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Summary

Mannan-binding lectin (MBL) is a collectin plasma protein activating the
lectin pathway of the complement system, enhancing opsonophagocytosis
and modulating the cytokine response to inflammation. Deficiency of MBL,
caused by structural mutations or promoter polymorphisms in the MBL2
gene, has been associated with increased susceptibility to infection and
autoimmune disease. Thus, as infective endocarditis remains a severe disease
requiring intensive and long-term treatment with antibiotics, we examined
whether there was an association between MBL and clinical outcome in 39
well-characterized patients with infective endocarditis. Five patients (13%)
had MBL concentrations < 100 mg/l and were considered MBL-deficient. This
proportion was similar to that in a healthy control group of blood donors.
Mortality 3 months after diagnosis was 20% in patients with MBL-deficiency
and 9% in patients with normal MBL. The 5-year mortality was 80% and 25%,
respectively. MBL-deficiency was on univariate survival statistics associated
with significantly higher mortality on follow-up (P = 0·03). In conclusion, this
is the first report of an association between MBL-deficiency and survival in
infective endocarditis. The present observation is important, as replacement
therapy in MBL-deficient patients is possible. For certain high-risk subgroups,
it opens new perspectives for improvement of treatment and outcome in
infective endocarditis.
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Introduction

Infective endocarditis remains a serious condition with
high mortality, despite improvements in diagnostics and
treatment. Recent investigations have reported a short-term
mortality of 14–15% and long-term 5-year mortality of
around 40%. A number of risk factors for poor outcome
have been identified. Staphylococcus aureus endocarditis,
prosthetic valve endocarditis and high age are associated
with higher mortality, whereas surgery is associated with
lower mortality [1–3].

Mannan-binding lectin (MBL) is a member of a family of
Ca2+-dependent collagenous lectins, most of which are com-
ponents of the innate immune system. It is secreted by the
liver and exhibits acute phase reactant behaviour. MBL binds
to carbohydrate structures on the surface of microorganisms
and mediates deposition of complement factors using

MBL-associated serine protease 2 (MASP-2) for activation of
the lectin pathway of the complement cascade [4–6]. Struc-
tural mutations or promoter polymorphisms in the MBL2
gene, coding for MBL, are associated with low plasma con-
centration of MBL [7] and a blunted acute phase response
during infections. This causes defective opsonization and
phagocytosis and has been associated with recurrent and
chronic infections in infants as well as in adults [8,9]. Thus,
MBL-deficiency has been associated with poorer outcome of
human immunodeficiency virus infection, cystic fibrosis,
systemic lupus erythromatosus and sepsis [10–13].

On this basis, the purpose of the present investigation was
to evaluate whether MBL-deficiency may affect the outcome
of infective endocarditis. Hence, we examined the serum
concentration of MBL in 39 well-characterized patients with
infective endocarditis and examined for an association
between MBL-deficiency and mortality.
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Materials and methods

Patients

Thirty-nine Danish patients with infective endocarditis with
serum samples available for diagnostic purposes were
recruited from an endocarditis cohort of consecutively diag-
nosed patients at Rigshospitalet, Copenhagen University
Hospital [3]. Causes of death in deceased patients were
extracted from the official death certificates. Controls were
234 blood donors from Rigshospitalet, Copenhagen Univer-
sity Hospital. The study was approved by the regional
Science Ethics Committee (KF-01319107).

MBL quantification

Serum samples preserved with sodium azide had been stored
at -80°C until analysis. Concentrations of MBL in serum
were measured by a time-resolved immunofluorometric
(TrIFMA) assay essentially as described earlier [14,15] with
the modification that polystyrene coating with antibody was
conducted in phosphate-buffered saline. Values above
3000 mg/l were truncated. Cut-off between normal and
MBL-deficiency was chosen to be 100 mg/l, as the log-
concentration frequency distribution in the control group
was bimodal and had local minimum at approximately
100 mg/l.

Statistics

Contingency tables were tested with Fisher’s exact test.
Survival analysis was performed ad modum Kaplan–Meyer.
Univariate analysis was performed with the log-rank test.
Statistical analysis was performed using the InStat 3·0 and
Prism 4·0 programs from GraphPad Software Inc. (San
Diego, California, USA).

Results

Median MBL concentration in the 39 patients was 2649 mg/l;
17 patients had MBL concentration > 3000 mg/l. Five
patients (13%) had MBL concentration below 100 mg/l and
were considered MBL-deficient. Five, 10 and 20 percentiles
were 22, 31 and 350 mg/l, respectively. In controls, the
median MBL concentration was somewhat lower with a
median in the 234 blood donors of 1992 mg/l. MBL concen-
tration was below 100 mg/l in 26 (11%) controls. The 5, 10
and 20 percentiles were 14, 65 and 433 mg/l, respectively.

MBL-deficient patients were, on average, 12 years older
than those with normal MBL (Table 1). There were no sta-
tistically significant differences in other baseline clinical
characteristics between patients with MBL-deficiency and
patients with normal MBL. However, we observed a trend
towards a higher proportion of MBL-deficiency in patients
with prosthetic valve endocarditis [two of eight (25%) versus

three of 31 (10%), P = 0·27] and in patients treated without
surgery [four of 16 (25%) versus one of 23 (4%), P = 0·14].
Survival from infective endocarditis in patients with MBL-
deficiency and normal MBL was evaluated ad modum
Kaplan–Meyer (Fig. 1). A significantly higher mortality in
the patients with MBL-deficiency was observed (P = 0·03).
The curves indicate that the mortality rate for MBL-deficient
patients was twice as high as for patients with normal MBL.
Mortality after 3 months was 20% and 9% in the patients
with MBL-deficiency and normal MBL, respectively. The
5-year mortality was 80% and 35%, respectively, for the two
groups.

Survival was stratified further for microorganisms. No
statistically significant differences were found in mortality
between patients with normal MBL and MBL-deficient
patients when comparing the various single groups of
bacteria. However, in S. aureus endocarditis there was a trend
towards higher mortality in patients with MBL deficiency.

Table 1. Demographic and clinical data related to MBL.

Normal MBL MBL-deficient

Patients 34 5

Age

Median 54 65

Average 50 62

Gender

Male 15 3

Female 19 2

Native/prosthetic valve

NVE 28 3

PVE 6 2

Valve affected

Aortic 13 3

Mitral 11 1

Aortic + mitral 5 0

Tricuspid 3 0

Aortic + mitral + tricuspid 1 0

Not determined 1 1

Microbiology

Staphylococcus aureus 7 2

Staphylococci, coag.neg. 4 0

Viridans streptococci 8 0

Other streptococci 1 0

Enterococcus faecalis 4 1

Other 2 0

Culture-negative 8 2

Valve surgery

Yes 22 1

No 12 4

Intravenous drug abuse

Yes 3 0

No 31 5

Mannan-binding lectin (MBL) was in 39 patients with infectious

endocarditis determined in serum as described earlier [14,15]. Patients

with MBL < 100 mg/l were considered MBL-deficient. NVE = native

valve endocarditis, PVE = prosthetic valve endocarditis; coag.neg.

= coagulase-negative.
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Thus, the 5-year mortality was 100% in MBL-deficient
patients and 29% in patients with normal MBL (P = 0·17).

During the follow-up period of up to 95 months a total of
19 patients died - four MBL-deficient patients and 15
patients with normal MBL. The cause of death as ascertained
from death certificates was cardiac-related diseases in 16
(84%) patients; two (11%) patients died from non-cardiac
infections and one (5%) patient died from extracardial vas-
cular thrombosis.

Discussion

The important observation in the present study is that
MBL-deficient patients (serum MBL concentration
< 100 mg/l) with infective endocarditis had around twice the
mortality rate compared to patients with normal MBL. To
our knowledge this is the first time that an association
between survival from infective endocarditis and MBL-
deficiency is reported.

MBL-deficiency has been reported previously to influence
the course of infection with S. aureus in humans as well as in
animal models. Thus, after binding to S. aureus, human MBL
has been found to enhance complement activation and
opsonophagocytosis [16]. In mice devoid of MBL activity, it
was found that all died within 48 h after intravenous expo-
sure to S. aureus, whereas the mortality was only 45% in
normal control mice [17]. These observations correspond
well to the trend towards higher mortality associated with
MBL-deficiency among patients with S. aureus endocarditis
in the present study. In vitro experiments have shown that
MBL binds to S. aureus but not to viridans streptococci [18],
which could explain why MBL-deficiency might be of
importance for the clinical course of S. aureus infection but

not viridans streptococcus infection. MBL-deficiency has
been associated with familial recurrent staphylococcal
furunculosis supporting a particular role for MBL in the
defence against staphylococcal infections [19]. Similarly, the
risk of invasive meningococcal disease is increased in MBL-
deficient children [20].

However, the mechanism behind the increased mortality
in MBL-deficient patients with endocarditis is not necessar-
ily explained solely by an interaction of MBL with the
microorganism. Thus, this mechanism is considered to be of
significance only in the early phase of infection, e.g. in post-
burn infections with Pseudomonas aeruginosa in mice [21].
Another mechanism could be modulation of the cytokine
response to a chronic inflammation/infection, as has been
demonstrated for MBL in rheumatoid arthritis [22], human
immunodeficiency virus infection [23] and systemic inflam-
matory syndrome [24]. Interestingly, the clinical significance
of MBL-deficiency disappears in conditions with severe
granulocytopenia [25], further suggesting that MBL func-
tions as a modulator of the immune system. The present
evaluation of death certificates showed that 84% of deaths
were registered as caused primarily by cardiac disease. Of
course, death certificates sampled retrospectively without
post mortem should be evaluated with caution. However, the
observation is interesting, as it has been shown that variant
MBL alleles in combination with a positive Clamydia titre is
associated with accelerated arteriosclerosis [26,27]. Taken
together, this may indicate that the higher long-term mor-
tality from infective endocarditis in MBL-deficient patients
compared to patients with normal MBL levels may be due, in
part, to increased progression of arteriosclerosis. The precise
mechanisms of the interaction between MBL and long-term
survival in coronary artery disease as well as the mechanism
of decreased survival demonstrated in the present study are,
however, not yet known. A more complex mechanism might
be the interference of innate immune activation with endo-
crine functions in MBL-deficient patients, as suggested from
the finding of a defective reproductive endocrinological
function in mice stimulated by CD40 ligation [28], which
mimics downstream modulation from the innate immune
system. These reports provide further evidence for the
importance of MBL, although a previous study found no
statistically significant association between general mortality
and MBL-deficiency [29].

It should be noted that the proportion of MBL-deficient
patients of the study cohort was not different from the
normal population [14], as confirmed by comparing our
patients with the control group of healthy blood donors.
Thus, MBL does not seem to protect against infection, but
when infection occurs it may be deleterious for MBL-
deficient patients. Our finding of a 33% higher median MBL
concentration in infected patients compared to controls is
compatible with the known acute phase reactant behaviour
of MBL [5]. It should be noted that the present MBL-
deficient patients were, on average, 12 years older than those
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Fig. 1. Survival from infectious endocarditis in patients with normal

mannan-binding lectin (MBL) and MBL-deficiency. Survival in 39

patients with infectious endocarditis stratified to MBL plotted ad

modum Kaplan–Meyer as a function of observation time after

infective endocarditis was diagnosed. MBL was determined in serum

as described earlier [14,15]. Patients with MBL < 100 mg/l were

considered MBL-deficient.
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with normal MBL. Thus, influence of comorbidity on mor-
tality in MBL-deficient patients cannot be excluded. Further-
more, a minor decrease in MBL concentration with age may
contribute towards lower MBL concentration [30]. MBL-
deficiency in the present study had a tendency towards being
more common in patients with prosthetic valve endocarditis
and in patients treated without surgery. These two factors
have been associated previously with higher mortality [1,3].
Thus, in addition to MBL-deficiency, they could contribute
to a higher mortality in this group.

In the present study we assessed serum concentrations of
MBL. We have minimized the importance of not genotyping
by choosing a low cut-off level (100 mg/l) between normal
levels and MBL-deficiency. In agreement, Minchinton et al.
[7] found good separation using similar cut-off level and
reported a close association between MBL levels and the
MBL2 genotype. At variance, others have published studies
using higher cut-off levels.

The present study should form the basis for initiation of
large-scale prospective studies evaluating MBL in infective
endocarditis. Clearly, such studies should also include full-
blood sampling for MBL genotyping. Furthermore, the
present findings could form the basis for improvements in
the treatment of patients with infective endocarditis. MBL
replacement therapy has been shown to be safe [31] and
could be used experimentally, particularly in patients with
bacteria to which MBL binds, including S. aureus. In addi-
tion, the identification of MBL-deficiency as a risk factor for
severe outcome may contribute to the identification of
patients at risk of infective endocarditis and for whom
special preventive measures should be taken. At exposure to
bacteria they should be ensured efficient antibiotic prophy-
laxis and follow-up with blood cultures. A clear definition of
the routine indication for MBL substitution in patients with
infective endocarditis and the prospect of MBL as prophy-
laxis in selected high-risk cases will have to await clinical
studies.
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