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Abstract

Purpose To compare plasma concentrations of all lectin pathway (LP) pattern recognition molecules (PRMs) in patients referred
for laboratory evaluation due to recurrent infections with healthy individuals.

Methods Patients were divided into categories according to referral: recurrent airway infections (RAI), recurrent abscesses,
common variable immunodeficiency (CVID), lung transplantation candidates (LTX), and ‘other causes’. LP PRMs (mannose-
binding lectin (MBL), collectin liver 1 (CL-L1), H-ficolin, L-ficolin, M-ficolin) and C-reactive protein (CRP) were determined in
332 patients and 150 healthy blood donors using time-resolved immunofluorometric assays.

Results None of the LP PRMs was found in lower concentration in the patient categories; however, several PRMs were detected
in higher concentrations. M-ficolin was found in higher concentrations in all patient categories. Patients suffering from RAI had
higher concentrations of CL-L1 and H-ficolin. Patients suffering from abscesses exhibited higher concentrations of MBL and
CL-L1, whereas LTX had higher concentrations of MBL. Patients with other causes of referral had higher concentrations of MBL
and CL-L1. Prevalence of combined deficiencies of PRMs in patient categories and controls did not differ. CRP was used as a
marker of ongoing inflammation and was significantly higher among all patient categories. Furthermore, CRP was found to
correlate with both M-ficolin and L-ficolin.

Conclusion The results suggest that neither single nor combined deficiencies of LP PRMs are more frequent among patients
referred for an immunological evaluation than in healthy individuals. Future studies are needed and should focus on deficiencies
of LP PRMs combined with deficiencies in other parts of the immune system.
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Introduction

The complement system, comprising more than 30 plasma
proteins, is a cornerstone in our first line of defense against
invading microorganisms [1, 2]. Intruding microorganisms
can activate the complement system to undergo a proteolytic
54 Clara Mistegérd Jorgensen cascade reaction, ultimately killing the intruder either directly

clarjo@rm.dk or by enhancing phagocytosis [3]. The biological importance
of complement is highlighted by the medical history of pa-
tients without functional complement who are prone to suffer
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The purpose of the complement system is thus essentially
clearing of intruding microorganisms.

The alternative pathway is permanently active and func-
tions as an amplification loop of complement activation in
general. Complement factor I and factor H control the activity
of the system and prevent potential host-related harmful ef-
fects of this amplification [6].

Activation of the classical and the lectin pathways, is based
on the ability of soluble pattern recognition molecules (PRMs)
to bind to specific molecular structures found on microorgan-
isms [1]. The PRMs of the lectin pathway are comprised of
collectins, defined by a collagenous structure and a C-type
carbohydrate recognition domain, and ficolins, defined by
collagen-like and fibrinogen-like sequences. They recognize
specific clusters of carbohydrates or acetyl groups present on
the surface of microorganisms [7-9]. The human collectins
are mannan-binding lectin (MBL), collectin liver 1 (CL-L1,
also named collectin 10), and collectin kidney 1 (CL-K1, or
collectin 11). These proteins are described in more detail in
supplementary table S1. In plasma, CL-L1 and CL-K1 are
primarily present as the heterocomplex, CL-LK [10]. The hu-
man ficolins are H-ficolin, L-ficolin, and M-ficolin (also
termed ficolin-3, ficolin-2, and ficolin-1, respectively).
Collectins and ficolins circulate in plasma in complex with
five other proteins. These are named MBL-associated serine
proteases (MASP-1, MASP-2, and MASP-3) or MBL-
associated proteins (MAp19 and MAp44). The binding of
collectins and ficolins to their complementary ligands acti-
vates the complexed MASPs to initiate the downstream pro-
teolytic cascade through generation of the C3 convertase,
C4bC2a [11].

Contrary to deficiencies in the alternative or classical path-
way, most deficiencies in the lectin pathway have only been
sparsely investigated. MBL deficiency has been studied ex-
tensively, but still, its significance remains controversial [12].
MBL deficiency was originally found to cause an opsonin
defect among infants [13] and later also to be associated with
increased risk of chronic necrotizing pulmonary aspergillosis
[14]. Other studies have however not confirmed significance
of MBL deficiency [15]. The remaining PRMs of the lectin
pathway have primarily been investigated in highly selected
patient populations or single cases [16, 17]. A limitation in
previous studies may be that only single or a few of the lectin
pathway PRMs were investigated. This could mask a potential
significance of the constellation of PRMs; e.g., deficiency of
one PRM may be compensated by sufficient amounts of the
others, whereas deficiency of multiple PRMs may increase
infection risk. Recognition of this possible dependency de-
mands that all the PRMs are investigated in the same study
population. Until now, no such comprehensive studies have
been reported.

Our aim of the present study was to compare plasma con-
centrations of all lectin pathway PRMs in a cohort of patients

referred for laboratory evaluation due to recurrent infections
compared with a group of healthy individuals. Secondly, we
wanted to test if the cause for the referral (e.g., type of infec-
tion) was associated with different plasma concentrations of
the lectin pathway PRMs. We hypothesized that single PRM
deficiencies as well as constellations of PRM deficiencies
would be more prevalent in the patients.

Materials and Methods
Study Population

Heparin plasma from patients referred for laboratory evalua-
tion for immunodeficiency at Department of Clinical
Immunology, Aarhus University Hospital, Aarhus,
Denmark, was collected. Collection was performed over
2.5 years (February 2011-October 2013), and samples from
332 patients were obtained, corresponding to approximately
70% of referred patients (suitable material was not available
for the remaining). Patients were referred due to frequent in-
fections, and based on information in referrals, we categorized
patients into five groups: recurrent airway infections (RAI);
recurrent abscesses; common variable immunodeficiency
(CVID) according to criteria set by the American Academy
of Allergy, Asthma & Immunology and the American College
of Allergy, Asthma & Immunology [18]; lung transplantation
candidates (LTX); and ‘other causes’.

Patients referred for an immunological evaluation prior to
lung transplantation (n = 25) suffered from severe chronic ob-
structive pulmonary disease (COPD) (n =10), sarcoidosis
(n=3), cystic fibrosis (n = 2), lung fibrosis (n = 3), or unlisted
primary disease (n = 8). We expect that this mixed population
per se is healthy in terms of their innate immune system. The
population, with severe structural lung damage to a degree
necessitating lung transplantation, will have suffered from
many more infections than the general population. Thus, the
LTX group was included to control for the effect of numerous
previous infections on the levels of the PRMs.

The category ‘other causes’ includes a mixture of many
different referral causes: recurrent episodic fever (n=13), re-
current herpes simplex infections (n=12),
hypogammaglobulinemia (n=7), low IgA and IgM but not
CVID (n=4), IgG subclass defect (n=15), recurrent warts
(n=4), severe recurrent candidiasis (n=4), ), sarcoidosis
(n=2), low IgG (n=2), low CD4 cells and HIV-negative
(n=2), isolated IgA deficiency (n =2), recurrent meningitis
(n=2), further one of each of Listeria sepsis, recurrent
neuroborreliosis, 22ql1 deletion, systemic scleroderma, pri-
mary ciliary dyskinesia, McKusick—Kaufman syndrome, tu-
berculosis spondylitis, recurrent pneumococcal meningitis, se-
vere atopic dermatitis, adenosine deaminase deficiency,
myeloperoxidase deficiency, neonatal herpes encephalitis,

@ Springer



670

J Clin Immunol (2019) 39:668-677

suspected IFNGR I-mutation, HIV positive and numerous re-
current granulomas, recurrent panaritium, neutropenia, severe
rheumatoid arthritis and lung fibrosis, hyper-IgE syndrome,
severe eosinophilia, and juvenile psoriatic eczema. For the
remaining 53 patients, a primary disease was not listed in
referral.

The genetic deficiencies determined for some patients are
shown in supplementary table S2.

Heparin plasma from 150 (75 females and 75 males)
anonymized blood donors was included as healthy control
material from the Blood Bank, Aarhus University Hospital,
Aarhus, Denmark.

Methods

Heparinized blood samples were centrifuged at 1849xg for
5 min, and plasma was collected. Each sample was frozen at
— 80 °C after collection, thawed, diluted 1/4 in Tris-buffered
saline (10 mM Tris, 145 mM NaCl, pH 7.4) (TBS), and stored
at — 80 °C. Freeze and thaw cycles were kept at a minimum.

Immunoassays were used for the measurements of the pro-
teins involved in the lectin pathway: MBL, H-ficolin, L-
ficolin, M-ficolin, and CL-L1. All proteins, except for L-
ficolin (measured using a commercial enzyme-linked immu-
nosorbent assay (Hycult Biotechnology, Uden, the
Netherlands)), were measured by time-resolved
immunofluorometric assays (TRIFMAs). The specific anti-
bodies used in TRIFMAs were developed and produced in-
house. The assays have been described in detail elsewhere
[19-26]. Sample dilution and loading on microtiter plates
were automated using a pipetting robot (JANUS,
PerkinElmer, Hamburg, Germany). All analyses were per-
formed in duplicate. Measurements were repeated if coeffi-
cient of variation (CV) of the duplicate analyses was above
15%. Inter-assay CV based on internal controls was also de-
termined for each protein, and CV was below 15% for all
proteins, except for H-ficolin (18%). Plasma high-sensitive
C-reactive protein (hs-CRP) was determined by in-house
time-resolved immunofluorometric assay based on commer-
cially available monoclonal antibodies (MAB17071 and
BAM17072; R&D Systems, Minneapolis, MN, USA) and
calibrated against WHO 85/506 (National Institute for
Biological Standards and Control). Limit of detection was
5 ng/L, intra- and interassay CVs were <5% and < 6%, re-
spectively. Protein measurements were performed blinded to
patient data.

Statistics

MBL was analyzed by a gamma distribution generalized lin-
ear model with a robust variance estimator (means were com-
pared with a Wald test). The remaining plasma protein con-
centrations (CL-L1, H-ficolin, L-ficolin, M-ficolin, and CRP)
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in patient categories and healthy controls were compared
using a multiple linear regression model and ¢ tests.
Gaussian distributions were approximated by logarithmical
transformation of the measured concentrations. Model valida-
tion after logarithmical transformation of data gave no reason
to reject the model. Frequencies of low concentrations of
PRMs (defined as below the 10th percentile of healthy con-
trols) in the five patient categories were compared with
healthy controls using Fisher’s exact test. Correlations be-
tween concentrations of PRMs and CRP were performed
using Spearman correlation.

All tests were two-sided. p values < 0.05 were defined as
significant. Ninety-five percent confidence intervals (95%CI)
are presented in brackets in both figures and tables. Analyses
were performed using Stata 12 software (StataCorp, TX,
USA). Graphical representations were performed using
GraphPad Prism software (GraphPad Software, CA, USA).

Ethics

The study was conducted under the approval by 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 according to the
Declaration of Helsinki.

Results
Demographics of the Participants

The demographics of the study participants are presented in
Table 1. The Danish population was in 2013 approx. 5.6

Table 1 Demographics of the study population. Controls were healthy
blood donors. Patients were referred for immunological evaluation due to
recurrent airway infection (RAI), common variable immunodeficiency
(CVID), pre-lung transplantation assessment (LTX), recurrent abscesses,
or other causes

Females Age (years)
n % p value* Median IQR*® p value®

Controls 150 50.0 29.0 23.0-41.0

Patients, total 332 55.7 0.24 39.2 11.3-55.7 0.02
RAI 122 639 0.02 424 10.7-61.5 <0.01
CVID 29 51.7 0.87 428 33.0-60.5 <0.01
Abscess 25 520 085 373 30.4-50.6 0.16
LTX 25 560 0.58 53.6 46.9-56.1 <0.01
Other causes 131 49.6 0.95 339 7.8-51.2  0.16

*Compared with healthy controls by chi® test
$ Compared with healthy controls by Mann-Whitney U test
*IQR: interquartile range
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million and quite homogenous in terms of ethnicity with ap-
proximately 90% of Danish descendant (Western European).
We expect this reflected in the study population. Patients were
divided according to reason of referral in the following cate-
gories: common variable immunodeficiency (CVID, n=29),
lung transplantation candidates (LTX, n =25), recurrent air-
way infection without CVID or LTX (RAI, n =122), abscess-
es (n=25), and ‘other causes’ (n = 131). No difference in gen-
der distribution was found between the patient cohort and the
healthy controls (p = 0.24) whereas median age was 10 years
older in the patients (p =0.02).

Single patient categories’ distribution of gender was indif-
ferent from controls except for the RAI category (p =0.02).
Compared with controls, age differed in RAI (13 years older,
p<0.01), in LTX (24 years older, p <0.01), and in CVID
(14 years older, p <0.01). Patients suffering from abscesses
and ‘other causes’ did not differ from controls by gender or
age.

Single PRM Concentrations

PRMs were quantified by TRIFMA (MBL, CL-L1, H-ficolin,
and M-ficolin) or ELISA (L-ficolin) in plasma of patients and
controls. The data are depicted in graphs in supplementary
figure S1. MBL concentrations were below the quantification
range in 7 of the 332 patients. This was not observed in any of
the controls. Remaining PRMs were detectable in all patients
and controls.

First, we examined PRM concentrations as continuous da-
ta. Each patient category was compared with controls (Fig. 1).
We found RAI patients to have higher geometric mean con-
centrations of CL-L1 (107% [101%; 112%]), H-ficolin (108%
[101%; 117%]), and M-ficolin (145% [131%; 159%]) than
healthy controls, but no difference in MBL and L-ficolin
levels was found. Patients with CVID had higher geometric
mean concentration of M-ficolin (132% [112%; 155%])
whereas MBL, CL-L1, H-ficolin, and L-ficolin levels did
not differ. Patients suffering from abscesses had higher geo-
metric mean concentrations of CL-L1 (115% [105%; 125%])

and M-ficolin (144% [121%; 171%]) and a higher mean MBL
concentration (1120 pg/L [258 pg/L; 1982 ug/L]). H-ficolin
and L-ficolin levels did not differ. Lung transplantation can-
didates had higher concentrations of M-ficolin (geometric
mean 159% [134%; 188%]) and MBL (1014 ng/L
[185 pg/L; 1843 pg/L] higher mean), whereas, CL-L1, H-
ficolin, and L-ficolin levels did not differ. We expect that the
patients in the LTX category per se are healthy in terms of their
innate immune system. The population, with severe structural
lung damage to a degree necessitating lung transplantation,
will have suffered from many more infections than the general
population. Thus, the LTX group was included to control for
the effect of numerous previous infections on the levels of the
PRMs.

The remaining patients in the category ‘other causes’ had
higher geometric mean concentrations of CL-L1 (110%
[104%; 115%]), M-ficolin (133% [121%; 147%]), and MBL
(875 ug/L [384 ug/L; 1366 pg/L]). H-ficolin and L-ficolin
levels did not differ.

We adjusted for age and gender in the linear regression, and
it only had marginal impact on the estimates and did not
change conclusions; hence, non-adjusted data are presented.

The PRMs were not found to be present in lower concen-
tration in any patient category compared with healthy con-
trols. Contrarily, several of the PRMs were actually found in
higher concentration in certain patient categories.

We subsequently examined whether the prevalence of sin-
gle PRM deficiency differed between patients and controls.
For each PRM, deficiency was defined as samples with con-
centrations below the 10th percentile of the controls. The re-
maining samples were defined as non-deficient. We found that
only M-ficolin deficiency displayed difference (Table 2).
Deficiency was significantly less common in RAI and the
‘other causes’ category compared with controls (2.5%
[0.5%; 7.0] and 1.5% [0.2%; 5.4%], respectively). The anal-
yses were also performed using 5th and 1st percentiles as cut-
off levels, respectively. When Sth percentile was used as cut-
off, no differences were observed between patients and
healthy controls (data not shown). When analyses were

Table 2 Prevalence of deficiencies of single PRMs in patients relative to healthy controls

Controls RAI CVID Abscess LTX Other causes

10th % (ug/L)  n (%) n (%) pvalue  n (%) pvalue n (%) pvalue n(%) pvalue n (%) p value
MBL 38 15(10) 17(14) ns 135 ns 3(12) ns 14 n.s 10(7.6) ns
CL-L1 508 15 (10) 9(74) ns 2(49) ns 14 n.s 4(16) ns 16 (12) ns
H-ficolin 23,724 15(10) 11 (9.0) ns 4(14) ns 3(12) ns 4(16) ns 13(9.9) ns
L-ficolin 2322 15(10) 11 (9.0) ns 4(14) ns 5(20) ns 4(16) ns 15(11) ns
M-ficolin 1748 15 (10) 325 0.01 0 (0) n.s 0 (0) n.s 0 (0) n.s 2(1.5) <0.01

Deficiency definition: PRM concentrations below controls’ 10th percentile

Patient categories were compared with controls by Fisher’s exact test. n.s non-significant
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Fig. 2 Prevalence of combined 801
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performed by using 1st percentile as cut-off, L-ficolin defi-
ciency was observed more frequent among certain patient cat-
egories: three patients (12%) in LTX and nine patients (7%) in
‘other causes’ (data not shown).

Combined PRM Concentrations

Each of the PRMs recognizes only a narrow range of struc-
tures. The combined arsenal of PRMs however recognizes a
far wider range of structures. We therefore examined whether
the prevalence of multiple PRM deficiencies differed between
patients and controls. We found no difference in the preva-
lence of multiple PRM deficiencies in any patient category
compared with controls (Fisher’s exact p > 0.05) (Fig. 2).

Correlations Between Concentrations of PRMs
and CRP

As presented above, we found higher concentrations of sever-
al PRMs in the patients compared with the controls. Transient
increased concentrations of some of the PRMs may be caused
by recent infection [27]. Infections are likely to be more fre-
quent in the patient categories. We therefore performed mea-
surements of CRP, which is often used as a biomarker for
systemic inflammation, and investigated whether the PRM
concentrations were correlated with the concentration of
CRP and hence inflammation.
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Number of deficient PRMs

We found that all patient categories had higher concentra-
tions of CRP than controls (Fig. 3a). Relative to controls,
geometric mean of CRP was 216% (138%; 338%) for RAI,
292% (132%; 646%) for abscesses, 887% (400%; 1960%) for
LTX, 443% (211%; 934%) for CVID, and 231% (149%;
358%) for ‘other causes’.

We subsequently examined a potential correlation between
concentrations of PRMs and CRP in both patients and controls
(Fig. 3b). CRP correlated positively with L- and M-ficolin
(Fig. 3b, d). The correlation between CRP and M-ficolin
was observed in patents (r=0.51, p<0.01) and controls
(r=0.41, p<0.01). The correlation between CRP and M-
ficolin was observed in all patient categories (r>0.41, p<
0.01) except for CVID (r=0.11, p=0.58).

The correlation between CRP and L-ficolin was observed
in patients (»=0.14, p<0.01) and controls (#=0.21, p=
0.01). The correlation between CRP and L-ficolin was only
observed in patients suffering from RAI (#=0.21, p=0.02);
no correlation was observed in patients suffering from ab-
scesses, CVID, LTX, or ‘other causes’ (p>0.19).

Finally, we examined pairwise correlations between the
various PRMs in both patients and controls (Fig. 3b). A strong
correlation was observed between H-ficolin and L-ficolin
among patients (»=0.66, p<0.01) as well as controls (»=
0.62, p<0.01) (Fig. 3c). The correlation between H-ficolin
and L-ficolin was also observed in all patient categories (>
0.53, p<0.01).
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Fig. 3 Association of CRP and PRMs in heparin plasma samples. a CRP
in controls and patient categories. b Spearman’s rho with p value for all
pairwise correlations. ¢ Data points of H-ficolin versus L-ficolin and d M-

Discussion

In the present study, we compared plasma concentrations
of all PRMs of the lectin pathway in patients with
suspected immunodeficiency with healthy controls. The
value of measuring these PRMs in clinical settings is
somewhat controversial, in particular with respect to
MBL.

We included patients examined prior to lung transplanta-
tion in one category, LTX, and they served as extra controls.
Patients in the LTX category have suffered from numerous
infections because of severe structural lung damage, but are
per se expected healthy in regard to their innate immune sys-
tem. Thus, the LTX category was included to control for the
effect of numerous previous infections on the levels of the
PRMs.

Contrary to our hypotheses, none of the PRMs displayed
lower concentration in any patient category. Most of the
PRMs were actually found in higher concentration in certain
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ficolin versus CRP. In ¢ and d, controls are colored light gray and patients
in darker color

patient categories. Only L-ficolin concentrations did not differ
in the patient categories and healthy controls.

We found concentrations of M-ficolin to be higher in all
five patient categories compared with controls. M-ficolin is
produced by monocytes and neutrophils [28]. The blood con-
centration of these cells correlates with M-ficolin in both
healthy blood donors and persons with ongoing inflammation
[29]. We therefore suspect that the higher concentration of M-
ficolin in patients is caused by ongoing inflammation. In ac-
cordance, we found that all patient categories had more than
twofold higher CRP concentration than healthy controls. This
was most pronounced for patient categories LTX and CVID.
Interestingly, concentrations of CRP and M-ficolin correlated
strongly among patients and healthy controls, as well as in
four of the patient categories and controls, with the only ex-
ception being CVID (p =0.58). This could suggest that not
only presence of inflammation is of importance but also which
specific immunological components participate in the inflam-
matory response.
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We observed higher concentrations of MBL in some pa-
tient categories (abscesses, LTX, and ‘other causes’). No pa-
tient category had lower MBL concentrations. Despite being
the most well-described PRM of the lectin pathway, the bio-
logical importance of MBL is not entirely clear, and MBL-
deficiency is quite common among Caucasians with an esti-
mated prevalence of 5-15% [4]. Some studies have reported
lower concentrations in patients with recurrent or severe in-
fections [30] whereas others [31], including the present study,
have failed in verifying this. In addition, MBL deficiency (<
50 ng/mL) is not more prevalent among patients with IgG
subclass deficiency [32]. MBL is however, to some extent,
an acute-phase reactant and may increase up to 1.5-fold during
inflammation, even though the increase is much less rapid
than CRP [27]. The patients included in our study did dem-
onstrate signs of more inflammation based on the CRP mea-
surements discussed above; however, active, severe infections
were presumably rare based on the relatively low levels of
CRP. Hence, it is plausible that MBL concentrations were
higher in the patients due to inflammation, ongoing infection,
or increased colonization at the time when blood samples were
collected.

The estimated differences in concentrations of CL-L1 and
H-ficolin between patients and healthy controls were minor.
CL-L1 was found in higher concentrations in patient catego-
ries RAI, abscesses, and ‘other causes’, and estimated differ-
ences were < 15% higher among all patient categories. H-
ficolin was found in higher concentration only in RAI and
was 8% higher in patients than controls. We believe the bio-
logical significance of such small differences is questionable.

L-ficolin did not differ between patients and controls, albeit
it correlated weakly with CRP, which was higher in patients
than controls as described above.

We also compared frequencies of single PRM deficiency
between patients and controls. The concentration of various
PRMs required for full functional capacity of the lectin path-
way remains uncertain for most involved proteins. In lack of
established limits for deficiency, we defined the 10th percen-
tile concentrations of healthy controls as the limit for low
concentrations of PRMs in the present study. We found that
deficiency of single PRMs was not more frequent in any pa-
tient category. M-ficolin deficiency was actually less frequent
in the patient categories RAI and ‘other causes’. This may be
explained by generally increased level of M-ficolin caused by
increased inflammation as argued above. In contrast to our
findings, Hoeflich et al. [30] found significantly higher fre-
quency of low concentrations (defined as < 50 pg/L) of MBL
in patients suffering from recurrent or severe infections, which
was also supported by Holdaway et al. (low levels defined as
<75 png/L) [31]. The limits used in these studies are higher
than ours of 38 pg/L. However, applying an identical cut-off
level does not change any conclusions of our study. The dif-
ferences of the study results might be explained by differences

in selections of patients or to some degree ethnicity and con-
sequently genotypes.

The analysis of single PRM deficiency was also performed
using Sth and 1st percentiles as cut-off levels. When using the
Sth percentile as cut-off, no differences were observed be-
tween patients and healthy controls. When using 1st percentile
as cut-off, L-ficolin deficiency was observed more frequent
among certain patient categories: three patients (12%) in LTX
and nine patients (7%) in ‘other causes’. This cut-off level
resulted in very few patients in each category. As described
earlier, patients in the LTX category are expected to have a
healthy innate immune system and the deficiencies observed
using the 1st percentile cut-off level might be caused by con-
sumption due to frequent and persistent lung infections.

We also examined correlations between single PRMs. The
strongest correlation was observed for H-ficolin and L-ficolin
(Fig. 3¢). Such a correlation has also recently been observed in
a different study investigating concentrations of lectin path-
way PRMs in healthy individuals [26], but the biological sig-
nificance has yet to be determined, potentially providing new
information regarding the lectin pathway.

A great strength of our study is the large patient population,
comprising a large proportion of patients with clinically
suspected immunodeficiency based on recurrent or severe in-
fections and referred to a highly specialized health depart-
ment. The Danish health care system provides free-of-charge
health care, clinical evaluation, and treatment of all Danish
citizens, and hence, the patient population in our study repre-
sents the part of the Danish population where immunological
evaluation is considered relevant by immunological special-
ists. The heterogeneity of the patients and the relatively large
number of patients in the category ‘other causes’ composes a
great strength. This reflects the clinical situation eminently
and allows the transfer of results regarding screening of lectin
pathway PRMs as a clinical tool. Furthermore, all five PRMs
of'the lectin pathways have been determined in all patients. To
our knowledge, this is the first comprehensive study of all
lectin pathway PRMs among patients with suspected
immunodeficiency.

Our study has some limitations to be considered. A possi-
ble limitation is the wide age distribution among the patients
in contrast to the age distribution among the healthy controls.
Age-related influence on the concentration of the PRMs of the
lectin pathway has only been sparsely investigated, but their
plasma levels seem to stabilize around 6 months of age with-
out significant fluctuations afterwards in healthy persons [26,
33]. As only four of the 332 examined patients in our study
less than 6 months of age, we expect the difference in age to be
of minor importance.

Gender-related differences in PRM concentration (H-
ficolin, L-ficolin, and M-ficolin) have been reported [26]. Of
the patient categories in our study, only RAI differed from
controls by gender; i.e., among these patients, 63.9% were
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female. In the present study, we adjusted for age and gender in
linear regression, and it only had marginal impact on the esti-
mates and did not change conclusions; hence, the non-
adjusted data are presented.

In the present study, 50% hemolytic complement (CH50)
activity of serum was not determined, as it is not a specific
measurement for lectin pathway activity, but rather a measure-
ment for general consumption or lack of complement factors.

The results of our study support that neither single nor
combined deficiencies of lectin pathway PRMs are more fre-
quent among patients in general with suspected immunodefi-
ciency compared with healthy blood donors. The study is
performed in a clinical setting where access to health care,
clinical evaluations, and treatment is free-of-charge, and
hence, the patient population in our study represents the part
of the Danish population where specialized immunological
evaluations are considered relevant.

Based on our results, we suggest there is no indication of
performing screening of lectin pathway PRMs as standard in
an immunological evaluation. We cannot rule out that defi-
ciency of one or more of the lectin pathway PRMs may be of
importance in more selected populations and that screening in
such populations might be beneficial. To clarify this, further
studies among more selected patient populations are needed.

Eleven different proteins are known to be involved in the
lectin pathway, and clinical relevance might also be due to
combined deficiencies of PRMs and/or associated proteases
(MASP-1, MASP-2, and MASP-3) or proteins (MAp19 and
MAp44), and further studies are needed to clarify this.

In the present study, parameters such as CH50, lymphocyte
subpopulations, and full genetic testing were not available for
all patients and could thus not be included in the analyses of
data. Future studies may benefit from including additional
parts of the immune system, such as antibodies and cellular
components.
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