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Summary

Haemolytic uraemic syndrome (HUS) is characterized by haemolytic

anaemia, thrombocytopenia and acute renal failure. We studied the

activation state of classical and alternative pathways of complement

during the acute phase of Shiga toxin-associated HUS by performing a

prospective study of 18 patients and 17 age-matched healthy controls to

evaluate C3, C3c, C4, C4d, Bb and SC5b-9 levels. SC5b-9 levels were

increased significantly in all patients at admission compared to healthy

and end-stage renal disease controls, but were significantly higher in

patients presenting with oliguria compared to those with preserved

diuresis. C3 and C4 levels were elevated significantly at admission in the

non-oliguric group when compared to controls. No significant differences

were found for C4d values, whereas factor Bb was elevated in all patients

and significantly higher in oliguric patients when compared to both

controls and non-oliguric individuals. A positive and significant

association was detected when Bb formation was plotted as a function of

plasma SC5b-9 at admission. Bb levels declined rapidly during the first

week, with values not significantly different from controls by days 3 and 5

for non-oligurics and oligurics, respectively. Our data demonstrate the

activation of the alternative pathway of complement during the acute

phase of Stx-associated HUS. This finding suggests that complement

activation may represent an important trigger for the cell damage that

occurs during the syndrome.
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Introduction

Shiga toxin-associated haemolytic uraemic syndrome (Stx-

HUS) is the first and second most frequent cause of acute

renal injury and end-stage renal disease (ESRD) in Argen-

tine children, respectively [1]. In Argentina, 12–14 cases

for every 100 000 children under 5 years of age are reported

every year [2]. Thus, the cumulative incidence of the dis-

ease has recently reached 500 new cases per year [3].

Clinically, children first present with bloody diarrhoea

and then progress within 3–7 days to acute kidney injury,

haemolytic anaemia and thrombocytopenia. Outcome is

only apparently good: 3–5% of all affected children die

during the acute phase and a similar percentage never

recover renal function after the acute episode or transi-

ently recover but develop ESRD. Approximately 30% have

residual proteinuria and may develop evidence of chronic

kidney disease in the long term. The remaining 60% of

children with apparent full recovery remain at risk of

developing ESRD between 15 and 25 years after the acute

phase, possibly by progressive renal function deterioration

due to maladaptive mechanisms initiated and sustained

by the initial injury during acute disease [4]. Severe cen-

tral nervous system involvement and, more importantly,

the duration of the acute oliguric phase, are good predic-

tors of the likelihood of chronicity and mortality.

There are, however, cases of HUS not caused by infec-

tion by Shiga toxin-producing bacteria [5]. Atypical

HUS (aHUS) is the term used to classify any HUS of

non-infectious nature. Although sharing most features at

presentation and during the acute phase of the disease,

the aetiology of aHUS centres on various genetic or

acquired disorders of complement regulation and of the

Von Willebrand protease ADAMTS13 (a disintegrin and
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metalloproteinase with a thrombospondin type 1 motif,

member 13), among other causation factors [6]. Muta-

tions in different complement regulatory genes or the

presence of antibodies against members of the comple-

ment regulatory system have been described in aHUS-

affected patients, thus implicating the complement system

in disease development [7,8].

The classical lectin and alternative pathways of comple-

ment are activated by different stimuli in various diseases

and conditions. The different pathways converge to a

common step, leading to the generation of the membrane

terminal attack complex (MAC). MAC exists in two

forms: the membrane-bound form, which can be found

on cells and tissues, and the fluid phase SC5b-9 complex,

which can be detected in body fluids [9].

While initial studies in patients with Stx-HUS showed

normal levels of factors C3 and C4 [10], others reported per-

turbations in serum levels of different complement compo-

nents [11–15]. More recent evidence on the role of

complement in Stx-HUS arises from clinical studies showing

activation of the alternative pathway [16], elevations of C3a

[17] and SC5b-9 [18]. In line with those results, Orth et al.

have demonstrated a direct activation of the complement

cascade by purified Stx2 as well as a delayed co-factor activity

of factor H on the cell surface when bound to Stx2 [19]. Fur-

thermore, an improving effect of a monoclonal antibody

against complement component 5 (C5) on a small group of

severely affected Stx-HUS patients is also indicative of com-

plement activation during disease [20]. However, no data

are currently available regarding the sequential contribution

of the classical, lectin and alternative pathways of comple-

ment in Stx-HUS patients. In view of the established role of

complement activation in aHUS development and on the

contradictory data available for the typical form of the dis-

ease, a comprehensive exploration of complement status

during Stx-induced HUS is of high relevance. We thus aimed

here to study the activation state of both classical/lectin and

alternative pathways of complement during the acute phase

of endemic HUS. We performed a prospective study where

we evaluated C3, C3c, C4, C4d, Bb, and SC5b-9 levels in

order to determine the contribution of the classical/lectin

and alternative pathways in the generation of MAC and the

relationship between complement activation with clinical

and laboratory parameters in patients with acute Stx-HUS.

The determination of the relative contribution of the differ-

ent pathways to overall complement activation may provide

a clue about the possible initiating events of the disease and

lead also to improvements in its clinical management.

Materials and methods

Subjects

Eighteen consecutive patients diagnosed with Stx-HUS

and treated at the Pediatric Department of the Hospital

Italiano de Buenos Aires between November 2006 and

August 2007 were included in the present study. The clin-

ical diagnosis of Stx-HUS was based on acute kidney

injury, microangiopathic anaemia and thrombocytopenia

following a prodromal phase of bloody diarrhoea. During

the acute phase of Stx-HUS, all children were treated

with intermittent peritoneal dialysis and/or haemodialysis

and blood transfusion when required. Plasma therapy was

used in patients with severe neurological signs (seizures,

coma, nystagmus, impaired consciousness). Microbiologi-

cal confirmation of Stx-producing Escherichia coli infec-

tion was required to enter the study and was performed

by polymerase chain reaction (PCR) determination of

Shiga toxin in stool cultures. Samples for establishing ref-

erence values were taken from 17 age-matched healthy

volunteers. The inclusion criteria for healthy volunteers

were no history of or no active renal disease or haemo-

lytic anaemia, no active infectious disease, no medications

and standard diet.

For comparison, 29 children with ESRD not caused by

HUS or C3 glomerulonephritis under regular haemodial-

ysis were also included in the study. The inclusion crite-

rion for this group was no active disease.

Children were included after written informed consent

was obtained from their parents, following recommenda-

tions of the World Medical Association. The study proto-

col, which adhered to the Declaration of Helsinki, was

approved by the hospital’s ethics committee.

Biological samples and collection

Blood was collected daily at 6 a.m. during the patients’

hospital stay. For patients receiving dialysis and/or plasma

therapy, blood was always drawn prior to the procedure.

For healthy controls, a single sample was derived from

the blood obtained after an extraction indicated during

the course of a medical examination of subjects meeting

the inclusion criteria. In both cases, blood was collected

by venipuncture into polypropylene tubes containing eth-

ylenediamine tetraacetic acid (EDTA). After centrifugation

at 4�C for 10 min at 1500 g, the obtained plasma was

removed carefully, aliquoted and frozen at 275�C until

used.

Bb, SC5b-9 and C4d assays

Plasma levels of complement activated factors Bb, SC5b-9

(soluble C5b-9 bound) and C4d were determined by

enzyme-linked immunosorbent assay using MicroVue Bb

Plus, SC5b-9 and C4d enzyme immunoassay (EIA) kits

(Quidel Corporation, San Diego, CA, USA), respectively,

and according to the manufacturer’s instructions. Briefly,

plasma specimens in appropriate dilutions were added to

EIA wells coated with monoclonal antibody to the respec-

tive complement product and incubated for 30 min. After

washing, a second antibody conjugated with horseradish

Alternative complement pathway during HUS
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peroxidase was added. This was followed by addition of a

chromogenic substrate; the reaction was stopped after 30

min and the absorbance read at 450 or 405 nm in a Syn-

ergy HT multiplate reader (BioTek Instruments, Inc.,

Winooski, VT, USA). For each analyte, concentrations in

the test samples were read from a standard plot between

absorbance and concentration of a set of standards.

C3 and C4 determination

Serum C3 and C4 were measured by kinetic immunone-

phelometry using polyclonal goat anti-human sera in a

Beckman Coulter Image 800, according to standard labo-

ratory techniques based on the manufacturer’s

instructions.

C3c determination

Serum C3c levels were determined by immunofixation

using a specific antibody (Dako, Glostrup, Denmark), as

described previously [21]. Obtained serum was separated

by agarose electrophoresis using the Hydrasys (Sebia,

Norcross, GA, USA) semi-automated method. Separated

proteins were incubated with the anti-C3c antibody and

the resulting C3 and C3c bands visualized by staining the

gel with acid violet. The results were expressed as percent-

age of total C3 for each patient.

Standard clinical laboratory determinations

The following laboratory determinations were performed

throughout the hospital stay as part of the routine con-

trol: haemogram, platelet count, plasma urea, plasma cre-

atinine, lactate dehydrogenase (LDH), ionogram and

acid-base status. Determinations were performed at the

Hospital Clinical Laboratory according to standardized

laboratory practice.

Statistics

Unless stated otherwise, data are expressed as the mean-

6 standard error of the mean (s.e.m.). Significant differ-

ences were determined by one- or two-way analyses of

variance (ANOVA) followed by Bonferroni or one-tailed

Dunnett’s t-test as post-hoc tests, or by independent-

samples t-test. Differences were deemed significant when

P was less than 0�05.

Results

The subjects included in this study were all diagnosed

with the typical form of HUS and presented with a diar-

rhoeal prodrome. Median age was 25 months, with a

slight difference for girls over boys (10/8). Of the 18

patients studied, five presented with conserved diuresis

while the other 13 showed oligoanuria at admission or

developed the condition thereafter. Thus, according to the

degree of renal impairment upon presentation, patients

were categorized as oliguric or non-oliguric.

The main demographic features of the subjects under

study, as well as salient disease course data, are presented

in Table 1. Expectedly, oliguric patients required longer

hospitalization, dialysis (peritoneal dialysis or haemodial-

ysis) and platelet or packed red blood cell (RBC) transfu-

sions. The six patients who developed neurological signs

(two seizures and six impaired consciousness) required

haemodialysis, but evolved to complete recovery. None of

the patients included in this study developed ESRD dur-

ing follow-up. However, six patients developed proteinu-

ria, including three with estimated filtration rates of 80,

61 and 50 ml/min/1�73 m2, after 3, 6 and 12 months,

respectively.

SC5b-9 levels are a measure of the amount of the cyto-

lytic membrane attack complex generated as a result of

activation of the common pathway by either the classical,

lectin or alternative pathways and is thus a sensitive indi-

cator of overall complement activation. We therefore

measured the amount of SC5b-9 complex in plasma, and

a profile of the first week after hospital admission is shown

in Fig. 1. As observed, SC5b-9 levels at admission were ele-

vated significantly over those of healthy individuals

(295�6 6 23�5 ng/ml), with oliguric patients exhibiting

higher SC5b-9 values than non-oliguric patients. Plasma

SC5b-9 levels declined rapidly during the first week, with

values not significantly different from controls by day 3 in

the case of non-oliguric patients, and by day 6 for the more

severely compromised individuals. A two-way ANOVA of the

data revealed highly significant differences (P< 0�001) for

both variable day and condition (oliguric or non-oliguric),

but not for the interaction of those variables.

In view of these results, we determined the levels of C3

and C4 factors in serum by nephelometry. C3 was

Table 1. Demographic features and outcome

Non-oliguric Oliguric

Patients (male/female) 5 (4/1) 13 (4/9)

Age, months (range) 23 (8–57) 27 (7–92)

Hospital stay, days (range) 7 (5–8) 15 (10–44)

Neurological signs 0 6

Dialysis (HD/PD) 0/0 6/7

Dialysis, days (range) 0 7 (1–100)

Transfusions

Red blood cells 5 13

Platelets 0 7

Plasma therapy* 0 7

Survival 100% 100%

Patient age, hospital stay and days under dialysis are expressed as

median months and days, respectively, and the range of observations

is given. The variables neurological signs, dialysis and transfusions

are shown as number of patients in the respective group. HD 5 hae-

modialysis; PD 5 peritoneal dialysis. *Plasma therapy 5 plasma infu-

sion five patients and plasmapheresis two patients.

J. R. Ferraris et al.
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elevated significantly at admission in the non-oliguric

group of patients, whereas subjects with impaired diuresis

showed values comparable to those of healthy individuals

(Fig. 2a). Similar results were registered for C4, with

non-oliguric patients exhibiting significantly elevated C4

levels over controls, although within the accepted refer-

ence interval of 16–38 mg/dl (Fig. 2b).

The activation of the classical pathway of complement

was next studied by determining C4d levels. As shown in

Fig. 3, neither group of patients showed significant differ-

ences in C4d values, thus ruling out the activation of the

classical pathway.

The status of the alternate pathway of complement was

then tested by measuring Bb levels. As observed for the

daily profile of Bb activation shown in Fig. 4, all patients

were admitted with values significantly higher than those

of controls (0�98 6 0�2 lg/ml), and those who presented

with oligoanuria showed increased levels compared to

Fig. 1. Daily profile of SC5b-9 activation in haemolytic uraemic

syndrome (HUS)-affected children. SC5b-9 activation was

determined by enzyme-linked immunosorbent assay (ELISA) in the

plasma of HUS-affected children. Obtained values for the different

patients were pooled according to the day of evolution from

hospitalization. Results are expressed as mean SC5b-9 (ng/

ml) 6 standard error of the mean (s.e.m.). Filled dots: oliguric

group; open dots: non-oliguric group. Control range is indicated by

solid (mean) and dotted (s.e.m.) lines for comparison. (a) P< 0�01

versus control; (b) P< 0�05 versus control by independent-samples

t-test; (c) P< 0�01 versus day 1 by analysis of variance.

Fig. 2. Complement components 3 and 4 activation. C3 (a) and C4

(b) levels were determined in serum by nephelometry. Results

represent the mean 6 standard error of the mean (s.e.m.) of healthy

controls and of non-oliguric and oliguric patients and are expressed

in mg/dl. *P< 0�05 by independent-samples t-test.

Fig. 3. Daily profile of C4d levels in haemolytic uraemic syndrome

(HUS)-affected children. C4d levels were determined by enzyme-

linked immunosorbent assay (ELISA) in the plasma of HUS-affected

children. Obtained values for the different patients were pooled

according to the day of evolution from hospitalization. Results are

expressed as mean C4d (lg/ml) 6 standard error of the mean

(s.e.m.). Filled dots: oliguric group; open dots: non-oliguric group.

Control range is indicated by solid (mean) and dotted (s.e.m.) lines

for comparison.

Fig. 4. Daily profile of Bb activation in haemolytic uraemic

syndrome (HUS)-affected children. Bb activation was determined by

enzyme-linked immunosorbent assay (ELISA) in the plasma of

HUS-affected children. Obtained values for the different patients

were pooled according to the day of evolution from hospitalization.

Results are expressed as mean Bb (lg/ml) 6 standard error of the

mean (s.e.m.). Filled dots: oliguric group; open dots: non-oliguric

group. Control range is indicated by solid (mean) and dotted

(s.e.m.) lines for comparison. (a) P< 0�01 versus control; (b)

P< 0�05 versus control by independent-samples t-test; (c) P< 0�05;

(d) P< 0�01 versus day 1 by analysis of variance.

Alternative complement pathway during HUS
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those with preserved diuresis (P< 0.05). A two-way ANOVA

of the data resulted in highly significant differences

(P< 0�001) for both variables day and condition, but not

for the interaction of those variables.

A positive and significant association was detected

when Bb formation was plotted as a function of the

amount of SC5b-9 detected in the plasma of patients at

admission day (Fig. 5). Bb values also correlated with

blood urea nitrogen (BUN) (r 5 0�464; P< 0�01), lactate

dehydrogenase (LDH) activity (r 5 0�799; P< 0�01) and

thrombocyte count (r 5 20�370; P< 0�01) values during

the disease course.

Finally, SC5b-9 and Bb values at hospitalization were

compared with those obtained from a group of patients

with ESRD not caused by HUS or C3 glomerulonephritis

and undergoing regular haemodialysis. As observed in

Fig. 6a,b, the ESRD group (n 5 29) showed significantly

elevated levels of both SC5b-9 and Bb when compared to

healthy controls, while the oliguric group of HUS-affected

patients exhibited a highly significant increase in both

variables over control and ESRD groups.

It is noteworthy that no significant differences were

found in the analysed complement parameters for the six

patients with severe neurological signs when compared to

the rest of the oliguric group.

Discussion

The results of the present work demonstrate that all indi-

viduals suffering from Stx-induced HUS show activation

of the complement system via the alternative pathway

during the acute phase of the disease.

Our study included 18 patients diagnosed clinically

and microbiologically with Stx-associated HUS in whom

we performed daily determinations of various laboratory

parameters, as well as a comprehensive complement sys-

tem exploration. First, we have determined the levels of

circulating SC5b-9, a measure of generated MAC, a sensi-

tive indicator of the overall complement activation. We

found that all included individuals, irrespective of the

condition at hospital admission, presented levels signifi-

cantly elevated over our established reference values.

However, the severity of the disease influenced this

parameter, as individuals categorized in the oliguric

group showed higher values than those with preserved

diuresis (non-oliguric group) throughout the evaluation

period (Fig. 1). A two-way ANOVA of the data revealed

highly significant differences for both variables day and

condition (oliguric or non-oliguric), but not for the

interaction of those variables, thus indicating that in all

the individuals SC5b-9 is elevated initially regardless of

the condition and that formation of membrane attack

complex declines during the evaluated period in a similar

fashion.

Complement activation can occur by the classical, lec-

tin or alternative pathway, or by a combination of those.

C4 and C3 levels can be used to make a distinction

between the classical/lectin and alternative pathway. A

recent study has confirmed C3 reduction in severe cases

of Stx-HUS [20]. Low levels of C4 have also been

observed occasionally in patients with Stx-HUS, indicat-

ing activation of the classical and/or lectin pathways lead-

ing to C4 consumption [18]. However, in our study, the

non-oliguric group of patients showed statistically signifi-

cant elevations of both C3 and C4 levels over healthy

controls and oliguric patients. C3 and C4 levels are com-

monly expected to decrease due to consumption of the

factor during complement activation. Our finding was

thus unexpected, particularly with regard to C3. However,

C3 and C4 are acute phase proteins, which are synthe-

sized by stimulation of proinflammatory cytokines [22].

It may then be possible that the levels of C3 may increase

in this set of patients due to the important inflammatory

component characteristic of HUS. Also, although its syn-

thesis occurs mainly in the liver, several other cell types,

including vascular cells, produce C3 [22]. The vascular

component of HUS, along with the massive erythrocyte

and thrombocyte destruction that occurs during the acute

phase of the syndrome, may also explain altered levels of

C3 and C4. Several conditions and diseases are known to

associate with elevated C3 levels including myocardial

infarction [23] and hypertension [24]. The question still

remains as to why only patients with preserved diuresis

show elevations of C3 and C4. One possible interpreta-

tion is that the consumption rate of C3 and C4 is greater

in the more severe form of the disease, and patients with

that presentation would tend to show normal or even

reduced levels of the factors. Also, considering the rela-

tively wide ranges of C3 and C4 concentrations, a 10–

20% cleavage would leave enough C3 to be well within

the normal range. Hence, measuring only the cleavage

products of these proteins, one can estimate the extent of

an ongoing activation process in the early stage of acute

Fig. 5. Correlation between SC5b-9 and Bb activation in haemolytic

uraemic syndrome (HUS)-affected children. Bb values were plotted

against the respective SC5b-9 levels at admission for each patient.

The lines represent the results of linear regression and values of the

Pearson’s correlation coefficient.

J. R. Ferraris et al.
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Stx-HUS. We thus set out to study the breakdown prod-

ucts of C3 and C4 (C3c and C4d, respectively), and

found only a mild increment trend in C3c levels for both

groups of patients over controls (data not shown) but

similar values for C4d in all investigated groups. We

interpret these results as a negative indication for the par-

ticipation of the classical and lectin pathways of comple-

ment in Stx-induced HUS. Activation of the alternative

pathway of complement was confirmed in our study by

means of measuring the levels of fragment Bb. As

observed for SC5b-9, all individuals showed significantly

elevated levels over controls at admission that declined

rapidly during the first week of hospitalization, and

attained values not significantly different from controls by

days 4 and 6 in the non-oliguric and oliguric groups,

respectively.

Thus far, our data suggest that the alternative pathway

is the only contributing factor to complement activation

in patients with acute Stx-HUS. This observation is based

on the fact that C4d values, used as a measure of the acti-

vation of the classical and lectin pathways, were always

normal, whereas factor Bb levels, that reflect the activa-

tion of the alternative pathway, were elevated in both

groups of patients. Our observation is also reinforced by

the positive and significant association detected when Bb

levels were plotted as a function of formed SC5b-9.

After the pathogenic recognition of Stx-induced-HUS,

two recent clinical studies confirmed complement activa-

tion. In 17 children with Stx-HUS studied during the

acute phase, plasma levels of Bb and Sc5b-9 were

increased at admission but then normalized by day 28

after discharge [16]. Similar results were obtained in a

cohort of 12 children with elevated plasma levels of C3a

and SC5b-9 at admission that returned to normal 2–9

months after recovery [18]. Our results agree with those

reported although it should be noted that, in those two

investigations, complement components were only

assayed in plasma at the time of admission and resolu-

tion. We also show here increased levels of breakdown

products of two components of the alternative pathway

(C3c and Bb) and normal levels of one component of the

classical and lectin pathways (C4d) in our patients with

acute Stx-HUS. More importantly, we have measured

complement components on a daily basis and could,

thus, observe the rapid return of Bb and SC5b-9 levels to

normal values within the first week after admission,

which in some cases is well before the resolution of the

acute episode. Interestingly, few patients (three) under-

going haemodialysis exhibited elevated Sc5b-9 with nor-

mal Bb levels by the time all other individuals had

normalized their values.

Complement activation may contribute to the patho-

physiology of typical HUS by different mechanisms. First,

purified Stx-2 has been shown to selectively bind comple-

ment factor H and also to activate complement in the

fluid phase when co-incubated with normal human

serum [19]. This demonstrates that Stx activates comple-

ment by a direct effect and also by reducing the activity

of the regulatory factor, all of which may result in com-

plement hyperactivation with the consequent damage of

host cells [19]. Secondly, the role of lipopolysaccharide

(LPS) in inducing complement activation during E. coli

infection cannot be excluded because, in a mouse HUS

model, co-injection of Stx and LPS is required for both

complement activation and disease development [17].

Fig. 6. SC5b-9 and Bb activation. SC5b-9 (a) and Bb (b) activation

was determined by enzyme-linked immunosorbent assay (ELISA) in

the plasma of both non-oliguric and oliguric groups of haemolytic

uraemic syndrome (HUS)-affected children, as well as in healthy

controls (healthy) and in end-stage renal disease patients (ESRD).

Results are expressed as mean SC5b-9 (ng/ml) or Bb (lg/

ml) 6 standard error of the mean (s.e.m.). (a), P< 0�05; (b),

P< 0�01 versus healthy; (c), P< 0�01 versus oliguric, by independent-

samples t-test.

Alternative complement pathway during HUS
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Also, LPS derived from enterohaemorrhagic E. coli binds

to the membrane adhesion molecule P-selectin in platelets

in HUS patients [25], and P-selectin is known to bind

C3b with high affinity, which could then trigger the alter-

native pathway [26].

Complement activation could also be the consequence

of the renal failure that occurs during HUS, and we

found here activation in a group of patients suffering

ESRD not caused by HUS or C3 glomerulonephritis. The

fact that ESRD patients exhibited a significant activation

when compared to healthy controls may point to a non-

specific complement activation due to renal failure irre-

spective of its cause. However, patients included in this

study showed a significant activation of the alternative

pathway of complement and the oliguric group exhibited

Bb and SC5b-9 levels well above those of the ESRD

group. Notably, complement status normalizes in HUS

patients within days coinciding with a favorable resolu-

tion of the acute phase of the disease. Also, patients with

a more severe disease presentation normalize complement

status rapidly even though they remain hospitalized and

requiring dialysis for longer periods of time.

We have reported recently on increased oxidative stress

in the plasma of this same cohort of HUS-affected chil-

dren [27]. Interestingly, a number of reports have estab-

lished that oxidative stress results in complement

activation and deposition on the vascular endothelium

[28–31] and it is now accepted that complement plays an

important role in the inflammatory process following oxi-

dative stress. The available data point to the role of the

lectin pathway in ischaemia/reperfusion-induced comple-

ment activation mainly in the myocardium and gastroin-

testinal system, although it has been demonstrated that

oxidative stress modulates factor H expression in retinal

pigmented epithelial cells, a mechanism implicated in the

development of age-related macular degeneration [32].

Even more intriguing is the observation that oxidative

stress mediates the symptoms of paroxysmal nocturnal

haemoglobinuria [33], a rare disease linked to comple-

ment activation via the alternative pathway where the use

of eculizumab is now established. In view of our results,

it is of interest to explore the connection between oxida-

tive stress and complement activation via the alternative

pathway in typical HUS and the possible implications for

disease development.

An association between complement activation and lab-

oratory findings was observed in our Stx-HUS patients. Bb

values correlated significantly with the classical clinical

triad: haemolytic anaemia (in this case its surrogate LDH),

thrombocytopenia and acute renal injury (BUN and serum

creatinine). Moreover, Bb and Sc5b-9 levels were higher in

severe Stx-HUS oliguric patients at admission and also dur-

ing the first week of hospitalization in the oliguric when

compared to the non-oliguric group of patients. Finally,

almost 50% of oliguric patients with higher Bb and Sc5b-9

levels at admission developed chronic kidney disease

(CKD) during follow-up. Therefore, the activity of the

alternative pathway is a useful index of acute kidney injury

and a prognostic marker of CKD.

Interestingly, very severe forms of HUS have been

reported in children with factor H or membrane cofactor

protein mutations after exposure to Stx-producing bacte-

ria. We did not study complement regulatory proteins in

our work; however, none of our patients and/or their fam-

ily members had HUS before or after the actual episode.

Emerging evidence suggests that microbes (group A b-

haemolytic streptococcus, Bordetella pertussis, Fusobacte-

rium necrophorum, influenza A, parvovirus B19, HIV and

varicella viruses) associated with HUS exhibit interaction

with the complement system. However, other infectious

agents produce complement activation but do not induce

HUS. This may be indicative of an interplay between the

toxin and complement activation for the development of

HUS. Also, the genetic background of affected individuals

may explain a differential susceptibility to the pathogen.

Both possibilities are worth exploring.

In conclusion, our data indicate that, during the first

days of the acute phase of Stx-HUS, disease progresses

with activation of the alternative pathway of complement

which is possibly a pathogenic effector leading to throm-

bocytopenia, haemolytic anemia and renal dysfunction.

Also, our results indicate that the intensity of activation

of the alternative pathway of complement should be a

prognostic factor in the short- and long-term follow-up.
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