'® MASP-2 is thus es-
sential for the function of the lectin pathway. Variants
in MASP2 are accepted as a potential cause of PID as
stated in the Human Inborn Errors of Immunity: 2019
Update on the Classification from the International
Union of Immunological Societies Expert Committee.”
MASP-2 deficiency was first identified in an adult male
patient suffering from severe infections and several au-
toimmune symptoms including recurring pneumonia,
pulmonary fibrosis, ulcerative colitis and erythema
multiforme bullosum.'® The deficiency was caused by
biallelic missense variants in MASP2 causing p.D120G,
which impairs the ability to form complexes with PRMs.
However, it has turned out that 0.1%-0.3% of European
descent carry the underlying genetic variants in homo-
zygous form and many appear healthy.***" A recently
published study reviewed p.D120G homozygous in-
dividuals in the literature, and reported 11 patients
with a wide range of disorders, whereas nine persons
were healthy, supporting the heterogeneous clinical
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presentations.®’ Other variants that cause MASP-2 de-
ficiency are described in other ethnic groups,** and yet
other polymorphisms influence the function of MASP-
2.%* The clinical significance of low levels of MASP-2
remains unsettled. Our finding of low MASP-2 levels
in CVID patients could be due to a common polymor-
phism as stated above, but it also opens a new perspec-
tive on the clinical significance of the protein. The latter
is nourished by the growing understanding of clinical
differences in CVID phenotypes as either dominated
primarily by infections or by autoimmune manifesta-
tions.>* Moreover, autoimmune manifestations common
in CVID may be caused by the inability to eradicate mi-
crobial antigens, resulting in an excessive or misguided
immune response due to a chronic inflammation.*” The
MASP-2 deficiency may be a consequence of CVID or
it may be a driver of CVID in some patients. We spec-
ulate that yet unknown effects of MASP-2 could play a
role in the development of CVID, for example analogous
to the recently discovered additional role of MASP-3 in
the 3MC syndrome.'?! Further studies are required to
conclude on the possible causality between MASP-2 de-
ficiency and CVID.

The biological function of MAp44 has not been fi-
nally established. However, MAp44 possesses the ability
to interact and possibly regulate the complex formation
between PRMs and the associated proteases or proteins
and thus consequently to inhibit the activity of the lectin
pathway.”” MAp44 has no enzymatic activity but is able
to compete with MASP-1, MASP-2 and MASP-3 for bind-
ing to PRMs. Very high doses of MAp44 injected in mice
did, however, not reduce MBL pathway activation.>® On
the contrary, in vivo expression of MAp44 in the liver of
mice resulted in lower lectin pathway activity.”” MAp44
has been found to be produced primarily in extrahe-
patic tissue such as the heart,'® which suggests that un-
known mechanisms account for the low plasma levels
observed in CVID patients. In zebrafish, lack of MAp44
influenced heart function, suggesting an influence on
the development of cardiac tissue.*® It is thus possible
that MAp44 plays an unknown role in the development
of CVID in some individuals, but this requires further
investigations.

A subset of patients with CVID has an abnormal liver
function,* which may cause lower plasma levels of liver
synthesized proteins. As MASP-2 is liver synthesized, a
lower level of the protein might relate to decreased liver
function in CVID patients. Unfortunately, we had no ac-
cess to patient details on liver function. However, an argu-
ment against reduced liver function explaining the lower
MASP-2 level is that the other proteins synthesized in the
liver, such as MASP-1 (data presented in this report) as
well as MBL and L-ficolin (both described in**), were not

lower in CVID patients than in the controls. Alternatively,
low levels of MASP-2 and MAp44 could also be explained
by increased consumption of these proteins, for example
consumption of MASP-2 through complement activation
followed by elimination of the activated MASP-2 by C1-
inhibitor,**" or possibly Inter-a-inhibitor heavy chain 4,
a recently described inhibitor of the MASPs.** The design
of our study does not permit us to settle this question here.

We further examined the prevalence of combined de-
ficiencies of the MASPs as well as combined high levels
of MAps but observed no significant difference between
CVID patients and healthy individuals.

A strong correlation was observed between MAp44
and MASP-2 as well as MAp19 and CRP in CVID pa-
tients. The latter correlation was also observed in healthy
individuals. In healthy individuals, we also observed
correlations between MASP-1 and MASP-2, MASP-1 and
MAp44 and MAp44 and MAp19. As described previously,
MASP-1, MASP-3 and MAp44 are produced through al-
ternative splicing of MASPI RNA,* whereas MASP-2
and MAp19 are produced through alternative splicing of
MASP2 RNA.** All of the five proteins are able to bind
PRMs of the lectin pathway, but their possible interde-
pendences in terms of plasma levels are not clarified. In
a recent study of a cohort of healthy blood donors, simi-
lar correlations were observed in EDTA plasma: MASP-1
and MAp44 (r = 0.31 P<0.001), MASP-1 and MASP-2
(r = 0.23 P = 0.001), and MAp44 and MAp19 (r = 0.24
P <0.001).** The biological significance of these obser-
vations is yet unknown, and further investigations may
provide important insights into the functions of the lec-
tin pathway.

A limitation to our study is that the possible contribu-
tions of common polymorphism, for example p.D120G
on plasma levels of MASP-2 were not examined. DNA
was however not available for the present study. This
will be important in to examine in future studies.
Another limitation is the small sample sizes in some
of the patient groups. However, the patients with sus-
pected immunodeficiencies are indeed a heterogenous
group and hereby provide clinically relevant controls to
CVID patients.

The slightly higher age of the CVID patients relative to
the healthy individuals encompasses another limitation.
However, age seems to have a negligible effect on the con-
centrations of MASPs and MAps in healthy individuals.*
We adjusted for age and gender and found only marginal
changes in estimated difference in MASP-3 levels (mean
MASP-3 concentration in CVID patients compared with
healthy individuals increased from 110% [96%; 126%] to
116% [101%; 131%] (P = 0.03). The difference is unlikely of
practical importance, and in the present study, we report
unadjusted data.
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CONCLUSIONS

In conclusion, the results of our study suggest that CVID
patients have lower levels of MASP-2 and MAp44 com-
pared with healthy individuals, whereas the prevalence
of combined deficiencies of MASP-1, MASP-2 and/or
MASP-3 did not differ between CVID patients and healthy
individuals. The findings need to be reinvestigated in
larger patient cohorts but may pave the way for new in-
sights into the pathogenesis of CVID.
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