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ABSTRACT: Hemolytic Uremic Syndrome (HUS) is the main cause
of acute renal failure in children. The high percentage of patients who
develop long-term sequelae constitutes an important medical con-
cern. The identification of parameters that correlate with the degree
of renal failure may be useful to plan the best treatment soon after
hospitalization. Here, we investigated the functional state of neutro-
phils (PMN) from HUS patients on admission, before dialysis and/or
transfusion, in relation to the severity of renal impairment reached
during the acute period (AP). We found that all PMN activation
parameters measured in severe cases of HUS (HUS AP3) were
statistically lower comparing to children with mild cases of HUS
(HUS AP1). As HUS PMN phenotype and dysfunction is compatible
with that of cells undergoing cell death, we also studied spontaneous
apoptosis. Not only were HUS PMN not apoptotic, but HUS AP3
PMN showed an increased survival. Almost all phenotypic and
functional parameters measured on PMN correlated with severity.
Our results revealed a marked deactivation of PMN in severe cases of
HUS, and suggest that studying the functional state of PMN could be
of prognostic value. (Pediatr Res 61: 123–128, 2007)

Hemolytic uremic syndrome (HUS) is a multi-systemic
disorder characterized by the triad acute renal failure,

microangiopathic hemolytic anemia and thrombocytopenia
(1). HUS is the most common cause of acute renal failure and
the second cause of chronic renal failure and renal transplan-
tation in children (2). HUS is developed after a prodrome of
hemorrhagic diarrhea caused by infection with Shiga toxin
(Stx)-producing Escherichia coli (STEC) (3), and endothelial
damage appears to be an important factor in the sequence of
events leading to the microangiopathic process. No specific
treatment for HUS is yet available, and although supportive
therapies have reduced HUS mortality considerably, different
degrees of renal insufficiency can be found in up to 40% of the
patients (4–6). It has been reported that the main long-term
prognostic factor is the severity of acute renal failure (4–7), as

determined by the days of anuria, a criteria proposed by
Gianantonio (8). Therefore, the identification of parameters
that correlate with severity may be useful as possible prog-
nostic factors.
HUS children usually show a high peripheral blood neutro-

phil (PMN) count at presentation, which has been correlated
with a poor prognosis (9–11). Moreover, increased levels of
IL-8 have been detected in the serum of patients coursing the
acute phase of HUS (12,13). This cytokine is produced by
activated PMN, promotes their adhesion and migration in vivo
and shows anti-apoptotic properties (14–17). PMN are essen-
tial for host defense against microbial infections but can also
be associated with the pathologic side effects of tissue destruc-
tion (18,19). Potentially PMN-mediated harmful mechanisms
include the production of toxic reactive oxygen species
(ROS), and the proteolytic capacity of enzymes stored in
granules. These storage organelles are not only a source of
proteolytic or bactericidal proteins, but are also important
reservoirs of membrane proteins that become incorporated
into the surface membrane of PMN when these organelles fuse
with the plasma membrane and exocytose their content. It is
now established that, among other important receptors, the
type III receptor form the Fc portion of the IgG (CD16) is
stored in secretory vesicles, the adhesion molecule CD11b is
mainly found in secretory vesicles and gelatinase granules, the
degranulation marker CD66b is present in the membrane of
specific granules, and the bactericidal enzyme myeloperoxi-
dase (MPO) is stored in azurophil granules (20).
We have previously demonstrated that circulating PMN

from HUS patients in the acute period (HUS AP) have a
reduced expression of different membrane molecules and in-
tracellular components, and also show impaired cytotoxic and
cytokine-induced responses (21), indicating that PMN are
partially deactivated, probably due to a postactivation exhaus-
tion process (17,18). However, the detailed analysis of the

Received May 18, 2006; accepted August 24, 2006.
Correspondence: Gabriela C. Fernández, Ph.D., Instituto de Investigaciones Hemato-

lógicas, Academia Nacional de Medicina, Pacheco de Melo 3081, C1425AUM, Buenos
Aires, Argentina; e-mail: gfernandez@hematologia.anm.edu.ar
This work was supported by grants from Alberto J. Roemmers, Agencia Nacional de

Promoción Cientı́fica y Tecnológica, and Consejo Nacional de Investigaciones Cientı́fi-
cas y Tecnológicas (CONICET)

DOI: 10.1203/01.pdr.0000250037.47169.55

Abbreviations: PMN, neutrophils; HUS, Hemolytic Uremic Syndrome; AP,
acute period; HUS AP1, mild cases of HUS; HUS AP2, moderate cases of
HUS; HUS AP3, severe cases of HUS; HC, healthy control; Stx, Shiga toxin;
STEC, Stx-producing Escherichia coli; ROS, reactive oxygen species;MPO,
myeloperoxidase; FITC, fluorescein isothiocyanate; DHR, dihydrorhodam-
ine 123; PMA, phorbol myristate acetate

0031-3998/07/6101-0123
PEDIATRIC RESEARCH Vol. 61, No. 1, 2007
Copyright © 2006 International Pediatric Research Foundation, Inc. Printed in U.S.A.

123



relationship between the functional state of PMN and the
severity of the renal dysfunction of the patients has not been
previously investigated. In this study, we analyzed in HUS
patients on admission whether the level of deactivation of
PMN correlates with the degree of renal impairment. In partic-
ular, we determined the expression of activation markers situated
in different types of intracellular granules, as well as ROS gen-
eration. We also investigated if deactivation of peripheral PMN
from HUS AP patients was a consequence of an increased
number of cells undergoing apoptosis.

METHODS

Patients and samples. The study was approved by the respective Hospital
Ethical Committees. Patients (n � 50) were enrolled in this study between
January, 2000 and December, 2005 after informed consent from their parents
had been obtained. The criteria for diagnosis were a microangiopathic hemo-
lytic anemia with schizocytes, thrombocytopenia (platelet count �150 �
109/L) and acute renal failure (serum creatinine level higher than the normal
values considering the age of the patient). All patients develop HUS after
gastroenteritis consisting of bloody diarrhea. 60% of the children were
positive for STEC, diagnosed by stool culture and/or presence of Stx-antibody
in serum. Twenty-four were girls and 26 were boys. Clinical and biochemical
data of patients are given in Table 1. Blood samples (2 mL) were obtained for
biochemical and immunologic studies by venopuncture into EDTA plastic
tubes, before dialysis and/or transfusion, at different days from the time when
diarrhea have started (Table 1). 31 patients received peritoneal dialysis and
one received hemodialysis within 24 h since admission, but after the blood
sample was collected. The amount of blood obtained from each patient was
not enough to measure all the parameters evaluated in this study, and the
number of children analyzed is indicated in each figure. Blood samples from
age- and sex-matched healthy children (HC) admitted for routine surgical
procedures were collected and processed identically.

Immunophenotypic studies. Measurement of the surface expression of
CD16, CD11b and CD66 was performed by direct immunofluorescence flow
cytometry using the following conjugated mouse anti-human MAb (MAb):
CD16-PE (R-phycoerythrin, BD Biosciences, San Jose, CA), CD11b-PE
(Immunotech) and CD66-FITC (FITC, Immunotech). Whole blood 100-�L
samples were incubated with the specific MAb for 30 min at room tempera-
ture. Then, erythrocytes were lysed using FACS Lysing solution (BD Bio-
sciences), and cells were re-suspended in 0.2 �L of ISOFLOW (International
Link, Buenos Aires, Argentina). The total content of MPO was determined
following the instructions of Fix & Perm Cell Permeabilization Kit. Briefly,
cells were fixed in suspension, washed and then permeabilized in the presence
of specific antibody. Then, cells were washed and suspended in 0.2 �L of
ISOFLOW. In all cases control of isotype-matched antibody was assayed in
parallel and the fluorescence was measured with a Becton Dickinson FACS-

can. The analysis was made on 10,000 events on each sample using the Cell
Quest program. PMN were identified and gated according to their forward and
light scattering (FSC/SSC) dot-plot profiles.

Pmn isolation. PMN were isolated by Ficoll-Hypaque gradient centrifu-
gation (Ficoll Pharmacia, Uppsala; Hypaque, Wintthrop Products, Buenos
Aires, Argentina) and dextran sedimentation, as previously described (22).

Reactive oxygen species (ROS) generation. Purified 0.25 � 106 of PMN
were incubated with dihydrorhodamine 123 (DHR, Sigma Chemical Co.)
(1 mM) at 37°C in 5% CO2. After 15 min, phorbol myristate acetate (PMA,
20 ng/mL) was added and incubated for 15 additional min. Upon ROS
generation a brightly fluorescent FL-1 product is produced, which was
detected by flow cytometry.

Spontaneous apoptosis. Isolated PMN (0.5 � 106 cells) were incubated
for 18h at 37°C in 5% CO2. FITC-labeled annexin V (1 �g/mL) was added for
1h at 4°C to cells incubated in HEPES buffer (HEPES 10 mM, pH 7.4; NaCl
150 mM; KCl 5 mM; MgCl2 1 mM; CaCl2 1.8 mM). Cells were washed,
re-suspended in HEPES buffer, and incubated for 10 min with propidium
iodide (PI, 15 �g/mL). The percentage of simple and/or double positive cells
was determined by flow cytometry. Spontaneous apoptosis was also measured
on isolated PMN from normal adult donors in the presence of 15% of HUS or
HC plasma.

Il-8 determination. IL-8 determination was performed on 100 �L of
plasma by sandwich ELISA. Briefly, an ELISA 96-well plate (Greiner-Bio
One, Frickenhausen, Germany) was covered overnight with 5 �g/mL of
anti-IL-8 capture antibody (BD Pharmingen). Samples were added and incu-
bated at room temperature for 2h. The biotinylated anti-cytokine detection
antibody (2 �g/mL, BD Pharmingen) was added followed by a 1:10,000
dilution of streptavidin-horseradish peroxidase (Caltag Laboratories) and a
solution of 0.4 mg/mL o-phenylene-diamine (OPD, Sigma Chemical Co.) in
0.1M citric acid, 0.05M Na2HPO4, 3% H2O2. The reaction was stopped with
H2SO4 2M and the resultant OD read at 492 nm. The amount of IL-8 (pg/mL)
was extrapolated using a standard curve constructed over the range of
25–1000 pg/mL of human recombinant IL-8 (BD Pharmingen).

Statistics. Comparisons between groups were performed using the non-
parametric unpaired Mann-Whitney test. For correlation analysis the nonpara-
metric, two-tailed Spearman´s rank correlation test was used. p � 0.05 was
considered significant.

RESULTS

Expression of molecules present in different types of
granules of PMN. We studied different markers of activation
on PMN from HUS patients on admission, before dialysis
and/or transfusion. According to Gianantonio’s criteria (8),
patients were classified according to the severity of renal
dysfunction as mild cases (HUS AP1 no anuria), moderate
cases (HUS AP2 �7 d of anuria), or severe cases (HUS AP3

Table 1. Clinical and biochemical data of HUS patients

Severity of renal dysfunction*

Mild (HUS AP 1) Mild (HUS AP 1) Mild (HUS AP 1)

General parameters
Age (months) 38 � 28 (8–120) 21 � 8 (13–36) 33 � 27 (7–108)
Duration of diarrhea (days) 5.0 � 2.9 (1–9) 5.0 � 1.9 (3–8) 6.2 � 3.1 (2–12)
Days on dialysis 0 3 � 2 (0–6) 14 � 6 (5–26)

Blood and renal parameters on admission
WBC(�109/L) 16.5 � 10.2 (2.8–52.2) 15.6 � 5.3 (8.6–24.0) 21.8 � 6.6 (11.8–38.6)
Number of PMN (�109/L) 8.3 � 0.9 (2.9–18.8) 10.4 � 0.8 (5.8–18.1) 15.3 � 0.3 (7.2–28.5)
Percentage of PMN 62.2 � 12.2 (32.5–85.2) 66.9 � 10.8 (52.2–81.7) 68.7 � 10.5 (45.0–86.4)
Platelets (�109/L) 74.3 � 36.6 (29.0–143.6) 93.3 � 71.6 (28.1–214.0) 63.6 � 35.6 (16.0–150.0)
Hematocrit 25.8 � 3.7 (21.0–34.6) 25.4 � 3.9 (21.0–31.0) 28.6 � 3.7 (24.0–37.0)
Urea (mmol/L) 17.9 � 10.9 (6.8–46.6) 24.3 � 9.6 (14.3–40.1) 28.6 � 12.3 (8.2–52.2)
Creatinine (�mol/L)† 181.6 � 101.8 (61.9–389.0) 362.6 � 148.2 (106.2–539.8) 416.3 � 129.0 (160.9–610.0)
Days since onset of diarrhea‡ 5.5 � 4.1 (1–15) 3.0 � 1.2 (1–5) 4.2 � 1.7 (2–7)

* According to Gianantonio’s criteria (8), patients were classified considering their severity of renal dysfunction as mild cases (HUS AP1 no anuria), moderate
cases (HUS AP2 �7 days of anuria), or severe cases (HUS AP3 �7 days of anuria); † Creatinine was determine using the kinetic Jaffe alkaline picrate
colorimetric method; ‡ Days after onset of diarrhea that blood was obtained for the analysis reported.
WBC, white blood cell count.
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�7 d of anuria). Figure 1A shows that the surface expression
of CD16 was equally decreased in all HUS groups compared
with healthy children (HC) without differences within the
HUS population. On the other hand, although all HUS groups
showed a decreased CD11b expression compared with HC
children, we found a gradual CD11b decreased expression as
the severity of HUS increased, resulting in statistically signif-
icant differences between HUS AP1 and HUS AP3 groups
(Fig. 1B).
The expression of CD66b in HUS AP1 children was similar

to HC, and HUS AP2 and 3 showed a decreased expression of
this molecule compared with HUS AP1, although the differ-
ences between HUS AP3 patients and HC children did not
reach statistical significance (Fig. 2A). Similar results were
obtained for the total content of MPO, which was found
decreased in HUS AP2 and 3 groups compared with HUS AP1
(Fig. 2B). Although MPO total content of HUS AP2 and 3 was
also decreased compared with HC, statistical differences be-
tween HUS AP2 and HC were marginal (p � 0.06).
Reactive oxygen species (ROS) generation by PMN from

HUS patients. ROS production is another indicator of the
functional state of PMN. We found no differences on basal
ROS generation between groups (data not shown). However,
PMA-triggered ROS production was found decreased only in
HUS AP3 PMN, and this impairment was statistically signif-
icant compared with all groups (Fig. 3).
Spontaneous apoptosis of PMN from HUS patients. We

measured spontaneous apoptosis on isolated PMN using
FITC-conjugated annexin V and propidium iodide (PI) (Fig.
4). Different subpopulations can be identified using this tech-
nique: double negative cells correspond to live cells, double
positive cells to late apoptotic cells, and positive cells for
annexin V only, to early apoptotic state. As shown in Fig. 4B,
we found that the percentage of early apoptotic PMN was
decreased in all HUS groups compared with HC. Moreover,

PMN from HUS AP3 showed lower levels of apoptosis than
HUS AP1. Regarding late apoptosis (Fig. 4C), only children
with severe renal impairment (HUS AP3) evidenced a statis-
tically significant decreased percentage in late apoptotis com-
pared with HC and HUS AP1. Conversely, the percentage of
live cells (Fig. 4D) was higher in HUS AP3 compared with
HC and HUS AP1.

Figure 1. (A) The mean fluorescence intensity (MFI) of CD16 was measured
in HC (n � 29), HUS AP1 (n � 14), HUS AP2 (n � 10 and HUS AP3 (n �
13). (B) The surface expression of CD11b was determined in HC (n � 25),
HUS AP1 (n � 16), HUS AP2 (n � 12) and HUS AP3 (n � 14). Each point
represents individual values and the horizontal line the mean value. *p �
0.05, **p � 0.01 and †p � 0.001.

Figure 2. (A) CD66b surface expression was determined in HC (n � 27),
HUS AP1 (n � 18), HUS AP2 (n � 10) and HUS AP3 (n � 12). (B) The total
content of MPO was determined in HC (n � 11), HUS AP1 (n � 7), HUS
AP2 (n � 6) and HUS AP3 (n � 8). Each point represents individual values
and the horizontal line the mean value. *p � 0.05 and **p � 0.01.

Figure 3. ROS production was measured in HC (n � 12), HUS AP1 (n �
10), HUS AP2 (n � 4) and HUS AP3 (n � 6). Results were expressed as the
MFI of DHR in the presence of PMA with respect to the MFI of DHR in basal
conditions. Each point represents individual values and the horizontal line the
mean value. *p � 0.05.
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To study the contribution of soluble factors in the inhibition
of apoptosis observed in HUS patients, isolated PMN from
normal adult donors (n � 3) were incubated for 18h in the
presence of plasma from HUS AP1 patients (n � 4), HUS
AP3 patients (n � 8) or HC children (n � 12). We found that
the percentage of apoptosis of adult PMN was similar when
incubated with plasma from HUS or HC children (early
apoptosis: HC � 19.8 � 4.3%, HUS AP1 � 19.9 � 5.2%,
HUS AP3 � 18.2 � 4.5%; late apoptosis: HC � 7.5 � 1.3%,
HUS AP1 � 15.5 � 5.9%, HUS AP3 � 7.9 � 1.6%; live
cells: HC � 70.6 � 3.2%, HUS AP1 � 66.0 � 6.1%, HUS
AP3 � 71.9 � 3.7%).
Plasmatic IL-8 levels in HUS patients.When we evaluated

plasmatic IL-8 we found that, in agreement with other reports
(12,13), the entire group of HUS AP children showed higher
levels of plasmatic IL-8 compared with HC (pg/mL of IL-8:
HC � 338.5 � 53.9, HUS A p � 966.5 � 126.9, p � 0.01).
However, when HUS children were divided according to their
severity, we found that only HUS AP1 showed a statistically
significant increase in IL-8 levels compared with HC and HUS
AP3 (Fig. 5).
Correlations. Biochemical and functional parameters mea-

sured on PMN were correlated with severity (Table 2). The
white blood cell count (WBC), the absolute number and
percentage of PMN and the percentage of live PMN showed
positive correlations with severity, whereas the expression of
different activation markers (CD11b, CD66b and MPO), ROS
production capacity, percentage of apoptosis and plasmatic
IL-8 levels showed negative correlations with severity.

Considering the anti-apoptotic properties of IL-8, we deter-
mined the correlation between the rate of apoptosis and IL-8
levels in HUS AP patients. There was no correlation between
plasmatic IL-8 levels and spontaneous apoptosis of PMN.
However, a positive correlation was found between ROS
generation and the percentage of late apoptotic cells in HUS
(r � 0.66, p � 0.01).

DISCUSSION

Through several years of investigation it has been estab-
lished that HUS has a very important inflammatory compo-
nent that contributes to the pathogenesis of the disease. Thus,
reports of PMN leukocytosis in HUS are not surprising, since

Figure 4. Spontaneous apoptosis was measured in HC (n � 15), HUS AP1
(n � 12), HUS AP2 (n � 2) and HUS AP3 (n � 13). (A) Representative dot
plots of one HC, one HUS AP1 and one HUS AP3 child showing the different
apoptotic subpopulations. (B) Early apoptotic PMN. (C) Late apoptotic PMN.
(D) Live cells. Each point represents individual values and the horizontal line
the mean value. *p � 0.05; **p � 0.01; †p � 0.001.

Figure 5. IL-8 plasmatic levels (pg/mL) were determined in HC (n � 6),
HUS AP1 (n � 8), HUS AP2 (n � 2) and HUS AP3 (n � 8). Each point
represents individual values and the horizontal line the mean value. **p �
0.01; †p � 0.001.

Table 2. Correlation data of the different parameters measured in
PMN on admission and the severity of renal dysfunction during

the acute period in HUS patients

Pearson’s r Significance (p-value)

WBCn � 50 r � 0.39 p � 0.004
Number of PMNn � 50 r � 0.62 p � 0.001
Percentage of PMNn � 50 r � 0.28 p � 0.04
Expression of
CD16n � 40 No correlation
CD11bn � 40 r � –0.37 p � 0.01
CD66bn � 40 r � –0.35 p � 0.01
MPOn � 21 r � –0.51 p � 0.01

ROS generationn � 21 r � –0.51 p � 0.01
Percentage of cells
Early apoptosisn � 27 r � –0.44 p � 0.02
Late apoptosisn � 27 r � –0.43 p � 0.02
Live cellsn � 27 r � 0.63 p � 0.001

Plasmatic IL–8 levelsn � 18 r � –0.74 p � 0.001
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PMN are prominent components of the acute inflammatory
response. A high peripheral PMN count at presentation has
been largely associated with a poor prognosis (9–11). Our
results also support these observations as patients with more
severe renal impairment showed the highest PMN count.
Paradoxically, an inverse relation was observed between se-
verity and the functional state of PMN: whereas mild cases of
HUS (HUS AP1) showed some decreased but mostly unaf-
fected parameters of PMN activation, PMN from severe cases
of HUS (HUS AP3) evidenced significant decreases in these
parameters. As the phenotypic and functional characteristics
observed in HUS PMN have been associated with apoptosis
(23,24), we investigated whether HUS PMN could be under-
going cell death. Not only were HUS PMN not apoptotic, but
more deactivated PMN showed an increased survival. The
lower levels in spontaneous apoptosis found in severe cases of
HUS could contribute, at least in part, to the neutrophilia
usually observed in these patients. PMN are a very important
source of cytokines in vivo, including IL-8, a cytokine that
activates PMN and inhibits their apoptosis (17,25,26). How-
ever, IL-8 seems not to be involved in preventing apoptosis of
HUS PMN, since there was no correlation between the plas-
matic level of IL-8 and the percentage of apoptosis. Moreover,
apoptosis of PMN from normal adult donors was similar in the
presence of HUS AP1 plasma, which presented the highest
levels of IL-8, HUS AP3 plasma or normal plasma. Interest-
ingly, only mild HUS patients showed increased levels of
plasmatic IL-8, compatible with the absence of deactivation
observed in PMN from HUS AP1 compared with HUS AP3.
Whether the lower levels of IL-8 observed in HUS AP3
compared with HUS AP1 result from an impaired production
by deactivated PMN needs further investigation. On the other
hand, the positive correlation found between ROS generation
and the percentage of apoptotic cells suggests that the im-
paired capacity of these cells to produce ROS could increase
PMN survival. Accordingly, several studies have demon-
strated that the presence of ROS scavengers inhibits PMN
apoptosis (27,28).
Most of the activation markers measured in this study reside

in the plasma membrane and/or in intracellular granules. The
activation of PMN results in the mobilization of these gran-
ules, leading to a rapid up-regulation of these molecules
followed by their down-regulation in the plasma membrane
(29). This process of exocytosis is mediated by different
mechanisms (30,31), and can explain the decreased expression
of PMN membrane antigens found in HUS patients. Accord-
ing to this process, our previous data reporting a decreased
intracellular content of enzymes and antigens, supports the
concept that PMN from HUS patients have previously been
activated and degranulated (21,32). Moreover, PMN-derived
proteases in serum have been found in HUS patients (33).
Each activation marker measured on PMN from HUS patients
showed a different pattern of expression within HUS severity
groups. Although CD16 expression was equally decreased in
all groups, the majority of the markers (CD11b, CD66b and
MPO) showed a gradual decrease as the severity progressed
from HUS AP1 to HUS AP3. It is well established that there
are major differences between the granule subsets regarding

the extent to which these are mobilized both in vitro and in
vivo (29,34). Secretory vesicles (CD16, CD11b) are mobilized
more readily than specific (CD66b) and azurophil (MPO)
granules (20,35). This hierarchy in granule mobilization and
the extent of exocytosis was found to be quantitatively related
to the stimulus strength (35). Our results showed that in HUS
AP1 the expression and content of the markers found in
specific and azurophil granules was not different from that of
HC, although lower levels of these molecules were observed
in HUS AP2 and 3. We can hypothesize that the PMN
activating stimulus acting in mild cases is sufficient to cause
degranulation of the more rapidly mobilized intracellular
structures, the secretory vesicles, but not enough to affect
specific and azurophil granules. Accordingly, PMN from HUS
AP3 have experienced a more generalized process of degran-
ulation as a consequence of a previous stronger stimulus.
Although there is overlapping between values in children of

the different severity groups, many variables may be contrib-
uting to the functional state of PMN, and all these variables
may vary between individuals. HUS patients probably differ in
the initial bacterial inoculum, the Stx producing capacity of
the bacteria ingested, the specific characteristic and degree of
activation of the thrombotic and inflammatory responses, and
the individual variability. As the overlapping can limit the
prognostic value of the evaluation of the functional state of
PMN, the entire pattern of PMN activation instead of one
single parameter has to be considered.
HUS is a systemic multi-factorial complication of STEC

infections, probably arising from lesions caused by circulating
Stx. While the vascular injury leading to HUS is likely to be
in progress at the time of hospitalization, much of the throm-
botic damage has yet occurred (36–38). Indeed, it is well
known that children with HUS on admission showed throm-
bocytopenia as well as degranulated platelets, secondary to a
strong thrombotic stimulus (39,40). Parallel to these findings,
our hypothesis is that circulating PMN on admission are low
responders as a consequence of a previous activation process,
which triggered the respiratory burst and the release of pro-
teases associated to degranulation, leading to deactivation or
exhaustion of PMN. These two mechanisms may actively
contribute to the endothelial injury initiated by the direct insult
caused by Stx. Endothelial cell damage results in the up-
regulation of adhesion molecules and the release of inflam-
matory and prothrombotic mediators that will in turn activate
platelets and PMN. Systemically activated PMN could adhere
to the endothelium, but will fail to transmigrate in the absence
of an inflammatory focus and will be retain in circulation in a
deactivated state. In this regard, PMN adhesion and detach-
ment to endothelial cells has been reported (41). In line with
this hypothesis, we propose that a strong initial activating
stimulus will induce a strong activation of PMN that in turn
will derive in a more severe clinical course. Consequently, we
found a more deactivated state of PMN on admission in HUS
AP3 children. This process of PMN impairment may be
implicated in limiting further damaging mechanisms. In this
sense, infection, injury and/or isquemia results in the release
of pro-inflammatory mediators, and this response is then down-
regulated by the release of anti-inflammatory mediators, re-
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sulting in the restoration of homeostasis. In fact, HUS patients
consistently showed increased levels of anti-inflammatory
cytokines, which have been associated with a more severe
renal dysfunction of patients (42–44).
In conclusion, in this study we determined that all activation

parameters measured on PMN from HUS AP3 were signifi-
cantly decreased compared with HUS AP1 and HC. The close
correlation found between PMN deactivation on admission
and the severity of renal dysfunction achieved during the acute
period suggests that the analysis of the functional state of
PMN in the acute period can be useful for assessing prognosis.
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