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ABSTRACT

Objectives

Haemolytic Uraemic Syndrome (HUS) following Shiga toxin-producing Escherichia coli
(STEC) infection is the commonest cause of acute renal failure among children in the United
Kingdom. This study explored differential progression from STEC to HUS by social,

demographic and clinical risk factors.

Methods

We undertook a retrospective cohort study linking two datasets. We extracted data on
paediatric STEC and HUS cases identified in the Public Health England National Enhanced
Surveillance System for STEC and British Paediatric Surveillance Unit HUS surveillance
from October 1 2011 to October 31 2014. Using logistic regression, we estimated the odds of

HUS progression by risk factors.

Results

1059 paediatric STEC cases were included in the study, of which 207 (19.55%, 95% CI 17-
22%) developed HUS. In the fully-adjusted model, the odds of progression to HUS were
highest in those aged 1-4 (OR 4.93, 95% CI 2.30-10.56, compared to 10-15 years), were
infected with an stx2-only strain (OR 5.92, 95%CI 2.49-14.10), were prescribed antibiotics
(OR 8.46, 95% CI1 4.71-15.18), had bloody diarrhoea (OR 3.56, 95%CI 2.04-6.24) or
vomiting (OR 4.47, 95%CI 2.62-7.63), but there was no association with progression to HUS

by socioeconomic circumstances or rurality.

Conclusion

https://mc.manuscriptcentral.com/bmjpo
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Combining data from an active clinical surveillance system for HUS with the national

enhanced STEC surveillance system suggests that 20% of diagnosed paediatric STEC

oNOYTULT D WN =

infections in England resulted in HUS No relationship was found with socioeconomic status
10 or rurality of cases, but differences were demonstrated by age, stx type and presenting

symptoms.

19 Keywords: Health inequalities; Shiga-toxin producing Escherichia coli; STEC; Haemolytic

21 Uraemic Syndrome; HUS
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INTRODUCTION

Haemolytic uraemic syndrome (HUS) is a rare but serious complication of infection with
Shiga toxin-producing Escherichia coli (STEC), affecting the blood, kidneys and, in the most
severe cases, the central nervous system. Children and the elderly are considered to be the
most susceptible age groups and HUS is recognised as the most common cause of acute renal
failure among children in the United Kingdom (1). Strains of STEC encoding stx2 toxin

genes are more often associated with HUS than other strains (1-6).

It is estimated that progression to HUS following STEC infection could be as high as 15% in
young children (2, 7). Several studies have suggested that development of HUS varies by
some demographic characteristics; higher incidence of HUS has been documented in children
(particularly aged 1-4), females (particularly aged over 10 years) and in those of White
ethnicity (2, 6, 8-13); however few have documented progression to HUS by other
demographic characteristics. This study aims to investigate the relationship between
demographic factors, STEC infection and subsequent development of HUS in a well-

characterised paediatric population in England with high case-ascertainment.

METHODS

Data, setting and source

We undertook a retrospective cohort study linking two data sources; the Public Health
England (PHE) National Enhanced Surveillance System for STEC (NESSS) and the British
Paediatric Surveillance Unit (BPSU) HUS Study in conjunction with PHE. Firstly, we
extracted data on STEC cases aged 0-15 years (inclusive) identified in NESSS during the
period of the BPSU HUS Study (October 1 2011 to October 31 2014). All laboratory-
confirmed STEC cases in England are reported by NHS laboratories to Public Health

England staff who collect standardised data through an enhanced surveillance questionnaire

https://mc.manuscriptcentral.com/bmjpo
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1

2

2 (ESQ) as part of their public health response: this standardised dataset is collated centrally in
Z NESS for further validation and analysis. The ESQ collects detailed information on patient
273 demographics, symptoms, food and water exposures and UK and non-UK travel during the
9

1(1) exposure period (the week prior to illness onset). When a presumptive STEC is identified at
:g the local laboratory or a case of HUS is identified, specimens are sent to PHE Gastrointestinal
12 Bacteria Reference Unit (GBRU) for testing and patient ESQs are linked to microbiological
1

13 results. This surveillance system is described in detail elsewhere (2).

19

;‘1) Secondly, we extracted clinical data on paediatric (<16 years) HUS cases, collected by the
;g BPSU HUS Study, an active surveillance system requiring regular returns from clinicians.
;g Within this study, data were captured using a standardised questionnaire administered to

26

;é paediatricians collecting information on; case demography; treatment history;

gg microbiological investigations; clinical parameters of illness; clinical management of illness
g; and status of the case at the time of data capture. Cases in the BPSU dataset were linked on
z National Health Service (NHS) number to those in the NESSS dataset to create a

g? retrospective cohort.

38

23 For statistical analysis, cases for whom no microbiological information was available (n=4)
2; and cases identified via serological testing only (n=66) were excluded in order to assess the
EE role of stx subtype. Due to missing data for the ethnicity variable (19.1%), we used multiple
j? imputation using chained equations to impute values where ethnicity (white/non-white) was
jg missing for statistical analysis. Fifty imputed datasets were generated. The distribution of
?1) ethnicity by age, sex and region was assessed to check the missing at random (MAR)

52

gi assumption. There was no difference in missing ethnicity by sex, however there were some
gg differences by age group (57.3% of cases with missing ethnicity were in the 1-4 age group;
g; n=114/199) and region (31.2% of cases with missing ethnicity were in London; n=62/199);
e

https://mc.manuscriptcentral.com/bmjpo
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these were not regarded as problematic however as, given the observed data for other

variables, the missing data were considered independent.

Ethics

Ethical approval was originally obtained for the main study (Ref: 11/LO/1412). As of
October 2010, HUS is a statutory reportable condition and this study falls under the existing
Health Protection Agency (now Public Health England) permissions under Section 251 of the
NHS Act 2006. In addition, we received a favourable ethical opinion from the South East
Coast - Surrey Research Ethics Committee (15/L0O/2138) on 1 December 2015 covering the

use of this dataset for this study.

Patient involvement

Patients were not directly involved in the design of this study.

Outcome and exposures

The outcome of interest was HUS, determined by the case meeting the BPSU clinical criteria
(See supplementary Table 1) (14) or completion of the HUS field in the ESQ. Covariates in
the analysis were age group (<1, 1-4, 5-9, 10-15 years); sex (male/female); ethnicity
(White/non-White); travel (yes/no); rurality (rural/urban); microbiology (Shiga-toxin (Stx));
antibiotic use (yes/no); clinical symptoms (diarrhoea, bloody diarrhoea, nausea, vomiting,
abdominal pain, fever) and region of residence. The stx type, the primary STEC virulence
factor, was used as the main microbiological variable (15). Where symptoms, travel status
and healthcare contact variables were blank or unknown, these were recoded as a negative
response. As a proxy for childhood socioeconomic circumstances (SECs) we used a small-

area deprivation measure, the Index of Multiple Deprivation 2010 (IMD) (16), assigned to

https://mc.manuscriptcentral.com/bmjpo
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each case based on their postcode and divided into population-level quintiles, with the first

quintile representing the least deprived and the fifth quintile representing the most deprived.

Analysis strategy

We explored univariate relationships between progression to HUS and the covariates of
interest before fitting a multivariate logistic regression model. All variables were retained in
this model in order to control for any potential confounding. Interaction terms between
variables (IMD, ethnicity, age and sex) were tested to investigate whether the strength of any
relationship was moderated by the inclusion of another variable. Analyses were conducted in

Stata 13.1 (Statacorp, Texas).

Robustness tests

We performed multiple sensitivity analyses to test the validity of the main analysis; first by
(1) excluding cases that were likely to have a travel-acquired STEC infection (date of onset is
within one exposure period, 7 days, of having returned from outside of the UK) and (ii)
separately excluding cases with unknown ethnicity to determine whether there were
differences in progression to HUS by SECs for children who travelled abroad during their
incubation period compared to those who did not or those with ethnicity recorded and those
without respectively. Further, to explore the relationship between age and sex in this cohort,
we fitted a fractional polynomial prediction plot to detect the best functional form for age (as

a continuous variable) and sex by HUS. A likelihood ratio test was performed to best fit.

To further explore potential issues of multicollinearity between IMD and ethnicity a post-hoc
matched analysis on ethnicity using conditional logistic regression and penalised logistic

regression on the multiply imputed dataset were conducted. The post-hoc matched analysis

https://mc.manuscriptcentral.com/bmjpo
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was conducted on a smaller number of variables in order to provide the simplest but most

complete model possible.

RESULTS

Descriptive analysis

Of 1059 paediatric STEC cases included in the study, 207 (19.55%, 95% CI 17.27%-22.04%)
developed HUS. Progression to HUS varied by age and gender (Table 1), the highest was
observed in females aged 1-4 years (26.0%). A higher proportion of progression to HUS was
observed in females aged 10-15 years compared to males of the same age (19.3%, 95% CI
12.3-27.9 versus 7.1%, 95% CI 2.9-14.2, p=0.01), and amongst females aged less than 1 year
compared to males of the same age, although this was not significant (14.3%, 95% CI 4.0-
32.7 versus 4.8%, 95% CI1 0.6-16.2, p=0.16). Although progression to HUS was higher in the
least disadvantaged quintile (47/245, 19.2%, 95% CI 14.4-24.7) compared with the most
disadvantaged quintile (29/189, 15.3%, 95% CI 10.5-21.3) this difference was not statistically
significant (p=0.29) and there was no clear pattern across the 5 quintiles (p=0.07), with the

highest proportion progressing to HUS in quintile 3.

Multivariable analysis

In the fully adjusted model (Table 2), there were significantly lower odds of HUS amongst
<1, 5-9 and 10-15 year olds compared to 1-4 year olds and significantly higher odds of HUS
amongst those infected with stx2-only strains, those prescribed antibiotics and among those
who had experienced bloody diarrhoea or vomiting . The most disadvantaged children had
lower odds of progression to HUS compared to the least disadvantaged children (OR 0.57,

95% CI 0.25-1.31) but the difference was not significant. There was no statistically

https://mc.manuscriptcentral.com/bmjpo
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significant difference in risk by rurality or by region. There were no significant interactions

identified (data not shown).

The multiple sensitivity analyses conducted to assess the robustness of the findings did not

alter the overall conclusions of this research (Supplementary Tables 2-5).

DISCUSSION

In a novel linkage and analysis of two datasets with high case-ascertainment to explore the
role of demographic and socioeconomic factors in the development of HUS following STEC
infection, we found progression from STEC infection to HUS to be 20% in this paediatric
cohort in England. Odds of HUS progression varied by age, stx type, antibiotic exposure and
clinical presentation, with children aged 1-4 years infected with stx2-only, with reported
antibiotic exposure and presenting with bloody diarrhoea or vomiting at highest risk. Few
studies have explored the social patterning of risk factors for STEC (17) or the socio-
demographic risk factors associated with progression to HUS, and no such studies have been
undertaken in England. We found no relationship between progression to HUS and

socioeconomic status in children in this study.

Our study has several strengths. This study captures the progression of HUS in a well-
characterised paediatric STEC population. To the best of our knowledge, as confirmed by a
prior review of the literature and discussion with national experts, this is the first study to
combine a prospective active surveillance system and a multisource national surveillance
system to study the risk factors for HUS and as such is likely to have better case-
ascertainment of HUS than previous studies and is related to good STEC denominators.
Furthermore, this study makes use of one of the largest cohorts of HUS cases. The results of
this study are likely to be generalisable to other high-income countries with a similar pattern

of STEC infection. Despite this, there are some limitations. It is possible that there is residual

10

https://mc.manuscriptcentral.com/bmjpo



oNOYTULT D WN =

BMJ Paediatrics Open Page 12 of 32

confounding that could not be controlled for, such as intrinsic childhood characteristics which
may increase differential vulnerability or susceptibility by SEC such as genetic
predisposition, co-morbidities, and clinical or treatment characteristics. Further, as an area-
level measure of SEC was used, it is possible that it may not have been sensitive enough to
detect the effect of socioeconomic inequalities, particularly if individual factors rather than
area-level factors have more influence over the risk of acquiring more severe strains of STEC
with increased risk of progression to HUS. However, person-to-person spread is an important
risk factor for GI infections and therefore community or area-level risk would be an
important factor in considering individual risk of infection. Excluding individuals with a
serological result only from the statistical analysis may introduce a potential bias leading to
an underestimate of HUS incidence, which may be important if there are geographical or
host-factors which are linked to severity of illness, although the number of serology-only
diagnoses was small. In England, most diagnosed cases of STEC are of serogroup O157, and
may therefore not be directly applicable to countries where other, possibly less pathogenic,
serogroups predominate. It is possible however, that the risk of progression to HUS could be
different in populations exposed to STEC organisms with a lower proportion of stx2-only
producing strains, or with a different age distribution of cases. Finally, it was not always
possible to determine whether antibiotics had been prescribed during treatment for STEC
infection or following a diagnosis of HUS therefore the relevant association should be

interpreted with caution.

The finding of 19.5% (95% CI 17-22%) of diagnosed STEC cases progressing to HUS is
higher than previous studies, which have estimated the proportion of paediatric cases of
STEC O157 progressing to HUS to be 15% (95% CI 11-19%) in females aged 1-4 years in
England (2) and 15.3% (95% CI 13-18%) in children aged <5 years in the USA (7). Our

study uses data derived from two linked surveillance systems providing high ascertainment of

11
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both STEC and HUS cases which provides a more robust estimate. It is likely that there will
also be a bias resulting from ascertainment of STEC cases from laboratory specimens, as
milder cases of gastrointestinal infection are less likely to be microbiologically tested, but this

will also be true of previous published studies.

Whilst rurality has been reported as an important factor in risk for STEC infection (2, 19), our
study suggests that rurality is not a significant driver of progression to HUS. Similarly,
despite evidence to suggest that the risk and consequences of GI infections in general are
greater for disadvantaged children (20-24) — the finding in our study suggests that lower

childhood SEC is unlikely to be a contributor for development of HUS.

Previous studies in England have suggested that children aged 1-4 years, females and white
ethnic groups have the highest incidence of STEC infection (2, 25). Our study echoes the
findings by Milford et al (6) which demonstrated higher progression to HUS amongst
children aged 1-4 years. No overall difference in risk of HUS by sex was identified in our
study, a finding echoed in several other previous studies (26-29); this is an area of
disagreement in the literature with several studies finding higher risk amongst women (7, 30,
31) although two of these studies finding higher risk in women did not look specifically
among children (7, 31). We did find differences in risk by sex within specific age groups,
with a greater proportion of progression to HUS amongst girls less than 1 year of age and 10-
15 years of age compared to boys of the same age groups (Table 1), although no significant
interaction between age and sex could be identified. The reasons for the differential risk by
age are currently unclear and call for a deeper understanding of differences in risks and

exposures between these groups.

The association between clinical presentation with vomiting and bloody diarrhoea and

increased risk of HUS reported in this study has been identified previously (12) and, as such,

12
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the presence of these symptoms particularly in paediatric STEC cases should evoke a high

level of clinical suspicion for the potential development of HUS.

Our study quantifies the proportion of paediatric STEC cases progressing to HUS in a well —
defined population with high ascertainment. It also quantifies the risk factors associated with
progression to HUS in terms of sociodemographic characteristics as well as clinical
presentation. Further research is warranted to elucidate the populations at risk of STEC
infection and HUS in terms of deprivation, ethnicity, age and sex, in order to better

understand whether there are real differences in risk or artefacts of surveillance.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
e HUS is recognised as the most common cause of acute renal failure among children in
the United Kingdom.
e [t is estimated that progression to HUS following STEC infection could be as high as
15% in young children.
e Several studies have suggested that development of HUS varies by demographic
characteristics however few have documented progression to HUS by demographic

characteristics.

WHAT THIS STUDY ADDS
e This is a large paediatric cohort including reliable health outcome measures.
e A fifth of paediatric STEC cases developed the serious complication of haemolytic
uraemic syndrome in England.
e This figure is higher than previously reported in England, and varied by demographic

and clinical, but not socioeconomic, factors.

15
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Table 1: Characteristics of cohort participants by HUS status (n=1,059)

No HUS HUS
n (%) n (%)
Total 852 (80.5) 207 (19.6)
Age group <1 64 (91.4) 6 (8.6)
1-4 370 (76.1) 116 (23.9)
5-9 239 (80.7) 57 (19.3)
10-15 179 (86.5) 28 (13.5)
Sex Female 400 (77.5) 116 (22.5)
Male 452 (83.2) 91 (16.8)
Age and Sex Female <1 24 (85.7) 4(14.3)
Female 1-4 171 (74.0) 60 (26.0)
Female 5-9 117 (79.1) 31(20.9)
Female 10-15 88 (80.7) 21(19.3)
Male <1 40 (95.2) 2 (4.8)
Male 1-4 199 (78.0) 56 (22.0)
Male 5-9 122 (82.4) 26 (17.6)
Male 10-15 91 (92.9) 7(7.1)
Ethnicity White 552 (80.5) 134 (19.5)
Non-white 138 (88.5) 18 (11.5)
Unknown 162 (74.7) 55(23.4)
IMD Quintile 1 (Least Disadvantaged) 198 (80.8) 47 (19.2)
2 186 (84.2) 35(15.8)
3 166 (75.8) 53(24.2)
4 142 (76.8) 43 (23.2)
5 (Most Disadvantaged) 160 (84.7) 29 (15.3)
Travel Yes 128 (85.3) 22 (14.7)
No 724 (79.7) 185 (20.4)
Rurality Rural 230 (80.4) 56 (19.6)
Urban 622 (80.5) 151 (19.5)
Region East Midlands 65 (81.3) 15 (18.8)
East of England 57 (80.3) 14 (19.7)
London 93 (81.6) 21 (18.4)
North East 64 (77.1) 19 (22.9)
North West 153 (77.7) 44 (22.3)
South East 92 (78.6) 25 (21.4)
South West 101 (75.9) 32 (24.1)
West Midlands 96 (84.2) 18 (15.8)
Yorkshire and Humber 131 (87.3) 19 (12.7)
Stx Stxl 17 (94.4) 1(5.6)
Stx2 609 (81.7) 136 (18.3)
Stx1+2 219 (96.9) 7(3.1)
Serology 7 (10.6) 59 (89.4)
Unknown 0 (0.0) 4 (100.0)
Symptoms Diarrhoea 803 (80.3) 197 (19.7)
Bloody diarrhoea 432 (74.0) 152 (26.0)
Nausea 278 (75.8) 89 (24.3)
Vomiting 330 (66.1) 169 (33.9)
Abdominal pain 574 (78.2) 160 (21.8)
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Fever 273 (76.7)
Healthcare contact  Antibiotics 53 (40.8)
NHS Direct 67 (72.0)
GP 570 (83.7)
A&E 186 (66.9)
Other healthcare contact 98 (74.8)
Hospital 223 (52.4)

Page 20 of 32

83 (23.3)
77 (59.2)
26 (28.0)
111 (16.3)
92 (33.1)
33(25.2)
203 (47.6)

HUS — haemolytic uraemic syndrome; stx — Shiga toxin; NHS Direct — National Health Service
telephone advice line, now NHS 111; GP — General Practitioner; A&E — accident and emergency
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Table 2: Adjusted and unadjusted regression analysis (n=989)

Variable Category n (%) Unadjusted Adjusted® p value
Odds Ratio (95% CI) Odds Ratio (95% CI)
Age group <1 67 (6.8) 0.19 (0.06-0.62) 0.21 (0.05-0.82) 0.03
1-4 456 (46.1) 1.0 (reference) 1.0 (reference)
5-9 274 (27.7) 0.62 (0.40-0.94) 0.43 (0.25-0.74)  0.002
10-15 192 (19.4) 0.34 (0.19-0.61) 0.20 (0.09-0.43)  <0.001
Sex Male 513 (51.9) 1.0 (reference) 1.0 (reference)
Female 476 (48.1) 1.37 (0.96-1.96) 1.38 (0.88-2.14) 0.16
Ethnicity* White 797 (80.6) 1.0 (reference) 1.0 (reference)
Non-White 192 (19.4) 0.39 (0.18-0.81) 0.28 (0.11-0.74) 0.01
Travel No 850 (86.0) 1.0 (reference) 1.0 (reference)
Yes 139 (14.0) 0.46 (0.24-0.88) 0.64 (0.28-1.45) 0.28
Rurality Urban 719 (72.7) 1.0 (reference) 1.0 (reference)
Rural 270 (27.3) 1.21 (0.82-1.77) 0.88 (0.52-1.48) 0.63
IMD Quintile 1 (least disadvantaged) 231 (23.4) 1.0 (reference) 1.0 (reference)
2 210 (21.2) 0.83 (0.48-1.42) 0.64 (0.32-1.27) 0.20
3 204 (20.6) 1.28 (0.77-2.12) 1.01 (0.54-1.91) 0.97
4 170 (17.2) 1.10 (0.64-1.90) 1.10 (0.54-2.26) 0.79
5 (most disadvantaged) 174 (17.6) 0.57 (0.30-1.06) 0.57 (0.25-1.31) 0.18
Region East Midlands 72 (7.3) 0.62 (0.24-1.59) 0.59 (0.18-1.92) 0.39
East of England 66 (6.7) 1.03 (0.44-2.42) 1.12 (0.37-3.37) 0.84
London 108 (10.9) 1.0 (reference) 1.0 (reference)
North East 76 (7.7) 1.19 (0.53-2.64) 0.71 (0.26-1.97) 0.51
North West 185 (18.7) 1.20 (0.63-2.31) 1.02 (0.44-2.37) 0.97
South East 107 (10.8) 1.09 (0.52-2.28) 1.31 (0.48-3.63) 0.60
South West 127 (12.8) 1.48 (0.75-2.93) 1.25 (0.50-3.13) 0.63
West Midlands 104 (10.5) 0.54 (0.23-1.29) 0.53 (0.18-1.53) 0.24
Yorkshire and Humber 144 (14.6) 0.62 (0.29-1.33) 0.52 (0.20-1.34) 0.17
Stx Stx1+2 226 (22.9) 1.0 (reference) 1.0 (reference)
Stxl 18 (1.8) 1.84 (0.21-15.84) 5.53 (0.53-57.42)  0.15
Stx2 745 (75.3) 6.99 (3.22-15.17) 5.92 (2.49-14.10) <0.001
Antibiotics No 887 (89.7) 1.0 (reference) 1.0 (reference)
Yes 102 (10.3) 8.54 (5.48-13.30) 8.46 (4.71-15.18) <0.001
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Diarrhoea No 49 (5.0) 1.0 (reference) 1.0 (reference)

Yes 940 (95.0) 8.61 (1.18-62.89) 4.04 (0.50-32.59) 0.19
Bloody diarrhoea No 440 (44.5) 1.0 (reference) 1.0 (reference)

Yes 549 (55.5) 4.85 (3.07-8.00) 3.56 (2.04-6.24) <0.001
Nausea No 653 (66.0) 1.0 (reference) 1.0 (reference)

Yes 336 (34.0) 1.52 (1.06-2.18) 1.12 (0.67-1.86) 0.66
Vomiting No 549 (55.5) 1.0 (reference) 1.0 (reference)

Yes 440 (44.5) 6.05 (3.95-9.26) 4.47 (2.62-7.63)  <0.001
Abdominal pain No 309 (31.2) 1.0 (reference) 1.0 (reference)

Yes 680 (68.8) 1.49 (0.99-2.25) 0.82 (0.46-1.46) 0.50
Fever No 657 (66.4) 1.0 (reference) 1.0 (reference)

Yes 332 (33.6) 1.50 (1.05-2.16) 1.05 (0.67-1.66) 0.82

aAdjusted for all other covariates in the model; stx — Shiga toxin gene; *Multiply imputed variable
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SUPPLEMENTARY DATA

Supplementary Table 1a: Clinical case definition for HUS

A child (aged <16 years of age) who has:

Acute kidney injury (AKI1) defined by oligoanuria and/or elevated creatinine for age
AND

Microangiopathic haemolytic anamia (MAHA) defined by haemoglobin level <10 g/L with
fragmented erythrocytes

AND/OR
Thrombocytopenia defined by a platelet count of <130,000 x 109/L
WITHOUT septicaemia, malignant hypertension, chronic uraemia, or primary vascular disease

Elevated creatinine levels differed by age group and were those above the thresholds in Table 1

Supplementary Table 1b: Creatinine level (micromol/L) thresholds by age group

Normal

Creatinine

Age Group threshold
(micromol/L)

0-7 days 100
8-14 days 80
15-28 days 55
1m-3 years 40
4-6 years 46
7-9 years 56
10-12 years 60
13-15 years 80
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Supplementary Table 2: Adjusted and unadjusted regression analysis - Sensitivity analysis excluding travel cases (n subjects=850)

Variable Category n (%) Unadjusted Adjusted? p value
Odds Ratio (95% CI) Odds Ratio (95% CI)
Age group <1 55 (6.5) 0.14 (0.03-0.59) 0.12 (0.02-0.62) 0.01
1-4 400 (47.1) 1.0 (reference) 1.0 (reference)
5-9 242 (28.5) 0.61 (0.39-0.94) 0.45 (0.25-0.79) 0.005
10-15 153 (18.0) 0.32 (0.17-0.60) 0.17 (0.07-0.39) <0.001
Sex Male 445 (52.4) 1.0 (reference) 1.0 (reference)
Female 405 (47.7) 1.31 (0.91-1.90) 1.30 (0.81-2.08) 0.27
Ethnicity White 700 (82.4) 1.0 (reference) 1.0 (reference)
Non-White 150 (17.6) 0.41 (0.20-0.83) 0.27 (0.10-0.73) 0.01
Rurality Urban 606 (71.3) 1.0 (reference) 1.0 (reference)
Rural 244 (28.7) 1.28 (0.86-1.90) 1.07 (0.62-1.86) 0.80
IMD Quintile 1 (least disadvantaged) 196 (23.1) 1.0 (reference) 1.0 (reference)
2 184 (21.7) 0.88 (0.50-1.54) 0.75 (0.36-1.53) 0.43
3 180 (21.2) 1.24 (0.73-2.10) 1.06 (0.54-2.10) 0.86
4 150 (17.7) 1.07 (0.61-1.90) 1.14 (0.53-2.46) 0.74
5 (most disadvantaged) 140 (16.5) 0.52 (0.26-1.04) 0.57 (0.23-1.43) 0.23
Region East Midlands 61 (7.2) 0.54 (0.19-1.49) 0.49 (0.14-1.80) 0.29
East of England 55 (6.5) 0.84 (0.33-2.16) 1.02 (0.30-3.44) 0.98
London 83(9.8) 1.0 (reference) 1.0 (reference)
North East 71 (8.4) 0.90 (0.38-2.14) 0.59 (0.19-1.81) 0.35
North West 172 (20.2) 1.13 (0.56-2.25) 1.06 (0.42-2.67) 0.90
South East 73 (8.6) 1.27 (0.58-2.86) 1.78 (0.57-5.56) 0.32
South West 110 (12.9) 1.38 (0.66-2.86) 1.14 (0.42-3.11) 0.80
West Midlands 95 (11.2) 0.52 (0.21-1.26) 0.57 (0.18-1.78) 0.33
Yorkshire and Humber 130 (15.3) 0.59 (0.27-1.32) 0.53 (0.19-1.47) 0.22
Stx Stx1+2 183 (21.5) 1.0 (reference) 1.0 (reference)
Stx1 8(0.9) 4.21 (0.45-39.89) 24.71 (1.86-328.34) 0.02
Stx2 659 (77.5) 6.97 (3.02-16.10) 6.08 (2.32-15.92)  <0.001
Antibiotics No 766 (90.1) 1.0 (reference) 1.0 (reference)
Yes 84 (9.9) 10.0 (6.18-16.32) 10.89 (5.65-20.97)  <0.001
Diarrhea No 48 (6.6) 1.0 (reference) 1.0 (reference)
Yes 802 (94.4) 9.26 (1.27-67.70) 4.00 (0.48-33.16) 0.20
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Bloody diarrhea No 360 (42.4) 1.0 (reference) 1.0 (reference)

Yes 490 (57.7) 5.10 (3.10-8.38) 3.70 (2.00-6.85) <0.001
Nausea No 562 (66.1) 1.0 (reference) 1.0 (reference)

Yes 288 (33.9) 1.52 (1.04-2.22) 1.03 (0.60-1.76) 0.92
Vomiting No 465 (54.7) 1.0 (reference) 1.0 (reference)

Yes 385 (45.3) 6.50 (4.13-10.23) 5.25 (2.94-9.38) <0.001
Abdominal pain No 259 (30.5) 1.0 (reference) 1.0 (reference)

Yes 591 (69.5) 1.39 (0.91-2.13) 0.73 (0.39-1.36) 0.32
Fever No 569 (66.9) 1.0 (reference) 1.0 (reference)

Yes 281 (33.1) 1.71 (1.17-2.50) 1.28 (0.79-2.09) 0.32

aAdjusted for all other covariates in the model; stx — shiga toxin gene
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Variable Category n (%) Unadjusted Adjusted? p value
Odds Ratio (95% CI) Odds Ratio (95% CI)
Age group <1 67 (6.8) 0.19 (0.06-0.62) 0.24 (0.06-0.92) 0.04
1-4 456 (46.1) 1.0 (reference) 1.0 (reference)
5-9 274 (27.7) 0.62 (0.40-0.94) 0.45 (0.26-0.76) 0.003
10-15 192 (19.4) 0.34 (0.19-0.61) 0.22 (0.11-0.47)  <0.001
Sex Male 513 (51.9) 1.0 (reference) 1.0 (reference)
Female 476 (48.1) 1.37 (0.96-1.96) 1.40 (0.91-2.16) 0.13
Travel No 850 (86.0) 1.0 (reference) 1.0 (reference)
Yes 139 (14.0) 0.46 (0.24-0.88) 0.58 (0.26-1.28) 0.18
Rurality Urban 719 (72.7) 1.0 (reference) 1.0 (reference)
Rural 270 (27.3) 1.21 (0.82-1.77) 0.97 (0.58-1.62) 0.90
IMD Quintile 1 (least disadvantaged) 231 (23.4) 1.0 (reference) 1.0 (reference)
2 210 (21.2) 0.83 (0.48-1.42) 0.65 (0.33-1.27) 0.21
3 204 (20.6) 1.28 (0.77-2.12) 0.98 (0.51-1.79) 0.89
4 170 (17.2) 1.10 (0.64-1.89) 0.96 (0.48-1.94) 0.91
5 (most disadvantaged) 174 (17.6) 0.57 (0.30-1.06) 0.41 (0.19-0.90) 0.03
Region East Midlands 72 (7.3) 0.62 (0.24-1.59) 0.65 (0.21-2.02) 0.45
East of England 66 (6.7) 1.03 (0.44-2.42) 1.37 (0.47-4.00) 0.56
London 108 (10.9) 1.0 (reference) 1.0 (reference)
North East 76 (7.7) 1.19 (0.53-2.64) 1.02 (0.38-2.71) 0.97
North West 185 (18.7) 1.20 (0.63-2.31) 1.29 (0.57-2.90) 0.54
South East 107 (10.8) 1.09 (0.52-2.28) 1.74 (0.65-4.63) 0.27
South West 127 (12.8) 1.48 (0.75-2.93) 1.64 (0.68-3.99) 0.27
West Midlands 104 (10.5) 0.54 (0.23-1.29) 0.67 (0.24-1.86) 0.44
Yorkshire and Humber 144 (14.6) 0.62 (0.29-1.33) 0.60 (0.24-1.52) 0.28
Stx Stx1+2 226 (22.9) 1.0 (reference) 1.0 (reference)
Stx1 18 (1.8) 1.84 (0.21-15.84) 5.34 (0.54-52.82) 0.15
Stx2 745 (75.3) 6.99 (3.22-15.17) 5.76 (2.43-13.67) <0.001
Antibiotics No 887 (89.7) 1.0 (reference) 1.0 (reference)
Yes 102 (10.3) 8.54 (5.48-13.30) 7.46 (4.27-13.03)  <0.001
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Diarrhea No 49 (5.0) 1.0 (reference) 1.0 (reference)

Yes 940 (95.0) 8.61 (1.18-62.89) 4.09 (0.51-32.47) 0.18
Bloody diarrhea No 440 (44.5) 1.0 (reference) 1.0 (reference)

Yes 549 (55.5) 4.85 (3.07-7.67) 3.74 (2.15-6.49)  <0.001
Nausea No 653 (66.0) 1.0 (reference) 1.0 (reference)

Yes 336 (34.0) 1.52 (1.06-2.18) 1.11 (0.67-1.83) 0.69
Vomiting No 549 (55.5) 1.0 (reference) 1.0 (reference)

Yes 440 (44.5) 6.05 (3.95-9.26) 4.38 (2.59-7.40)  <0.001
Abdominal pain No 309 (31.2) 1.0 (reference) 1.0 (reference)

Yes 680 (68.8) 1.49 (0.99-2.25) 0.83 (0.47-1.46) 0.52
Fever No 657 (66.4) 1.0 (reference) 1.0 (reference)

Yes 332 (33.6) 1.50 (1.05-2.16) 1.04 (0.66-1.63) 0.86

aAdjusted for all other covariates in the model; stx — shiga toxin gene
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Variable Category Main model® Post-hoc matched analysis?
Odds Ratio (95% CI) Odds Ratio (95% CI)
Age group <1 0.21 (0.05-0.82) 0.40 (0.13-0.90)
1-4 1.0 (reference) 1.0 (reference)
5-9 0.43 (0.25-0.74) 0.66 (0.31-1.35)
10-15 0.20 (0.09-0.43) 0.28 (0.01-1.01)
Sex Male 1.0 (reference) 1.0 (reference)
Female 1.38 (0.88-2.14) 1.76 (0.96-3.34)
Travel No 1.0 (reference) 1.0 (reference)
Yes 0.64 (0.28-1.45) 0.71 (0.24-1.99)
Stx Stx1+2 1.0 (reference) 1.0 (reference)
Stx2 5.92 (2.49-14.10) 14.37 (6.66-67.74)
IMD Quintile 1 (least disadvantaged) 1.0 (reference) 1.0 (reference)
2 0.64 (0.32-1.27) 0.93 (0.44-2.15)
3 1.01 (0.54-1.91) 1.40 (0.63-3.30)
4 1.10 (0.54-2.26) 1.39 (0.58-3.82)
5 (most disadvantaged) 0.57 (0.25-1.31) 0.63 (0.23-1.70)

aAdjusted for all other covariates in the model; stx — shiga toxin gene
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Supplementary Table 5: Comparison between logistic regression model and penalized logistic regression model

Variable Category Main model® Penalized logistic regression®
Odds Ratio (95% CI) Odds Ratio (95% CI)

Age group <1 0.21 (0.05-0.82) 0.21 (0.05-0.82)

1-4 1.0 (reference) 1.0 (reference)

5-9 0.43 (0.25-0.74) 0.20 (0.09-0.44)

10-15 0.20 (0.09-0.43) 0.43 (0.25-0.74)
Sex Male 1.0 (reference) 1.0 (reference)

Female 1.38 (0.88-2.14) 1.37 (0.88-2.13)
Ethnicity White 1.0 (reference) 1.0 (reference)

Non-White 0.28 (0.11-0.74) 0.32 (0.11-0.96)
Travel No 1.0 (reference) 1.0 (reference)

Yes 0.64 (0.28-1.45) 0.64 (0.28-1.44)
Rurality Urban 1.0 (reference) 1.0 (reference)

Rural 0.88 (0.52-1.48) 0.88 (0.52-1.49)
IMD Quintile 1 (least disadvantaged) 1.0 (reference) 1.0 (reference)

2 0.64 (0.32-1.27) 0.64 (0.32-1.27)

3 1.01 (0.54-1.91) 1.01 (0.54-1.91)

4 1.10 (0.54-2.26) 1.09 (0.53-2.23)

5 (most disadvantaged) 0.57 (0.25-1.31) 0.55 (0.24-1.26)
Region East Midlands 0.59 (0.18-1.92) 0.59 (0.18-1.91)

East of England 1.12 (0.37-3.37) 1.16 (0.39-3.47)

London 1.0 (reference) 1.0 (reference)

North East 0.71 (0.26-1.97) 0.73 (0.26-2.05)

North West 1.02 (0.44-2.37) 1.03 (0.44-2.41)

South East 1.31 (0.48-3.63) 1.34 (0.48-3.73)

South West 1.25 (0.50-3.13) 1.28 (0.51-3.21)

West Midlands 0.53 (0.18-1.53) 0.54 (0.91-1.56)

Yorkshire and Humber 0.52 (0.20-1.34) 0.52 (0.20-1.35)
Stx Stx1+2 1.0 (reference) 1.0 (reference)

Stx1 5.53 (0.53-57.42) 5.58 (0.54-57.77)

Stx2 5.92 (2.49-14.10) 5.89 (2.38-14.02)
Antibiotics No 1.0 (reference) 1.0 (reference)

Yes 8.46 (4.71-15.18) 8.36 (4.65-15.03)
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Diarrhea No 1.0 (reference) 1.0 (reference)

Yes 4.04 (0.50-32.59) 3.97 (0.49-31.93)
Bloody diarrhea No 1.0 (reference) 1.0 (reference)

Yes 3.56 (2.04-6.24) 3.54 (2.02-6.21)
Nausea No 1.0 (reference) 1.0 (reference)

Yes 1.12 (0.67-1.86) 1.12 (0.67-1.86)
Vomiting No 1.0 (reference) 1.0 (reference)

Yes 4.47 (2.62-7.63) 4.48 (2.63-7.64)
Abdominal pain No 1.0 (reference) 1.0 (reference)

Yes 0.82 (0.46-1.46) 0.81 (0.46-1.45)
Fever No 1.0 (reference) 1.0 (reference)

Yes 1.05 (0.67-1.66) 0.81 (0.67-1.66)

aAdjusted for all other covariates in the model; stx — shiga toxin gene
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Supplementary Figure 1: Fractional polynomial prediction plots for age and sex by HUS Status
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Obijectives 3 State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially

eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Report numbers of outcome events or summary measures over time

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
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Other analyses

17

Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

Discussion

Key results

18

Summarise key results with reference to study objectives

Limitations
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19

Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias

9 Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence

21

Discuss the generalisability (external validity) of the study results

12 Generalisability

13 Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

18 *Give information separately for exposed and unexposed groups.

21 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
22 published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
23 available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

26 available at http://www.strobe-statement.org.
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ABSTRACT

Objectives

Haemolytic Uraemic Syndrome (HUS) following Shiga toxin-producing Escherichia coli
(STEC) infection is the commonest cause of acute renal failure among children in the United
Kingdom. This study explored differential progression from STEC to HUS by social,

demographic and clinical risk factors.

Methods

We undertook a retrospective cohort study linking two datasets. We extracted data on
paediatric STEC and HUS cases identified in the Public Health England National Enhanced
Surveillance System for STEC and British Paediatric Surveillance Unit HUS surveillance
from October 1 2011 to October 31 2014. Using logistic regression, we estimated the odds of

HUS progression by risk factors.

Results

1059 paediatric STEC cases were included in the study, of which 207 (19.55%, 95% CI 17-
22%) developed HUS. In the fully-adjusted model, the odds of progression to HUS were
highest in those aged 1-4 (OR 4.93, 95% CI 2.30-10.56, compared to 10-15 years), were
infected with an stx2-only strain (OR 5.92, 95%CI 2.49-14.10), were prescribed antibiotics
(OR 8.46, 95% CI1 4.71-15.18), had bloody diarrhoea (OR 3.56, 95%CI 2.04-6.24) or
vomiting (OR 4.47, 95%CI 2.62-7.63), but there was no association with progression to HUS

by socioeconomic circumstances or rurality.

Conclusion

https://mc.manuscriptcentral.com/bmjpo
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Combining data from an active clinical surveillance system for HUS with the national
enhanced STEC surveillance system suggests that 20% of diagnosed paediatric STEC
infections in England resulted in HUS No relationship was found with socioeconomic status
or rurality of cases, but differences were demonstrated by age, stx type and presenting

symptoms.

Keywords: Health inequalities; Shiga-toxin producing Escherichia coli; STEC; Haemolytic

Uraemic Syndrome; HUS
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INTRODUCTION

Haemolytic uraemic syndrome (HUS) is a rare but serious complication of infection with
Shiga toxin-producing Escherichia coli (STEC), affecting the blood, kidneys and, in the most
severe cases, the central nervous system. Children and the elderly are considered to be the
most susceptible age groups and HUS is recognised as the most common cause of acute renal
failure among children in the United Kingdom (1). Strains of STEC encoding stx2 toxin
genes are more often associated with HUS than other strains (1-6). STEC serogroup O157 is
the most frequently reported strain causing illness in England. Transmission to humans
occurs through consumption of contaminated food or water, exposure to a contaminated
environment involving direct or indirect contact with animals or their faeces and person-to-

person spread.

It is estimated that progression to HUS following STEC infection could be as high as 15% in
young children (2, 7). Several studies have suggested that development of HUS varies by
some demographic characteristics; higher incidence of HUS has been documented in children
(particularly aged 1-4), females (particularly aged over 10 years) and in those of White
ethnicity (2, 6, 8-13); however few have documented progression to HUS by other
demographic characteristics such as deprivation, foreign travel, rurality or region. There is
evidence to suggest that those who are disadvantaged have a lower risk of STEC infection
(14-16), and potentially a lower risk of progression to HUS outside of England (16,17),
however no studies have looked at the relationship between SES, STEC and HUS in England.
This study aims to investigate the relationship between demographic factors, STEC infection
and subsequent development of HUS in a well-characterised paediatric population in England

with high case-ascertainment.

METHODS

https://mc.manuscriptcentral.com/bmjpo
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Data, setting and source

We undertook a retrospective cohort study linking two data sources; the Public Health
England (PHE) National Enhanced Surveillance System for STEC (NESSS) and the British
Paediatric Surveillance Unit (BPSU) HUS Study in conjunction with PHE. The linkage of
two robust datasets, both of which can record HUS status, ensures high ascertainment of HUS
cases. Firstly, we extracted data on STEC cases aged 0-15 years (inclusive) identified in
NESSS during the period of the BPSU HUS Study (October 1 2011 to October 31 2014). All
laboratory-confirmed STEC cases in England are reported by NHS laboratories to Public
Health England staff who collect standardised data through an enhanced surveillance
questionnaire (ESQ) as part of their public health response: this standardised dataset is
collated centrally in NESSS for further validation and analysis. The ESQ collects detailed
information on patient demographics, symptoms, food and water exposures and UK and non-
UK travel during the exposure period (the week prior to illness onset). When a presumptive
STEC is identified at the local laboratory or a case of HUS is identified, specimens are sent to
PHE Gastrointestinal Bacteria Reference Unit (GBRU) for testing and patient ESQs are
linked to microbiological results. Due to the timing of the ESQ administration in NESSS
(which is designed to inform the acute public health response), this system can under-
ascertain HUS as this can develop after completion of the questionnaire. This surveillance

system is described in detail elsewhere (2).

Secondly, we extracted clinical data on paediatric (<16 years) HUS cases, collected by the
BPSU HUS Study, an active surveillance system requiring regular returns from clinicians.
Within this study, data were captured using a standardised questionnaire administered to
paediatricians collecting information on; case demography; treatment history;
microbiological investigations; clinical parameters of illness; clinical management of illness

and status of the case at the time of data capture. Cases in the BPSU dataset were linked on

https://mc.manuscriptcentral.com/bmjpo
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National Health Service (NHS) number, which was available for all cases, to those in the

NESSS dataset to create a retrospective cohort. Supplementary Figure 1 provides details of

oNOYTULT D WN =

the selection of study participants.

11 For statistical analysis, cases for whom no microbiological information was available (n=4)
and cases identified via serological testing only (n=66) were excluded in order to assess the
16 role of stx subtype. Due to missing data for the ethnicity variable (19.1%), we used multiple
18 imputation using chained equations to impute values where ethnicity (white/non-white) was
20 missing for statistical analysis. Fifty imputed datasets were generated. The distribution of
ethnicity by age, sex and region was assessed to check the missing at random (MAR)

25 assumption. There was no difference in missing ethnicity by sex, however there were some
27 differences by age group (57.3% of cases with missing ethnicity were in the 1-4 age group;
n=114/199) and region (31.2% of cases with missing ethnicity were in London; n=62/199);
32 these were not regarded as problematic however as, given the observed data for other

34 variables, the missing data were considered independent.
37 Ethics

40 Ethical approval was originally obtained for the main study (Ref: 11/LO/1412). As of

43 October 2010, HUS is a statutory reportable condition and this study falls under the existing
45 Health Protection Agency (now Public Health England) permissions under Section 251 of the
47 NHS Act 2006. In addition, we received a favourable ethical opinion from the South East
Coast - Surrey Research Ethics Committee (15/L0O/2138) on 1 December 2015 covering the

52 use of this dataset for this study.
55 Patient involvement

58 Patients were not directly involved in the design of this study.
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Outcome and exposures

The outcome of interest was HUS, determined by the case meeting the BPSU clinical criteria
(See supplementary Table 1) (18) or completion of the HUS field in the ESQ. Covariates in
the analysis were age group (<1, 1-4, 5-9, 10-15 years); sex (male/female); ethnicity
(White/non-White); travel (yes/no); rurality (rural/urban); microbiology (Shiga-toxin (Stx));
antibiotic use (yes/no); clinical symptoms (diarrhoea, bloody diarrhoea, nausea, vomiting,
abdominal pain, fever) and region of residence. The stx type, the primary STEC virulence
factor, was used as the main microbiological variable (19). Where symptoms, travel status
and healthcare contact variables were blank or unknown, these were recoded as a negative
response. As a proxy for childhood socioeconomic circumstances (SECs) we used a small-
area deprivation measure, the Index of Multiple Deprivation 2010 (IMD) (20), assigned to
each case based on their postcode and divided into population-level quintiles, with the first

quintile representing the least deprived and the fifth quintile representing the most deprived.

Analysis strategy

Comparisons of proportions were tested using the chi-squared test. We explored univariate
relationships between progression to HUS and the covariates of interest before fitting a
multivariate logistic regression model. All variables were retained in this model in order to
control for any potential confounding. Interaction terms between variables (IMD, ethnicity,
age and sex) were tested to investigate whether the strength of any relationship was
moderated by the inclusion of another variable. Analyses were conducted in Stata 13.1

(Statacorp, Texas).

Robustness tests

https://mc.manuscriptcentral.com/bmjpo
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We performed multiple sensitivity analyses to test the validity of the main analysis; first by
(1) excluding cases that were likely to have a travel-acquired STEC infection (date of onset is
within one exposure period, 7 days, of having returned from outside of the UK) and (i1)
separately excluding cases with unknown ethnicity to determine whether there were
differences in progression to HUS by SECs for children who travelled abroad during their
incubation period compared to those who did not or those with ethnicity recorded and those

without respectively.

RESULTS

Descriptive analysis

Of 1059 paediatric STEC cases included in the study, 207 (19.55%, 95% CI 17.27%-22.04%)
developed HUS. Progression to HUS varied by age and gender (Table 1), the highest was
observed in females aged 1-4 years (26.0%). A higher proportion of progression to HUS was
observed in females aged 10-15 years compared to males of the same age (19.3%, 95% CI
12.3-27.9 versus 7.1%, 95% CI 2.9-14.2, p=0.01), and amongst females aged less than 1 year
compared to males of the same age, although this was not significant (14.3%, 95% CI 4.0-
32.7 versus 4.8%, 95% CI1 0.6-16.2, p=0.16). Although progression to HUS was higher in the
least disadvantaged quintile (47/245, 19.2%, 95% CI 14.4-24.7%) compared with the most
disadvantaged quintile (29/189, 15.3%, 95% CI 10.5-21.3%) this difference was not
statistically significant (p=0.29). The highest proportion progressing to HUS was in quintile 3
(53/219, 24.2%, 95% CI 18.7-30.4%) and there was no clear pattern across the 5 quintiles
(p=0.07; quintile 2 - 35/221, 15.8%, 95% CI 11.3-21.3%; quintile 4 - 43/185, 23.2%, 95% CI

17.4-30%).

Multivariable analysis

https://mc.manuscriptcentral.com/bmjpo
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In the fully adjusted model (Table 2), there were significantly lower odds of HUS amongst
<1, 5-9 and 10-15 year olds compared to 1-4 year olds and significantly higher odds of HUS
amongst those infected with s#x2-only strains, those prescribed antibiotics and among those
who had experienced bloody diarrhoea or vomiting . The most disadvantaged children had
lower odds of progression to HUS compared to the least disadvantaged children (OR 0.57,
95% CI1 0.25-1.31) but the difference was not significant. There was no statistically
significant difference in risk by rurality (OR 0.88, 95% CI 0.52-1.48) or by region (Table 2).

There were no significant interactions identified (data not shown).

The sensitivity analyses conducted to assess the robustness of the findings did not alter the

overall conclusions of this research (Supplementary Tables 2 and 3).

DISCUSSION

In a novel linkage and analysis of two datasets with high case-ascertainment to explore the
role of demographic and socioeconomic factors in the development of HUS following STEC
infection, we found progression from STEC infection to HUS to be 20% in this paediatric
cohort in England. Odds of HUS progression varied by age, stx type, antibiotic exposure and
clinical presentation, with children aged 1-4 years infected with stx2-only, with reported
antibiotic exposure and presenting with bloody diarrhoea or vomiting at highest risk. Few
studies have explored the social patterning of risk factors for STEC (21) or the socio-
demographic risk factors associated with progression to HUS, and no such studies have been
undertaken in England. We found no relationship between progression to HUS and

socioeconomic status in children in this study.

Our study has several strengths. This study captures the progression of HUS in a well-
characterised paediatric STEC population. To the best of our knowledge, as confirmed by a

prior review of the literature and discussion with national experts, this is the first study to

10
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combine a prospective active surveillance system and a multisource national surveillance
system to study the risk factors for HUS and as such is likely to have better case-
ascertainment of HUS than previous studies and is related to good STEC denominators.
Furthermore, this study makes use of one of the largest cohorts of HUS cases. The results of
this study are likely to be generalisable to other high-income countries with a similar pattern
of STEC infection. Despite this, there are some limitations. It is possible that there is residual
confounding that could not be controlled for, such as intrinsic childhood characteristics which
may increase differential vulnerability or susceptibility by SEC such as genetic
predisposition, co-morbidities, and clinical or treatment characteristics. Further, as an area-
level measure of SEC was used, it is possible that it may not have been sensitive enough to
detect the effect of socioeconomic inequalities, particularly if individual factors rather than
area-level factors have more influence over the risk of acquiring more severe strains of STEC
with increased risk of progression to HUS. However, person-to-person spread is an important
risk factor for GI infections and, although there is a risk of ecological fallacy, area-level
measures have the advantage of including potential environmental factors such as housing
and living environment deprivation which are likely to be important factors in considering
individual risk of infection. Excluding individuals with a serological result only from the
statistical analysis may introduce a potential bias leading to an underestimate of HUS
incidence, which may be important if there are geographical or host-factors which are linked
to severity of illness, although the number of serology-only diagnoses was small. In England,
most diagnosed cases of STEC are of serogroup O157 (95% in our study), and it is possible
that our results may be biased towards the relationship between STEC O157 and progression
to HUS, which may differ if other, possibly less pathogenic, serogroups predominate. It is
possible however, that the risk of progression to HUS could be different in populations

exposed to STEC organisms with a lower proportion of stx2-only producing strains, or with a

11
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different age distribution of cases. There were also some missing data in our study,
particularly for ethnicity, which we addressed using multiple imputation. The ethnicity
variable used (White/Non-White) was also crude and adopted because of data quality issues.
This may mask differences in socioeconomic status. No data were available on whether the
children included in our study had underlying or chronic conditions which may be related to
their risk of developing HUS. Finally, it was not always possible to determine whether
antibiotics had been prescribed during treatment for STEC infection or following a diagnosis

of HUS therefore the relevant association should be interpreted with caution.

The finding of 19.5% (95% CI 17-22%) of diagnosed STEC cases progressing to HUS is
higher than previous studies, which have estimated the proportion of paediatric cases of
STEC O157 progressing to HUS to be 15% (95% CI 11-19%) in females aged 1-4 years in
England (2) and 15.3% (95% CI 13-18%) in children aged <5 years in the USA (7). Our
study uses data derived from two linked surveillance systems providing high ascertainment of
both STEC and HUS cases which provides a more robust estimate. It is likely that there will
also be a bias resulting from ascertainment of STEC cases from laboratory specimens, as
milder cases of gastrointestinal infection are less likely to be microbiologically tested, but this

will also be true of previous published studies.

Whilst rurality has been reported as an important factor in risk for STEC infection (2, 14), our
study suggests that rurality is not a significant driver of progression to HUS. It is important to
note that there are environmental factors, such as cattle density, that were not included in this
study and which may be more important factors in risk of STEC infection. Our finding that
rurality was not linked to progression to HUS following STEC infection may also be due to
the majority of our cases (95%) being STEC O157 — this finding may be different in more
heterogenous dataset from countries with greater variability by serogroup. Similarly, despite

evidence to suggest that the risk and consequences of GI infections in general are greater for

12
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disadvantaged children (22-26) — the finding in our study suggests that lower childhood SEC

is unlikely to be a contributor for development of HUS.

Previous studies in England have suggested that children aged 1-4 years, females and white
ethnic groups have the highest incidence of STEC infection (2, 27). Our study echoes the
findings by Milford et al (6) which demonstrated higher progression to HUS amongst
children aged 1-4 years. No overall difference in risk of HUS by sex was identified in our
study, a finding echoed in several other previous studies (28-31); this is an area of
disagreement in the literature with several studies finding higher risk amongst women (7, 17,
32) although two of these studies finding higher risk in women did not look specifically
among children (7, 32). We did find differences in risk by sex within specific age groups,
with a greater proportion of progression to HUS amongst girls less than 1 year of age and 10-
15 years of age compared to boys of the same age groups (Table 1), although no significant
interaction between age and sex could be identified. The reasons for the differential risk by
age are currently unclear and call for a deeper understanding of differences in risks and

exposures between these groups.

The association between clinical presentation with vomiting and bloody diarrhoea and
increased risk of HUS reported in this study has been identified previously (12) and, as such,
the presence of these symptoms particularly in paediatric STEC cases should evoke a high

level of clinical suspicion for the potential development of HUS.

Our study quantifies the proportion of paediatric STEC cases progressing to HUS in a well —
defined population with high ascertainment. It also quantifies the risk factors associated with
progression to HUS in terms of sociodemographic characteristics as well as clinical

presentation. Further research is warranted to elucidate the populations at risk of STEC

13
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infection and HUS in terms of deprivation, ethnicity, age and sex, in order to better

understand whether there are real differences in risk or artefacts of surveillance.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
e HUS is recognised as the most common cause of acute renal failure among children in
the United Kingdom.
e [t is estimated that progression to HUS following STEC infection could be as high as
15% in young children.
e Several studies have suggested that development of HUS varies by demographic
characteristics however few have documented progression to HUS by demographic

characteristics.

WHAT THIS STUDY ADDS
o A fifth of paediatric STEC cases developed the serious complication of haemolytic
uraemic syndrome in England.
e This figure is higher than previously reported in England, and varied by demographic
and clinical factors

e Socioeconomic factors did not influence progression to SES.
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Table 1: Characteristics of cohort participants by HUS status (n=1,059)
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No HUS HUS
n (%) n (%)
Total 852 (80.5) 207 (19.6)
Age group <1 64 (91.4) 6 (8.6)
1-4 370 (76.1) 116 (23.9)
5-9 239 (80.7) 57 (19.3)
10-15 179 (86.5) 28 (13.5)
Sex Female 400 (77.5) 116 (22.5)
Male 452 (83.2) 91 (16.8)
Age and Sex Female <1 24 (85.7) 4 (14.3)
Female 1-4 171 (74.0) 60 (26.0)
Female 5-9 117 (79.1) 31 (20.9)
Female 10-15 88 (80.7) 21(19.3)
Male <1 40 (95.2) 2 (4.8)
Male 1-4 199 (78.0) 56 (22.0)
Male 5-9 122 (82.4) 26 (17.6)
Male 10-15 91 (92.9) 7(7.1)
Ethnicity White 552 (80.5) 134 (19.5)
Non-white 138 (88.5) 18 (11.5)
Unknown 162 (74.7) 55(23.4)
IMD Quintile 1 (Least Disadvantaged) 198 (80.8) 47 (19.2)
2 186 (84.2) 35 (15.8)
3 166 (75.8) 53 (24.2)
4 142 (76.8) 43 (23.2)
5 (Most Disadvantaged) 160 (84.7) 29 (15.3)
Travel Yes 128 (85.3) 22 (14.7)
No 724 (79.7) 185 (20.4)
Rurality Rural 230 (80.4) 56 (19.6)
Urban 622 (80.5) 151 (19.5)
Region East Midlands 65 (81.3) 15 (18.8)
East of England 57 (80.3) 14 (19.7)
London 93 (81.6) 21(18.4)
North East 64 (77.1) 19 (22.9)
North West 153 (77.7) 44 (22.3)
South East 92 (78.6) 25(21.4)
South West 101 (75.9) 32 (24.1)
West Midlands 96 (84.2) 18 (15.8)
Yorkshire and Humber 131 (87.3) 19 (12.7)
Stx Stx1 17 (94.4) 1(5.6)
Stx2 609 (81.7) 136 (18.3)
Stx1+2 219 (96.9) 73.1)
Serology 7 (10.6) 59 (89.4)
Unknown 0 (0.0) 4 (100.0)
Symptoms Diarrhoea 803 (80.3) 197 (19.7)
Bloody diarrhoea 432 (74.0) 152 (26.0)
Nausea 278 (75.8) 89 (24.3)
Vomiting 330 (66.1) 169 (33.9)
Abdominal pain 574 (78.2) 160 (21.8)
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Fever 273 (76.7)
Antibiotics 53 (40.8)
NHS Direct 67 (72.0)

570 (83.7)

186 (66.9)
Other healthcare contact 98 (74.8)
Hospital 223 (52.4)

Page 20 of 30

83 (23.3)
77 (59.2)
26 (28.0)
111 (16.3)
92 (33.1)
33(25.2)
203 (47.6)

HUS — haemolytic uraemic syndrome; stx — Shiga toxin; NHS Direct — National Health Service
telephone advice line, now NHS 111; GP — General Practitioner; A&E — accident and emergency
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Table 2: Adjusted and unadjusted regression analysis (n=989)

Variable Category n (%) Unadjusted Adjusted® p
value®
Odds Ratio (95% CI) Odds Ratio 95% CI)
Age group <1 67 (6.8) 0.19 (0.06-0.62) 0.21 (0.05-0.82) 0.03
1-4 456 (46.1) 1.0 (reference) 1.0 (reference)
5-9 274 (27.7) 0.62 (0.40-0.94) 0.43 (0.25-0.74)  0.002
10-15 192 (19.4) 0.34 (0.19-0.61) 0.20 (0.09-0.43) <0.001
Sex Male 513 (51.9) 1.0 (reference) 1.0 (reference)
Female 476 (48.1) 1.37 (0.96-1.96) 1.38 (0.88-2.14) 0.16
Ethnicity* White 797 (80.6) 1.0 (reference) 1.0 (reference)
Non-White 192 (19.4) 0.39 (0.18-0.81) 0.28 (0.11-0.74) 0.01
Travel No 850 (86.0) 1.0 (reference) 1.0 (reference)
Yes 139 (14.0) 0.46 (0.24-0.88) 0.64 (0.28-1.45) 0.28
Rurality Urban 719 (72.7) 1.0 (reference) 1.0 (reference)
Rural 270 (27.3) 1.21 (0.82-1.77) 0.88 (0.52-1.48) 0.63
IMD Quintile 1 (least disadvantaged) 231 (23.4) 1.0 (reference) 1.0 (reference)
2 210 (21.2) 0.83 (0.48-1.42) 0.64 (0.32-1.27) 0.20
3 204 (20.6) 1.28 (0.77-2.12) 1.01 (0.54-1.91) 0.97
4 170 (17.2) 1.10 (0.64-1.90) 1.10 (0.54-2.26) 0.79
5 (most disadvantaged) 174 (17.6) 0.57 (0.30-1.06) 0.57 (0.25-1.31) 0.18
Region East Midlands 72(7.3) 0.62 (0.24-1.59) 0.59 (0.18-1.92) 0.39
East of England 66 (6.7) 1.03 (0.44-2.42) 1.12 (0.37-3.37) 0.84
London 108 (10.9) 1.0 (reference) 1.0 (reference)
North East 76 (7.7) 1.19 (0.53-2.64) 0.71 (0.26-1.97) 0.51
North West 185 (18.7) 1.20 (0.63-2.31) 1.02 (0.44-2.37) 0.97
South East 107 (10.8) 1.09 (0.52-2.28) 1.31 (0.48-3.63) 0.60
South West 127 (12.8) 1.48 (0.75-2.93) 1.25 (0.50-3.13) 0.63
West Midlands 104 (10.5) 0.54 (0.23-1.29) 0.53 (0.18-1.53) 0.24
Yorkshire and Humber 144 (14.6) 0.62 (0.29-1.33) 0.52 (0.20-1.34) 0.17
Stx Stx1+2 226 (22.9) 1.0 (reference) 1.0 (reference)
Stx1 18 (1.8) 1.84 (0.21-15.84) 5.53 (0.53-57.42) 0.15
Stx2 745 (75.3) 6.99 (3.22-15.17) 5.92 (2.49-14.10) <0.001
Antibiotics No 887 (89.7) 1.0 (reference) 1.0 (reference)
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Yes 102 (10.3) 8.54 (5.48-13.30) 8.46 (4.71-15.18) <0.001
Diarrhoea No 49 (5.0) 1.0 (reference) 1.0 (reference)

Yes 940 (95.0) 8.61 (1.18-62.89) 4.04 (0.50-32.59) 0.19
Bloody diarrhoea No 440 (44.5) 1.0 (reference) 1.0 (reference)

Yes 549 (55.5) 4.85 (3.07-8.00) 3.56 (2.04-6.24)  <0.001
Nausea No 653 (66.0) 1.0 (reference) 1.0 (reference)

Yes 336 (34.0) 1.52 (1.06-2.18) 1.12 (0.67-1.86) 0.66
Vomiting No 549 (55.5) 1.0 (reference) 1.0 (reference)

Yes 440 (44.5) 6.05 (3.95-9.26) 4.47 (2.62-7.63)  <0.001
Abdominal pain No 309 (31.2) 1.0 (reference) 1.0 (reference)

Yes 680 (68.8) 1.49 (0.99-2.25) 0.82 (0.46-1.46) 0.50
Fever No 657 (66.4) 1.0 (reference) 1.0 (reference)

Yes 332 (33.6) 1.50 (1.05-2.16) 1.05 (0.67-1.66) 0.82

aAdjusted for all other covariates in the model; "Statistical significance of relationship between HUS and each variable tested using ? test ; stx — Shiga

toxin gene; *Multiply imputed variable
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SUPPLEMENTARY DATA

Supplementary Table 1a: Clinical case definition for HUS

A child (aged <16 years of age) who has:

Acute kidney injury (AKI) defined by oligoanuria and/or elevated creatinine for age
AND

Microangiopathic haemolytic anamia (MAHA) defined by haemoglobin level <10 g/L with
fragmented erythrocytes

AND/OR
Thrombocytopenia defined by a platelet count of <130,000 x 109/L
WITHOUT septicaemia, malignant hypertension, chronic uraemia, or primary vascular disease

Elevated creatinine levels differed by age group and were those above the thresholds in Table 1

Supplementary Table 1b: Creatinine level (micromol/L) thresholds by age group

Normal

Creatinine

Age Group threshold
(micromol/L)

0-7 days 100
8-14 days 80
15-28 days 55
Im-3 years 40
4-6 years 46
7-9 years 56
10-12 years 60
13-15 years 80
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Supplementary Table 2: Adjusted and unadjusted regression analysis - Sensitivity analysis excluding travel cases (n subjects=850)

Variable Category n (%) Unadjusted Adjusted® p value
Odds Ratio (95% CI) Odds Ratio (95% CI)
Age group <1 55(6.5) 0.14 (0.03-0.59) 0.12 (0.02-0.62) 0.01
1-4 400 (47.1) 1.0 (reference) 1.0 (reference)
5-9 242 (28.5) 0.61 (0.39-0.94) 0.45 (0.25-0.79) 0.005
10-15 153 (18.0) 0.32 (0.17-0.60) 0.17 (0.07-0.39) <0.001
Sex Male 445 (52.4) 1.0 (reference) 1.0 (reference)
Female 405 (47.7) 1.31 (0.91-1.90) 1.30 (0.81-2.08) 0.27
Ethnicity White 700 (82.4) 1.0 (reference) 1.0 (reference)
Non-White 150 (17.6) 0.41 (0.20-0.83) 0.27 (0.10-0.73) 0.01
Rurality Urban 606 (71.3) 1.0 (reference) 1.0 (reference)
Rural 244 (28.7) 1.28 (0.86-1.90) 1.07 (0.62-1.86) 0.80
IMD Quintile 1 (least disadvantaged) 196 (23.1) 1.0 (reference) 1.0 (reference)
2 184 (21.7) 0.88 (0.50-1.54) 0.75 (0.36-1.53) 0.43
3 180 (21.2) 1.24 (0.73-2.10) 1.06 (0.54-2.10) 0.86
4 150 (17.7) 1.07 (0.61-1.90) 1.14 (0.53-2.46) 0.74
5 (most disadvantaged) 140 (16.5) 0.52 (0.26-1.04) 0.57 (0.23-1.43) 0.23
Region East Midlands 61 (7.2) 0.54 (0.19-1.49) 0.49 (0.14-1.80) 0.29
East of England 55(6.5) 0.84 (0.33-2.16) 1.02 (0.30-3.44) 0.98
London 83 (9.8) 1.0 (reference) 1.0 (reference)
North East 71 (8.4) 0.90 (0.38-2.14) 0.59 (0.19-1.81) 0.35
North West 172 (20.2) 1.13 (0.56-2.25) 1.06 (0.42-2.67) 0.90
South East 73 (8.6) 1.27 (0.58-2.86) 1.78 (0.57-5.56) 0.32
South West 110 (12.9) 1.38 (0.66-2.86) 1.14 (0.42-3.11) 0.80
West Midlands 95(11.2) 0.52 (0.21-1.26) 0.57 (0.18-1.78) 0.33
Yorkshire and Humber 130 (15.3) 0.59 (0.27-1.32) 0.53 (0.19-1.47) 0.22
Stx Stx1+2 183 (21.5) 1.0 (reference) 1.0 (reference)
Stx1 8(0.9) 4.21 (0.45-39.89) 24.71 (1.86-328.34) 0.02
Stx2 659 (77.5) 6.97 (3.02-16.10) 6.08 (2.32-15.92)  <0.001
Antibiotics No 766 (90.1) 1.0 (reference) 1.0 (reference)
Yes 84 (9.9) 10.0 (6.18-16.32) 10.89 (5.65-20.97)  <0.001
Diarrhea No 48 (6.6) 1.0 (reference) 1.0 (reference)
Yes 802 (94.4) 9.26 (1.27-67.70) 4.00 (0.48-33.16) 0.20
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Bloody diarrhea No 360 (42.4) 1.0 (reference) 1.0 (reference)

Yes 490 (57.7) 5.10 (3.10-8.38) 3.70 (2.00-6.85) <0.001
Nausea No 562 (66.1) 1.0 (reference) 1.0 (reference)

Yes 288 (33.9) 1.52 (1.04-2.22) 1.03 (0.60-1.76) 0.92
Vomiting No 465 (54.7) 1.0 (reference) 1.0 (reference)

Yes 385 (45.3) 6.50 (4.13-10.23) 5.25 (2.94-9.38) <0.001
Abdominal pain No 259 (30.5) 1.0 (reference) 1.0 (reference)

Yes 591 (69.5) 1.39 (0.91-2.13) 0.73 (0.39-1.36) 0.32
Fever No 569 (66.9) 1.0 (reference) 1.0 (reference)

Yes 281 (33.1) 1.71 (1.17-2.50) 1.28 (0.79-2.09) 0.32

aAdjusted for all other covariates in the model; stx — shiga toxin gene
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Variable Category n (%) Unadjusted Adjusted® p value
Odds Ratio (95% CI) Odds Ratio (95% CI)
Age group <1 67 (6.8) 0.19 (0.06-0.62) 0.24 (0.06-0.92) 0.04
1-4 456 (46.1) 1.0 (reference) 1.0 (reference)
5-9 274 (27.7) 0.62 (0.40-0.94) 0.45 (0.26-0.76) 0.003
10-15 192 (19.4) 0.34 (0.19-0.61) 0.22 (0.11-0.47)  <0.001
Sex Male 513 (51.9) 1.0 (reference) 1.0 (reference)
Female 476 (48.1) 1.37 (0.96-1.96) 1.40 (0.91-2.16) 0.13
Travel No 850 (86.0) 1.0 (reference) 1.0 (reference)
Yes 139 (14.0) 0.46 (0.24-0.88) 0.58 (0.26-1.28) 0.18
Rurality Urban 719 (72.7) 1.0 (reference) 1.0 (reference)
Rural 270 (27.3) 1.21 (0.82-1.77) 0.97 (0.58-1.62) 0.90
IMD Quintile 1 (least disadvantaged) 231 (23.4) 1.0 (reference) 1.0 (reference)
2 210 (21.2) 0.83 (0.48-1.42) 0.65 (0.33-1.27) 0.21
3 204 (20.6) 1.28 (0.77-2.12) 0.98 (0.51-1.79) 0.89
4 170 (17.2) 1.10 (0.64-1.89) 0.96 (0.48-1.94) 0.91
5 (most disadvantaged) 174 (17.6) 0.57 (0.30-1.06) 0.41 (0.19-0.90) 0.03
Region East Midlands 72 (7.3) 0.62 (0.24-1.59) 0.65 (0.21-2.02) 0.45
East of England 66 (6.7) 1.03 (0.44-2.42) 1.37 (0.47-4.00) 0.56
London 108 (10.9) 1.0 (reference) 1.0 (reference)
North East 76 (7.7) 1.19 (0.53-2.64) 1.02 (0.38-2.71) 0.97
North West 185 (18.7) 1.20 (0.63-2.31) 1.29 (0.57-2.90) 0.54
South East 107 (10.8) 1.09 (0.52-2.28) 1.74 (0.65-4.63) 0.27
South West 127 (12.8) 1.48 (0.75-2.93) 1.64 (0.68-3.99) 0.27
West Midlands 104 (10.5) 0.54 (0.23-1.29) 0.67 (0.24-1.86) 0.44
Yorkshire and Humber 144 (14.6) 0.62 (0.29-1.33) 0.60 (0.24-1.52) 0.28
Stx Stx1+2 226 (22.9) 1.0 (reference) 1.0 (reference)
Stx1 18 (1.8) 1.84 (0.21-15.84) 5.34 (0.54-52.82) 0.15
Stx2 745 (75.3) 6.99 (3.22-15.17) 5.76 (2.43-13.67) <0.001
Antibiotics No 887 (89.7) 1.0 (reference) 1.0 (reference)
Yes 102 (10.3) 8.54 (5.48-13.30) 7.46 (4.27-13.03) <0.001
Diarrhea No 49 (5.0) 1.0 (reference) 1.0 (reference)
Yes 940 (95.0) 8.61 (1.18-62.89) 4.09 (0.51-32.47) 0.18
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Bloody diarrhea No 440 (44.5) 1.0 (reference) 1.0 (reference)

Yes 549 (55.5) 4.85 (3.07-7.67) 3.74 (2.15-6.49) <0.001
Nausea No 653 (66.0) 1.0 (reference) 1.0 (reference)

Yes 336 (34.0) 1.52 (1.06-2.18) 1.11 (0.67-1.83) 0.69
Vomiting No 549 (55.5) 1.0 (reference) 1.0 (reference)

Yes 440 (44.5) 6.05 (3.95-9.26) 4.38 (2.59-7.40) <0.001
Abdominal pain No 309 (31.2) 1.0 (reference) 1.0 (reference)

Yes 680 (68.8) 1.49 (0.99-2.25) 0.83 (0.47-1.46) 0.52
Fever No 657 (66.4) 1.0 (reference) 1.0 (reference)

Yes 332 (33.6) 1.50 (1.05-2.16) 1.04 (0.66-1.63) 0.86

aAdjusted for all other covariates in the model; stx — shiga toxin gene
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Supplementary Figure 1: Selection of participants to HUS Cohort Study
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Cases included in retrospective
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No microbiological information (n=4)
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Analytical dataset
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*An additional 19 HUS cases not reported to BPSU were identified in NESSS; NESSS — National Enhanced
Surveillance System for STEC; HUS — haemolytic uraemic syndrome; BPSU — British Paediatric Surveillance
Unit; ESQ — enhanced surveillance questionnaire
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Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Obijectives 3 State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially

eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders

(b) Indicate number of participants with missing data for each variable of interest

(c) Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Report numbers of outcome events or summary measures over time

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at http://www.strobe-statement.org.
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ABSTRACT

Objectives

Haemolytic Uraemic Syndrome (HUS) following Shiga toxin-producing Escherichia coli
(STEC) infection is the commonest cause of acute renal failure among children in the United
Kingdom. This study explored differential progression from STEC to HUS by social,

demographic and clinical risk factors.

Methods

We undertook a retrospective cohort study linking two datasets. We extracted data on
paediatric STEC and HUS cases identified in the Public Health England National Enhanced
Surveillance System for STEC and British Paediatric Surveillance Unit HUS surveillance
from October 1 2011 to October 31 2014. Using logistic regression, we estimated the odds of

HUS progression by risk factors.

Results

1059 paediatric STEC cases were included in the study, of which 207 (19.55%, 95% CI 17-
22%) developed HUS. In the fully-adjusted model, the odds of progression to HUS were
highest in those aged 1-4 (OR 4.93, 95% CI 2.30-10.56, compared to 10-15 years), were
infected with an stx2-only strain (OR 5.92, 95%CI 2.49-14.10), were prescribed antibiotics
(OR 8.46, 95% CI1 4.71-15.18), had bloody diarrhoea (OR 3.56, 95%CI 2.04-6.24) or
vomiting (OR 4.47, 95%CI 2.62-7.63), but there was no association with progression to HUS

by socioeconomic circumstances or rurality.

Conclusion

https://mc.manuscriptcentral.com/bmjpo
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Combining data from an active clinical surveillance system for HUS with the national
enhanced STEC surveillance system suggests that 20% of diagnosed paediatric STEC
infections in England resulted in HUS No relationship was found with socioeconomic status
or rurality of cases, but differences were demonstrated by age, stx type and presenting

symptoms.

Keywords: Health inequalities; Shiga-toxin producing Escherichia coli; STEC; Haemolytic

Uraemic Syndrome; HUS
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INTRODUCTION

Haemolytic uraemic syndrome (HUS) is a rare but serious complication of infection with
Shiga toxin-producing Escherichia coli (STEC), affecting the blood, kidneys and, in the most
severe cases, the central nervous system. Children and the elderly are considered to be the
most susceptible age groups and HUS is recognised as the most common cause of acute renal
failure among children in the United Kingdom (1). Strains of STEC encoding stx2 toxin
genes are more often associated with HUS than other strains (1-6). STEC serogroup O157 is
the most frequently reported strain causing illness in England. Transmission to humans
occurs through consumption of contaminated food or water, exposure to a contaminated
environment involving direct or indirect contact with animals or their faeces and person-to-

person spread.

It is estimated that progression to HUS following STEC infection could be as high as 15% in
young children (2, 7). Several studies have suggested that development of HUS varies by
some demographic characteristics; higher incidence of HUS has been documented in children
(particularly aged 1-4), females (particularly aged over 10 years) and in those of White
ethnicity (2, 6, 8-13); however few have documented progression to HUS by other
demographic characteristics such as deprivation, foreign travel, rurality or region. There is
evidence to suggest that those who are disadvantaged have a lower risk of STEC infection
(14-16), and potentially a lower risk of progression to HUS outside of England (16,17),
however no studies have looked at the relationship between SES, STEC and HUS in England.
This study aims to investigate the relationship between demographic factors, STEC infection
and subsequent development of HUS in a well-characterised paediatric population in England

with high case-ascertainment.

METHODS

https://mc.manuscriptcentral.com/bmjpo
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Data, setting and source

We undertook a retrospective cohort study linking two data sources; the Public Health
England (PHE) National Enhanced Surveillance System for STEC (NESSS) and the British
Paediatric Surveillance Unit (BPSU) HUS Study in conjunction with PHE. The linkage of
two robust datasets, both of which can record HUS status, ensures high ascertainment of HUS
cases. Firstly, we extracted data on STEC cases aged 0-15 years (inclusive) identified in
NESSS during the period of the BPSU HUS Study (October 1 2011 to October 31 2014). All
laboratory-confirmed STEC cases in England are reported by NHS laboratories to Public
Health England staff who collect standardised data through an enhanced surveillance
questionnaire (ESQ) as part of their public health response: this standardised dataset is
collated centrally in NESSS for further validation and analysis. The ESQ collects detailed
information on patient demographics, symptoms, food and water exposures and UK and non-
UK travel during the exposure period (the week prior to illness onset). When a presumptive
STEC is identified at the local laboratory or a case of HUS is identified, specimens are sent to
PHE Gastrointestinal Bacteria Reference Unit (GBRU) for testing and patient ESQs are
linked to microbiological results. Due to the timing of the ESQ administration in NESSS
(which is designed to inform the acute public health response), this system can under-
ascertain HUS as this can develop after completion of the questionnaire. This surveillance

system is described in detail elsewhere (2).

Secondly, we extracted clinical data on paediatric (<16 years) HUS cases, collected by the
BPSU HUS Study, an active surveillance system requiring regular returns from clinicians.
Within this study, data were captured using a standardised questionnaire administered to
paediatricians collecting information on; case demography; treatment history;
microbiological investigations; clinical parameters of illness; clinical management of illness

and status of the case at the time of data capture. Cases in the BPSU dataset were linked on

https://mc.manuscriptcentral.com/bmjpo
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National Health Service (NHS) number, which was available for all cases, to those in the
NESSS dataset to create a retrospective cohort. Supplementary Figure 1 provides details of

the selection of study participants.

For statistical analysis, cases for whom no microbiological information was available (n=4)
and cases identified via serological testing only (n=66) were excluded in order to assess the
role of stx subtype. Ethnic groups, collected in five categories (White, Asian/Asian British,
Black/Black British, Mixed, Chinese) is not well-completed in NESSS and therefore
responses were re-coded as White or non-White for analysis. The considerable missing data
for the ethnicity variable (19.1%) has led us to use the crude dichotomy of White/non-White
in this analysis. Multiple imputation using chained equations to impute values where
ethnicity (White/non-White) was missing. There will clearly be some loss of information
from doing this, and this precludes investigating risk differences between the non-White
ethnic groups . This may also slightly affect the confounding that exists between ethnicity
and socioeconomic status. Fifty imputed datasets were generated. The distribution of
ethnicity by age, sex and region was assessed to check the missing at random (MAR)
assumption. There was no difference in missing ethnicity by sex, however there were some
differences by age group (57.3% of cases with missing ethnicity were in the 1-4 age group;
n=114/199) and region (31.2% of cases with missing ethnicity were in London; n=62/199);
these were not regarded as problematic however as, given the observed data for other

variables, the missing data were considered independent.

Ethics

Ethical approval was originally obtained for the main study (Ref: 11/LO/1412). As of
October 2010, HUS is a statutory reportable condition and this study falls under the existing

Health Protection Agency (now Public Health England) permissions under Section 251 of the
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NHS Act 2006. In addition, we received a favourable ethical opinion from the South East
Coast - Surrey Research Ethics Committee (15/L0O/2138) on 1 December 2015 covering the

use of this dataset for this study.

Patient involvement

Patients were not directly involved in the design of this study.

Outcome and exposures

The outcome of interest was HUS, determined by the case meeting the BPSU clinical criteria
(See supplementary Table 1) (18) or completion of the HUS field in the ESQ. Covariates in
the analysis were age group (<1, 1-4, 5-9, 10-15 years); sex (male/female); ethnicity
(White/non-White); travel (yes/no); rurality (rural/urban); microbiology (Shiga-toxin (Stx));
antibiotic use (yes/no); clinical symptoms (diarrhoea, bloody diarrhoea, nausea, vomiting,
abdominal pain, fever) and region of residence. The stx type, the primary STEC virulence
factor, was used as the main microbiological variable (19). Where symptoms, travel status
and healthcare contact variables were blank or unknown, these were recoded as a negative
response. As a proxy for childhood socioeconomic circumstances (SECs) we used a small-
area deprivation measure, the Index of Multiple Deprivation 2010 (IMD) (20), assigned to
each case based on their postcode and divided into population-level quintiles, with the first

quintile representing the least deprived and the fifth quintile representing the most deprived.

Analysis strategy

Comparisons of proportions were tested using the chi-squared test. We explored univariate
relationships between progression to HUS and the covariates of interest before fitting a
multivariate logistic regression model. All variables were retained in this model in order to

control for any potential confounding. Interaction terms between variables (IMD, ethnicity,

https://mc.manuscriptcentral.com/bmjpo
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age and sex) were tested to investigate whether the strength of any relationship was
moderated by the inclusion of another variable. Analyses were conducted in Stata 13.1

(Statacorp, Texas).

Robustness tests

We performed multiple sensitivity analyses to test the validity of the main analysis; first by
(1) excluding cases that were likely to have a travel-acquired STEC infection (date of onset is
within one exposure period, 7 days, of having returned from outside of the UK) and (ii)
separately excluding cases with unknown ethnicity to determine whether there were
differences in progression to HUS by SECs for children who travelled abroad during their
incubation period compared to those who did not or those with ethnicity recorded and those

without respectively.

RESULTS

Descriptive analysis

Of 1059 paediatric STEC cases included in the study, 207 (19.55%, 95% CI 17.27%-22.04%)
developed HUS. Progression to HUS varied by age and gender (Table 1), the highest was
observed in females aged 1-4 years (26.0%). A higher proportion of progression to HUS was
observed in females aged 10-15 years compared to males of the same age (19.3%, 95% CI
12.3-27.9 versus 7.1%, 95% CI 2.9-14.2, p=0.01), and amongst females aged less than 1 year
compared to males of the same age, although this was not significant (14.3%, 95% CI 4.0-
32.7 versus 4.8%, 95% CI 0.6-16.2, p=0.16). Although progression to HUS was higher in the
least disadvantaged quintile (47/245, 19.2%, 95% CI 14.4-24.7%) compared with the most
disadvantaged quintile (29/189, 15.3%, 95% CI 10.5-21.3%) this difference was not

statistically significant (p=0.29). The highest proportion progressing to HUS was in quintile 3
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(53/219, 24.2%, 95% CI 18.7-30.4%) and there was no clear pattern across the 5 quintiles
(p=0.07; quintile 2 - 35/221, 15.8%, 95% CI 11.3-21.3%; quintile 4 - 43/185, 23.2%, 95% CI

17.4-30%).

Multivariable analysis

In the fully adjusted model (Table 2), there were significantly lower odds of HUS amongst
<1, 5-9 and 10-15 year olds compared to 1-4 year olds and significantly higher odds of HUS
amongst those infected with szx2-only strains, those prescribed antibiotics and among those
who had experienced bloody diarrhoea or vomiting . The most disadvantaged children had
lower odds of progression to HUS compared to the least disadvantaged children (OR 0.57,
95% CI 0.25-1.31) but the difference was not significant. There was no statistically
significant difference in risk by rurality (OR 0.88, 95% CI 0.52-1.48) or by region (Table 2).

There were no significant interactions identified (data not shown).

The sensitivity analyses conducted to assess the robustness of the findings did not alter the

overall conclusions of this research (Supplementary Tables 2 and 3).

DISCUSSION

In a novel linkage and analysis of two datasets with high case-ascertainment to explore the
role of demographic and socioeconomic factors in the development of HUS following STEC
infection, we found progression from STEC infection to HUS to be 20% in this paediatric
cohort in England. Odds of HUS progression varied by age, stx type, antibiotic exposure and
clinical presentation, with children aged 1-4 years infected with stx2-only, with reported
antibiotic exposure and presenting with bloody diarrhoea or vomiting at highest risk. Few
studies have explored the social patterning of risk factors for STEC (21) or the socio-

demographic risk factors associated with progression to HUS, and no such studies have been
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undertaken in England. We found no relationship between progression to HUS and

socioeconomic status in children in this study.

Our study has several strengths. This study captures the progression of HUS in a well-
characterised paediatric STEC population. To the best of our knowledge, as confirmed by a
prior review of the literature and discussion with national experts, this is the first study to
combine a prospective active surveillance system and a multisource national surveillance
system to study the risk factors for HUS and as such is likely to have better case-
ascertainment of HUS than previous studies and is related to good STEC denominators.
Furthermore, this study makes use of one of the largest cohorts of HUS cases. The results of
this study are likely to be generalisable to other high-income countries with a similar pattern
of STEC infection. Despite this, there are some limitations. It is possible that there is residual
confounding that could not be controlled for, such as intrinsic childhood characteristics which
may increase differential vulnerability or susceptibility by SEC such as genetic
predisposition, co-morbidities, and clinical or treatment characteristics. Further, as an area-
level measure of SEC was used, it is possible that it may not have been sensitive enough to
detect the effect of socioeconomic inequalities, particularly if individual factors rather than
area-level factors have more influence over the risk of acquiring more severe strains of STEC
with increased risk of progression to HUS. However, person-to-person spread is an important
risk factor for GI infections and, although there is a risk of ecological fallacy, area-level
measures have the advantage of including potential environmental factors such as housing
and living environment deprivation which are likely to be important factors in considering
individual risk of infection. Excluding individuals with a serological result only from the
statistical analysis may introduce a potential bias leading to an underestimate of HUS
incidence, which may be important if there are geographical or host-factors which are linked

to severity of illness, although the number of serology-only diagnoses was small. In England,
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most diagnosed cases of STEC are of serogroup O157 (95% in our study), and it is possible
that our results may be biased towards the relationship between STEC O157 and progression
to HUS, which may differ if other, possibly less pathogenic, serogroups predominate. It is
possible however, that the risk of progression to HUS could be different in populations
exposed to STEC organisms with a lower proportion of stx2-only producing strains, or with a
different age distribution of cases. There were also some missing data in our study,
particularly for ethnicity, which we addressed using multiple imputation. The binary ethnicity
variable used (White/non-White) was also crude and adopted because of data quality issues in
NESSS for this variable. However, a previous study using this data (2) demonstrated
differences in risk of STEC between White and non-White ethnic groups (RR 1.43, p<0.001)
and so was important to assess in our study although its inclusion may mask differences in
socioeconomic status. No data were available on whether the children included in our study
had underlying or chronic conditions which may be related to their risk of developing HUS.
Finally, it was not always possible to determine whether antibiotics had been prescribed
during treatment for STEC infection or following a diagnosis of HUS therefore the relevant

association should be interpreted with caution.

The finding of 19.5% (95% CI 17-22%) of diagnosed STEC cases progressing to HUS is
higher than previous studies, which have estimated the proportion of paediatric cases of
STEC O157 progressing to HUS to be 15% (95% CI 11-19%) in females aged 1-4 years in
England (2) and 15.3% (95% CI 13-18%) in children aged <5 years in the USA (7). Our
study uses data derived from two linked surveillance systems providing high ascertainment of
both STEC and HUS cases which provides a more robust estimate. It is likely that there will
also be a bias resulting from ascertainment of STEC cases from laboratory specimens, as
milder cases of gastrointestinal infection are less likely to be microbiologically tested, but this

will also be true of previous published studies.
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Whilst rurality has been reported as an important factor in risk for STEC infection (2, 14), our
study suggests that rurality is not a significant driver of progression to HUS. It is important to
note that there are environmental factors, such as cattle density, that were not included in this
study and which may be more important factors in risk of STEC infection. Our finding that
rurality was not linked to progression to HUS following STEC infection may also be due to
the majority of our cases (95%) being STEC O157 — this finding may be different in more
heterogenous dataset from countries with greater variability by serogroup. Similarly, despite
evidence to suggest that the risk and consequences of GI infections in general are greater for
disadvantaged children (22-26) — the finding in our study suggests that lower childhood SEC

is unlikely to be a contributor for development of HUS.

Previous studies in England have suggested that children aged 1-4 years, females and white
ethnic groups have the highest incidence of STEC infection (2, 27). Our study echoes the
findings by Milford et al (6) which demonstrated higher progression to HUS amongst
children aged 1-4 years. No overall difference in risk of HUS by sex was identified in our
study, a finding echoed in several other previous studies (28-31); this is an area of
disagreement in the literature with several studies finding higher risk amongst women (7, 17,
32) although two of these studies finding higher risk in women did not look specifically
among children (7, 32). We did find differences in risk by sex within specific age groups,
with a greater proportion of progression to HUS amongst girls less than 1 year of age and 10-
15 years of age compared to boys of the same age groups (Table 1), although no significant
interaction between age and sex could be identified. The reasons for the differential risk by
age are currently unclear and call for a deeper understanding of differences in risks and

exposures between these groups.

The association between clinical presentation with vomiting and bloody diarrhoea and

increased risk of HUS reported in this study has been identified previously (12) and, as such,
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the presence of these symptoms particularly in paediatric STEC cases should evoke a high

level of clinical suspicion for the potential development of HUS.

Our study quantifies the proportion of paediatric STEC cases progressing to HUS in a well —
defined population with high ascertainment. It also quantifies the risk factors associated with
progression to HUS in terms of sociodemographic characteristics as well as clinical
presentation. Further research is warranted to elucidate the populations at risk of STEC
infection and HUS in terms of deprivation, ethnicity, age and sex, in order to better

understand whether there are real differences in risk or artefacts of surveillance.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
e HUS is recognised as the most common cause of acute renal failure among children in
the United Kingdom.
e [t is estimated that progression to HUS following STEC infection could be as high as
15% in young children.
e Several studies have suggested that development of HUS varies by demographic
characteristics however few have documented progression to HUS by demographic

characteristics.

WHAT THIS STUDY ADDS
o A fifth of paediatric STEC cases developed the serious complication of haemolytic
uraemic syndrome in England.
e This figure is higher than previously reported in England, and varied by demographic
and clinical factors

e Socioeconomic factors did not influence progression to SES.
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No HUS HUS
n (%) n (%)
Total 852 (80.5) 207 (19.6)
Age group <1 64 (91.4) 6 (8.6)
1-4 370 (76.1) 116 (23.9)
5-9 239 (80.7) 57 (19.3)
10-15 179 (86.5) 28 (13.5)
Sex Female 400 (77.5) 116 (22.5)
Male 452 (83.2) 91 (16.8)
Age and Sex Female <1 24 (85.7) 4 (14.3)
Female 1-4 171 (74.0) 60 (26.0)
Female 5-9 117 (79.1) 31 (20.9)
Female 10-15 88 (80.7) 21(19.3)
Male <1 40 (95.2) 2 (4.8)
Male 1-4 199 (78.0) 56 (22.0)
Male 5-9 122 (82.4) 26 (17.6)
Male 10-15 91 (92.9) 7(7.1)
Ethnicity White 552 (80.5) 134 (19.5)
Non-white 138 (88.5) 18 (11.5)
Unknown 162 (74.7) 55(23.4)
IMD Quintile 1 (Least Disadvantaged) 198 (80.8) 47 (19.2)
2 186 (84.2) 35 (15.8)
3 166 (75.8) 53 (24.2)
4 142 (76.8) 43 (23.2)
5 (Most Disadvantaged) 160 (84.7) 29 (15.3)
Travel Yes 128 (85.3) 22 (14.7)
No 724 (79.7) 185 (20.4)
Rurality Rural 230 (80.4) 56 (19.6)
Urban 622 (80.5) 151 (19.5)
Region East Midlands 65 (81.3) 15 (18.8)
East of England 57 (80.3) 14 (19.7)
London 93 (81.6) 21(18.4)
North East 64 (77.1) 19 (22.9)
North West 153 (77.7) 44 (22.3)
South East 92 (78.6) 25(21.4)
South West 101 (75.9) 32 (24.1)
West Midlands 96 (84.2) 18 (15.8)
Yorkshire and Humber 131 (87.3) 19 (12.7)
Stx Stx1 17 (94.4) 1(5.6)
Stx2 609 (81.7) 136 (18.3)
Stx1+2 219 (96.9) 73.1)
Serology 7 (10.6) 59 (89.4)
Unknown 0 (0.0) 4 (100.0)
Symptoms Diarrhoea 803 (80.3) 197 (19.7)
Bloody diarrhoea 432 (74.0) 152 (26.0)
Nausea 278 (75.8) 89 (24.3)
Vomiting 330 (66.1) 169 (33.9)
Abdominal pain 574 (78.2) 160 (21.8)
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Fever 273 (76.7)
Antibiotics 53 (40.8)
NHS Direct 67 (72.0)

570 (83.7)

186 (66.9)
Other healthcare contact 98 (74.8)
Hospital 223 (52.4)

Page 20 of 28

83 (23.3)
77 (59.2)
26 (28.0)
111 (16.3)
92 (33.1)
33(25.2)
203 (47.6)

HUS — haemolytic uraemic syndrome; stx — Shiga toxin; NHS Direct — National Health Service
telephone advice line, now NHS 111; GP — General Practitioner; A&E — accident and emergency
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Table 2: Adjusted and unadjusted regression analysis (n=989)

Variable Category n (%) Unadjusted Adjusted® p
value®
Odds Ratio (95% CI) Odds Ratio 95% CI)
Age group <1 67 (6.8) 0.19 (0.06-0.62) 0.21 (0.05-0.82) 0.03
1-4 456 (46.1) 1.0 (reference) 1.0 (reference)
5-9 274 (27.7) 0.62 (0.40-0.94) 0.43 (0.25-0.74)  0.002
10-15 192 (19.4) 0.34 (0.19-0.61) 0.20 (0.09-0.43) <0.001
Sex Male 513 (51.9) 1.0 (reference) 1.0 (reference)
Female 476 (48.1) 1.37 (0.96-1.96) 1.38 (0.88-2.14) 0.16
Ethnicity* White 797 (80.6) 1.0 (reference) 1.0 (reference)
Non-White 192 (19.4) 0.39 (0.18-0.81) 0.28 (0.11-0.74) 0.01
Travel No 850 (86.0) 1.0 (reference) 1.0 (reference)
Yes 139 (14.0) 0.46 (0.24-0.88) 0.64 (0.28-1.45) 0.28
Rurality Urban 719 (72.7) 1.0 (reference) 1.0 (reference)
Rural 270 (27.3) 1.21 (0.82-1.77) 0.88 (0.52-1.48) 0.63
IMD Quintile 1 (least disadvantaged) 231 (23.4) 1.0 (reference) 1.0 (reference)
2 210 (21.2) 0.83 (0.48-1.42) 0.64 (0.32-1.27) 0.20
3 204 (20.6) 1.28 (0.77-2.12) 1.01 (0.54-1.91) 0.97
4 170 (17.2) 1.10 (0.64-1.90) 1.10 (0.54-2.26) 0.79
5 (most disadvantaged) 174 (17.6) 0.57 (0.30-1.06) 0.57 (0.25-1.31) 0.18
Region East Midlands 72(7.3) 0.62 (0.24-1.59) 0.59 (0.18-1.92) 0.39
East of England 66 (6.7) 1.03 (0.44-2.42) 1.12 (0.37-3.37) 0.84
London 108 (10.9) 1.0 (reference) 1.0 (reference)
North East 76 (7.7) 1.19 (0.53-2.64) 0.71 (0.26-1.97) 0.51
North West 185 (18.7) 1.20 (0.63-2.31) 1.02 (0.44-2.37) 0.97
South East 107 (10.8) 1.09 (0.52-2.28) 1.31 (0.48-3.63) 0.60
South West 127 (12.8) 1.48 (0.75-2.93) 1.25 (0.50-3.13) 0.63
West Midlands 104 (10.5) 0.54 (0.23-1.29) 0.53 (0.18-1.53) 0.24
Yorkshire and Humber 144 (14.6) 0.62 (0.29-1.33) 0.52 (0.20-1.34) 0.17
Stx Stx1+2 226 (22.9) 1.0 (reference) 1.0 (reference)
Stx1 18 (1.8) 1.84 (0.21-15.84) 5.53 (0.53-57.42) 0.15
Stx2 745 (75.3) 6.99 (3.22-15.17) 5.92 (2.49-14.10) <0.001
Antibiotics No 887 (89.7) 1.0 (reference) 1.0 (reference)
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Yes 102 (10.3) 8.54 (5.48-13.30) 8.46 (4.71-15.18) <0.001
Diarrhoea No 49 (5.0) 1.0 (reference) 1.0 (reference)

Yes 940 (95.0) 8.61 (1.18-62.89) 4.04 (0.50-32.59) 0.19
Bloody diarrhoea No 440 (44.5) 1.0 (reference) 1.0 (reference)

Yes 549 (55.5) 4.85 (3.07-8.00) 3.56 (2.04-6.24)  <0.001
Nausea No 653 (66.0) 1.0 (reference) 1.0 (reference)

Yes 336 (34.0) 1.52 (1.06-2.18) 1.12 (0.67-1.86) 0.66
Vomiting No 549 (55.5) 1.0 (reference) 1.0 (reference)

Yes 440 (44.5) 6.05 (3.95-9.26) 4.47 (2.62-7.63)  <0.001
Abdominal pain No 309 (31.2) 1.0 (reference) 1.0 (reference)

Yes 680 (68.8) 1.49 (0.99-2.25) 0.82 (0.46-1.46) 0.50
Fever No 657 (66.4) 1.0 (reference) 1.0 (reference)

Yes 332 (33.6) 1.50 (1.05-2.16) 1.05 (0.67-1.66) 0.82

aAdjusted for all other covariates in the model; "Statistical significance of relationship between HUS and each variable tested using ? test ; stx — Shiga

toxin gene; *Multiply imputed variable
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SUPPLEMENTARY DATA

Supplementary Table 1a: Clinical case definition for HUS

A child (aged <16 years of age) who has:

Acute kidney injury (AKI1) defined by oligoanuria and/or elevated creatinine for age
AND

Microangiopathic haemolytic anamia (MAHA) defined by haemoglobin level <10 g/L with
fragmented erythrocytes

AND/OR
Thrombocytopenia defined by a platelet count of <130,000 x 109/L
WITHOUT septicaemia, malignant hypertension, chronic uraemia, or primary vascular disease

Elevated creatinine levels differed by age group and were those above the thresholds in Table 1

Supplementary Table 1b: Creatinine level (micromol/L) thresholds by age group

Normal

Creatinine

Age Group threshold
(micromol/L)

0-7 days 100
8-14 days 80
15-28 days 55
1m-3 years 40
4-6 years 46
7-9 years 56
10-12 years 60
13-15 years 80
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Supplementary Table 2: Adjusted and unadjusted regression analysis - Sensitivity analysis excluding travel cases (n subjects=850)

Variable Category n (%) Unadjusted Adjusted? p value
Odds Ratio (95% CI) Odds Ratio (95% CI)
Age group <1 55 (6.5) 0.14 (0.03-0.59) 0.12 (0.02-0.62) 0.01
1-4 400 (47.1) 1.0 (reference) 1.0 (reference)
5-9 242 (28.5) 0.61 (0.39-0.94) 0.45 (0.25-0.79) 0.005
10-15 153 (18.0) 0.32 (0.17-0.60) 0.17 (0.07-0.39) <0.001
Sex Male 445 (52.4) 1.0 (reference) 1.0 (reference)
Female 405 (47.7) 1.31 (0.91-1.90) 1.30 (0.81-2.08) 0.27
Ethnicity White 700 (82.4) 1.0 (reference) 1.0 (reference)
Non-White 150 (17.6) 0.41 (0.20-0.83) 0.27 (0.10-0.73) 0.01
Rurality Urban 606 (71.3) 1.0 (reference) 1.0 (reference)
Rural 244 (28.7) 1.28 (0.86-1.90) 1.07 (0.62-1.86) 0.80
IMD Quintile 1 (least disadvantaged) 196 (23.1) 1.0 (reference) 1.0 (reference)
2 184 (21.7) 0.88 (0.50-1.54) 0.75 (0.36-1.53) 0.43
3 180 (21.2) 1.24 (0.73-2.10) 1.06 (0.54-2.10) 0.86
4 150 (17.7) 1.07 (0.61-1.90) 1.14 (0.53-2.46) 0.74
5 (most disadvantaged) 140 (16.5) 0.52 (0.26-1.04) 0.57 (0.23-1.43) 0.23
Region East Midlands 61 (7.2) 0.54 (0.19-1.49) 0.49 (0.14-1.80) 0.29
East of England 55 (6.5) 0.84 (0.33-2.16) 1.02 (0.30-3.44) 0.98
London 83(9.8) 1.0 (reference) 1.0 (reference)
North East 71 (8.4) 0.90 (0.38-2.14) 0.59 (0.19-1.81) 0.35
North West 172 (20.2) 1.13 (0.56-2.25) 1.06 (0.42-2.67) 0.90
South East 73 (8.6) 1.27 (0.58-2.86) 1.78 (0.57-5.56) 0.32
South West 110 (12.9) 1.38 (0.66-2.86) 1.14 (0.42-3.11) 0.80
West Midlands 95 (11.2) 0.52 (0.21-1.26) 0.57 (0.18-1.78) 0.33
Yorkshire and Humber 130 (15.3) 0.59 (0.27-1.32) 0.53 (0.19-1.47) 0.22
Stx Stx1+2 183 (21.5) 1.0 (reference) 1.0 (reference)
Stx1 8(0.9) 4.21 (0.45-39.89) 24.71 (1.86-328.34) 0.02
Stx2 659 (77.5) 6.97 (3.02-16.10) 6.08 (2.32-15.92)  <0.001
Antibiotics No 766 (90.1) 1.0 (reference) 1.0 (reference)
Yes 84 (9.9) 10.0 (6.18-16.32) 10.89 (5.65-20.97)  <0.001
Diarrhea No 48 (6.6) 1.0 (reference) 1.0 (reference)
Yes 802 (94.4) 9.26 (1.27-67.70) 4.00 (0.48-33.16) 0.20
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Bloody diarrhea No 360 (42.4) 1.0 (reference) 1.0 (reference)

Yes 490 (57.7) 5.10 (3.10-8.38) 3.70 (2.00-6.85) <0.001
Nausea No 562 (66.1) 1.0 (reference) 1.0 (reference)

Yes 288 (33.9) 1.52 (1.04-2.22) 1.03 (0.60-1.76) 0.92
Vomiting No 465 (54.7) 1.0 (reference) 1.0 (reference)

Yes 385 (45.3) 6.50 (4.13-10.23) 5.25 (2.94-9.38) <0.001
Abdominal pain No 259 (30.5) 1.0 (reference) 1.0 (reference)

Yes 591 (69.5) 1.39 (0.91-2.13) 0.73 (0.39-1.36) 0.32
Fever No 569 (66.9) 1.0 (reference) 1.0 (reference)

Yes 281 (33.1) 1.71 (1.17-2.50) 1.28 (0.79-2.09) 0.32

aAdjusted for all other covariates in the model; stx — shiga toxin gene
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Variable Category n (%) Unadjusted Adjusted? p value
Odds Ratio (95% CI) Odds Ratio (95% CI)
Age group <1 67 (6.8) 0.19 (0.06-0.62) 0.24 (0.06-0.92) 0.04
1-4 456 (46.1) 1.0 (reference) 1.0 (reference)
5-9 274 (27.7) 0.62 (0.40-0.94) 0.45 (0.26-0.76) 0.003
10-15 192 (19.4) 0.34 (0.19-0.61) 0.22 (0.11-0.47)  <0.001
Sex Male 513 (51.9) 1.0 (reference) 1.0 (reference)
Female 476 (48.1) 1.37 (0.96-1.96) 1.40 (0.91-2.16) 0.13
Travel No 850 (86.0) 1.0 (reference) 1.0 (reference)
Yes 139 (14.0) 0.46 (0.24-0.88) 0.58 (0.26-1.28) 0.18
Rurality Urban 719 (72.7) 1.0 (reference) 1.0 (reference)
Rural 270 (27.3) 1.21 (0.82-1.77) 0.97 (0.58-1.62) 0.90
IMD Quintile 1 (least disadvantaged) 231 (23.4) 1.0 (reference) 1.0 (reference)
2 210 (21.2) 0.83 (0.48-1.42) 0.65 (0.33-1.27) 0.21
3 204 (20.6) 1.28 (0.77-2.12) 0.98 (0.51-1.79) 0.89
4 170 (17.2) 1.10 (0.64-1.89) 0.96 (0.48-1.94) 0.91
5 (most disadvantaged) 174 (17.6) 0.57 (0.30-1.06) 0.41 (0.19-0.90) 0.03
Region East Midlands 72 (7.3) 0.62 (0.24-1.59) 0.65 (0.21-2.02) 0.45
East of England 66 (6.7) 1.03 (0.44-2.42) 1.37 (0.47-4.00) 0.56
London 108 (10.9) 1.0 (reference) 1.0 (reference)
North East 76 (7.7) 1.19 (0.53-2.64) 1.02 (0.38-2.71) 0.97
North West 185 (18.7) 1.20 (0.63-2.31) 1.29 (0.57-2.90) 0.54
South East 107 (10.8) 1.09 (0.52-2.28) 1.74 (0.65-4.63) 0.27
South West 127 (12.8) 1.48 (0.75-2.93) 1.64 (0.68-3.99) 0.27
West Midlands 104 (10.5) 0.54 (0.23-1.29) 0.67 (0.24-1.86) 0.44
Yorkshire and Humber 144 (14.6) 0.62 (0.29-1.33) 0.60 (0.24-1.52) 0.28
Stx Stx1+2 226 (22.9) 1.0 (reference) 1.0 (reference)
Stx1 18 (1.8) 1.84 (0.21-15.84) 5.34 (0.54-52.82) 0.15
Stx2 745 (75.3) 6.99 (3.22-15.17) 5.76 (2.43-13.67) <0.001
Antibiotics No 887 (89.7) 1.0 (reference) 1.0 (reference)
Yes 102 (10.3) 8.54 (5.48-13.30) 7.46 (4.27-13.03)  <0.001
Diarrhea No 49 (5.0) 1.0 (reference) 1.0 (reference)
Yes 940 (95.0) 8.61 (1.18-62.89) 4.09 (0.51-32.47) 0.18
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Bloody diarrhea No 440 (44.5) 1.0 (reference) 1.0 (reference)

Yes 549 (55.5) 4.85 (3.07-7.67) 3.74 (2.15-6.49)  <0.001
Nausea No 653 (66.0) 1.0 (reference) 1.0 (reference)

Yes 336 (34.0) 1.52 (1.06-2.18) 1.11 (0.67-1.83) 0.69
Vomiting No 549 (55.5) 1.0 (reference) 1.0 (reference)

Yes 440 (44.5) 6.05 (3.95-9.26) 4.38 (2.59-7.40)  <0.001
Abdominal pain No 309 (31.2) 1.0 (reference) 1.0 (reference)

Yes 680 (68.8) 1.49 (0.99-2.25) 0.83 (0.47-1.46) 0.52
Fever No 657 (66.4) 1.0 (reference) 1.0 (reference)

Yes 332 (33.6) 1.50 (1.05-2.16) 1.04 (0.66-1.63) 0.86

aAdjusted for all other covariates in the model; stx — shiga toxin gene
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Supplementary Figure 1: Selection of participants to HUS Cohort Study

Page 28 of 28

Individuals reported to NESSS
aged <16 years
01/10/2011 — 31/10/2014
(n=1,438)
Exclusions for descriptive analysis:
Asymptomatic (n=116)
Microbiologically suspected (n=240) |<€
No ESQ (n=21)
Stx negative (n=2) HUS cases reported
P to BPSU
N 01/10/2011 — 31/10/2014
(n=188)
v
Cases included in retrospective
cohort study
(n=1,059%)
Exclusions for statistical analysis:
Serologically identified (n=66) <€
No microbiological information (n=4)
\ 4
Analytical dataset
(n=989)

*An additional 19 HUS cases not reported to BPSU were identified in NESSS; NESSS — National Enhanced
Surveillance System for STEC; HUS — haemolytic uraemic syndrome; BPSU — British Paediatric Surveillance
Unit; ESQ — enhanced surveillance questionnaire
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