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Abstract

Haemolytic uraemic syndrome (HUS) caused by infection with Shiga toxin-producing Escher-
ichia coli (STEC) is a relatively rare but potentially fatal multisystem syndrome clinically
characterised by acute kidney injury. This study aimed to provide robust estimates of paediatric
HUS incidence in England, Wales, Northern Ireland, and the Republic of Ireland by using data
linkage and case reconciliation with existing surveillance systems, and to describe the charac-
teristics of the condition. Between 2011 and 2014, 288 HUS patients were included in the study,
of which 256 (89.5%) were diagnosed as typical HUS. The crude incidence of paediatric typical
HUS was 0.78 per 100,000 person-years, although this varied by country, age, gender, and
ethnicity. The majority of typical HUS cases were 1 to 4 years old (53.7%) and female (54.0%).
Clinical symptoms included diarrhoea (96.5%) and/or bloody diarrhoea (71.9%), abdominal
pain (68.4%), and fever (41.4%). Where STEC was isolated (59.3%), 92.8% of strains were STEC
O157 and 7.2% were STEC O26. Comparison of the HUS case ascertainment to existing STEC
surveillance data indicated an additional 166 HUS cases were captured during this study,
highlighting the limitations of the current surveillance system for STEC for monitoring the
clinical burden of STEC and capturing HUS cases.

Introduction

Haemolytic uraemic syndrome (HUS) is a relatively rare but severe multisystem syndrome
clinically characterised by a triad of clinical markers: acute kidney injury (AKI), microangio-
pathic haemolytic anaemia (MAHA), and thrombocytopenia. Incomplete or partial forms of
HUS (iHUS) have also been described in which the condition occurs with the absence of either
MAHA or thrombocytopenia [1–4].

The classification of HUS is contentious and constantly evolving. Historically, HUS was
categorised by diarrhoeal prodrome, as D+ (diarrhoeal) and D- HUS (non-diarrhoeal), con-
sidered equivalent to typical HUS (tHUS) and atypical HUS (aHUS), respectively. Typical HUS is
most often caused by infection with Shiga toxin-producing Escherichia coli (STEC-HUS, also
referred to as eHUS), although other enteric pathogens including Shigella dysenteriae, Shigella
sonnei, Salmonella, and Campylobacter species have also been isolated from stools of cases of
tHUS [5–7]. While most tHUS cases experience a diarrhoeal prodrome, often with bloody stools,
some do not experience diarrhoeal illness [8]. Rarely, STEC causes tHUS in people without a
diarrhoeal history but with symptoms of extra-intestinal infection, most often urinary tract
infections [9–12].

Infection with Streptococcus pneumoniae represents another major infectious cause of HUS
with a separate pathogenic pathway to STEC and should be considered as a separate class of
HUS, pneumococcal HUS (pHUS) [11–13]. The aetiology of aHUS is diverse and most often
includes genetic mutations in the alternative complement pathway, increasingly a defining
criterion for aHUS [13, 14]. In some instances, patients with aHUS report a diarrhoeal
prodrome, which can obscure diagnosis. More recently, an aetiology-based classification has
been adopted [15]. Infection-associated HUS largely equates to tHUS and includes eHUA, and
pHUS. Atypical HUS (aHUS) is broadly used for all other types and can be classified as primary
or secondary [15].

HUS is a rare development following STEC infection. In England, estimates from surveillance
of STEC indicate that approximately 6.0% of STEC cases overall develop HUS [16–18]. Children
are most at risk of developing HUS following STEC infection, and it is the leading cause of
intrinsic paediatric AKI in developed countries including theUK and theUSA.Numerous studies
indicate that children younger than 5 years most frequently develop HUS [2, 5, 6, 11, 12, 16, 17,
19–27].
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The British Paediatric Surveillance Unit (BPSU) enables sur-
veillance of rare childhood illnesses in the UK and Ireland. This
methodology has been used to conduct two previous prospective
surveillance studies on paediatric HUS in the UK and Ireland, one
from 1985 to 1988 [28], and the other from 1997 to 2001 [6]. Here,
we present findings from the third such study, undertaken for cases
diagnosed in hospitals between 1 October 2011 and 31 October
2014. Building on the methodology of the previous BPSU-HUS
studies, this study aimed to provide robust estimates of paediatric
HUS incidence in England, Wales, Northern Ireland, and Ireland,
by using data linkage and case reconciliation with existing labora-
tory and surveillance systems.

Our study also aimed to identify changes in incidence in the
decade since the previous BPSU-HUS study and to establish char-
acteristics of the condition, and current clinical management
approaches used to treat HUS. Reconciliation of data captured
through existing surveillance systems for STEC enabled surveil-
lance to be evaluated for ascertainment of HUS and creation of a
paediatric cohort to assess a range of predictors of HUS develop-
ment already published elsewhere [29].

Methods

Data collection

The British Paediatric Surveillance Unit research methodology
was used to obtain HUS case notifications through its ‘orange
card’ surveillance system, on a monthly basis between October
2011 and October 2014. Eachmonth, all consultant paediatricians
participating in the BPSU scheme were sent an electronic report-
ing card and requested to denote if they have seen any patient with
any of the listed conditions in the precedingmonth and return it to
the BPSU.

The BPSU forwarded on details of paediatricians notifying HUS
cases to investigators within the UK Health Security Agency
(UKHSA, formerly Public Health England). Paediatricians were
then sent a standardised case questionnaire for each notification.
The questionnaire collected patient-identifiable information, their
height and weight, symptoms, microbiological findings, informa-
tion on exposures, travel, contacts people experiencing diarrhoeal
illness in the two weeks prior to hospital admission, and the case
outcome at discharge.

The questionnaire also captured data on the hospital of admis-
sion, dates, and any referrals to or from other hospitals. Where
questionnaires were received and denoted patients were referred to
specialist centres, but no questionnaire had been received from that
centre, a questionnaire with the pre-populated case details was
forwarded to the relevant hospital for completion. Reminders were
sent at fortnightly intervals, and annual audits were undertaken to
optimize response from participants.

Data handling

De-duplication

BPSU notifications and case questionnaire data were entered
and stored securely in a designated Microsoft Access database
(Microsoft Corporation). Case data were reviewed for duplication,
and where multiple questionnaires were received for the same case,
the questionnaire from a specialist centre was retained over the
non-specialist centre, but data were extracted from both question-
naires to ensure data were most complete and most recent.

Linkage with other surveillance systems

For English cases, National Health Service (NHS) number was used
to link their data to records within the National Enhanced Surveil-
lance System for STEC (NESSS) held at theUKHSA [15]. For cases in
Wales andNorthern Ireland, caseswere linked todata in theUKHSA
Gastro Data Warehouse (GDW), which contains reference micro-
biology results pertaining to STEC in England,Wales, and Northern
Ireland. This linkage, via NHS number, allowed verification of any
microbiological results reported on the questionnaires and to com-
pare ascertainment of HUS against STEC laboratory reporting. For
cases in Ireland, the Health and Safety Executive’s (HSE) Health
Protection Surveillance Centre (HPSC) reconciled case data with
that obtained through their national surveillance registry of HUS.

Case definitions

Based on questionnaire data, cases were coded as HUS or a non-
case using the criteria set out in the clinical case definition, and then
the HUS classification criteria were used to further categorise any
HUS cases. For both criteria, where data were ambiguous or did not
meet the case definitions, these cases questionnaires were reviewed
and assigned to a group by a consultant paediatric nephrologist.

Clinical case definition for paediatric HUS:
A child (aged <16 years of age) who has:

• Acute kidney injury (AKI) defined by oligoanuria and/or ele-
vated creatinine for age

AND EITHER

Microangiopathic haemolytic anaemia (MAHA)

AND/OR

• Thrombocytopenia

WITHOUT septicaemia at presentation*, malignant hyperten-
sion, chronic uraemia, or primary vascular disease

*Patients developing septicaemia after STEC was isolated from
their faecal specimens were included.

HUS classification:

Typical HUS (tHUS): An HUS case with preceding diarrhoea
and/or evidence of STEC infection

OR
AnHUS case with or without diarrhoea and STEC isolated from

the faecal specimen.

Pneumococcal HUS (pHUS): An HUS case with evidence of
pneumococcal infection.

NB. Not all cases testing negative for eHUS were tested for
pneumococcal infection.

Atypical HUS (aHUS): All other HUS cases.

Data analyses

Incidence rates for tHUS were calculated using the Office for
National Statistics 2011 census population estimates as the denom-
inator in England,Wales, andNorthern Ireland and the Republic of
Ireland Central Statistics Office, adjusted for the surveillance
period. Continuous data that did not follow a normal distribution
were described as medians with interquartile ranges (IQRs). Means
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and proportions were compared using Fishers’ exact test. Incidence
rate ratios (IRRs) were calculated to compare rates. Incidence by
ethnicity was calculated for cases in England and Wales only as no
denominator was available for Northern Ireland and the Republic
of Ireland.

The Lincoln–Peterson Index of population size was calculated
using tHUS case numbers ascertained through the BPSU method-
ology and NESSS in England and the HPSC surveillance in Ireland
to estimate the number of tHUS cases overall [30]. The index was
calculated as N= Cases captured by BPSU x Cases captured by
NESSS (or HPSC surveillance in Ireland)/Cases captured by both
BPSU and NESSS (or HPSC surveillance in Ireland).

Microbiological methods

In England, all faecal specimens from patients presenting to pri-
mary healthcare with suspected gastrointestinal infection are sub-
mitted to local hospital laboratories and tested for a range of
gastrointestinal pathogens, including E. coli O157, following the UK
Standards for Microbiology Investigations (https://www.gov.uk/gov
ernment/collections/standards-for-microbiology-investigations-smi).
Isolates identified as presumptive STEC O157 are then submitted to
the PHE Gastrointestinal Bacteria Reference Unit (GBRU) for
confirmation by PCR targeting stx1 and stx2 [16, 31]. Diagnostic
laboratories were also requested to refer stool specimens toGBRU,
where no gastrointestinal pathogens including E. coli O157 were
identified, for detection of non-O157 STEC, which cannot be
cultured using standard protocols in the UK [31, 32]. Where it
was not possible to obtain a faecal specimen, serum samples could
be collected and were sent directly to the GBRU for testing for
serum antibodies to lipopolysaccharide of E. coli O157 and a
limited set of other E. coli serogroups (O26, O55, O103, O111,
O145) [33].

Results

Response rate

Between 1 October 2011 and 31 October 2014, 597 Orange Card
notifications of HUS were made to the BPSU. After accounting for
notification errors, duplication, and comparison to the clinical case
definition, a total of 288 HUS cases were reported during the study.

Of the 597 Orange card referrals, notification errors were
reported for 113 (18.9%) referrals. A questionnaire was returned
from the reporting clinician for 394 of the remaining 484 valid
notifications, giving an overall response rate of 81.4%. The response
rate varied by country and was the highest from clinicians inWales
(93.3%) and the lowest from clinicians in Ireland (63.3%). After
de-duplication, completed questionnaires were returned for
296 patients. For 15 cases (5.1%), the data collected were insuffi-
cient to categorise these cases, so were reviewed by a consultant
paediatric nephrologist.

Overall, 288 of the 296 notified cases (96.6%) met the clinical
case definition for HUS (breakdown by country in Table 3). Most
(n = 256, 88.9%)HUS cases were typical, 22 (7.6%) atypical, and ten
(3.5%) were pneumococcal HUS cases.

Where recorded, the specific laboratory investigations used to
define HUS varied amongst cases (Table 1). All 288 HUS cases had
evidence of AKI indicated by oligouria or anuria (n = 208) and/or
elevated creatinine levels (n = 283), and 216 of 252 (85.7%) cases with
complete data presented with the full triad of indicators for AKI,
MAHA, and thrombocytopenia. Of the remainder (n = 30), 15 cases
were not thrombocytopenic, and 22 lacked criteria forMAHA.Of the
latter, 17 had low haemoglobin levels but absence of erythrocyte
fragmentation, and five cases were classed as having normal haemo-
globin, but all close to the cut-off of <10g/dL- between 10 and 11 g/dL.

Table 1. Presence and absence of diagnostic criteria for acute kidney injury (AKI), microangiopathic haemolytic anaemia (MAHA), and thrombocytopenia (T)
amongst cases of haemolytic uraemic syndrome (HUS)a

Number of HUS
casesa

% HUS
cases

AKI (A) MAHA (M)

Thrombocytopenia
(T)

Syndromic
features

Elevated
creatinine

Oligouria or
anuria

Low haemoglobin
(<10 g/L)

Erythrocyte
fragmentation

174 68.5 + + + + + AMT

39 15.4 + � + + + AMT

1 0.4 + + + � � A

10 3.9 + + + + � AM

4 1.6 + � + + � AM

3 1.2 � + + + + AMT

2 0.8 + � + � + AT

13 5.1 + + + � + AT

2 0.8 + + � � + AT

2 0.8 + + � + + AT

1 0.4 + � � + + AT

1 0.4 � + + � + AT

2 0.8 � � + + + MT

aExcludes 34 cases with incomplete data recorded.
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Case ascertainment

Comparison of the BPSU cases to existing NESSS data indicated an
additional 166 HUS cases were captured through this study. A large
proportion of those cases (148/166) were known to the NESSS as
STEC cases but not confirmed as HUS cases (Figure 1). Recipro-
cally, in England, 25 paediatric HUS cases were reported in NESSS,
which were not captured via this BPSU study, while HPSC reported
42 cases of HUS were not reported through the BPSU study.

Lincoln–Petersen capture–recapture estimated an additional
44 HUS cases in England and two in Ireland, not captured either
through this study or the existing surveillance systems. In England,
the BPSU study was estimated to ascertain 76.8% cases but was
lower in Ireland at 49.4% (Table 2).

Incidence and demography

The crude incidence of paediatric HUS was 0.78 per 100,000
person-years, although this varied by country, age, gender, and
ethnicity.

Incidence was the highest in Ireland at 1.29 per 100, 000 person-
years and was higher than that in the other countries (Table 3).

Age was reported for 287/288 HUS cases, and the median age of
cases was 3 (range 0-15. IQR 2.7) years. The majority (n=154,
53.7%) of cases were aged 1 to 4 years, and frequency decreased
with subsequent increase in the age group (Figure 2). Incidence was
higher amongst children aged 1–4 years than in all other age groups.
Females were over-represented in the dataset with 157/288 cases
(54.5%). However, proportionally, cases in the different age groups

Known to laboratory/enhanced surveillance NOT marked as 
HUS n=148

BPSU 
(n=288)

148

18

122 67

BPSU and
Laboratory/enhanced
surveillance marked as HUS

Laboratory/enhanced
surveillance marked as HUS
NOT in BPSU study

BPSU 
only

Figure 1. Venn diagram of HUS cases reported through the BPSU HUS study, the National Enhanced Surveillance System for STEC (NESSS), and the HPSC HUS surveillance register,
1 October 2011 to 31 October 2014 (n = 288).

Table 2. Completeness of reporting of HUS cases in England and Ireland reported through the BPSU study and through other surveillance systems (NESSS and
HPSC)

Country
BPSU study total

cases
National surveillance total

cases Matches
Estimate of total

cases
% reported to

BPSU
% reported to national

surveillance

England 228 108 83 297 76.8 36.3

Ireland 41 83 41 87 49.4 95.4

Table 3. Number of cases and incidence of HUS/100,000 person-years by country of residence reported through the BPSU HUS surveillance study, 1 October 2011 to
31 October 2014 compared to the 1997-2001 BPSU HUS surveillance study

Study period 2011-2014 1997-2001

Country No. of cases Incidence No. of cases Incidence

England 228 0.74 287 0.71

Wales 10 0.60 17 0.71

Northern Ireland 9 0.80 16 0.97

Republic of Ireland 41 1.29 30 0.83

All 288 0.78
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were similar for both sexes, except those aged 10-15 years, with a
higher proportion of females thanmales (17.8% versus 6.9%), and a
higher incidence rate in females than males in that age group
(IRR:3.2,).

There were no notable differences in incidence by sex in the
different countries, and incidence was the highest amongst 1- to
4-year-old children in all countries, except Ireland, where it was the
highest in infants younger than 1 year.

Ethnicity of cases was reported for 277/288 cases. The majority
(n = 253, 91.3%) were of any white background, and amongst other
ethnic groups, Pakistani was the most frequently reported, with
seven cases (2.5%). The incidence amongst white cases in England
and Wales was 0.79 per 100,000 person-years.

Microbiological findings

Amongst the tHUS cases, microbiological evidence of STEC infec-
tion was documented for 221/256 (86.3%), STEC was isolated from
166 (64.8%) cases, and two cases tested positive for the stx gene by
PCR in stools, but STEC was not isolated. A further 53 cases had
antibodies to the somatic (O group) antigen of E. coli serogroups
commonly associated with the STEC pathotype. Where STEC was
isolated, 141 strains were STEC O157 and 11 were STEC O26. For
STEC O157, 137 isolates were phage-typed, and the most frequent
type (n=81) was PT21/28. Where toxin type was available (n=142),
the most (n=134) strain was Stx2 only, with just eight strains that
were Stx1+2.

The remaining 35 tHUS cases had a diarrhoeal prodrome, but a
specimen was not submitted for testing (n=7), where serum sam-
ples only were provided and were negative for antibodies to E. coli
O157 and the other five serotypes examined (n=17), or faecal
specimens were provided but STECwas not detected (n=10). Lastly,
for one case, E. coli O157 was detected but was stx negative.

Clinical features

Amongst 256 tHUS cases, 247 (96.5%) had a diarrhoeal prodrome,
184 (71.9%) of which had bloody diarrhoea, frequently accompan-
ied by abdominal pain (n=175) and fever (n=106). Themedian time
from onset of diarrhoeal symptoms to hospital admission or

specific HUS diagnosis was 6 (IQR: 4-6) days. Three of the aHUS
cases also reported a diarrhoeal prodrome.

Most (202/256, 78.9%) cases were oligouric or anuric. In total,
142 (55.5%) cases had extra-renal complications of tHUS, most
frequently abnormal liver function tests (n = 105, 41.0% cases),
followed by seizures (n = 39, 15.2% of cases) and hypertension (n =
31, 12.1% of cases). Eighteen cases had secondary septicaemia, after
STEC had been isolated from their faecal specimens. Although
patients with septicaemia at presentation were excluded from the
study, those who developed septicaemia after tHUS had been
confirmed were included. Other complications, and/or underlying
conditions, were rarer; five cases had influenza-like illness, six cases
had cardiomyopathy, seven had diabetes, and four cases suffered
from a major haemorrhage. All four cases who had a major haem-
orrhage had had seizures, and two were also hypertensive with
cardiomyopathy. In addition to these complications, one case had
reported peritonitis and another peritoneal leak. Most cases with
extra-renal complications had multiple manifestations, usually
abnormal liver function accompanied by hypertension (n = 20)
and/or seizures (n = 19). More females than males had extra-renal
complications, 57.2% versus 45.9% of female and male tHUS cases,
respectively, although this was not statistically significant (p =
0.0784).

Medications

Twenty-five (9.8%) of the tHUS cases had been prescribed non-
steroidal anti-inflammatory drugs (NSAIDS), most cases (n = 22)
prior to hospital admission and development of HUS, two cases
after development and diagnosis ofHUS, and it was unknownwhen
for one case. Where dates were available (n = 15), the median
number of days prior to hospital admission for prescription of
NSAIDs was 3 (range 0 to 27) days. Five cases were prescribed
corticosteroids, one case two days prior to admission and diagnosis
of HUS, while the other four cases were treated with corticosteroids
between 2 and 16 days post diagnosis of HUS. Twenty-two cases
(8.6%) were prescribed antimotility medication prior to hospital
admission. Eight cases were reported to have taken anti-diarrhoeal
medications prior to admission. Forty-nine cases were treated with
anti-hypertensives, 45 after admission as part of treatment
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Figure 2.Number of haemolytic uraemic syndrome cases and incidence of HUS/100 000 person-years by age group and gender reported the BPSUHUS surveillance study, 1October
2011 to 31 October 2014.
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following diagnosis of HUS, including 20 where the case was
reported as having hypertension.

In total, antibiotic prescription was reported for 100 cases
(39.1%), of which 85 had microbiological evidence of STEC infec-
tion. Where dates of prescription were available (88/100), 31 were
treated with antibiotics prior to hospital admission, 21 on admis-
sion and 36 post admission.

Outcomes

Overall, a quarter of tHUS cases (n = 64) were admitted to the
paediatric intensive care unit (PICU), and this did not vary by
age or gender. Fifty-nine percent (151/256) of tHUS cases received
one or more types of renal replacement therapy (RRT) including
peritoneal dialysis, haemodialysis, and/or haemofiltration.
Almost all cases requiring RRT were oligouric or anuric
(144/151, 95.4%).

A greater proportion of female tHUS cases required RRT than
males (64.1% versus 52.3%), although the difference was not
statistically significant (p = 0.0724). A significantly greater pro-
portion of tHUS cases with extra-renal complications required
RRT (73.2%) than those with no extra-renal complications
(45.0%, p = 0.0001), indicating more severe clinical manifest-
ations in those cases. The mean creatinine level amongst cases
requiring RRT was 546 mg/dL (95%CI: 505,589), substantially
higher than the mean of 179mg/dL (95%CI:150,208) for cases not
requiring RRT.

Overall, cases prescribed antibiotics were more likely to require
RRT than those who were not prescribed antibiotics (75.0% versus
48.7%, p = 0.0001) (Table 4), especially when cases prescribed
antibiotics on or after admission (p = 0.0001).

Data on outcome at discharge were completed for 239 (93.3%)
tHUS cases. Clinicians reported 177 (74.1%) cases had made a
seemingly full recovery when the questionnaire was completed.
Themost common complications at discharge were kidney damage
(n = 48, four dialysis-dependent), hypertension (n = 15), and
neurological impairment (n = 6). For 14 cases, hypertension alone
was reported, and an additional two cases without renal damage
were neurologically impaired. One patient died.While the recovery
rate varied, more cases (79.5%) who did not require RRT fully
recovered compared with cases who required RRT (60.8%). It also
differed by oligouria or anuria, with only 64% oligouric or anuric
patients making a full recovery compared with 84.4% with normal
urine output.

Discussion

In our study, the response rate was high, and the BPSU method-
ology captured a substantial number of additional cases of HUS
when compared to those captured through national STEC surveil-
lance systems. Our study highlighted the limitations of the current
surveillance system for STEC for monitoring the clinical burden of
STEC and capturing HUS cases. Indeed, a cohort study using a
linked dataset from the BPSU with data captured in NESSS indi-
cated that compared to previous estimates of 6% STEC cases
developing HUS overall and up to 15% in some paediatric groups
[16], the figure was as high as 19.5% in children [29].We concluded
that the UKHSANESSS was a sensitive system formonitoring cases
of STEC in England but was less sensitive with respect to capturing
clinical information and syndromic surveillance for cases of HUS.
We speculate that this was due, for the most part, to the difficulties
of linking laboratory and clinical information generated at different
locations and times during the patient care pathway. The response
rate from Irish paediatricians was considerably lower than that
elsewhere, and capture–recapture estimated that only around a
third of HUS cases in Ireland were reported, indicating that inci-
dence was largely underestimated.

The annual incidence of 0.78/100,000 was comparable to
reported rates elsewhere [12, 20, 21], and there had been no notable
changes in England, Wales, or Northern Ireland to previous esti-
mates. In Ireland, however, incidence was estimated to have
increased three-fold, and the exact reasons for this are unknown
but coincide with an increase in reported STEC infections. Four
decades since its emergence, STEC HUS has remained an import-
ant public health concern with no reduction in incidence observed
over time. However, outcome data improved with one death (0.4%)
reported here compared to fatalities of 5.6% and 1.8% in the 1980s
and 1990s studies, respectively [6, 16]. This figure is also lower than
case fatality rates reported in comparable studies of between 2% and
4.6% [5, 21, 22, 34, 35].

Concordant with other studies, incidence was the highest in
those aged 1-4 years [6, 28]. A number of studies reported an
excess of female tHUS cases [3, 5, 17, 19, 22, 25–28, 34–37], and in
some studies, a statistically significant association with female
gender and developing tHUS was found [17, 22, 36, 37]. A study
in Japan demonstrated that in a post-mortem study, positive
immunodetection of Gb3 was significantly more frequent in adult
females than in males, and the study postulated that this could
explain a gender disparity in risk [38]. In our study, incidence was
higher in females aged 10-15 than in males, although in a cohort
study of STEC cases in England, after adjusting for other variables,
females were not at increased risk of developing HUS amongst
STEC cases [29].

The gold standard for diagnosis of STEC-HUS is detection of the
Shiga toxin gene by PCR, followed by isolation of STEC from a
faecal specimen [39]. In our study, only 68% of tHUS cases had
STEC isolated from a faecal specimen. Serology test results (specif-
ically the detection of antibodies to the somatic (O group) antigen
of E. coli serogroups commonly associated with the STEC patho-
type) were available for a further subset of cases; however, this test
does not detect antibodies to the Shiga toxin and therefore are not
diagnostic for STEC-HUS. This gap in confirmation of culture-
positive STEC via faecal samples restricts UKHSA’s ability to detect
outbreaks, limits opportunities to implement health protection
measures, and reduces the ability to determine the true burden of
STEC and tHUS by different serogroups of STEC. The implemen-
tation ofmolecular assays in diagnostic laboratories starting in 2013

Table 4. tHUS cases requiring renal replacement therapy (RRT) by history of
antibiotic prescription

Antibiotics prescription RRT
%
RRT

No
RRT

% No
RRT Total

No antibiotics 76 48.7 80 51.3 156

Antibiotics all 75 75.0 25 25.0 100

Antibiotics pre-admissiona 21 65.6 11 34.4 32

Antibiotics on or after
admissiona

46 82.1 10 17.9 56

Total 151 60.0 105 40.0 256

aData on timing of antibiotic treatment were only available for 88 cases.
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is improving timely diagnosis of STEC infection to inform clinical
management of cases. In cases where a stool sample is not imme-
diately available, a rectal swab taken prior to antibiotic administra-
tion and tested urgently for STEC by PCR and culture is
recommended [39]. Early and accurate diagnosis facilitates prompt
identification of patients who may benefit from treatment with
eculizumab. Eculizumab is an expensive monoclonal antibody used
long term to treat aHUS due to complement regulatory gene
abnormalities. For tHUS, the treatment is best supportive care,
focusing on renal and fluid replacement therapy. The treatment
dichotomy for aHUS and tHUS therefore requires early diagnosis
of, or ruling out of, STEC infection.

Where STEC was isolated, STEC serogroup O157 was most
frequently reported (84.9%), and this is comparable to the 1997-
2001 survey (83%). Furthermore, PT21/28 was the most common
STEC O157 strain as per the 1997-2001 study. Most isolates were
stx2 positive, consistent with the literature, which indicates that stx2
is most often associated with developing HUS [40, 41]. Most tHUS
cases had a diarrhoeal prodrome, although only 71.9% had
BD. While guidance exists for the management of acute bloody
diarrhoea in children, HUS can develop in the absence of bloody
diarrhoea, highlighting the importance of STEC testing, rather than
reliance upon a diarrhoeal history for the differential diagnosis of
aHUS and tHUS [39].

Antimicrobial therapy was reported for almost 40% cases in this
study, and most often prescribed on or after admission to hospital.
This is not surprising as sepsis is one of the most frequent differ-
ential diagnoses in cases presenting with symptoms of HUS, and
the first dose of antibiotic is administered swiftly according to
NICE sepsis guidelines (https://www.nice.org.uk/guidance/ng51/
resources/sepsis-recognition-diagnosis-and-early-management-
pdf-1837508256709). However, the use of antibiotics in STEC
patients is controversial. A number of studies have suggested that
antibiotic use amongst cases of STEC is a predictor for the devel-
opment of tHUS [2, 17, 24, 37, 42–45]. Conversely, other studies
have found no association with the development of tHUS and
antibiotic usage [1, 26, 34, 39, 42], and aminority report a protective
effect of some antibiotic treatments of STEC cases. We were unable
to examine further any effects of the use of antibiotics because
indications and details on the timing were lacking. For example, it is
unclear from the data if antibiotics were used initially and then
ceased upon diagnosis of tHUS or if they were used as treatment for
tHUS. It is clear that robust studies are needed to assess whether
certain antibiotics may reduce severity and length of symptoms and
whether antibiotics, if prescribed at certain points during illness,
can be indicated.

Treatment with anti-diarrhoeal or antimotility drugs is also
believed to increase the risk of developing tHUS because they slow
motility through the gastrointestinal tract, leaving toxins in contact
with the gastrointestinal mucosa for longer. A few studies identified
the use of these drugs as predictors for developing tHUS [1, 25, 34],
while others have found no association [2, 17, 42–45]. Non-
steroidal anti-inflammatory drugs (NSAIDs) are nephrotoxic,
and their use is an important cause of acute kidney injury in
children [46]; however, only two studies have examined NSAID
prescription and the development of tHUS and both found no
association [47, 48]. In our study, prescription of NSAIDs and
antimotility drugs was reported relatively infrequently, and a
cohort study would be more appropriate to assess any elevated risk
associated with their administration.

The interpretation of studies on long-term outcomes of tHUS
are problematic as historically they have included all classes of HUS

and sometimes other microangiopathic anaemias. Many are small
cohorts and had short follow-up periods, varied treatments, and
different outcome measures. One systematic meta-analysis indi-
cated that 25% of cases are left with chronic sequelae including a
reduced glomerular filtration rate (GFR, hypertension or protein-
uria, and a pooled incidence of 12% of cases with end-stage renal
disease at follow-up [46]. Increased severity of kidney injury in
acute illness, indicated by oligouria or anuria and requiring renal
replacement therapy, and neurological complications, is strongly
indicative of worse prognosis [11, 28, 32, 47–49]. Early fluid man-
agement and volume expansion in the period between diarrhoeal
onset and development of HUS can prevent development of oli-
gouria or anuria, more severe course of HUS [50–52], and therefore
long-term sequelae and death. In our study, consistent with the
literature, cases who were oligouric or anuric less often made a full
recovery and more often needed RRT [53–55].

In our study, tHUS was clinically significant and was frequently
multisystemic, with over half cases experiencing extra-renal com-
plications and 59.0% requiring dialysis. While only one death was
reported, lower than both the previous paediatric studies in the UK,
other sequelae were relatively frequent with only 69% cases making
a full recovery.

Due to the high morbidity of HUS in children, the continued
monitoring and control of STEC remains a high public health
priority. Strengthening existing surveillance systems, including
maximising diagnosis of STEC from stool specimens, will enable
the relative contribution to severe disease by serogroup and Stx type
to be better understood and improve outcomes.
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Key findings.

• This study captured a substantial number of additional cases of HUS when
compared to those captured through national surveillance systems.

• We found 19.5% of children infected with STEC in England developedHUS
compared to 6%, based on routine surveillance data.

• No notable changes to the annual incidence (0.78/100,000) in England,
Wales, or Northern Ireland to previous estimates, although in Ireland, the
incidence increased three-fold.
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The fatality rate improved from 5.6% and 1.8% in the 1980s and 1990s to 0.4% in
this study.
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