Economic cost of Campylobacter, norovirus and rotavirus disease in the United Kingdom: Technical appendix

Description of data sources
IID2 Cohort Study (2008-9)
6836 individuals of all ages were recruited from the population registered with 88 general practices in the UK. Participants reported on a weekly basis whether or not they had symptoms of IID for a period of up to 52 weeks. IID cases completed a questionnaire enquiring about symptoms and usage of health services, including telephone health and advice services; general practice consultations in person, by telephone, and out of hours; visits to Accident & Emergency departments; and admissions to hospital. IID cases also submitted a stool specimen for microbiological confirmation. The study comprised 4658 person-years of follow-up and measured the population incidence of IID overall and for 12 individual pathogens [1].
IID2 GP Presentation Study (2008-9)
Patients presenting with IID were recruited from 37 general practices in the UK. IID cases completed a questionnaire enquiring about symptoms and usage of health services, including telephone health and advice services; general practice consultations in person, by telephone, and out of hours; visits to Accident & Emergency departments; and admissions to hospital. IID cases also submitted a stool specimen for microbiological confirmation. The study comprised 312,232 person-years of follow-up and measured IID primary care consultation rates overall and for 12 individual pathogens [1].
IID Study (1993-6)
This study comprised Cohort and GP Presentation studies using similar methodologies as described above for the IID2 Study. In addition, the IID Study included an economic component: IID cases were interviewed using an economic questionnaire to obtain information about health services used and costs incurred as a result of illness. Costs to patients and their carers included lost wages due to absence from work, costs related to healthcare consulation (transportation, prescription medication, telephone charges) and other costs incurred as a direct result of illness (special foods, purchase of additional hygiene or cleaning products, cancellation of pre-arranged activities, childcare arrangements). Costs were estimated for all IID and for specific pathogens [2].
Outbreak surveillance (GSurv)
Surveillance of IID-related outbreaks has been conducted by Public Health England (PHE) since 1992. Outbreaks are reported and investigated by local or regional Medical Officers of Health, and a minimum dataset for each outbreak is returned to PHE at the end of the investigation. This minimum dataset includes information on the outbreak setting, the mode(s) of transmission, the number of cases affected, the number of cases hospitalised, the number of deaths, details of investigations conducted, the suspected vehicle of infection, the suspected pathogen, and the type of evidence to support the pathogen and vehicle suspected [3].
Incidence model
We used the model below to estimate the number of cases, general practice consultations and health service usage for the three pathogens Campylobacter, norovirus and rotavirus. 

Cp = N * cp
Gp = N * gp
Ap = Cp * a
Ep = Cp * e
Op = Gp * op
Tp = Gp * tp
Ip = Gp * ip
Hp = Cp * hp
Scampy = Cp * scampy

	Parameter
	Description

	N
	UK population in 2009 = 61,792,000

	Cp
	Total IID cases due to pathogen p

	cp
	Population rate of IID due to pathogen p

	Gp
	Total general practice consultations due to pathogen p

	gp
	Rate of consultation to general practice for IID due to pathogen p

	Ap
	Calls to telephone health and advice services due to pathogen p

	a
	Proportion of IID cases in the IID2 Cohort Study using telephone health and advice services (all pathogens)

	Ep
	Visits to Accident & Emergency departments for IID due to pathogen p

	e
	Proportion of IID cases in the IID2 Cohort Study visiting Accident & Emergency departments (all pathogens)

	Op
	Out-of-hours consultations to general practice due to pathogen p

	op
	Proportion of IID cases in the IID2 GP Presentation Study due to pathogen p that consulted out-of-hours services

	Tp
	Telephone consultations to general practice due to  pathogen p

	tp
	Proportion of IID cases in the IID2 GP Presentation Study due to pathogen p that consulted their general practice by telephone

	Ip
	In-person general practice consultations due to pathogen p

	ip
	Proportion of IID cases in the IID2 GP Presentation Study due to pathogen p that consulted their general practice in person

	Hp
	Hospital admissions due to pathogen p

	hp
	Proportion of IID cases due to pathogen p that were hospitalised

	Scampy
	Hospitalisations for Guillain-Barré syndrome due to Campylobacter

	scampy
	Rate of Guillain-Barré syndrome among Campylobacter IID cases



The parameter distributions for each pathogen are described in Annex Tables 1-3. Rate parameters were modelled using Normal distributions defined by the log rate and the corresponding standard deivation. Proportions were modelled using Beta distributions. Parameters for the Beta distributions were obtained by fitting a Beta function to the observed data using maximum likelihood methods. The resulting distributions were checked visually as shown in Appendix Figures 1-3. No acceptance criteria were used. 
For each outcome, estimated frequencies were obtained by drawing parameter values at random from the relevant distributions. The median from 9999 simulations was taken as the point estimate, and the 2.5th and 97.5th centiles as the lower and upper 95% confidence bounds.
Analysis was conducted in Stata 13.0 (Stata Corporation).
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Table A: Model parameters for Campylobacter

	
	Data
	Model
	
	

	Parameter
	Mean
	Denominator
	Denominator units
	Distribution
	Variable
	Data source

	cp
	0.00951
	4658.6
	Person-years
	N(-4.68,0.22)
	Population rate
	IID2 Cohort Study [1]

	gp
	0.00130
	312,232
	Person-years
	N(-6.66,0.18)
	GP consultation rate
	IID2 GP Presentation Study [1]

	a
	0.0197
	1323
	Cases
	Beta(25.8,1289.0)
	Telephone health and advice line
	IID2 Cohort Study

	op
	0.0850
	142
	Cases
	Beta(11.6,124.1)
	Out-of-hours consultation
	IID2 GP Presentation Study

	tp
	0.409
	142
	Cases
	Beta(57.4,82.9)
	GP telephone consultation
	IID2 GP Presentation Study

	ip
	0.775
	142
	Cases
	Beta(107.9,31.4)
	GP in-person consultation
	IID2 GP Presentation Study

	e
	0.0106
	1318
	Cases
	Beta(13.1,1228.9)
	Accident & Emergency visits
	IID2 Cohort Study

	hp1
	0.00549
	424
	Cases
	Beta(3.1,558.7)
	Hospitalisation (scenario 1)
	Outbreak data (Gsurv) 

	hp2
	0.00164
	441
	Cases
	Beta(3.5,2119.3)
	Hospitalisation (scenario 2)
	Combined IID1 & IID2 GP Presentation Study data

	scampy
	0.00117
	2560
	Person-years
	N(-6.75,0.574)
	Rate of Guillain-Barré syndrome among Campylobacter IID cases
	General Practice Research Database [4]


Health services are defined as follows: In-person GP consultation – a face-to-face consultation with a GP that takes place at the clinic; Telephone GP consultation – a consultation with a GP that takes place over the telephone; Out-of-hours consultation – a consultation with a dedicated service that provides health services outside GP operating hours (evenings and weekends); Accident & Emergency visit – a consultation at a hospital Accident & Emergency department; Telephone information and advice line – a telephone call to a dedicated service that provides syndrome-based medical triage and advice (at the time of this study, these services were NHS Direct in England and Wales, and NHS24 in Scotland); Hospital admission – an overnight stay in a hospital as a result of illness.

Table B: Model parameters for norovirus

	
	Data
	Model
	
	

	Parameter
	Mean
	Denominator
	Denominator units
	Distribution
	Variable
	Data source

	cp
	0.0471
	4658.6
	Person-years
	N(-3.06,0.09)
	Population rate
	IID2 Cohort Study [1]

	gp
	0.00210
	312,232
	Person-years
	N(-6.18,0.19)
	GP consultation rate
	IID2 GP Presentation Study [1]

	a
	0.0197
	1323
	Cases
	Beta(25.3,1262.4)
	Telephone health and advice line
	IID2 Cohort Study

	op
	0.131
	122
	Cases
	Beta(15.5,102.8)
	Out-of-hours consultation
	IID2 GP Presentation Study

	tp
	0.451
	122
	Cases
	Beta(53.4,65.1)
	GP telephone consultation
	IID2 GP Presentation Study

	ip
	0.672
	122
	Cases
	Beta(82.9,40.6)
	GP in-person consultation
	IID2 GP Presentation Study

	e
	0.0106
	1318
	Cases
	Beta(13.6,1265.1)
	Accident & Emergency visits
	IID2 Cohort Study

	hp1
	0.00649
	12333
	Cases
	Beta(26.4,4037.4)
	Hospitalisation (scenario 1)
	Outbreak data (Gsurv)

	hp2
	0.00246
	201
	Cases
	Beta(3.2,1295.6)
	Hospitalisation (scenario 2)
	Combined IID1 & IID2 GP Presentation Study data 


Health services are defined as follows: In-person GP consultation – a face-to-face consultation with a GP that takes place at the clinic; Telephone GP consultation – a consultation with a GP that takes place over the telephone; Out-of-hours consultation – a consultation with a dedicated service that provides health services outside GP operating hours (evenings and weekends); Accident & Emergency visit – a consultation at a hospital Accident & Emergency department; Telephone information and advice line – a telephone call to a dedicated service that provides syndrome-based medical triage and advice (at the time of this study, these services were NHS Direct in England and Wales, and NHS24 in Scotland); Hospital admission – an overnight stay in a hospital as a result of illness.

Table C: Model parameters for rotavirus

	
	Data
	Model
	
	

	Parameter
	Mean
	Denominator
	Denominator units
	Distribution
	Variable
	Data source

	cp
	0.0129
	4658.6
	Person-years
	N(-4.37,0.19)
	Population rate
	IID2 Cohort Study [1]

	gp
	0.00139
	312,232
	Person-years
	N(-6.6,0.21)
	GP consultation rate
	IID2 GP Presentation Study [1]

	a
	0.0197
	1323
	Cases
	Beta(25.7,1274.3)
	Telephone health and advice line
	IID2 Cohort Study

	op
	0.118
	68
	Cases
	Beta(7.1,53.1)
	Out-of-hours consultation
	IID2 GP Presentation Study

	tp
	0.338
	68
	Cases
	Beta(22.5,43.9)
	GP telephone consultation
	IID2 GP Presentation Study

	ip
	0.735
	68
	Cases
	Beta(47.8,17.2)
	GP in-person consultation
	IID2 GP Presentation Study

	e
	0.0106
	1318
	Cases
	Beta(12.9,1207.0)
	Accident & Emergency visits
	IID2 Cohort Study

	hp1
	0.0166
	1211
	Cases
	Beta(10.6,624.3)
	Hospitalisation (scenario 1)
	Outbreak data (Gsurv)

	hp2
	0.00276
	64
	Cases
	Beta(3.6,1295.6)
	Hospitalisation (scenario 2)
	Combined IID1 & IID2 GP Presentation Study data


Health services are defined as follows: In-person GP consultation – a face-to-face consultation with a GP that takes place at the clinic; Telephone GP consultation – a consultation with a GP that takes place over the telephone; Out-of-hours consultation – a consultation with a dedicated service that provides health services outside GP operating hours (evenings and weekends); Accident & Emergency visit – a consultation at a hospital Accident & Emergency department; Telephone information and advice line – a telephone call to a dedicated service that provides syndrome-based medical triage and advice (at the time of this study, these services were NHS Direct in England and Wales, and NHS24 in Scotland); Hospital admission – an overnight stay in a hospital as a result of illness.

Table D: Unit costs of care by health service

	Health service costs
	Unit cost
	Source
	Comments

	Telephone information and advice line
	£20.53
	Munro 2001 [5]
	Updated to 2008-9 prices using HCHS Pay & Prices Index

	Out-of-hours consultation
	£77.92
	Santos 2009 [6]
	Updated to 2008-9 prices using HCHS Pay & Prices Index

	Phone call to GP
	£18.00
	Curtis 2009 [7]
	

	In-person GP consultation
	£31.00
	Curtis 2009 [7]
	

	Accident & Emergency
	£93.00
	Curtis 2009 [7]
	

	Hospitalisation
	£467.09
	NHS reference costs 2008-9 [8]
	


Health services are defined as follows: In-person GP consultation – a face-to-face consultation with a GP that takes place at the clinic; Telephone GP consultation – a consultation with a GP that takes place over the telephone; Out-of-hours consultation – a consultation with a dedicated service that provides health services outside GP operating hours (evenings and weekends); Accident & Emergency visit – a consultation at a hospital Accident & Emergency department; Telephone information and advice line – a telephone call to a dedicated service that provides syndrome-based medical triage and advice (at the time of this study, these services were NHS Direct in England and Wales, and NHS24 in Scotland); Hospital admission – an overnight stay in a hospital as a result of illness.

Table E: Cost to patients by pathogen (IID1 Study) [9]

	 
	Cost per case

	Cases not seeking medical care
	Campylobacter
	Norovirus
	Rotavirus

	Direct costs to patients1
	£4.20
	£2.18
	£0.00

	Loss of employment in cases2
	£23.97
	£0.00
	£0.00

	Loss of employment for carers2
	£0.00
	£12.20
	£0.00

	Total (1995 prices)
	£28.17
	£14.38
	£0.00

	Total adjusted to 2008-9 prices
	£30.99
	£15.82
	£0.00

	
	
	
	

	Cases seeking medical care
	Campylobacter
	Norovirus
	Rotavirus

	Direct costs to patients1
	£17.80
	£12.10
	£17.07

	Loss of employment in cases2
	£214.32
	£78.94
	£23.58

	Loss of employment for carers2
	£32.46
	£48.13
	£76.63

	Total (1995 prices)
	£264.58
	£139.17
	£117.28

	Total adjusted to 2008-9 prices
	£379.61
	£199.68
	£168.27


1 Includes cost of medications, telephone calls to health services, purchase of goods as a result of illness (foods, entertainment, clothing, bedding, cleaning products), and costs incurred as a result of cancelled activities or childcare. 2 Costs associated with time taken off work by patients and their carers are based on reported occupations, number of days off work, and valued according to the New Earnings Survey (1996). Estimation methods are described in [2,9].

Figure A: Fitted Beta distributions for Campylobacter-related health service usage
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Figure B: Fitted Beta distributions for norovirus-related health service usage
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[bookmark: _GoBack]Figure C: Fitted Beta distributions for rotavirus-related health service usage
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