Global Seasonality of Norovirus


	TECHNICAL APPENDIX AND OTHER MATERIALS
Table S1: Summary of Studies Included in Review
	
	
	
	
	
	
	
	
	
	

	Author
	Year_Pub
	Ref
	Continent
	Country
	City
	Season-Years
	Outcome
	Latitude (degree)
	Avg. Winter Temp (°C)
	Summer/

Winter Temp (°C)
	Avg rain in wettest month (cm)
	New Strain Year (Y/N)
	Crude Birth Rate (births per 1,000 pop.)
	Pop. Density (pop. per sq. km.)
	GDP

 (PPP per capita)
	# Cases/

Outbreaks

	Anestad-Vainio
	
	1[S]
,2[S]

	Europe
	Norway
	NA
	01-08
	Cases
	59
	-3
	-5
	9
	N
	12.8
	11.9
	53376
	5274

	Beersma
	2009
	
 ADDIN EN.CITE 
[S3]

	Europe
	Netherlands
	Rotterdam
	03-07 cases, 03-07 outbreaks
	Cases, 

Outbreaks
	51
	4
	5
	8.9
	N
	12.1
	388
	42331
	224 cases, 559 outbreaks

	Belliot
	2010
	
 ADDIN EN.CITE 
[S4]

	Europe
	France
	NA
	08-09
	Outbreaks
	48
	4
	5
	6.5
	N
	12.8
	109.2
	35049
	238

	Blanton
	2006
	
 ADDIN EN.CITE 
[S5]

	N America
	USA
	NA
	00-04
	Outbreaks
	NA
	NA
	NA
	NA
	N
	14.1
	30.2
	48147
	180

	Bruggink
	2010
	6[S]

	Australia
	Australia
	Victoria
	02-07
	Outbreaks
	-37
	10
	2
	6
	Y
	13.3
	2.6
	40836
	767

	Buesa
	2008
	
 ADDIN EN.CITE 
[S7]

	Europe
	Spain
	Catalonia, Valencia
	01-07
	Outbreaks
	40
	6
	4
	6.4
	N
	10.2
	83.5
	30622
	194

	Chan_It
	2011
	
 ADDIN EN.CITE 
[S8]

	Asia
	Japan
	Tokyo, Sapporo, Saga, Osaka, Maizuru
	07-09
	Cases
	34
	6
	7
	20.1
	N
	9
	333.6
	34362
	254

	Chhabra
	2009
	
 ADDIN EN.CITE 
[S9]

	Asia
	India
	Pune, Nagpur, Aurangabad
	05-07
	Cases
	19.3
	21
	2
	23
	N
	25
	336.2
	3703
	89

	Dai
	2011
	10[S]

	Asia
	China
	Jiangmen City
	06-07
	Cases
	22
	15
	2
	48.3
	N
	14
	134.5
	8394
	115

	Deng
	2009
	11[S]

	Asia
	China
	Beijing
	Avg (02-06)
	Cases
	39
	-2
	-8
	22.4
	NA
	14
	134.5
	8394
	79

	Dey
	2007
	
 ADDIN EN.CITE 
[S12]

	Asia
	Bangladesh
	Dhaka
	04-05
	Cases
	23
	21
	2
	39.9
	N
	25.3
	942.7
	1697
	41

	Dey
	2011
	13[S]

	Asia
	Japan
	Maizuru, Tokyo, Sapporo, Saga, Osaka
	06-07
	Cases
	34
	6
	7
	20.1
	Y
	9
	333.6
	34362
	98

	Dove
	2005
	
 ADDIN EN.CITE 
[S14]

	Africa
	Malawi
	Blantyre
	98-99
	Cases
	-15
	24
	1
	21
	N
	45
	89.6
	853
	26

	Doyle
	2009
	
 ADDIN EN.CITE 
[S15]

	N America
	USA
	Florida
	06-07
	Outbreaks
	30
	13
	2
	19.6
	Y
	14.1
	30.2
	48147
	113

	Fang
	2007
	
 ADDIN EN.CITE 
[S16]

	Asia
	China
	13 regions listed
	Avg (99-05)
	Cases
	NA
	NA
	NA
	NA
	NA
	14
	134.5
	8394
	777

	Georgiadis
	2010
	17[S]

	S America
	Brazil
	NA
	06-07
	Cases
	NA
	NA
	NA
	NA
	N
	19.2
	21.3
	11846
	48

	Greer
	2009
	18[S]

	N America
	Canada
	Toronto
	06-08
	Outbreaks
	43
	-5
	-3
	8.1
	Y
	11.1
	3.2
	40458
	247

	Hansman
	2004
	
 ADDIN EN.CITE 
[S19]

	Asia
	Vietnam
	Ho Chi Minh
	99-00
	Cases
	10
	27
	1
	34.3
	N
	17.8
	245.5
	3355
	1368

	Huh
	2009
	
 ADDIN EN.CITE 
[S20]

	Asia
	S Korea
	Gyeonggi province
	Avg (01-05)
	Cases
	37
	-1
	-12
	34.8
	NA
	11.3
	468.4
	31754
	367

	Hulth
	2010
	21[S]

	Europe
	Sweden
	NA
	05-09
	Cases
	59
	-3
	-5
	7.2
	N
	11
	20
	40614
	22895

	Iritani
	2002
	
 ADDIN EN.CITE 
[S22]

	Asia
	Japan
	Osaka City
	97-00
	Outbreaks
	34
	6
	7
	20.1
	N
	9
	333.6
	34362
	62

	Iritani
	2003
	
 ADDIN EN.CITE 
[S23]

	Asia
	Japan
	Osaka City
	97-00
	Cases
	34
	6
	7
	20.1
	N
	9
	333.6
	34362
	93

	Iritani
	2010
	
 ADDIN EN.CITE 
[S24]

	Asia
	Japan
	Osaka City
	06-07
	Outbreaks
	34
	6
	7
	20.1
	Y
	9
	333.6
	34362
	144

	Johansen
	2008
	
 ADDIN EN.CITE 
[S25]

	Europe
	Sweden
	NA
	97-06
	Cases
	59
	-3
	-5
	7.2
	N
	11
	20
	40614
	4081

	Kelly
	2008
	
 ADDIN EN.CITE 
[S26]

	Europe
	Ireland
	NA
	04-05
	Outbreaks
	53
	6
	3
	7.6
	N
	15.4
	57.2
	39508
	263

	Kirk
	2010
	
 ADDIN EN.CITE 
[S27]

	Australia
	Australia
	Long-term care facilities
	02-08
	Outbreaks
	-33
	12
	2
	13.2
	Y
	13.3
	2.6
	40836
	1147

	Lee
	2008
	
 ADDIN EN.CITE 
[S28]

	N America
	Canada
	Alberta
	03-04 cases, 03-04 outbreaks
	Cases, Outbreaks
	51
	-7
	-2
	8.1
	N
	11.1
	3.2
	40458
	141 cases, 78 outbreaks

	Lindell
	2005
	
 ADDIN EN.CITE 
[S29]

	Europe
	Sweden
	mostly Stockholm
	01-03
	Cases
	59
	-3
	-5
	7.2
	N
	11
	20
	40614
	878

	Lopman
	2004
	
 ADDIN EN.CITE 
[S30]

	Europe
	Denmark
	NA
	98-03
	Cases
	55
	1
	33
	7.4
	N
	12.1
	125.1
	37742
	1896

	Lopman
	2004
	
 ADDIN EN.CITE 
[S30]

	Europe
	Finland
	NA
	98-03
	Cases
	60
	-5
	-3
	7.4
	N
	11.2
	15.4
	36723
	1629

	Lopman
	2004
	
 ADDIN EN.CITE 
[S30]

	Europe
	Germany
	NA
	99-02
	Outbreaks
	52
	0
	-33
	6.9
	N
	8.9
	230.9
	37936
	376

	Lopman
	2004
	
 ADDIN EN.CITE 
[S30]

	Europe
	Hungary
	NA
	99-03
	Outbreaks
	47
	1
	-37
	6.3
	N
	9.7
	109
	19647
	184

	Lopman
	2004
	
 ADDIN EN.CITE 
[S30]

	Europe
	Netherlands
	NA
	97-03
	Outbreaks
	52
	4
	6
	10.4
	N
	12.1
	388
	42331
	270

	Lopman
	2004
	
 ADDIN EN.CITE 
[S30]

	Europe
	Slovenia
	NA
	00-03
	Cases, Outbreaks
	46
	0
	-18
	15.4
	N
	9.3
	98.6
	29179
	808

	Lopman
	2004
	
 ADDIN EN.CITE 
[S30]

	Europe
	Spain
	NA
	99-03
	Outbreaks
	40
	6
	4
	6.4
	N
	10.2
	83.5
	30622
	245

	Lopman
	2004
	
 ADDIN EN.CITE 
[S30]

	Europe
	Sweden
	NA
	97-02cases, 01-02 outbreaks
	Cases,

Outbreaks
	59
	-3
	-5
	7.2
	Y
	11
	20
	40614
	3213 cases, 1192 outbreaks

	Marshall
	2003
	
 ADDIN EN.CITE 
[S31]

	Australia
	Australia
	Melbourne
	98-99
	Cases
	-37
	10
	2
	6
	N
	13.3
	2.6
	40836
	79

	Marshall
	2005
	
 ADDIN EN.CITE 
[S32]

	Australia
	Australia
	Victoria
	00-01
	Outbreaks
	-37
	10
	2
	6
	N
	13.3
	2.6
	40836
	30

	Maunula
	2005
	
 ADDIN EN.CITE 
[S33]

	Europe
	Finland
	Helsinki
	98-03
	Outbreaks
	60
	-5
	-3
	7.4
	N
	11.2
	15.4
	36723
	252

	Medici
	2004
	
 ADDIN EN.CITE 
[S34]

	Europe
	Italy
	Parma
	00-03
	Cases
	44
	1
	46
	9.7
	N
	9.3
	193
	30166
	63

	Napiow…
	2010
	35[S]

	Europe
	Poland
	NA
	Avg (04-08)
	Cases, Outbreaks
	52
	-1
	-11
	7.6
	NA
	10.1
	118.3
	20137
	2724 cases, 130 outbreaks

	Nataraju
	2011
	
 ADDIN EN.CITE 
[S36]

	Asia
	India
	Kolkata
	08-09
	Cases
	22
	21
	2
	33.3
	N
	25
	336.2
	3703
	78

	Nguyen
	2007
	
 ADDIN EN.CITE 
[S37]

	Asia
	Vietnam
	Ho Chi Minh
	02-03
	Cases
	10
	27
	1
	34.3
	N
	17.8
	245.5
	3355
	1402

	Nguyen
	2008
	
 ADDIN EN.CITE 
[S38]

	Asia
	Vietnam
	Ho Chi Minh
	05-06
	Cases
	10
	27
	1
	34.3
	Y
	17.8
	245.5
	3355
	32

	Onishi
	2008
	39[S]

	Asia
	Japan
	Soma
	02-03
	Cases
	36
	5
	6
	18
	Y
	9
	333.6
	34362
	105

	Papaventsis
	2007
	40[S]

	Africa
	Madagascar
	Antananarivo
	04-05
	Cases
	-18
	16
	1
	29
	N
	39.3
	28.8
	943
	14

	Park
	2010
	41[S]

	Asia
	S Korea
	5 hosp in 3 areas (Seoul, Gyenogsi-do state, Gwangwon-do state)
	07-09
	Cases
	37
	-1
	-12
	34.8
	N
	11.3
	468.4
	31754
	1169

	Puustinen
	2011
	42[S]

	Europe
	Finland
	NA
	98-04
	Cases
	60
	-5
	-3
	7.4
	N
	11.2
	15.4
	36723
	765

	Reuter
	2008
	43[S]

	Europe
	Hungary
	NA
	01-07
	Outbreaks
	47
	1
	-37
	6.3
	N
	9.7
	109
	19647
	301

	Sakon
	2007
	44[S]

	Asia
	Japan
	Osaka City
	05-07
	Outbreaks
	34
	6
	7
	20.1
	N
	9
	333.6
	34362
	525

	Siebenga
	2007
	45[S]

	Europe
	Netherlands
	NA
	97-06
	Outbreaks
	34
	6
	7
	20.1
	N
	12.1
	388
	42331
	605

	Sumi
	2005
	
 ADDIN EN.CITE 
[S46]

	Asia
	Japan
	NA
	01-04
	Cases
	34
	6
	7
	20.1
	N
	9
	333.6
	34362
	3413

	Terletskaia-Ladwig
	2011
	47[S]

	Europe
	Germany
	Baden-Württemberg, 
	02-09
	Cases
	52
	0
	-33
	6.9
	Y
	8.9
	230.9
	37936
	682562

	Tu
	2007
	48[S]

	Australia
	Australia
	New South Wales
	04-07
	Outbreaks
	-33
	12
	2
	13
	Y
	13.3
	2.6
	40836
	734

	UK Data

	2003/

2009
	49[S]
,50[S]

	Europe
	England/ Wales
	NA
	97-09 cases, 97-09 outbreaks
	Cases,

Outbreaks
	51
	4
	4
	7.9
	N
	12
	246
	35974
	47109 cases, 4148 outbreaks

	Vainio
	2006
	2[S]

	Europe
	Norway
	NA
	01-06
	Outbreaks
	59
	-3
	-5
	9
	N
	12.8
	11.9
	53376
	197

	vanAsten
	2011
	51[S]

	Europe
	Netherlands
	NA
	99-07
	Outbreaks
	52
	4
	6
	10.4
	N
	12.1
	388
	42331
	746

	Verhoef
	2008
	
 ADDIN EN.CITE 
[S52]

	Europe
	NA
	NA
	02-07
	Outbreaks
	NA
	NA
	NA
	NA
	Y
	NA
	NA
	NA
	29

	Victoria
	2007
	53[S]

	S America
	Brazil
	Rio de Janeiro
	03-04
	Cases
	-22
	23
	1
	13.7
	N
	19.2
	21.3
	11846
	65

	Widdowson
	2004
	
 ADDIN EN.CITE 
[S54]

	N America
	USA
	cruiseships
	01-02
	Outbreaks
	NA
	NA
	NA
	NA
	Y
	14.1
	30.2
	48147
	44

	Wilhelm
	2010
	
 ADDIN EN.CITE 
[S55]

	N America
	USA
	Charleston
	06-07
	Cases
	38
	2
	22
	13.2
	N
	14.1
	30.2
	48147
	979

	Yoon
	2008
	
 ADDIN EN.CITE 
[S56]

	Asia
	S Korea
	NA
	05-06
	Cases
	37
	-1
	-12
	34.8
	Y
	11.3
	468.4
	31754
	114


CALCULATIONS

Season strength is defined as peak to mean normalized monthly cases/outbreaks. We normalized monthly count data as the proportion of cases or outbreaks that occur in a given month such that the sum for the entire study period of that article equals 1.  Normalized case/outbreak counts serves as an indicator of norovirus activity in a given month and may vary across years to account for annual variation within a given study. We used the following equation to normalize monthly counts of cases/outbreaks (P), accounting for the duration of the study:
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were Pym is the normalized monthly counts in year y and month m, where Cym is the number of cases/outbreaks in year-month ym and N is the total number of months in the study. 

Overall seasonality: We normalized the proportion of cases or outbreaks occurring in a given calendar month ([image: image3.emf]) for multi-year studies as follows:
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Averages of normalized data were calculated, rather than normalizing averages, because not all studies had multiple years of data.  This statistic allowed us to compare the norovirus seasonality in a typical year for each study location. 

Long-term seasonal patterns: In order to compare the seasonality of norovirus across different years, we calculated a weighted normalized summation of cases or outbreaks, calculated as follows: 
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Here PWm presents a single value for each month in the study period based on the normalized monthly counts for all studies x weighted on the relative size of each study. 
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