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Background. In May and June 2011 the largest known outbreak of hemolytic uremic syndrome (HUS) oc-
curred in northern Germany. Because, quite unusually, a large number of adults was affected and the causative
Escherichia coli strain, serotype O104:H4, showed an atypical virulence factor pattern, it was speculated that this
outbreak was associated with an aggressive course and an unfavorable prognosis also in children.

Methods. Retrospective analysis of medical records of 90 children and comparison to previous outbreak and
sporadic case series.

Results. Median age was unusually high (11.5 years) compared with that in historical series. Only 1 patient
(1.1%) died in the acute phase. Most patients (67/90 [74%]) received supportive care only. Renal replacement
therapy was required in 64 of 90 (71%) of the children. Neurological complications, mainly seizures and altered
mental stage, were present in 23 of 90 (26%) patients. Ten patients received plasmapheresis, 6 eculizumab, and 7 a
combination of both.

After a median follow-up of 4 months, renal function normalized in 85 of 90 (94%) patients, whereas 3 patients
had chronic kidney disease stage 3 or 4, and 1 patient (1.1%) still requires dialysis. Complete neurological recovery
occurred in 18 of 23 patients. Mild to moderate and major residual neurological changes were present in 3 pa-
tients and 1 patient, respectively, although all patients were still improving.

Conclusions. E. coli O104:H4 caused the largest HUS outbreak in children reported in detail to date and most
patients received supportive treatment only. Initial morbidity, as well as short-term outcome, due to this pathogen,
is comparable to previous pediatric series of Shiga toxin–producing E. coli HUS.

Hemolytic uremic syndrome (HUS) was first described
by Gasser and colleagues in 1955 [1]. It consists of an
acute onset of hemolytic anemia with the appearance of
schistocytes, thrombocytopenia, and subsequent renal
failure due to severe thrombotic microangiopathy [2].
Although HUS is a rare disease, it typically occurs in
childhood and is mainly associated with infections,
especially due to enterohemorrhagic Escherichia coli
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(EHEC) through ingestion of contaminated food. HUS is a
major cause of acute kidney injury in childhood [2, 3].

Escherichia coli serotype O157:H7 is frequently found in
stool cultures, but several other serotypes are also known to
cause HUS (eg, O26 or O111) [4]. The production of Shiga
toxin 1 and/or especially Shiga toxin 2 (Stx2) by the causing
pathogen plays a key role in inducing HUS [5]. Shiga toxins
can induce microvascular damage in the kidney and other
organs (eg, pancreas and brain). Thus, neurological symptoms
in the acute phase of typical HUS are common and have been
described in 20%–25% of patients [6, 7]. Clinical and epidemi-
ological data on HUS in children are available from large sur-
veillance studies of sporadic cases [6–10] and a few reports on
outbreaks or clusters [11–13], usually including 10–45 cases of
HUS. The biggest outbreak of HUS so far occurred in Sakai,
Japan, in 1996 with 121 cases, but clinical data were only pub-
lished on smaller subcohorts [14].

At the beginning of May 2011, a large outbreak of infec-
tions with Shiga toxin–producing E. coli (STEC) started in the
northern part of Germany. More than 3800 cases of E. coli–
positive infections were reported, including 845 patients with
HUS [15]. The E. coli strain that caused the 2011 outbreak has
the serotype O104:H4. It produces Stx2 and is resistant to any
β-lactam antibiotics and cephalosporins (extended-spectrum β

lactamase–producing [ESBL] phenotype) [16]. Further analysis
revealed an atypical virulence factor pattern of this strain with
genotypic and phenotypic characteristics of STEC as well as
enteroaggregative E. coli (EAEC) [17]. Genetic comparison of
the strain showed that it could be classified as EAEC that ac-
quired Shiga toxin and other virulence factors [18].

Surprisingly, 88% of the patients with HUS were adults, with
an overrepresentation of women. However, a very high number
of children also developed HUS, making it the largest HUS out-
break ever reported [19]. The large number of adults affected in
the outbreak with severe renal and neurological complications
led to intensified treatment protocols, including routine plasma-
pheresis and use of eculizumab in adult patients [20].

We describe the natural history of E. coli O104:H4–associated
HUS in children and evaluate the role of treatment with
supportive care only. Data on the clinical presentation and
short-term outcome of 90 children are shown, representing an
almost complete pediatric cohort of E. coli O104:H4–induced
STEC-HUS in Germany.

METHODS

Case Definition
HUS was defined as the combination of hemolytic anemia
(hemoglobin <10 g/dL with signs of red cell fragmentation),
thrombocytopenia (thrombocytes <150 × 109/L), and acute
renal impairment (creatinine above the age-dependent normal

range). Five of 90 patients showed incomplete forms based on
these criteria: 1 patient had normal hemoglobin levels and 1
patient had normal thrombocytes, but both had acute kidney
injury and 1 of these patients needed dialysis. Three patients
had creatinine levels within the normal range but fulfilled all
other criteria, and 2 of these showed halved creatinine at dis-
charge. All 5 patients were included in the study.

Evidence of E. coli O104:H4 infection was based on local
microbiologic analysis. Stool cultures for EHEC were done
with further serotyping and/or testing for the antibiotic resis-
tance, as the outbreak strain had an ESBL phenotype. Stx2 or
stx2 was detected by immunoassay or polymerase chain reac-
tion (PCR) in an enriched stool culture. If the results were
negative, but the medical history strongly supported an out-
break-related case (eg, family members also suffered from di-
agnosed HUS or enterocolitis with the outbreak strain), the
patient was included in the study.

Data Collection
A German Pediatric HUS Registry was initiated. All pediatric
nephrologists and the 16 pediatric dialysis centers in Germany
were contacted to provide HUS patients aged ≤18 years who
presented during the outbreak period from May to the begin-
ning of July 2011. Patients with HUS due to E. coli O104:H4
were admitted in 13 centers, including 9 pediatric dialysis
centers, and data collection in these centers was completed.
The local ethical committee approved the study and informed
consent was obtained from the guardians. Clinical data of 90
patients could be collected, including all patients who required
renal replacement therapy. Ten patients in these centers with
STEC-HUS due to other serotypes (O145, O157, and O80)
during the same period were excluded from the analysis.
Ninety-nine pediatric patients with STEC-HUS due to E. coli
O104:H4 were reported to the Robert Koch Institute in accor-
dance with the federal infection protection act. Nine patients
were not reported to the registry, as they had not been treated
in the established pediatric dialysis centers.

Statistical Analysis
Descriptive statistics are presented for continuous variables
(mean, median, standard deviation, and ranges) and for cate-
gorical variables (patient counts and percentages). Continuous
variables were compared by Mann-Whitney U test. P values
<.05 were considered statistically significant.

RESULTS

Patient Characteristics
Ninety children were treated in 13 pediatric departments
throughout Germany (Figure 1). The first child was diagnosed
on 16 May 2011. From the beginning of June, the number of
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new cases rapidly declined. The last patient was admitted on 5
July 2011. Hospitalization was necessary for a median of 17
days (range, 2–103). Median age of the patients was 11.5 years
(range, 0.6–17.5); 18 children (20%) were aged 5 years or
younger. Forty-nine patients (54%) were girls and 41 (46%)
boys. The median duration of the prodromal phase from the
beginning of the first gastrointestinal symptoms to the onset of
HUS was 5 days (range, 0–14). One patient (1.1%) died in the
acute phase on dialysis due to cardiomyopathy, severe hemoly-
sis, and neurological involvement.

Laboratory Results
Laboratory data are shown in Table 1. A trend toward normal-
ization of serum creatinine, full blood count, and lactate dehy-
drogenase at discharge could be demonstrated.

Microbiology
In 75 of 90 patients (83%), stool cultures were EHEC-positive
and further analysis showed either serotype O104:H4 and/or
the typical antibiotic resistance of the outbreak strain with an
ESBL phenotype. In addition, Stx2 was detected in 67 of these
75 patients either by immunoassay or PCR depending on the
approach of local laboratories. In 7 of 90 patients (8%), only
Stx2 was detectable. In 8 cases (9%), neither the stool culture
was positive nor was Stx2 demonstrated.

Clinical Data
An overview of selected clinical data and a comparison to pre-
vious series is presented in Table 2. For detailed assessment,
see the Discussion.

Gastrointestinal Symptoms
In the prodromal phase, all of the patients showed mild to
severe gastrointestinal symptoms. Diarrhea was present in 86
of 90 patients (96%), and 66 of 90 (73%) developed bloody
diarrhea (Table 2). Vomiting occurred in 64 of 90 (71%) and
abdominal pain was documented in the medical records of 62
of 90 patients (69%). Fourteen of 90 children (16%) had fever
before the diagnosis of HUS according to parental report. One
patient had severe gastrointestinal complications including
perforation of the colon, resulting in peritonitis and multiple
abscess formation requiring repeated surgery including
colectomy.

Renal Complications
Dialysis therapy was required in 64 of 90 (71%) patients, and
oligo-/anuria was reported in 59 of 90 (66%) patients. After 4
weeks, 60 of 63 survivors were removed from dialysis. In 2
patients, dialysis could be terminated subsequently. The
median time period of dialysis was 11 days (range, 2–199) in
62 patients who survived and in whom dialysis could be

Figure 1. The pediatric departments and the numbers of patients with
hemolytic uremic syndrome during the outbreak in Germany. (X indicates
the probable source of the contaminated sprouts from a single sprout
producer located in northern Germany.)

Table 1. Laboratory Data of 90 Patients on Admission and Discharge

Admission Minimum/Maximum Discharge (n = 89)

Serum creatinine, mg/dLa 3.6 (3.14) 6.6 (4.4) (max) 1.3 (1.1)

Hemoglobin, g/dL 10.8 (1.6) 6.4 (1.2) (min) 8.6 (1.3)
Thrombocytes, ×109/L 72 (79) 35 (23) (min) 286 (124)

Lactate dehydrogenase, U/L 1729 (869) 2523 (1720) (max) 429 (216)

All values are mean (standard deviation).
a To convert values for creatinine to μmol/L, multiply by 88.4.
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terminated (Figure 2). Thirty of 64 patients (47%) underwent
hemodialysis or hemofiltration, and 26 of 64 patients (41%)
received peritoneal dialysis. Eight patients were switched from
peritoneal dialysis to hemodialysis/hemofiltration for technical
or logistical reasons. Twenty-six patients (29%) could be
managed conservatively and did not need dialysis. Arterial

hypertension, defined as blood pressure >90th percentile, was
seen in 32 patients (36%) at presentation. Maximum white
blood cell count during the course of illness was significantly
higher in patients who required dialysis treatment versus
those who did not (15.8 × 109/L [±5.6] vs 12.4 × 109/L [±7.1],
P < .005).

Neurological Complications
Severe neurological symptoms occurred in 23 of 90 (26%)
children. The median duration from diagnosis of HUS to the
onset of neurological symptoms was 2 days (range, 0–10).
Most had seizures (16/23 [70%]) and/or double or blurry
vision (7/23 [30%]). Seventeen patients (17/23 [74%]) had im-
paired consciousness, including 5 patients, 1 of whom died,
with complex symptomatology, including coma, encephalo-
pathic state, paresis, and aphasia. Patients with neurological
involvement showed a significantly lower minimum thrombo-
cyte count during the course of HUS (28.6 × 109/L [±22.0] vs
37.5 × 109/L [±24.4], P < .004).

Treatment Modalities
Sixty-seven patients (74%) received supportive care only, in-
cluding renal replacement therapy. Red blood cell transfusions
were given to 59 of 90 patients (66%). Only 6 patients received
>5 transfusions. Despite only low-grade evidence to support its
use, plasmapheresis was performed in 17 of 90 (19%) patients,
mainly for neurological complications (n = 16), but also for
severe renal involvement (n = 1). Exchange was done against
albumin (n = 12) or fresh frozen plasma (n = 5), with a median
of 4 exchanges (range, 2–7). Albumin was used to eliminate
proaggregating/proinflammatory factors, whereas use of fresh
frozen plasma additionally replaces coagulation and comple-
ment factors. The treatment with plasmapheresis included 7 pa-
tients with neurological complications for whom an additional
subsequent treatment with anti-C5 antibody eculizumab was
used. Eculizumab alone was given to 6 patients, making a total
of 13 of 90 (14%) patients in whom eculizumab was used. This
includes 3 patients with neurological complications, who were
pretreated with protein C. Seven eculizumab-treated patients
were enrolled in an open-label single-arm study, including 3
after plasmapheresis pretreatment. The rationale for the treat-
ment with eculizumab was a single report on its effect in 3 chil-
dren with STEC-HUS and neurological complications [21].
Four patients with neurological complications, including 1 with
convulsions and 1 with double vision and impaired conscious-
ness, were treated with supportive care only.

Short-term Outcome
After a median of 4 months of follow-up (range, 3–6 months),
4 patients (4.4%) still suffered from chronic kidney disease,
including 3 with stage 3-4 disease with an estimated

Table 2. Epidemiological and Clinical Data of 90 Patients and
Comparison to Previous Series

Current
Study

Previous
Studies References

Epidemiology
Age, median, years 11.5 2–3.5 [6, 7, 10, 22]

Male/female, % 46/54 48/52 [6]

Mortality, % 1.1 1–5 [7–9, 25]
Gastrointestinal symptoms

Diarrhea, % 96 86–100 [6–9, 12, 22,
25, 26]

Bloody diarrhea, % 73 57–73 [6, 8–10, 22]

Vomiting, % 71 75–85 [9, 25, 26]

Renal complications
Dialysis, % 71 47–90 [6, 7, 9, 12,

22, 25, 28]

Duration of dialysis,
median, days

11
(n = 62)

8–15 [6, 9, 12, 14,
25, 29, 30]

Neurological symptoms

Total with neurological
symptoms, %

26 19–25 [6, 7, 9, 10]

Seizures, No. (%) 16/23 (70)

Impaired consciousness
including coma, No. (%)

17/23 (74)

Visual disturbances, No. (%) 7/23 (30)

Figure 2. Duration of dialysis in 62 patients in whom renal replace-
ment therapy could be terminated.
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glomerular filtration rate of 25, 29, and 40 mL/min/1.73 m2,
respectively. One patient was still on chronic hemodialysis
after 6 months of follow-up.

Of the children with neurological complications, 18 of 23
(78%) showed a complete recovery. Mild symptoms were still
present in 3 patients (fine motor disturbances, n = 2; concen-
tration deficits, n = 1). One child although improving, still had
major motor disturbances with dyskinesia after severe cerebral
edema.

DISCUSSION

STEC-HUS is a serious disorder leading to acute kidney injury
and neurological complications in many children. In this series,
the largest to date, of a pediatric STEC-HUS outbreak associat-
ed with E. coli O104:H4, initial morbidity and mortality as well
as short-term outcome results are in line with those of previous
pediatric reports of STEC-HUS. In the majority of patients,
STEC-HUS seems to be a self-limiting disorder.

Some epidemiological differences could be noted in this
E. coli O104:H4 outbreak. The median age at presentation was
11.5 years and thus significantly higher than previously re-
ported for STEC-HUS cases in France [22], Great Britain [7],
the United States [10], and Germany and Austria [6], with an
average age <5 years. In this series only 20% of the patients
were ≤5 years of age. This could be related to the route of
transmission—for example, ingestion of sprouts [23], which
are rarely consumed by young children. In contrast to the out-
break in adults, we did not see any predominance of female
patients [15]. This outbreak was associated with a high rate of
progression from enterocolitis to HUS in 20% of the infected
adult individuals [15]. Usually a progression rate of 10%–15%
to HUS has been documented for sporadic and outbreak cases
in children [24].

STEC-HUS is a life-threatening disease also in children,
and unfortunately 1 child in our series did not survive the
outbreak, resulting in a pediatric mortality rate of 1.1%. Fortu-
nately, in comparison to previous reports this is actually low.
Mortality rates in pediatric STEC-HUS range from 1% to 5%
in sporadic cases [7–9, 25]. In some outbreaks higher rates of
6.7% [11] and even up to 11% with E. coli O157:H(-) in
Germany have been reported [26, 27]. One should note that in
small series, overrepresentation of complications might occur.
During this outbreak, mortality associated with STEC-HUS in
adults was 36 of 845 (4.2%) patients [15].

Gastrointestinal symptoms had a frequency comparable
with previously published studies of sporadic and outbreak
cases. In these studies, diarrhea was seen in 86%–100% [6–9,
12, 22, 25, 26], bloody diarrhea in 57%–73% [6, 8–10, 22], and
abdominal pain and vomiting in 75%–85% [9, 10, 25, 26] of
patients. A trend toward higher frequency of bloody diarrhea

has been seen in some outbreaks [12, 25]. In addition, the ob-
served median period from onset of clinical symptoms until
the development of HUS was in the range of previously pub-
lished series of 5–6.5 days [8, 10, 12, 22, 28] and is consistent
with the findings of Frank et al during this outbreak [15].
However, in a retrospective analysis of medical records, the
frequency of symptoms might be underestimated owing to in-
complete history taking.

The most prominent complication in children was acute
kidney injury, requiring renal replacement therapy in 71% of
patients. This number seems high compared to previous
reports, where it was between 47% and 68% [6, 7, 9, 22, 25, 29].
For E. coli non-O157 and O111, dialysis rates of 65% and
90%, respectively, have been reported [6, 12, 25], so the actual
figures in the current outbreak seem comparable for STEC-
HUS in general. It should be noted that all pediatric dialysis
centers contributed to this series, and underreporting of
milder cases could have occurred. Most children required dial-
ysis only for a short time (median, 11 days) and most children
were removed from dialysis after 4 weeks; this compares to
previous reports in which patients were on dialysis for an
average period of 8–15 days [6, 9, 12, 14, 25, 29, 30]. Interest-
ingly, we were able to confirm in this large cohort that elevat-
ed white blood cell count is associated with an increased need
for dialysis [6, 31, 32].

Severe neurological symptoms occurred in 26% of the chil-
dren; this included seizures, paresis, visual disturbances, and/
or impaired consciousness. Mild symptoms (eg, agitation and
irritability) have not been included, since they are often
present in intercurrent disease in children (eg viral gastroen-
teritis). Again, results match with those of previously pub-
lished studies reporting neurological complications in up to
19%–25% of cases [6, 7, 9, 10]. Other studies suggest that there
might be even a higher incidence of neurological complica-
tions in other HUS outbreaks [12, 25, 28]. The majority of the
patients showed a complete restitution. Neurological compli-
cations remain a major challenge in the clinical care of chil-
dren with typical HUS, as shown by the series of Nathanson
et al, in which 52 children were described and 9 children died.
This is especially important since no controlled data on pre-
vention or treatment are available, although plasmapheresis is
often performed [33].

The short-term outcome of the pediatric cases is encourag-
ing, although in a small proportion of patients chronic renal
impairment seems to be prevalent. Again, this is not in con-
tradiction with previously published studies [12, 28, 34, 35].
Some children have not completely recovered from their neu-
rological complications; therefore, long-term follow-up will be
important regarding more subtle renal changes such as pro-
teinuria and hypertension [36, 37], but also to determine neu-
rological long-term morbidity [33, 38].
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Plasmapheresis was mainly reserved for patients with neu-
rological symptoms. This is in contrast to the outbreak in
adult patients, in which initially almost all patients received
plasmapheresis [39], although there is a lack of controlled
studies [36]. In the middle of the outbreak a report on the
effect of eculizumab, an anti-C5 antibody, in 3 children with
STEC-HUS and neurological complications was published [21].
The drug has been used successfully in cases of atypical
HUS, for example, to prevent recurrences after renal trans-
plantation [40]. Eculizumab was used frequently in adults in
this outbreak and an open-label single-arm trial has been ini-
tiated. Seven children have been enrolled and results of this
study will be published elsewhere. From our study, however, it
does not seem justified to recommend plasmapheresis and/or
eculizumab for all patients with STEC-HUS, given that 74% of
the patients recovered with supportive treatment alone.

In conclusion, these data show that HUS due to E. coli
O104:H4 is a multiorgan disease with acute onset and signifi-
cant complications, but short-term outcome is comparable to
previous pediatric cohorts. As the majority of patients with
STEC-HUS have a favorable outcome with supportive therapy
alone, this indicates that it is often a self-limiting disease. Ad-
ditional treatment efforts only seem justified in complicated
cases, for example, when neurological complications occur.
This should be evaluated by randomized controlled studies.

Note Added in Proof: One further patient was entered into
the registry after submission of the manuscript, a 13-year-old
girl with acute kidney injury (max. creatinine 3,1mg/dl) who
did not require dialysis.
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