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Case definitions
Case definition STEC-GE
According to the German Protection against Infection Act, detection of STEC is notifiable to the local health department. The surveillance case definition in Germany from 2007 to 2014, published by the Robert Koch-Institute, comprised clinical gastroenteritis (at least one of the following: abdominal cramps, diarrhoea, vomiting) with a) laboratory-confirmation detection of Shiga toxin (Stx) from in an E.coli stool isolate or a stx-gene in stool-enrichment culture or E. coli stool isolate or b) with an epidemiological link to a laboratory-confirmed case of STEC.

Case definition enteropathic HUS

According to the German Protection against Infection Act, clinically diagnosed cases of enteropathic HUS are separately notifiable to the local health department. The surveillance case definition in Germany from 2007 to 2014, published by the Robert Koch-Institute, comprised illness in a patient notified with at least two of the three following clinical criteria: haemolytic anaemia, thrombocytopenia ≤ 150,000 cells/mm3 and impairment of kidney function. Additionally, all HUS patients diagnosed by a clinician (regardless of notified symptoms) with an epidemiological link to a person, recreational water, animal, or food in whom/which STEC has been detected met the case definition. Cases of HUS are only counted as a separate entity (not as STEC gastroenteritis, even if clinical gastroenteritis and laboratory-confirmation of STEC infection is present in the patient). 
Detailed of steps in estimation and data sources

a) Adjustment for underreporting separately for cases treated in PNCs and non-PNCs

Median number of HUS cases was adjusted for underreporting, separately for cases that were treated in PNCs and non-PNCs. Active surveillance has been in place in all PNCs in Germany since May 2008. All PNCs are contacted on a monthly basis and requested to send data of all HUS cases with a disease onset in the past month. Enteropathic HUS cases reported within the scope of active surveillance are matched with national notification data based on date of reporting and onset, sex and age. Proportion of enteropathic HUS cases notified to the national surveillance system by PNCs and the completeness of reporting to the RKI by the PNCS can be directly inferred by comparison of the two data sets. Completeness of reporting for cases notified by non-PNCs is assumed to be at maximum as good as in PNCs but is likely to be lower due to lesser awareness of the statutory obligation to report HUS to local health authorities as there is likely to be less routine with standard procedures around HUS cases. Case number was split into cases from PNCs and non-PNCs. Separately for PNCs and non-PNCs case number was divided by the estimated completeness of data from PNCs and non-PNCs. 
b) Estimated proportion of STEC-associated HUS among enteropathic HUS cases
The estimated real number of enteropathic HUS was multiplied with the estimated proportion of STEC-associated HUS to arrive at the estimated true number of STEC-associated HUS per year. Search for proportions of STEC-associated HUS revealed one eligible study. A prospective multicentre study in Germany and Austria evaluated 394 children with enteropathic HUS between 1997 and 2000 and found evidence of an STEC-infection in 83% of the cases 
 ADDIN EN.CITE 
[1]
.

c) Estimated proportion of O157 and non-O157 among STEC-associated HUS
Two studies yielded information on the proportion of O157-infection  among STEC-associated HUS: The National Consulting Laboratory for HUS, at the Institute for Hygiene of the University of Münster, detected serogroup O157 in 67.7 per cent of EHEC-samples from HUS patients between 1996 and 2006 2[]
. Gerber et al. found evidence of an STEC O157 infection in 66.7 per cent of all STEC related HUS cases, including sorbitol-fermenting and non-sorbitol-fermenting serotypes 
 ADDIN EN.CITE 
[1]
. Results were combined to one estimate and used to compute all further estimates separately for O157 infections and non-O157 infections.
d) Estimated number of laboratory confirmed STEC-GE cases per HUS case
We divided the total number of O157 and non-O157-associated HUS by the estimated proportion of HUS cases per laboratory confirmed STEC-GE to estimate the total number of laboratory confirmed STEC-GE. Literature search yielded one case-control study, in which cases were recruited between 2001 and 2003 from a laboratory sentinel surveillance project for STEC in Germany. The study addressed the proportion of patients developing HUS after STEC-GE separately for O157 and non-O157 STEC 
 ADDIN EN.CITE 
[3]
. HUS frequency was found to be 11% and 1% for O157 and non-O157 STEC infections, respectively 
 ADDIN EN.CITE 
[3]
. Non-O157 serogroups (n=154) in the study considered were dominated by O103 (27%), O26 (14%), O91 (10%), O111 (6%), O128 (3%), O177 (3%), O145 (3%) and O8 (2%), O118 (2%) and O174 (2%). All other serogroups were less frequent 
 ADDIN EN.CITE 
[3]
 .
e) Estimated proportion of bloody diarrhoea among O157 and non-O157 STEC-GE cases
Above mentioned study assessed also the proportion of bloody diarrhoea in all STEC-GE cases separately for O157 and non-O157. Bloody diarrhoea was reported in 37% of O157-GE cases and 11% of non-O157-GE cases 
 ADDIN EN.CITE 
[3]
. 
The proportion of bloody diarrhoea for O157 and non-O157 was utilized to account for differences in health seeking behaviour in cases with and without bloody diarrhoea. Estimated numbers of laboratory confirmed O157- and non-O157-GE cases were split into cases with bloody diarrhoea and non-bloody diarrhoea. For all further calculations we distinguished among O157-GE-cases with bloody diarrhoea, O157-GE-cases with non-bloody diarrhoea, non-O157-GE-cases with bloody diarrhoea and non-O157-GE-cases with non-bloody diarrhoea.
f) Estimated underascertainment of bloody and non-bloody diarrhoea
· Estimated proportion of symptomatic cases consulting a physician and estimated proportion of physicians taking stool samples
The estimated number of laboratory confirmed STEC-GE were divided by the proportion of cases seeking health care and the proportion of physicians taking stool samples, separately for bloody and non-bloody diarrhoea.

Two telephone surveys regarding frequency of gastroenteritis within the past 4 weeks, subsequent consultation of physicians and provision of a stool sample for laboratory diagnosis were conducted in Germany 
 ADDIN EN.CITE 
[4-6]
. A representative nationwide survey conducted between 2008 and 2009 indicated that 51% of cases with bloody diarrhoea consult a physician and 34% with non-bloody diarrhoea. Of the cases with bloody diarrhoea who consulted a physician 50% reported providing stool samples, of the cases with non-bloody diarrhoea 34% reported providing a stool sample 
 ADDIN EN.CITE 
[4]
. A similar survey in Hesse, one of 16 federal states in Germany, conducted 2004 to 2006, yielded that 96 of 304 gastroenteritis (of which 98% was non-bloody diarrhoea) cases consulted a physician and 14 provided a stool sample 
 ADDIN EN.CITE 
[6]
. For cases with bloody diarrhoea data from Haagsma et al (2013) was utilized for estimation of frequency of physician consultation and sample provision, for cases with non-bloody diarrhoea results from Hauri et al. (2011) and Haagsma et al. (2013) were combined to one parameter 
 ADDIN EN.CITE 
[4, 6]
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. 
· Estimated proportion of stool samples tested for STEC

The estimated number of stool samples sent to laboratories by physicians was in a last step divided by the proportion of laboratory samples tested for STEC (O157 and non-O157).

German microbiological testing guidelines recommend testing for STEC (O157 and non-O157) in any case of bloody diarrhoea 7[]
. In addition children under three years of age providing a stool sample for any kind of diarrhoea should be tested for STEC (O157 and non-O157) 7[]
. As laboratories are supposed to follow recommended screening algorithms, we assumed that stool samples of cases with bloody diarrhoea were always screened for STEC. For non-bloody diarrhoea we assumed a proportion of 0.8 being screened for STEC as a conservative estimate of underascertainment. 
The estimated real number of STEC-GE was calculated by dividing the estimated true number of laboratory confirmed STEC-GE by the proportion of cases consulting a physician, the proportion of physicians taking lab samples and the proportion of samples tested for STEC. To allow for comparison total numbers were converted to incidences based on German population data.
Scenario analysis – Input data
Scenario 1: No difference in notifications for PNCs and Non-PNCs and all stool samples are tested for STEC

We assumed that non-PNCs notify as good as PNCs and all stool samples – bloody and non-bloody – are tested for non-O157 and O157 STEC, see Table 1.
Scenario 2: For non-bloody diarrhoea only estimates based on investigations in children are considered 

Data was obtained from a survey conducted in the German Federal State of Hesse for children under 16 years of age 
 ADDIN EN.CITE 
[6]
. We replaced the proportion of physician consultation (39% instead of 34%) and the proportion of physicians submitting stool samples from patients with non-bloody diarrhoea (0.4% instead of 31%). According to Hauri et al. (2011), 53 of 137 children under 16 years of age with non-bloody gastroenteritis were seen by a physician, but stool samples were taken in only two of 52 children with non-bloody diarrhoea 
 ADDIN EN.CITE 
[6]
, see Table 2.

Table1: Model input parameters for scenario 1 (changes to the original model marked with italic script)

	Steps in estimation
	Parameters
	s
	N
	Distribution*
	Median
	95% Int.
	 Source

	1. HUS notification
	Incidence of notified cases
	260
	327*

106
	Gamma(261.  3×10-9)
	8×

10-7
	7×10-7 - 9×10-7
	German notification data

	a. Adjustment for underreporting separately for cases treated in PNCs and non-PNCs
	Proportion of HUS-notifications treated by PNCs
	153
	254
	Beta(154, 102)
	0.60
	0.54 - 0.66
	National active and passive surveillance, unpublished

	
	Completeness of HUS-notification from PNCs
	153
	183
	Beta(154, 31)
	0.83
	0.78 - 0.88
	National active and passive surveillance, unpublished

	
	Multiplication factor to extrapolate completeness of notification from PNCs to non-PNCs
	-
	-
	None
	1
	1
	Assumption

	b. Estimated proportion of STEC-associated HUS in enteropathic HUS cases
	Proportion of STEC-associated-HUS
	327
	394
	Beta(328, 68)
	0.83
	0.79 - 0.86
	Gerber et al. 2002

	c. Estimated proportion of O157 within STEC-associated HUS
	Proportion of O157 in STEC-associated HUS
	138
	207
	Beta(494, 239)
	0.67
	0.64 - 0.71
	Gerber et al. 2002; 

	
	
	355
	524
	
	
	
	Mellmann et al. 2008

	d. Estimated proportion of HUS cases per laboratory confirmed STEC-GE
	Proportion HUS among laboratory-confirmed STEC in O157
	3
	27
	Beta(4, 25)
	0.13
	0.04 - 0.28
	Werber et al. 2007

	
	Proportion HUS among laboratory-confirmed STEC in non-O157
	2
	149
	Beta(3, 148)
	0.02
	0.00 - 0.05
	Werber et al. 2007

	e. Estimated proportion of bloody diarrhoea in O157 and non-O157 cases
	Estimated proportion of cases experiencing bloody diarrhoea in O157
	10
	27
	Beta(11, 18)
	0.38
	0.22 - 0.56
	Werber et al. 2007

	
	Estimated proportion of cases experiencing bloody diarrhoea in non-O157
	16
	149
	Beta(17, 134)
	0.11
	0.07 - 0.17
	Werber et al. 2007

	f. Estimated underascertainment of bloody and non-bloody diarrhoea
	Estimated proportion of patients visiting physicians with bloody diarrhoea
	21
	41
	Beta(22,21)
	0.51
	0.36 - 0.66
	Haagsma et al. 2013

	
	Estimated proportion of patients visiting physicians with non-bloody diarrhoea
	458
	1342
	Beta(555, 1093)
	0.34
	0.31 - 0.36
	Haagsma et al. 2013; 

	
	
	96
	304
	
	
	
	Hauri et al. 2011

	
	Estimated proportion of physicians taking lab samples from patients with bloody diarrhoea
	10
	20
	Beta(11,11)
	0.50
	0.30 - 0.70
	Haagsma et al. 2013

	
	Estimated proportion of physicians taking lab samples from patients with non-bloody diarrhoea
	155
	456
	Beta(170, 383)
	0.31
	0.27 - 0.35
	Haagsma et al. 2013; 

	
	
	14
	95
	
	
	
	Hauri et al. 2011

	
	Estimated proportion of stool samples tested for STEC from patients with bloody diarrhoea
	-
	-
	None
	1.00
	1.00 - 1.00
	Kist et al. 2009

	
	Estimated proportion of stool samples tested for STEC from patients with non-bloody diarrhoea
	-
	-
	None
	1.0
	1.00-1.00
	Kist et al. 2009, assumption


* For Gamma(r, λ) r equals s and λ equals 1/N; For Beta(a, b), a equals Sum(s)+1 and b equals Sum(N)-Sum(s)+1

Table 2: Model input parameters for scenario 2 (changes to the original model marked with italic script)
	Steps in estimation
	Parameters
	s
	N
	Distribution*
	Median
	95% Int.
	 Source

	1. HUS notification
	Incidence of notified cases
	260
	327*

106
	Gamma(261.  3×10-9)
	8×

10-7
	7×10-7 - 9×10-7
	German notification data

	a. Adjustment for underreporting separately for cases treated in PNCs and non-PNCs
	Proportion of HUS-notifications treated by PNCs
	153
	254
	Beta(154, 102)
	0.60
	0.54 - 0.66
	National active and passive surveillance, unpublished

	
	Completeness of HUS-notification from PNCs
	153
	183
	Beta(154, 31)
	0.83
	0.78 - 0.88
	National active and passive surveillance, unpublished

	
	Multiplication factor to extrapolate completeness of notification from PNCs to non-PNCs
	-
	-
	Pert(0.1, 0.5, 1)
	0.51
	0.21 - 0.84
	Assumption

	b. Estimated proportion of STEC-associated HUS in enteropathic HUS cases
	Proportion of STEC-associated-HUS
	327
	394
	Beta(328, 68)
	0.83
	0.79 - 0.86
	Gerber et al. 2002

	c. Estimated proportion of O157 within STEC-associated HUS
	Proportion of O157 in STEC-associated HUS
	138
	207
	Beta(494, 239)
	0.67
	0.64 - 0.71
	Gerber et al. 2002; 

	
	
	355
	524
	
	
	
	Mellmann et al. 2008

	d. Estimated proportion of HUS cases per laboratory confirmed STEC-GE
	Proportion HUS among laboratory-confirmed STEC in O157
	3
	27
	Beta(4, 25)
	0.13
	0.04 - 0.28
	Werber et al. 2007

	
	Proportion HUS among laboratory-confirmed STEC in non-O157
	2
	149
	Beta(3, 148)
	0.02
	0.00 - 0.05
	Werber et al. 2007

	e. Estimated proportion of bloody diarrhoea in O157 and non-O157 cases
	Estimated proportion of cases experiencing bloody diarrhoea in O157
	10
	27
	Beta(11, 18)
	0.38
	0.22 - 0.56
	Werber et al. 2007

	
	Estimated proportion of cases experiencing bloody diarrhoea in non-O157
	16
	149
	Beta(17, 134)
	0.11
	0.07 - 0.17
	Werber et al. 2007

	f. Estimated underascertainment of bloody and non-bloody diarrhoea
	Estimated proportion of patients visiting physicians with bloody diarrhoea
	21
	41
	Beta(22,21)
	0.51
	0.36 - 0.66
	Haagsma et al. 2013

	
	Estimated proportion of patients visiting physicians with non-bloody diarrhoea
	96
	304
	Beta(97, 209)
	0.39
	0.27 – 0.37
	Hauri et al. 2011

	
	Estimated proportion of physicians taking lab samples from patients with bloody diarrhoea
	10
	20
	Beta(11,11)
	0.50
	0.30 - 0.70
	Haagsma et al. 2013

	
	Estimated proportion of physicians taking lab samples from patients with non-bloody diarrhoea
	14
	95
	Beta(15, 82)
	0.04
	0.09 – 0.23
	Hauri et al. 2011

	
	Estimated proportion of stool samples tested for STEC from patients with bloody diarrhoea
	-
	-
	None
	1.00
	1.00 - 1.00
	Kist et al. 2009

	
	Estimated proportion of stool samples tested for STEC from patients with non-bloody diarrhoea
	-
	-
	Pert(0.1, 0.8, 1)
	0.74
	0.37 - 0.96
	Kist et al. 2009, assumption


* For Gamma(r, λ) r equals s and λ equals 1/N; For Beta(a, b), a equals Sum(s)+1 and b equals Sum(N)-Sum(s)+1

scenario analysis - Results
Table 3: Estimates for STEC-associated HUS and STEC cases overall in Germany

	
	Estimated number of STEC-associated HUS cases per year
	Estimated true number of STEC-GE cases per year 

	 
	Median
	95% interval
	Median
	95% interval

	Baseline
	90
	(66 - 164)
	28.34
	(10,217 - 119,041)

	Scenario 1
	65
	(56 - 75)
	13.96
	(6,207 - 50,011)

	Scenario 2
	89
	(66 - 163)
	59.26
	(19,234 - 277,529)


Table 4: Estimates for bloody and non-bloody diarrhoea caused by non-O157 and O157 STEC in Germany

	 
	Non-O157 STEC-GE 
	O 157 STEC GE 
	 
	 

	 
	Non-O157 STEC-GE (bloody)
	Non-O157 STEC-GE (non-bloody)
	O157 STEC-GE (bloody)
	O157 STEC-GE (non-bloody)

	 
	Median
	95% Interval
	Median
	95% Interval
	Median
	95% Interval
	Median
	95% Interval

	Baseline
	769
	(211 - 3,925)
	21.192
	(6,481 - 105,641)
	730
	(229 - 3,037)
	4.171
	(1,449 - 16,846)

	Scenario 1
	533
	(185 - 1,973)
	10.194
	(3,691 - 43,816)
	508
	(171 - 1,980)
	2.010
	(848 - 6,613)

	Scenario 2
	776
	(214 - 4,004)
	46.125
	(12,735 - 250,124)
	736
	(228 - 3,041)
	9.040
	(2,891 - 39,135)


References

(1)
Gerber A, et al. Clinical course and the role of shiga toxin-producing escherichia coli infection in the hemolytic-uremic syndrome in pediatric patients, 1997-2000, in germany and austria: A prospective study. Journal of Infectious Diseases 2002; 186: 493-500.

(2)
Mellmann A, et al. Analysis of collection of hemolytic uremic syndrome-associated enterohemorrhagic escherichia coli. Emerging Infectious Diseases 2008; 14: 1287-1290.

(3)
Werber D, et al. Shiga toxin-producing escherichia coli infection in germany: Different risk factors for different age groups. American Journal of Epidemiology 2007; 165: 425-434.

(4)
Haagsma JA, et al. Community incidence of pathogen-specific gastroenteritis: Reconstructing the surveillance pyramid for seven pathogens in seven european union member states. Epidemiology  and Infection 2013; 141: 1625-1639.

(5)
Wilking H, et al. Acute gastrointestinal illness in adults in germany: A population-based telephone survey. Epidemiology  and Infection 2013; 141: 2365-2375.

(6)
Hauri AM, Uphoff H, Gawrich S. [the burden of acute gastrointestinal illness in hesse--a telephone survey]. Das Gesundheitswesen 2011; 73: 78-84.

(7)
Kist MM, H; Podbielski, A.; Herrmann, M.; Kniehl, E. Miq gastrintestinal infektionen: Qualitätsstandards in der mikrobiologische-infektiologischen diagnostik, 2013.



8

