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Abstract

Background: Mannose-binding lectin (MBL) and ficolins are
pattern recognition molecules (PRMs) that play animportant
role during infection through activation of the lectin com-
plement pathway. We assessed whether plasma PRM levels
were associated with mortality in patients with necrotizing
soft tissue infection (NSTI). Methods: We conducted a pro-
spective, observational study over 25 months involving 135
NSTI patients with a maximum follow-up of 2.7 years. Blood
samples were taken upon admission. Non-infected patients
served as controls. Results: PRM levels were significantly
lower compared with controls. A baseline Ficolin-2 level be-
low the median was associated with mortality at the end of
follow-up (p = 0.007). No significant association was found
for MBL, Ficolin-1 and Ficolin-3. A Ficolin-2 level below the
median had a negative predictive value of 0.94 for 28-day
mortality, and a level below the optimal cut-off was inde-
pendently associated with 28-day mortality when adjusted
for age, sex and chronicity [hazard ratio 6.27 (95% confi-
denceinterval 2.28-17.21), p < 0.0001], also when Simplified

Acute Physiology Score Il was included in the analysis [haz-
ard ratio 3.16 (95% confidenceinterval 1.03-9.73), p = 0.045].
Conclusions: All PRMs were significantly lower in patients
with NSTI than in controls. Only baseline Ficolin-2 was asso-
ciated with short- and long-term mortality. A high baseline
Ficolin-2 level indicated a 94% chance of surviving the first

28 days after admission. ©2016S. Karger AG, Basel

Introduction

Necrotizing soft tissue infection (NSTI) is a bacterial
infection causing progressive necrosis of subcutaneous tis-
sue, fascia or muscle, partially due to release of bacterial
toxins. Limited data exist on the disease burden, but the
incidence is estimated to be 40 cases per 1,000,000 person-
years in the United States, with 4.8 deaths per 1,000,000
person-years [1, 2], and similar data have been reported
from New Zealand and the United Kingdom [3, 4].

Patients with diabetes, intravenous drug abuse or he-
matological malignancies are at particular risk of contract-
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ing NSTI, but 25% of the cases occur in patients without
comorbidity [5]. Among several immunological processes
during infection, the complement system of innate immu-
nity plays a pivotal role. Patients with NSTT might have a
different immunological response, especially considering
the accumulating evidence of complement activation as an
important contributor to tissue necrosis after ischemia [6].

The complement system is part of the innate immune
defense and is activated through three pathways: the clas-
sical, the alternative and the lectin pathway [7]. The latter
is activated by multimeric pattern recognition molecules
(PRMs) comprising collagen and globular recognition
domains and includes mannose-binding lectin (MBL),
Ficolin-1, Ficolin-2 and Ficolin-3. MBL deficiency is as-
sociated with bacterial infections [8, 9], but there are lim-
ited data regarding ficolins and infections. Nevertheless,
decreased survival was found in septic patients with poly-
morphisms in the promoter region of the FCN1I gene [10],
and survival tended to be lower in patients with commu-
nity-acquired pneumonia and low Ficolin-2 level [11].

Improvement in the clinical care of NSTI requires iden-
tification of new biomarkers that are associated with early
stages of the disease and outcome. A better understanding
of the mechanisms related to innate immune activation
following NSTI may also lead to the development of new
therapeutic agents, individualized treatment and improved
patient survival. To our knowledge, no studies have inves-
tigated the role of the lectin complement pathway, includ-
ing MBL and ficolin levels, in patients with NSTL

The aim of the present study was to investigate the as-
sociation between plasma PRM levels of the lectin com-
plement pathway and mortality in patients with NSTI.
We hypothesized that PRM levels were associated with
28-day and long-term mortality with a maximum follow-
up of 2.7 years. Lastly, we aimed to investigate the degree
of complement pathway activation in patients with NSTI
and in non-infected controls.

Subjects and Methods

Setting and Patients

In this prospective, observational study we included patients
presenting with NSTT over 25 months at Copenhagen University
Hospital (Rigshospitalet, Copenhagen, Denmark). The study was
conducted as previously described in detail [12]; some data from the
present cohort have been published elsewhere [13]. The study is reg-
istered at ClinicalTrials.gov (NCT02180906; https://clinicaltrials.
gov/ct2/show/NCT021809062term=NCT02180906&rank=1).

Inclusion criteria were a diagnosis of NSTI based on surgical
findings of necrosis engaging any layer of the soft tissue compart-
ments, age >18 years, and admission to the intensive care unit

508 J Innate Immun 2016;8:507-516

DOI: 10.1159/000447327

(ICU) or surgery for NSTT at our hospital. The exclusion criterion
was lack of NSTT confirmation during surgery.

Inclusion criteria for control patients were elective orthopedic
surgery at our hospital and age >18 years. Exclusion criteria were
ongoing infection or inflammatory conditions. A total of 65 con-
trol patients, matched for age and sex, were included.

Data Collection

From electronic patient records we obtained data on age,
chronic disease, ICU scores, site of infection, microbial etiology
and biochemistry. Vital statistics were extracted from the hospital
database linked to the Danish Civil Registration System, where all
persons with residency in Denmark are registered with a unique
civil registration number. Follow-up was until November 2015.

We drew blood from an arterial line into EDTA tubes at four
discrete time points: on admission (baseline) and on the following
three days. For control patients, we drew blood by venous punc-
ture at three discrete time points: on the day before surgery (base-
line), on the first postoperative day (2-6 h postoperatively) and on
the second postoperative day. The blood sample was immediately
put on ice, centrifuged within 40 min (3,500 rpm, 2,400 g, 10 min)
and stored at —80°C until processing.

Enzyme-Linked Immunosorbent Assays

PRMs of the Lectin Complement Pathway. Plasma levels of Fico-
lin-1, Ficolin-2, Ficolin-3 and MBL were quantified in specific sand-
wich enzyme-linked immunosorbent assays (ELISAs) with mono-
clonal antibodies for each marker according to previously described
methods [10, 14-16]. In brief, ELISA plates were coated with spe-
cific in-house-produced monoclonal catching antibodies (anti-Fico-
lin-1 FCN166, anti-Ficolin-2 FCN216, anti-Ficolin-3 FCN334 or
anti-MBL HYB131-1) and incubated with EDTA plasma samples
diluted in phosphate-buffered saline with 0.05% Tween (Ficolin-1
1:100, Ficolin-2 1:300, Ficolin-3 1:500, MBL 1:300). PRM levels were
detected with specific detection antibodies against Ficolin-1 (HP9039;
Hycult Biotech, Uden, The Netherlands) and in-house-produced
biotinylated antibodies against Ficolin-2 (anti-Ficolin-2 FCN219),
Ficolin-3 (anti-Ficolin-3 FCN334) and MBL (anti-MBL HYB131-1).
Subsequently, a polyclonal donkey anti-rabbit antibody or strepta-
vidin-conjugated horseradish peroxidase was applied and plates
were developed with o-phenylenediamine dihydrochloride. Samples
were tested in duplicate against a standard pool with known concen-
tration. Assays were optimized for automated analysis in a polysty-
rene 384-well format using the Biomek FX platform (Beckman Coul-
ter, Fullerton, Calif., USA) for pipetting and a subsequent DTX880
Multimode Detector system for analyses at 490 nm.

Residual Complement Activation Capacity. Residual comple-
ment deposition via the classical, lectin and alternative pathways
was quantified in ELISAs essentially as previously described, but
with some modifications [17, 18]. Classical pathway activity was
assessed on ELISA plates coated with human serum albumin
(HSA) (Sigma, A9731)/anti-HSA (DAKO, 0001) immune com-
plexes, and ficolin-mediated lectin pathway activity was assessed
on acetylated bovine serum albumin (BSA) prepared as previously
described [18]. EDTA plasma samples for classical or lectin path-
way activation were diluted 1:400 or 1:100, respectively, in barbital
buffer (5 mM barbital natrium, 145 mM NaCl, 2 mM CaCl,, 1 mMm
MgCl,, pH 7.4) with 0.05% Tween-20 (Barb-T) to eliminate con-
tributions from alternative pathway activation. Alternative path-
way activity was assessed on ELISA plates coated with lipopolysac-
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Table 1. Baseline characteristics of patients with NSTT stratified according to 28-day mortality from admission

Survivors Non-survivors p value
(n=113) (n=22)
Age, years 61 (51-68) 66 (55-70) 0.22
Male sex 69 (61%) 15 (68%) 0.53
Chronic disease® 70 (62%) 16 (73%) 0.34
Simplified Acute Physiology Score IT° 43 (33-50) 61 (49-77) <0.0001
Sepsis-Related Organ Failure Assessment score (day 1)° 7 (4-9) 11 (7-13) 0.00
Laboratory risk indicator for necrotizing fasciitis scored 8(6-9) 7 (4-10) 0.59
Lectin markers
MBL, ng/ml 664.6 (244.5-1,463.0) 460.9 (158.4-1,292.8) 0.19
Ficolin-1, ng/ml 322.3 (207.9-523.0) 306.3 (147.4-649.4) 0.77
Ficolin-2, pg/ml 3.6(1.7-6.2) 1.3 (0.8-2.1) <0.0001

Ficolin-3, pg/ml 15.8 (10.6-23.0) 12.1 (6.0-15.6) 0.01
Primary site of infection
Head/neck 19 (17%) 2 (9%) 0.53
Chest 3 (3%) 2 (9%) 0.19
Abdomen 8 (7%) 3 (14%) 0.39
Extremities 50 (44%) 12 (54%) 0.38
Genital/perineum 33 (29%) 3 (14%) 0.13
Microorganism
Group A streptococcus 34 (30%) 3 (14%) 0.11
Group B streptococcus 2 (2%) 0(0%) 0.53
Group C streptococcus 2 (2%) 2 (9%) 0.12
Group G streptococcus 3 (3%) 0 (0%) 0.44
Staphylococcus aureus 12 (11%) 2 (9%) 0.74
Other 28 (29%) 12 (54%) 0.08
Negative findings 32 (23%) 3 (14%) 0.08
Biochemistry
Hemoglobin, mmol/l 5.8 (5.0-6.6) 4.7 (4.1-6.1) 0.002
Leukocyte count, x10%/1 16.7 (11.1-23.5) 18.8 (8.3-31.0) 0.53
C-reactive protein, mg/l 219 (150-299) 162 (79-303) 0.10
Creatinine, umol/l 104 (72-169) 228 (131-261) 0.001
Lactate, mmol/l 2.1(1.2-3.5) 7.3 (1.6-16.5) 0.01
Outcomes
Septic shock upon admission 82 (73%) 14 (64%) 0.40
ICU admission® 104 (92%) 19 (86%) 0.41
Mechanical ventilation within 7 days 100 (89%) 22 (100%) 0.13
Renal replacement therapy within 7 days 22 (20%) 12 (55%) 0.001
Amputation of extremity within 7 days 13 (12%) 8 (36%) 0.01

Values denote median (IQR) or number (%). Differences according to 28-day mortality were analyzed with the Mann-Whitney U

test or x test/Fisher’s exact test.

2One or more of the following: diabetes, liver cirrhosis, chronic kidney disease, cardiovascular disease, chronic obstructive pulmo-
nary disease, peripheral vascular disease, immune deficiency, malignancy, rheumatoid disease. ° Patients with missing value: n =5 (n =
4 survivors, n = 1 non-survivors). © Patients with missing value: n = 6 (n = 5 survivors, n = 1 non-survivors). ¢ Patients with missing
value: n = 15 (n = 14 survivors, n = 1 non-survivors). ¢ Three patients died before admission to the ICU.

charide from Salmonella typhosa (Sigma, L6386). For alternative
pathway activation, EDTA samples were diluted 1:10 in Barb-T
added 10 mM EDTA and 10 mM MgCl to avoid contributions from
the classical and the lectin pathways. Downstream deposition of
C3 was detected with biotinylated rabbit-anti-C3c (Dade Behring,
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Infections

Marburg, Germany) and horseradish peroxidase-conjugated
streptavidin was subsequently applied. Samples were tested in du-
plicate against a standard pool. Residual activation capacity was
calculated as percentage of the complement activation capacity in
the baseline samples of the controls.

J Innate Immun 2016;8:507-516 509
DOI: 10.1159/000447327


http://dx.doi.org/10.1159%2F000447327

MBL Ficolin-1
3,000 A - Control (n = 65) 1,000 1 ~= Control (n = 65)
b - 0001 =~ NSTI (n = 135) 5001 - NSTI (n = 135)
= P < 00001 60001
£ 2,000 1 P 38 £
> ‘ 2 600 1
9 £
= [ -
| ! L | :
< 1,000 - —_ 1 < 400 -
o 4
—_— —o- & 200 - ‘\'\.——’—*
0 . . . . 0 . . ; ]
0 Baseline  Day 1 Day 2 Day 3 0 Baseline  Day 1 Day 2 Day 3
Time point Time point
Ficolin-2 Ficolin-3
10 — Control (n = 65) 50 17 - Control (n = 65)
-= NSTI (n = 135) -=- NSTI (n = 135)
= 87 — 40 4
c p < 0.0001 ) c
§ 6 4 . p= (:J.004 p= ?.005 g 30 4 p<oo01 P 00001 P =0005
oV e = ——y oM —
£ 4 4 £ 20 1
© — . ° & — s
=) T 9
Y 2 1 - 10 A1
0 T T T 1 0 T T T 1
0 Baseline  Day 1 Day 2 Day 3 0 Baseline  Day 1 Day 2 Day 3
Time point Time point

Fig. 1. Levels of PRMs upon admission (baseline) and on the fol-
lowing days in patients with NSTT and in non-infected control pa-
tients. Values denote medians with IQR. Differences were ana-
lyzed with the Mann-Whitney U test. Microtiter plates were coat-

ed with monoclonal antibodies against Ficolin-1, Ficolin-2,
Ficolin-3 and MBL. EDTA plasma samples were diluted in phos-
phate-buffered saline with 0.05% Tween (Ficolin-1 1:100, Fico-
lin-2 1:300, Ficolin-3 1:500, MBL 1:300).

Table 2. Spearman rank correlation between clinical scores or complement activity and concentration of biomarkers at baseline (upon
admission) in patients with NSTI

MBL Ficolin-1 Ficolin-2 Ficolin-3

p p p p p p p p
SAPSII -0.10 0.252 -0.07 0.454 -0.26 0.002 -0.02 0.847
SOFA -0.18 0.046 -0.10 0.273 -0.17 0.059 0.02 0.821
LRINEC -0.08 0.395 0.12 0.181 0.09 0.329 0.08 0.376
CPp? 0.09 0.06 0.21 0.02 0.31 <0.0001 0.45 <0.0001
Lp? 0.12 0.18 0.24 0.007 0.47 <0.0001 0.59 <0.0001
AP? 0.33 <0.0001 0.37 <0.0001 0.46 <0.0001 0.40 <0.0001

SAPS II = Simplified Acute Physiology Score II; SOFA = Sepsis-Related Organ Failure Assessment score; LRINEC = Laboratory Risk
Indicator for Necrotizing Fasciitis score; CP = classical pathway; LP = ficolin-mediated lectin pathway; AP = alternative pathway.
Baseline complement pathway residual activation capacity.
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Fig. 2. Residual activation capacity of the complement system in
patients with NSTI and in non-infected control patients. Values
denote medians with IQR. Differences were analyzed with the
Mann-Whitney U test. Assessment of classical pathway activity
was performed on anti-human albumin/albumin immune com-
plexes (plasma samples diluted 1:400), ficolin-mediated lectin
pathway activity on acetylated BSA (plasma samples diluted
1:1,000) and alternative pathway activity on lipopolysaccharide
(plasma samples diluted 1:10).

Statistical Analyses

Continuous data are presented as medians (interquartile range,
IQR) and compared by the Mann-Whitney U test. Categorical data
are presented as absolute numbers (%) and compared by x? test or
Fisher’s exact test. Correlations were assessed using Spearman’s
rank correlation test. The log-rank test was used to assess differ-
ences in long-term mortality (end of follow-up) according to me-
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dian plasma PRM levels and also by optimal cut-off (maximum
sum of sensitivity and specificity). We compared 28-day mortality
by univariate and multivariate Cox analysis and reported the re-
sults with hazard ratio (HR) and 95% confidence interval (CI).
Adjustment for sex, age, Simplified Acute Physiology Score II
(SAPS 1II) and chronic disease (diabetes, liver cirrhosis, chronic
kidney disease, cardiovascular disease, chronic obstructive pulmo-
nary disease, peripheral vascular disease, immune deficiency, ma-
lignancy, rheumatoid disease) was performed. Receiver operating
characteristic (ROC) curves were analyzed for 28-day mortality
and an optimal cut-off was identified as the value corresponding
to the maximum sum of sensitivity and specificity.

A p value <0.05 was considered statistically significant. Analy-
ses were performed using Statistical Package for the Social Sci-
ences 22.0 software (SPSS Inc., Chicago, Ill., USA) and GraphPad
Prism 6.0 software (GraphPad Inc., La Jolla, Calif., USA). Sample
size calculation was determined by planned recruitment of at least
82 patients based on previous studies using the same analysis [19]
as described in another article [13].

Ethics

The study was approved by the regional ethics committee
(H-2-2014-071) and the Danish Data Protection Agency (J. No.
30-1282). Written informed consent was obtained from all pa-
tients or their legal substitute.

Results

We enrolled 162 patients of whom 27 fulfilled the ex-
clusion criterion. Thus, we included 135 patients with
NSTI who had a 28-day mortality of 16% [n =22 (95% CI
11-24%)] and a long-term mortality of 34% [n =46 (95%
CI27-42%)] with a maximum follow-up of 2.7 years (me-
dian 20 months, range 3-33 months). Non-survivors had
lower baseline Ficolin-2 and Ficolin-3 levels and higher
SAPS 1II and Sepsis-Related Organ Failure Assessment
(SOFA) scores (table 1).

PRM:s of the Lectin Complement Pathway

Patients with NSTI had significantly lower baseline
PRM levels compared with non-infected controls, and
the levels remained low for the following 3 days (fig. 1).
The Ficolin-2 level correlated negatively with SAPS II
(p=-0.26, p = 0.002) and MBL with SOFA score at base-
line (p = -0.18, p = 0.046). We found no correlation be-
tween clinical scores and the plasma levels of Ficolin-1
and Ficolin-3 (table 2).

Additionally, patients with NSTI had significantly
lower baseline activation potential of the three comple-
ment pathways, but to a varying degree: an 11% differ-
ence in the classical pathway, a 51% difference in the fi-
colin-mediated lectin pathway, and an 33% difference in
the alternative pathway (fig. 2). The ficolin-mediated lec-
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Fig. 3. Kaplan-Meier curves of long-term mortality up to 2.7 years in patients with NSTI stratified by median
level of MBL (<627.3 ng/ml), Ficolin-1 (<322.3 ng/ml), Ficolin-2 (<2.9 ug/ml) and Ficolin-3 (<15.0 pg/ml). Dif-

ferences were assessed by the log-rank test.

tin pathway activation capacity was significantly associ-
ated with SAPS II (p = -0.24, p = 0.005), but not the clas-
sical (p = -0.16, p = 0.063) or alternative pathway activa-
tion capacity (p = -0.06, p = 0.498). In addition, Ficolin-2
and Ficolin-3 showed the strongest correlation to the re-
sidual activation capacity of the ficolin-mediated lectin
pathway (table 2).

Mortality Analyses of Patients with NSTI

A baseline Ficolin-2 level below the median was sig-
nificantly associated with long-term mortality (p = 0.007)
(fig. 3). A similar association was found between 28-day
mortality and low Ficolin-2 and Ficolin-3 levels [HR 5.01
(1.70-14.83), p = 0.004, and HR 3.56 (1.31-9.65), p =
0.013, respectively] (table 3). The associations were not
significant when we adjusted for SAPS II.
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Interestingly, Ficolin-2 was shown to have the highest
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and area under the ROC
curve (table 4; fig. 4). The optimal cut-off for Ficolin-2
was 1.9 ug/ml (sensitivity = 0.77, specificity = 0.70). When
the optimal cut-off was used instead of the median, base-
line Ficolin-2 level proved to be a significant independent
predictor of 28-day mortality [HR 6.27 (2.28-17.21), p <
0.0001], also when SAPS II was included in the statistical
model [HR 3.16 (1.03-9.73), p = 0.045] (table 3).

In continuation of this, univariate Cox regression
analysis revealed that an activation capacity of the ficolin-
mediated pathway below the median upon admission was
associated with 28-day mortality [HR 7.05 (2.08-23.83),
p = 0.002], but this was not the case for the classical or
alternative pathways [HR 1.85 (0.78-4.41), p = 0.166, and
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Table 3. Cox regression analysis of mortality up to day 28 (time of censoring) in patients with NSTI based on high versus low concen-

trations of the biomarkers according to median baseline values

Unadjusted Adjusted for age, sex, Adjusted for age, sex,
chronic disease chronic disease, SAPS II?
HR  95%CI p HR  95% CI p HR  95%CI p
MBL
High (>627.3 ng/ml) 1 1 1
Low (£627.3 ng/ml) 2.25 0.92-5.52 0.077 2.23 0.91-5.48 0.080 2.64 1.01-6.92 0.048
Ficolin-1
High (>322.3 ng/ml) 1 1 1
Low (<322.3 ng/ml) 0.98 0.43-2.27 0.969 0.85 0.36-2.01 0.713 0.67 0.27-1.70 0.404
Ficolin-2
High (>2.9 pg/ml) 1 1 1
Low (<2.9 pg/ml) 5.01 1.70-14.83 0.004 4.73 1.59-14.07 0.005 2.14 0.65-7.04 0.209
Ficolin-3
High (>15.0 pg/ml) 1 1 1
Low (<15.0 pg/ml) 3.56 1.31-9.65 0.013 3.42 1.26-9.29 0.016 2.67 0.83-8.48 0.099
Optimal Ficolin-2 cut-oft®
High (>1.9 pg/ml) 1 1 1
Low (<1.9 p.g/ml) 6.68 2.46-18.14 <0.0001 6.27 2.28-17.21 <0.0001 3.16 1.03-9.73 0.045

2 Five patients were not included in the analysis due to missing data of SAPS II. ® Found by maximum sum of sensitivity (0.77) and

specificity (0.70).

Table 4. Diagnostic accuracy of low baseline biomarker levels in predicting 28-day mortality in patients with NSTI

Ficolin-1

Ficolin-2

Ficolin-3

MBL
Sensitivity 0.68 (0.47-0.85)
Specificity 0.53 (0.49-0.56)
PPV 0.22 (0.15-0.27)
NPV 0.90 (0.83-0.95)
Area under the ROC curve 0.59 (0.46-0.72)

0.50 (0.30-0.70)
0.50 (0.46-0.54)
0.16 (0.10-0.23)
0.84 (0.77-0.90)
0.52 (0.38-0.66)

0.82 (0.61-0.94)
0.56 (0.52-0.58)
0.27 (0.20-0.30)
0.94 (0.87-0.98)
0.75 (0.63-0.86)

0.77 (0.56-0.91)
0.55 (0.51-0.58)
0.25 (0.18-0.30)
0.93 (0.86-0.97)
0.67 (0.54-0.80)

Data are presented as fractions (95% CI). The prevalence of 28-day mortality was 16%. Low baseline level is defined by the median.

HR 1.81 (0.76-4.32), p = 0.179, respectively]. Moreover,
non-survivors had significantly lower residual activation
capacity of the ficolin-mediated lectin pathway upon ad-
mission compared with survivors (fig. 5). The difference
could not be found in the activation capacity of the clas-
sical pathway and the alternative pathway. However, on
day 3 there was no significant difference in the ficolin-
mediated pathway according to 28-day mortality, where-
as a significant difference was observed in the classical
pathway.

Ficolins in Necrotizing Soft Tissue
Infections

Discussion

We performed a detailed analysis of the lectin pathway
PRMs during the first 4 days in the ICU in 135 patients
with NSTT and found a significant association between
low baseline Ficolin-2 levels and the risk of both 28-day
and long-term mortality. Conversely, a baseline Ficolin-2
level above the median had a high NPV of 0.94.

A main strength of this study was the size of the study
population, which to date is the largest cohort of patients
with NSTI who had biological material prospectively col-
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Fig. 4. ROC curve of 28-day mortality in patients with NSTI ac-
cording to the baseline level of the lectin markers.

lected. Additionally, extensive follow-up was possible due
to the access to the Danish Civil Registration System,
which gave us the opportunity to investigate the distinc-
tive mortality pattern and long-term outcome in this pa-
tient group. We found that more than 1 in 3 patients died
duringthe 2.7-year follow-up, indicating that even though
the patients survive the first 28 days after admission, twice
as many will die within a few years. However, we do not
know why. The treatment of NSTT has been centralized at
a national level at our hospital, thus minimizing the risk
of selection bias and increasing the internal and external
validity.

The plasma concentrations of the four PRMs of the
lectin complement pathway were lower in patients with
NSTTI than in non-infected controls at all investigated
time points. We interpret this as a consumption phenom-
enon seen in critically ill patients, who are massively ex-
posed to bacterial toxins, and as being related to the hy-
perinflammatory state in patients with sepsis. It is new
knowledge that the PRMs play an important role in the
hyperinflammatory response. Notably, a low baseline Fi-
colin-2 level, but not MBL, Ficolin-1 or Ficolin-3 level,
was independently associated with both short- and long-
term mortality in patients with NSTI, and we found a
moderate to high sensitivity and a high NPV of baseline
Ficolin-2 according to 28-day mortality. This could indi-
cate a specific role for Ficolin-2 in the pathophysiology of
the severity of NSTI.

Of particular interest was the investigation of the dif-
ferent complement pathways, which in these assays de-
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Fig. 5. Residual activation capacity of the complement system in
patients with NSTI according to 28-day mortality. Values denote
medians with IQR. Differences were analyzed with the Mann-
Whitney U test. Assessment of classical pathway activity was per-
formed on anti-human albumin/albumin immune complexes
(plasma samples diluted 1:400), ficolin-mediated lectin pathway
activity on acetylated BSA (plasma samples diluted 1:1,000) and
alternative pathway activity on lipopolysaccharide (plasma sam-
ples diluted 1:10).

tected the residual activation capacity of C3. We found
that the activation capacity of all pathways was signifi-
cantly lower at baseline in patients with NSTI compared
with control patients, but that the difference in baseline
residual activation capacity was only 11% in the classical
pathway assay and 33% in the alternative pathway assay,
while the difference was 51% in the ficolin-mediated lec-
tin pathway assay (fig. 2). The only difference in terms of
components involved in the classical pathway assay and
the ficolin-mediated lectin pathway assay are the PRMs
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and the associated serine proteases, while all downstream
components are the same (C4, C2 and C3). This strongly
indicates that more PRMs of the lectin pathway are con-
sumed compared with C1q, which is the PRM of the clas-
sical pathway [20]. Therefore, the ficolin-mediated lectin
pathway may play a particularly important role in pa-
tients with NSTI. This is supported by our findings that a
ficolin-mediated activation capacity below the median
upon admission was associated with 28-day mortality.

In line with this, the ficolin-mediated lectin pathway
proved to be the only pathway with significantly lower
activation capacity in non-survivors upon admission and
the following day, whereas the classical pathway also be-
came significant on day 2. On day 3, however, only the
classical pathway activation capacity was significantly
lower in non-survivors. This proves the dynamic inter-
play among the different complement pathways. We spec-
ulate that the ficolin-mediated lectin pathway plays a par-
ticularly important role during the first days of infection.
The observed differences in the classical pathway might
be explained by the different kinetics of the molecules or
a larger reserve of the classical pathway molecules, thus
taking longer before the consumption becomes signifi-
cant. Even though the residual activation capacity of the
ficolin-mediated lectin pathway increases on day 3, a fol-
lowing cytokine storm might explain the 28-day mortal-
ity. Future experimental studies are needed to elucidate
the exact mechanisms. However, we focused on the base-
line level, as this is important from a clinical point of view
because it can be used to guide the initial acute phase of
the treatment before information regarding microbial
etiology etc. is available.

Ficolin-2 is mainly secreted from the hepatocytes [21].
It differs from the other ficolins by having four distinct
binding grooves instead of one [22] and the ability to bind
various capsulated bacteria, among these human patho-
gens such as staphylococci and streptococci, which are
found in many patients with NSTI [23, 24]. Of further
relevance, Ficolin-2 has been shown to initiate comple-
ment activation via the lectin pathway by binding necrot-
ic and apoptotic cells, thus participating in the mainte-
nance of tissue homeostasis [25, 26]. Another explanation
for low baseline Ficolin-2 levels in non-surviving patients
might therefore be consumption due to extensive tissue
necrosis. It would be interesting to investigate the correla-
tion between the extent of tissue damage and the Fico-
lin-2 level in future studies.

We believe that this new knowledge could be used at the
bedside for the following reasons. Ficolin-2, but not the
other investigated PRMs, could be useful in the risk strati-

Ficolins in Necrotizing Soft Tissue
Infections

fication of patients with NSTI. A low Ficolin-2 level indi-
cates that patients have an increased risk of dying within
the first 28 days after admission, thereby suggesting a more
aggressive treatment approach, while the patients with
high levels may be treated more conservatively. In line
with this, a high baseline Ficolin-2 level indicates that the
NSTI patients have a 94% chance of surviving the first 28
days after admission (with a risk of missing 13%) (table 4).
Importantly, bedside kits for Ficolin-2 analysis can be de-
veloped, which means that the Ficolin-2 level can be de-
tected easily and quickly. In contrast, it takes 24 h before
the physician can calculate a SAPS I score, and sometimes
one or more of the 17 variables are missing. Therefore, Fi-
colin-2 may be used in the acute assessment and in cases
where SAPS II cannot be calculated. However, this should
be tested in future studies specifically designed to elucidate
this. Additionally, Ficolin-2 might be combined with bio-
markers such as PTX3, which has shown interesting re-
sults in this group of patients [13], together with clinical
information and scores in order to provide good and reli-
able information for prognosis assessment as well as a
timely, individualized treatment strategy.

Some limitations of the study should be mentioned.
First, the results from the regression analyses had wide
95% ClIs, which makes the interpretation of the clinical
importance of low Ficolin-2 levels difficult. However, our
findings clearly indicate that patients with NSTI have an
increased risk of dying when having a low Ficolin-2 level
upon admission. Second, estimation of genotype distri-
bution in the patients was not possible. Thus we do not
know whether the low levels were due to primary Fico-
lin-2 deficiency or depletion as a consequence of con-
sumption. Nevertheless, the influence of polymorphic
variance on the Ficolin-2 plasma concentration is modest
and a genetically based deficiency state of Ficolin-2 in hu-
mans has not been described yet [27].

Conclusion

We found that the PRMs of the lectin complement
pathway were significantly lower in patients with NSTI
than in non-infected control patients upon admission.
This was compatible with the 51% decreased residual ac-
tivation capacity observed upon admission in the fico-
lin-mediated lectin pathway assay. A low Ficolin-2 level
upon admission was significantly associated with short-
and long-term mortality, whereas patients with high Fi-
colin-2 levels had a 94% chance of surviving the first 28
days after admission.
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