
353

Braz J Med Biol Res 42(4) 2009

High levels of serum mannose-binding lectin in leptospirosis

www.bjournal.com.br

High levels of serum mannose-binding
lectin are associated with the severity of
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The clinical heterogeneity observed in leptospirosis may be associated with host factors or bacteria virulence. Human serum
mannose-binding lectin (MBL) recognizes many pathogens, and low levels of this lectin are associated with susceptibility to
infection. MBL is also implicated in the modulation of the inflammatory process. We determined the levels of serum MBL during
leptospirosis infection. A double-antibody sandwich ELISA was used to detect the immunoreactive serum MBL. The ELISA
plates were coated with monoclonal antibody to MBL and bound MBL or recombinant human MBL were detected by rabbit anti-
human MBL serum. HRPO-conjugated goat anti-rabbit antibody was used for detection of the reaction. Two groups of patients
seen at referral hospitals in Recife, PE, Brazil, were divided according to the year of infection, 2001 (N = 61) or 2002 (N = 57)
and compared in terms of disease severity and levels of serum MBL. A group of healthy volunteers (N = 97) matched by age,
gender, and ethnic background was used as control. Patients infected in 2001 had more severe outcomes than those infected
in 2002, including jaundice, hemorrhage, respiratory alteration, and renal complication (P = 0.0009; chi-square test). The
frequency of patients producing serum MBL >1000 ng/mL was higher in the 2001 group than in the 2002 and control groups (P
< 0.01), suggesting an association of MBL level with disease severity. The involvement of MBL and genetic variation of the MBL2
gene should be further evaluated to establish the role of this lectin in the pathogenesis of leptospirosis.
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Introduction

The spectrum of leptospirosis signs or symptoms ranges
from mild flu-like onset to a fatal form with multiorgan
involvement including hepato-renal failure, myocarditis,
severe pulmonary hemorrhage with respiratory distress,
and meningitis (1). The major pathogenic mechanism of
leptospirosis affecting multiple organs is diffuse capillarity
(1,2). Even though the virulence factors of leptospires are
only partially known, the pathogenic specimens must have
the ability to multiply in the blood, adhere to the endothe-
lium and avoid the host’s innate immune response, i.e.,
complement activation, antimicrobial peptide cytolysis and
phagocytosis (3,4). Non-pathogenic leptospires are killed
by innate immunity mechanisms, including phagocytosis

and complement activation (1,4).
Complement system activation by innate immunity in-

volves the recognition of pathogens by two distinct path-
ways, alternative and lectin (5). Patient isolates of Lep-
tospira have been shown to have different degrees of
resistance to the human complement system, while non-
pathogenic strains isolated from water sources were sen-
sitive (4). To escape complement, many pathogens use
the deposition of complement inhibition molecules, such
as factor H, on their membranes. Verma et al. (6) described
a Leptospira interrogans molecule that can bind to factor H
(LfhA) avoiding complement activation. In addition, it was
shown that human serum opsonization of pathogenic lep-
tospires increased the adherence to neutrophils via the
complement component C3 receptor (CR3) instead of
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facilitating phagocytic uptake (7).
The activation of the complement system’s lectin path-

way is mainly elicited by the mannose-binding lectin (MBL),
which is a lectin type C of innate immunity that binds to
mannan present on the surface of microorganisms and
mediates opsonophagocytosis directly or by the activation
of the lectin pathway (5,8). MBL levels in humans vary
according to the polymorphism of the structural region
(exon 1) of the MBL2 gene and/or the promoter (5).

The purification of genus-specific antigens from non-
pathogenic L. biflexa has shown a common backbone
structure that has mannan as its main component, which
cross-reacts with serum elicited by pathogenic strains (9).
Since MBL is the major molecule of the complement
system’s lectin pathway acting before pre-existing anti-
bodies, it could be an important molecule in innate immuni-
ty interacting with the leptospires during infection.

Studies have shown that MBL can modulate the inflam-
mation process as well as enhance activation of the com-
plement cascade (10). Therefore, the correlation of MBL
and clinical symptoms for leptospirosis could be related to
the immunomodulatory role of this lectin, which thus may
contribute to the outcome of different clinical manifesta-
tions.

Serum levels of MBL have not been investigated during
human or animal model leptospirosis infection. Thus, the
objective of this study was to determine if there is an
association of the severity of leptospirosis with MBL levels.

Material and Methods

Sera from patients seen at the Oswaldo Cruz Univer-
sity Hospital, University of Pernambuco (HUOC-UPE),
which is a referral hospital for leptospirosis in Recife, PE,
Brazil, were obtained from the Epidemiological Unit of the
Central Laboratory of Pernambuco (LACEN-PE). Data from
leptospirosis cases in the years 2001 (N = 61) and 2002 (N
= 57) were compared regarding the outcome of the onset
of disease. Severity was assessed in terms of the occur-
rence of the most important clinical signs: jaundice, hemor-
rhage, conjunctive congestion, respiratory alteration, men-
ingisms, diarrhea, cardiac alteration, and renal complica-
tion.

To confirm the cases of leptospirosis, LACEN-PE used
commercial enzyme-linked immunosorbent assays (ELISA)
from Biomanguinhos (Rio de Janeiro, RJ, Brazil). Microag-
glutination tests were also performed to test positive sera
to identify serovar; however, these data were not available
to us.

Samples from patients that were sent to LACEN-PE
and could be recovered were identified with a registration

number for the laboratory where they were processed, so
they could not be matched individually to the HUOC-UPE
patients’ charts. Therefore, the cases were analyzed as a
whole; mean age was 25 and 23 years in the 2001 and
2002 groups, respectively. There were 10 females and 51
males in the 2001 group and 11 females and 46 males in
the 2002 group. Ninety-seven healthy volunteers were
matched with patients according to gender, age, and eth-
nic background, and those without clinical history of renal
insufficiency, thyroid disease or diabetes participated as
part of the control group, yielding a total of 33 females and
64 males, with a mean age of 32 years. The project was
approved by the HUOC-UPE Bioethics Scientific Commit-
tee (No. 31.05.0046) and authorization to assess the se-
rum samples of leptospirosis patients was obtained from
LACEN-PE. The healthy control volunteers gave written
informed consent.

Recombinant human MBL and monoclonal antibody
(mAb-6), as well as polyclonal rabbit antiserum against
human MBL, were kindly provided by Drs. Kazue Takahashi
and Alan Ezekowitz (Department of Pediatrics, Massachu-
setts General Hospital, Boston, MA, USA). HRPO-conju-
gated goat immunoglobulin was purchased from Sigma
(USA).

ELISA was used to measure MBL in serum samples. A
double-antibody sandwich ELISA detected the total immu-
noreactive MBL in the sample. The wells of a microtiter
plate (Nunc-Maxisorp, Denmark) were coated overnight
with 50 μL anti-human MBL mAb-6 IgG (5 μg/mL in PBS,
pH 7.4), blocked with 10 mg/mL BSA for 1 h, and then
washed with PBS containing 0.05% Tween-20 (PBST).
Serum samples were diluted 1/100 in PBST containing 5
mg/mL BSA (BSA5-PBST), and 50 μL was added in dupli-
cate to the mAb-6-coated wells and incubated overnight at
4°C. After washing, bound MBL was detected by incuba-
tion with 50 μL rabbit anti-human MBL serum (1/300 in
BSA5-PBST) for 3 h. After further washing, 50 μL/well
HRPO-conjugated goat anti-rabbit immunoglobulin was
added and incubated for 1 h at room temperature. Follow-
ing further washing, 100 μL of substrate 0.2 mM ABTS
[2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)] in 50
mM citrate buffer, pH 4.0, containing 0.004% H2O2 was
added. Color development was stopped after 20 min by the
addition of 50 μL NaF (192 mg/mL), and absorbance was
read at dual wavelengths of 405/450 nm. Based on the
range of human serum MBL levels described in the litera-
ture (11), three groups were created as follows: low (0 to
<500 ng/mL), intermediate (500-1000 ng/mL), and high
(>1000 ng/mL). Statistical analysis for the difference in
frequency was performed using the Statistica software
version 6.0 (USA). P values <0.05 were regarded as
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Table 1.Table 1.Table 1.Table 1.Table 1. Clinical outcome of leptospirosis patients who had been
infected during 2001 or 2002.

Clinical outcome 2001 (N = 61) 2002 (N = 57)

Jaundice* 56 (91.8%) 36 (63.1%)
Hemorrhage* 41 (67.2%) 9 (15.7%)
Conjunctive congestion 49 (80.3%) 14 (24.5%)
Respiratory alteration* 42 (68.8%) 7 (12.2%)
Meningisms 42 (68.8%) 2 (3.5%)
Diarrhea 45 (73.4%) 6 (10.5%)
Cardiac alteration 41 (67.2%) 1 (1.7%)
Renal complication* 50 (81.9%) 10 (17.5%)

Data are reported as number of patients with percent within
parentheses. Patients had at least one episode of clinical symp-
toms. *P = 0.0009 (chi-square test).

statistically significant. Frequencies were compared by the
chi-square test, and MBL concentrations were compared
by the Mann-Whitney test (two-tailed).

Results

The analysis of the 2001 and 2002 groups showed
similarity regarding gender and age, with a predominance of
male cases. The range in age of those most affected was 16
to 20 years, with all epidemiological aspects in accordance
with the current literature (2). Nevertheless, the severity
indicators were clearly distinct. In the 2001 group, 13% of the
cases were fatal, while the fatality rate of the 2002 group was
3.5%. The clinical signs indicating severity are reported in
Table 1. Jaundice, hemorrhage, respiratory alteration, and
renal complication, which are related to the severe form of
leptospirosis, Weil’s disease syndrome, were represented in
a higher proportion in the 2001 group than in the 2002 group
(P = 0.0009; chi-square test).

Of the 61 cases in the 2001 group, it was possible to
recover 42 sera, and 35 sera were recovered from the 57
cases of the 2002 group. The determination of serum MBL
was performed on 68.9% (2001) and 61.4% (2002) of
patients. This fact probably did not affect the association of
MBL serum levels with clinical signs observed in the groups;
the loss of samples was random and similar for each
group. The MBL median (range) was 1229 ng/mL (121-
4947), 2935 ng/mL (40-4472), and 776 ng/mL (40-3051)
for the control, 2001 and 2002 groups, respectively. The
median MBL was significantly elevated in patients of the
2001 group compared with controls or patients of the 2002
group (P < 0.01). The MBL median of the 2002 group was
lower compared to controls (P = 0.02).

The patients of the 2001 group were characterized by
an elevated frequency of high (39/42) levels of MBL (Fig-
ure 1B), while the 2002 group showed a similar distribution
of high (7/35), intermediate (13/35), and low (9/35) levels
of MBL (Figure 1C). The patients with MBL >1000 ng/mL
were more frequent in the 2001 group compared with
those in the 2002 or control groups (P < 0.0001 for 2001 vs

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Mannose-binding lectin (MBL) levels of control and
patient groups diagnosed with leptospirosis in the years 2001
and 2002. Distribution of MBL concentrations in controls (A), in
patients with leptospirosis diagnosed in 2001 (B) and diagnosed
in 2002 (C) was considered to be low (0 to <500 ng/mL), interme-
diate (500-1000 ng/mL), or high (>1000 ng/mL). The box plot
indicates 25-75% variance, the top and bottom horizontal bars
represent the minimum and maximum, and the small square
within the box plot represents the median. Elevated MBL levels
were more frequent in patients from 2001 vs control and 2001 vs
2002 patients (P < 0.001, chi-square test).
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2002 and P = 0.0012 for control vs 2001).

Discussion

The MBL concentration obtained for the control group
in this study was similar to those reported by other studies
of the Brazilian population (12,13). The frequency of MBL
levels <100 ng/mL in the control group was, however, very
low (2%) compared to the genotypic frequency of MBL
polymorphisms (6%) reported for a group of individuals
with the same ethnic background (14). This may be ex-
plained by the fact that the monoclonal antibody used in
the present study recognized both high- and low-molecu-
lar weight variants of MBL, making the amount of MBL in
circulation less dependent on the presence of structural
variant alleles detected by genotyping (11,14).

Yet, direct comparisons between genetic studies of
MBL and the amount of serum MBL reported here are
difficult to make. Although, the differences observed in the
levels of MBL between the two groups could be associated
with genetic polymorphisms of MBL, the patient’s basal
levels of MBL could not be measured, and this aspect
could not be further investigated. Studies investigating the
genotyping of MBL2 are, therefore, encouraged to provide
evidence of an association between polymorphisms for
MBL levels and the severity of symptoms for leptospirosis.

The heteroligomeric forms of MBL (A/0) have shown a
low amount of complement deposition activity, which raise
the question of their physiological role in the serum (5,11).
The immunoreactive ELISA utilized in the present study
suggests a new approach to the determination of high- and
low-molecular weight forms of circulating MBL with a mono-
clonal antibody, while the commercial kits for MBL determi-
nation recognize only the high-molecular weight forms. Since
our population has shown a high frequency of heterozygous
individuals (30%) for MBL (14), the monoclonal ELISA em-
ployed had the advantage that it could detect either low- or
high-molecular weight forms of MBL.

Low levels of MBL have been linked to susceptibility to
infectious disease. Nonetheless, low serum MBL has been
associated with protection from the development of a
lepromatous form of Hansen’s disease (12). It was sug-
gested that Mycobacterium leprae uses the deposition of
opsonins produced by the complement system to enter the
host cell. This also suggests that low levels of MBL repre-
sent a protection factor since they may be associated with
minimal production of inflammatory components, which is
a main complication of leptospirosis.

The function of MBL in inflammation is multifaceted, and
its mechanisms of action is poorly understood. It is believed
that MBL is able to induce monocyte release of proinflamma-

tory cytokines, such as TNF-α (10). In leptospirosis, the ratio
of IL-10 to TNF-α is associated with disease progression
and a high ratio of IL-10/TNF-α predicts a good prognosis
(15). The expression levels of proinflammatory and anti-
inflammatory cytokines were investigated in a hamster mo-
del infected with L. interrogans (16). In this study, the authors
showed early pronounced expression of Th1 cytokine
mRNAs, i.e., TNF-α and INF-γ after infection, while expres-
sion of IL-4 and IL-10, which are anti-inflammatory cyto-
kines, was observed 2-3 days post-infection. The variation in
median levels of MBL in the leptospirosis patients from 2001
and 2002 differed by more than a factor of 3 (2935 and 776
ng/mL, respectively), which could influence the balance of
IL-10/TNF-α during the course of disease.

Dorigatti et al. (17), using glycoprotein of pathogenic L.
interrogans serovar Copenhagen from a patient with Weil’s
syndrome, demonstrated the induction of IL-6 production
and activation of monocytes by this component. Thus, the
elevated MBL levels found in the patients from 2001 could
be related to the inflammatory response and the presence
of Leptospira virulence factors such as glycoprotein of
pathogenic Leptospira (17). The lower levels of MBL found
in the 2002 group suggest that the inflammatory response
to infection was milder due to an effective immune re-
sponse or the lack of Leptospira virulence factors in most
cases. Unfortunately, it was not possible to isolate the
leptospires from these patients to confirm this hypothesis.

In addition to the immune response of the host, the
lethality of leptospiral infection has been attributed to
changes in lipopolysaccharide O-antigen, which has rham-
nose as its major component and which represents a
potential binding site for MBL (1,3,9). The variability of
Leptospira glycoproteins and antigens associated with
lipopolysaccharide may be implicated in the differential
binding ability of MBL, and, thus, its inflammatory modula-
tion potential by complement activation and monocyte
cytokine production (10,17-19).

We observed that the high frequency of patients present-
ing MBL levels >1000 ng/mL was associated with a higher
percentage of cardiac alterations, hemorrhage, respiratory
distress, and renal complication. Troelsen et al. (20) re-
ported that patients with rheumatoid arthritis, who presented
serum MBL higher than 3000 ng/mL, had a significant risk of
ischemic heart disease and myocardial infarction.

Our results suggest that serum MBL may be the link
between the humoral innate immune response and the
differential spectrum of severity observed in infected indi-
viduals. Nevertheless, as an immunomodulator, MBL may
be protective or may aggravate the illness depending on its
level, physicochemical status, microenvironment, and cy-
tokine profile induced by leptospires antigen variations.
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