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SUMMARY

 

Mannan-binding lectin (MBL) triggers complement activation upon binding to microbial surfaces.
MBL deficiency has been associated with increased susceptibility to severe bacterial infections. We
hypothesized that MBL deficiency may predispose children to Shiga toxin-producing 

 

Escherichia coli

 

(STEC) O157:H7 infections and the associated haemolytic uraemic syndrome (HUS). We compared cir-
culating levels of MBL among children with uncomplicated O157:H7 haemorrhagic colitis (HC),
patients with O157:H7 HUS, normal and diseases control groups. Circulating MBL concentrations on
admission were as follows: 3·22 

 

±

 

 2·43 

 

m

 

g/ml among normal controls (

 

n

 

 

 

=

 

 23); 2·90 

 

±

 

 2·44 

 

m

 

g/ml in
patients with rotavirus enteritis (

 

n

 

 

 

=

 

 10); 2·78 

 

±

 

 1·65 

 

m

 

g/ml in children with HC due to non-STEC bac-
terial pathogen (

 

n

 

 

 

=

 

 15); 2·67 

 

±

 

 2·44 

 

m

 

g/ml in patients with uncomplicated O157:H7 HC (

 

n

 

 

 

=

 

 27);
2·80 

 

±

 

 2·97 

 

m

 

g/ml in children with O157:H7 HUS (

 

n

 

 

 

=

 

 15); 6·70 

 

±

 

 4·49 

 

m

 

g/ml in patients with chronic
renal failure unrelated to O157:H7 infection (

 

n

 

 

 

=

 

 6). Higher MBL levels were found in patients with
chronic renal failure compared to O157:H7 HC (

 

P

 

 

 

<

 

 0·047). However, MBL concentrations 

 

<

 

0·5 

 

m

 

g/ml,
which have been associated with MBL deficiency in relation to increased susceptibility to infections,
were noted at comparable rates between the different groups (

 

P

 

 

 

=

 

 NS). Our data does not support that
MBL deficiency may predispose to O157:H7 infections nor than the development of diarrhoea associ-
ated HUS.
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INTRODUCTION

 

Haemolytic uraemic syndrome (HUS) is defined by a triad of
microangiopathic haemolytic anaemia, thrombocytopenia and
acute renal failure [1]. Familial HUS has been associated with
congenital deficiency of factor H, a regulatory protein of the alter-
native pathway of complement activation [2,3]. Alternatively,
HUS most frequently occurs after a diarrhoeal prodrome (D

 

+

 

HUS) due to Shiga toxin-producing 

 

Escherichia coli

 

 (STEC) [1].
The pathogenesis of D

 

+

 

 HUS is unclear but involves pathogen vir-
ulence factors other than Shigatoxin [1].

Mannan-binding lectin (MBL) is a C-type lectin which binds
to terminal sugars, as expressed on the surface of microorganisms
[4]. Upon binding, MBL mediates elimination of a wide array of

bacteria, yeasts, viruses and protozoa through activation of the
complement system or direct interaction with phagocyte recep-
tors [5–7]. MBL deficiency arises from single point mutations in
exon 1 of the coding region and/or in the promoter [6,8]. Only 3
mutations affect the coding region at codons 52, 54 and 57 and are
referred to as the D, B and C variants, respectively. Markedly
decreased MBL serum concentrations are found in heterozygous
individuals whereas the protein is absent in homozygotes and
compound heterozygotes [8]. MBL deficiency may be the most
common immunodeficiency. For instance, the B variant is present
in 26% of Caucasians [6]. These individuals have been shown to
be at an increased risk of developing serious infectious diseases
[9,10].

There is no data on the role of MBL in children with 

 

E. coli

 

O157:H7 infections and D

 

+

 

 HUS. We hypothesized that MBL
deficiency may predispose to 

 

E. coli

 

 O157:H7 infections and the
development of HUS. We compared circulating MBL concentra-
tions among: normal controls; disease controls with enteritis due
to rotavirus gastroenteritis; disease controls with haemorrhagic
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colitis (HC) due to non STEC pathogens; children with uncom-
plicated HC due to 

 

E. coli

 

 O157:H7; children with O157:H7 asso-
ciated HUS; and children with chronic renal failure unrelated to
O157:H7 infection.

 

MATERIALS AND METHODS

 

Clinical data

 

Children, aged less than 18 years, who presented with HUS at
Sainte-Justine Hospital, between 1 April 1996, and 1 March 2002,
were eligible for the study. Enteritis was defined as the acute
onset of diarrhoea (

 

>

 

1 day) with or without abdominal pain. HC
was defined as enteritis with grossly bloody stools noted prior to
medical consultation. HUS was defined [11] as a prodrome of
enteritis or HC with the following ensuing criteria: thrombocy-
topenia (

 

<

 

150 000 

 

¥

 

 10

 

9

 

/l); microangiopathic haemolytic anaemia
(haemoglobin below the third percentile for age and sex) with
fragmented red cells on blood smear; acute renal failure (serum
creatinine: 

 

>

 

62 

 

m

 

mol/l if aged 

 

<

 

5 years; 

 

>

 

88 

 

m

 

mol/l if aged 6–
12 years; 

 

>

 

88 

 

m

 

mol/l (females) or 

 

>

 

 102

 

m

 

mol/l (males) if aged 

 

>

 

12
years) [12].

The normal control group was composed of 23 children who
had an elective surgery for inguinal hernia or strabismus; these
patients were matched for age and sex to those with O157:H7 HC.
There were 10 children with enteritis due to rotavirus and 15
patients with HC due to non STEC pathogens: 

 

Salmonella

 

 (

 

n

 

 

 

=

 

 4),

 

Yersinia

 

 (

 

n

 

 

 

=

 

 1), 

 

Campylobacter

 

 (

 

n

 

 

 

=

 

 6), no pathogen identified
(

 

n

 

 

 

=

 

 4). We enrolled 27 patients with HC due to 

 

E. coli

 

 O157:H7
and 15 children with O157:H7 associated HUS. Finally, a disease
control group for renal insufficiency was composed of 6 patients
on chronic peritoneal ambulatory dialysis for renal failure unre-
lated to O157:H7 infection, including: nephrosis (

 

n

 

 

 

=

 

 1), renal
dysplasia (

 

n

 

 

 

=

 

 3), and reflux nephropathy (

 

n

 

 

 

=

 

 2). This group pre-
sented no signs of upper respiratory tract infections, had normal
temperature, as well as negative urine and dialysate cultures
before blood sample collection.

Age, sex, results of stool cultures, and the date of onset of
enteritis and HUS were noted. Among patients presenting with
HUS, blood samples were obtained on admission, before starting
peritoneal dialysis if needed [13].

 

Laboratory data

 

Sorbitol-negative colonies grown on MacConkey-sorbitol agar
were subcultured onto blood agar and screened for serotype
O157 by slide agglutination (Difco, Detroit, MI, USA). Colonies
agglutinating with the antiserum were identified as 

 

E. coli

 

 by stan-
dard biochemical reactions. Identification of pathogen was avail-
able within 24–48 h of sample collection. Evidence of rotavirus
enteritis was obtained by enzyme-linked immunosorbent assay
(ELISA) (Pathfinder®, Bio-Rod, Redmond, WA, USA).

Blood samples were collected, allowed to clot and centrifuged
at 3000 g for 10 min at 4

 

∞

 

C. Specimens were aliquoted and stored
at 

 

-

 

80

 

∞

 

C until assayed. Serum MBL levels were determined using
a commercial ELISA kit according to the manufacturer’s instruc-
tions (AntibodyShop, Copenhagen, Denmark). The detection
limit of the assays was 0·005 

 

m

 

g/ml.

 

Ethics

 

Written informed consent was obtained from the parents of all
children. The study was approved by the Ethics Committee of
Sainte-Justine Hospital.

 

Statistics

 

Descriptive statistics are presented as mean 

 

±

 

 standard deviation
for data with a normal distribution; median and range were used
otherwise. The Student 

 

t

 

-test was used to compare continuous
data with a normal distribution and the Mann–Whitney 

 

U

 

-test if
the distribution was abnormal. The Kruskal–Wallis test (

 

a

 

 

 

=

 

 0·05)
was used to compare age, leucocytes, 

 

D

 

 time and MBL concentra-
tions between the following independent groups: (i) normal
controls;  (ii)  disease  controls  due  to  rotavirus  gastroenteritis;
(iii) disease controls with HC due to non STEC pathogens; (iv)
children with uncomplicated O157:H7 HC; (v) children with
O157:H7 associated HUS; and (vi) children with chronic renal
failure unrelated to O157:H7 infection. Orthogonal, 2 

 

¥

 

 2 com-
parisons were then performed using the test of Dunn (

 

a

 

 

 

=

 

 0·0033).
Due to the small sample size in group (vi), results were confirmed
with the non parametric Mann–Whitney 

 

U

 

-test. All statistical
tests were two-sided. In order to control for 

 

D

 

 time, children in
group (iv) and (v) were also compared using the Mann–Whitney

 

U

 

-test after matching for the time interval between the onset of
enteric symptoms and the day of blood sample collection. The
proportions of significantly decreased circulating MBL concen-
trations (

 

<

 

0·5 

 

m

 

g/ml) were compared between groups using a con-
tingency table. Finally, a linear regression analysis between MBL
concentrations and age was also performed.

 

RESULTS

 

Evidence of 

 

E. coli

 

 O157:H7 in stools was present in 93% of chil-
dren with HUS. Moreover, 30% of patients within the HUS group
required peritoneal dialysis. Children with HUS had abnormal
serum creatinine level (197 

 

±

 

 162 

 

m

 

mol/l), haemoglobin level
(6.0 

 

±

 

 1.5 g/dl), and platelet count (51 600 

 

±

 

 28 873 

 

¥

 

 10

 

9

 

/l). The
mean creatinine level in the disease control group for renal failure
was: 506 

 

±

 

 328 

 

m

 

mol/l. The clinical characteristics of 96 children
included among the different groups are presented in Table 1. The
sex distribution was comparable between groups. Children with
chronic renal failure were older than other patients (

 

P

 

 

 

<

 

 0·0003).
Moreover, compared to patients with uncomplicated O157:H7
HC, children with HUS were younger (

 

P

 

 

 

<

 

 0·003), and presented
a trend for a higher white blood cell count on admission
(

 

P

 

 

 

<

 

 0·06). The time interval between the onset of enteritis and
that of blood sample collection was also longer in the HUS group
(

 

P

 

 

 

<

 

 0·001). The vast majority of patients were Caucasians: 87%
(20/23) normal controls; (80%) 8/10 rotavirus; 87% (13/15) non
O157 HC; 88% (24/27) O157 HC; 93% (14/15) O157 HUS; 83%
(5/6) chronic renal failure. Groups were thus comparable with
regard to ethnic origin.

Circulating MBL concentrations are presented in Fig. 1. It
shows that circulating MBL levels were comparable between
groups, when all groups are considered together (

 

P

 

 

 

=

 

 0·34).
However, orthogonal comparisons (

 

a

 

 = 0·0033) showed increased
MBL levels among children with CRF (group vi) compared to
HUS (P < 0·003), O157:H7 HC (P < 0·001), and non O157:H7 HC
(P < 0·002). As there were few patients in group (vi), non para-
metric test analysis confirmed higher MBL levels during chronic
renal failure compared to O157:H7 HC (P < 0·047) only. MBL
concentrations were not correlated with age (P = NS). In order to
control for time after the onset of enteric symptoms, patients with
HUS (n = 11) were matched to children with uncomplicated
O157:H7 HC (n = 11) at 5·6 ± 3·5 days versus 5·7 ± 3·6 days,
respectively. MBL levels were also comparable between these
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subgroups (mean ± standard deviation, median (range)):
2·33 ± 2·5,  2·65  (0·12–8·10)  mg/ml  in  HUS  versus  3·05 ± 2·60,
1·64 (0·01–8·60) mg/ml in uncomplicated O157:H7 HC; (P = 0·4).

Among the whole study population, 15% (14/96) of patients
presented circulating MBL levels < 0·5 mg/ml. The proportions of
such decreased concentrations were comparable between the dif-
ferent groups (P = NS): (i) normal controls 14% (3/22); (ii)
patients with rotavirus gastroenteritis 20% (2/10); (iii) children
with HC due to non-STEC bacterial pathogen 7% (1/15); (iv)
patients with uncomplicated O157:H7 HC 18% (5/27); (v)

children with O157:H7 HUS 13% (2/15); and (vi) patients with
chronic renal failure unrelated to O157:H7 infection 16% (1/6).

DISCUSSION

We showed that children with uncomplicated O157:H7 HC and
those with O157:H7 HUS presented similar circulating MBL con-
centrations. These were both comparable to levels found in the
viral and the bacterial disease control groups and were also
almost identical to those of normal controls. Age-dependent vari-
ation in serum MBL concentrations has been demonstrated, with
gradually decreasing levels starting from infancy through adult-
hood [14]. As expected [1], children with O157:H7 associated
HUS were younger than those with O157:H7 HC, but age in the
latter group was comparable to that found in the bacterial and the
normal control groups. Although patients with chronic renal fail-
ure were significantly older, they presented slightly higher median
circulating MBL concentrations than children with O157:H7 HC.
Moreover, they also presented two-fold higher serum creatinine
levels than those with HUS. Similarly, Satomura et al. [15]
recently reported abnormally increased serum MBL levels among
adults with chronic renal failure, which further increased after
haemodialysis. As MBL is an acute-phase protein [16], we cannot
exclude that this may have modified our measurements.

However, we noted that MBL concentration <0·5 mg/ml,
which has been associated with an increased susceptibility to
infection [17], was found at the same frequency in children with
uncomplicated O157:H7 HC and patients with HUS, and those
from any control group. The cut-off value used to define MBL
deficiency was based on a study conducted in the adult population
[17]. However, a median circulating MBL concentration of 0·3 mg/
ml was also noted in children with MBL deficiency, whereas val-
idation of diagnosis was performed by genotype analysis [18].
Furthermore, circulating MBL levels did not increase in these
patients during an acute phase reaction [18]. Therefore, one can
assume MBL deficiency when levels are < 0·5 mg/ml, irrespective
of the clinical condition. Accordingly, our data do not suggest that
MBL deficiency may predispose to O157:H7 enteritis nor to the
development of D+ HUS.

Familial HUS has been associated with congenital deficiency
in factor H, a regulatory protein of the alternative pathway of
complement activation which prevents formation of the C3
convertase  [2,3].  Patients  with  factor  H  deficiency  who
show decreased serum C3 levels have a 16-fold increased risk of

Table 1. Clinical characteristics of patients

NC  (23) Rotavirus GE (10) Non-O157 HC (15) O157:H7 HC (27) O157:H7 HUS (15) CRF (6)

Sex (M/F) 14/9 3/7 5/10 12/15 6/9 3/3
Age* (months) 57.0 ± 39.0 21.0 ± 14.0¶ 59.0 ± 44.0 68.0 ± 47.0 30.0 ± 15.0§ 125.0 ± 51.0†
WBC** (¥109/l) ND 10·6 ± 4·0 8·9 ± 2·7 15·2 ± 8·5 19·6 ± 8·4‡ §§ †† ND
D Time** (days) – 2·9 ± 1·3 3·6 ± 2·7 5·3 ± 2·8 8·0 ± 9·4‡‡ –

GE, gastroenteritis; HC, haemorrhagic colitis; HUS, haemolytic uraemic syndrome; CRF, chronic renal failure; M/F, male/female; WBC, white blood
cell count on admission; D Time, refers to the time interval between the day of blood sample collection and the onset of enteric symptoms; ND, not done.
*P < 0·0001, **P < 0·0007, ***P < 0·001; comparison of the six groups together. ¶P < 0·002, viral gastroenteritis versus O157:H7 HC; §P < 0·003, HUS
versus O157:H7 HC; †P < 0·0003, CRF compared to any other group; ‡P < 0·003, HUS versus viral gastroenteritis; §§P < 0·0002, HUS versus non-O157
HC; ††P < 0·06, HUS versus O157:H7 HC; ‡‡P < 0·001, HUS versus any other group.

Fig. 1. Circulating levels of Mannan-binding lectin (MBL) among chil-
dren with O157:H7 infections and control groups. The figure shows com-
parable MBL concentrations between groups (P = NS), including: (i)
(n = 23) normal controls (NC), 3·22 ± 2·43, median 2·74 mg/ml; (ii) (n = 10)
patients with viral gastroenteritis (GE) due to rotavirus, 2·90 ± 2·44,
median 2·55 mg/ml; (iii) (n = 15) patients with haemorrhagic colitis (HC)
due to non O157:H7 pathogen, 2·78 ± 1·65, median 2·84 mg/ml; (iv) (n = 27)
children with uncomplicated HC due to E. coli O157:H7 (O157:H7 HC),
2·67 ± 2·44, median 1·97 mg/ml; (v) (n = 15) patients with E. coli O157:H7
associated haemolytic uraemic syndrome (O157:H7 HUS), 2·80 ± 2·97,
median 1·64 mg/ml; and (vi) (n = 6) children with chronic renal failure
(CRF) unrelated to O157:H7 infection, 6·70 ± 4·49, median 7·10 mg/ml.
*increased MBL levels were noted among children with CRF compared
to HUS (P < 0·003), O157:H7 HC (P < 0·001), and non O157:H7 HC
(P < 0·002).
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developing this form of HUS [2]. According to Warwicker, there
are evidences for a role of the complement system in all forms of
HUS [3]. Decreased serum C3 concentrations have been reported
in children with D+ HUS and persistently low levels are associated
with a poor prognosis [19–23]. Deposits of IgM, C1q, properdin
and C3 have also been found within kidney sections of children
with D+ HUS [24]. One weakness of our study comes from the fact
that we were unable to simultaneously characterize the classical,
the alternative and the mannan-binding lectin pathway of com-
plement activation. Accordingly, our data on circulating MBL do
not clarify what is the biological significance of complement
abnormalities in D+ HUS. The lack of any association between cir-
culating MBL levels and severity of illness in children with E. coli
O157:H7 infections do not suggest that MBL deficiency may pre-
dispose to either O157:H7 enteritis or the development of D+

HUS. Nevertheless, based on our findings, we cannot rule out any
interaction of MBL with the causative bacterium within the gas-
trointestinal tract.
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