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Characterizing Norovirus Transmission from
Outbreak Data, United States

Appendix

Estimating Basic and Effective Reproduction Numbers

We calculated basic reproduction (Ro), effective reproduction (Re), and the associated
standard errors (SE) for each outbreak. We used equations proposed by Becker (1) that use the

final epidemic size

S
N -1 1 CR?
SE(R0) = — Z ZT -1
i=S—-C+1

where N is the total population size, C is the total number of cases in the outbreak, and S is the
number of susceptible persons at the start of the outbreak. Re is calculated by replacing N with S
in the first equation above. SE(Re) is calculated by replacing N with S and Ro with Re in the
second equation shown above. The final size method assumes a susceptible-infected-recovered

type infection with a closed, homogenously mixing population (1).

Genogroup and genotype analysis

Among the outbreaks for which we calculated Ro and Re only 1,571 outbreaks (22%) had
data on norovirus genotype. We fit a linear regression model to the log transformed estimate of
Ro to assess whether the following genogroup and genotypes were associated transmissibility:
genogroup I (GI), genogroup 11 genotype 4 (GI11.4) and genogroup Il non-genotype 4 (Gll.non4).
We found that Ro varied little for outbreaks of GI (Ro = 3.50 [95% CI 3.32, 3.68]), Gll.4
(Ro =3.46 [95% CI 3.38, 3.55]) and Gll.non4 (Ro = 3.26 [95% CI 3.11, 3.41]).

In addition to the univariate regression analysis of genogroup and genotype, we also fit a

linear regression model to the log transformed estimate of Ro with predictor variables for
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genotype and year to assess whether Gl1.4 noroviruses had different effects on transmissibility at
the time when new strains emerged (i.e., GI1.4 New Orleans in the 2009/2010 season and Gl1.4
Sydney in the 2012/2013 season). There was not sufficient evidence to suggest that Ro differed
for outbreaks of Gll.4 during the norovirus seasons when Gl1.4 New Orleans (Ro = 4.00 [95% CI
3.53, 4.54]) or Gl1.4 Sydney (Ro = 3.38 [95% CI 3.24, 3.53]) relative to Gll.4 outbreaks reported
in seasons when no new strains emerged (Ro = 3.38 [95% CI 3.19, 3.58]). (Appendix Table 4)

Alternative Models

We assessed two alternative approaches for modeling norovirus transmission: a logistic
regression to model a binary transmission outcome (i.e., high versus low transmission) and a
negative binomial regression to model the final size of outbreaks, adjusting for exposed
population size (i.e., modeling attack rates). For our logistic regression, we used the first and
third tertiles of estimated values of Ro and Re, assuming the percent susceptible was 47%, to
determine the cutoffs for our outcome of interest: low versus high transmission. We excluded
outbreaks with transmission values within the second tertile and focus our logistic regression
comparison between the lowest and highest tertiles of transmission. The third tertile of Ro and Re

values were 3.23 and 1.52, respectively.

The trends of transmissibility across our variables of interest (outbreak setting, census
region, season, year, whether norovirus was suspected or confirmed and norovirus genotype)
from our main regression analysis of a continuous transmission outcome were consistent across
the logistic regressions of high Ro (R0>3.23) and Re (Re>1.52) and linear regression of Re values.
(Appendix Table 5) The trends of transmissibility were consistent for most of our variables of
interest in the negative binomial model of final outbreak sizes; however, private homes or
residences and restaurants had a much more pronounced effect on the attack rate of outbreaks,
relative to long-term care and assisted living facilities (RR = 2.35 (95% CI 1.85, 3.01) and
RR = 1.67 (95% CI 1.40, 2.01), respectively). As the exposed population size is difficult to
quantify, and thus may not be reported reliably, we analyzed the subset of outbreaks that
occurred within long-term care and assisted living facilities with our regression models. The
patterns found among the variables for outbreak status, census region, season and year were

consistent with what was found analyzing the full dataset. (Appendix Table 6)
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Percent Susceptible

We tested the sensitivity of our results to the assumption of the percent susceptible start
of an outbreak by running all the regression models assuming the percent susceptible at the start
was 27% and 80%, which represent the minimum and maximum estimates of the percent
susceptible to AGE from published challenge studies, respectively (Appendix Table 2). By
adjusting our assumption of the percent susceptible at the start of the outbreak to 27% and 80%,
the median Ro was 6.04 (IQR 4.53, 9.38) and 1.43 (IQR 1.33, 1.61), respectively, while the
median Re was 1.82 (IQR 1.24, 3.83) and 1.14 (IQR 1.07, 1.29), respectively. Assuming the
proportion susceptible was 27% we found that outbreaks in long-term care and assisted living
facilities were more likely to have Ro >8.05 and Re>3.24 relative to all other settings. (Appendix
Table 5, Appendix Table 6, Appendix Figure 2) When the percent susceptible was 80% we
found that outbreaks in long-term care and assisted living facilities had increased odds of having
Ro >1.54 and Re>1.23 compared to hospitals/other healthcare facilities,
schools/colleges/universities, and other settings. Outbreaks in private homes or residences and
restaurants had higher odds of having Ro >1.54 and Re>1.23 relative to long-term care and
assisted living facilities, however the confidence intervals are wide due to small sample sizes.
(Appendix Table7, Appendix Table 8, Appendix Figure 2) Trends in the variables for census
region, season, year, and whether norovirus was suspected or confirmed for the models assuming
27% and 80% susceptibility were consistent with the models assuming 47% susceptibility.
(Table 2, Appendix Table 7, Appendix Table 8)

Appendix Table 1. Descriptive characteristics of norovirus outbreaks that met our inclusion criteria and those outbreaks that were
excluded from this analysis

Characteristics No. (%) Median attack rate (IQR)* Median final size (IQR)
All Outbreaks 10,728 (60) 22 (10-44) 20 (10-39)
Major setting
Child day care 168 (2) 21 (16-36) 16 (10-26)
Hospital/healthcare facility 316 (3) 24 (9-54) 16 (8-28)
Long-term care/assisted living facility 3,596 (34) 21 (10-42) 25 (14-43)
Other 493 (5) 24 (11-42) 19 (9-40)
Private home/residence 81 (1) 61 (40-95) 8 (5-13)
Restaurant 259 (2) 41 (17-68) 8 (4-13)
School/college/university 562 (5) 12 (6-26) 30 (13-69)
Missing 5,253 (49) 30 (14-43) 18 (8-36)
Season
Winter 5,597 (49) 22 (10-4) 23 (11-44)
Fall 1,390 (13) 20 (10-40) 18 (8-35)
Spring 3,137 (30) 21 (10-43) 19 (9-36)
Summer 868 (8) 23 (10-41) 14 (7-26)
Outbreak Status
Confirmed 4,875 (55) 22 (11-42) 23 (11-42)
Suspected 5,853 (45) 21 (9-44) 18 (9-36)
Census region
Northeast 2,667 (25) 11 (6-24) 24 (12-47)
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Characteristics No. (%) Median attack rate (IQR)* Median final size (IQR)
Midwest 3,964 (37) 33 (17-62) 19 (9-36)
South 1,863 (17) 21 (10-40) 22 (10-45)
West 2,207 (21) 25 (13-41) 17 (8-32)
Multistate 16 (0.1) 30 (10-39) 14 (8-54)
Puerto Rico 11 (0.1) 12 (7-24) 18 (8-30)

Year
2009 Jan—Junt 630 (6) 32 (20-55) 25 (13-46)
2009 Jul-2010 Jun 914 (9) 22 (10-41) 22 (10-39)
2010 Jul-2011 Jun 1,079 (10) 29 (14-46) 25 (13-48)
2011 Jul-2012 Jun 1,107 (10) 15 (6-35) 22 (10-47)
2012 Jul-2013 Jun 1,405 (13) 23 (9-51) 22 (10-40)
2013 Jul-2014 Jun 1,240 (12) 21 (9-43) 20 (9-39)
2014 Jul-2015 Jun 1,224 (11) 25 (13-46) 20 (9-38)
2015 Jul-Jun 2016 1,279 (12) 17 (9-38) 17 (8-32)
2016 Jul-2017 Jun 1,397 (13) 21 (10-37) 18 (9-34)
2017 Jul-Dect 456 (40) 21 (10-41) 16 (8-31)

Genogroup and genotype
Gll.4 1,550 (14) 27 (13-48) 23 (11-38)
Gll.non4 774 (7) 23 (11-44) 19 (9-34)
Gl 436 (4) 26 (15-53) 21 (10-40)
Missing 7,968 (74) 20 (9-41) 20 (10-10)

*The medians and IQRs for attack rates were calculated for the subset of outbreaks where both the exposed population size and total estimated
primary cases were reported. Among the 10,728 outbreaks excluded from our primary analysis, 8,903 outbreaks were missing data for the exposed

population size.

TTwo partial norovirus years included in this analysis. NORS was established in January 2009, thus the first year of this analysis is January—June
2009. At the time of analysis, we received data through December 2017, thus the final year of this analysis is July—Dec 2017.

Appendix Table 2. Data from published norovirus challenge studies on the number of participants challenged with norovirus and
the number of challenged participants who subsequently developed acute gastroenteritis*

Acute gastroenteritis

Study (reference) Secretor-negative screening No. challenged No. Proportion
Dolin 1972 (2) Secretors not screened 12 9 0.75
Wyatt 1974 (3) Secretors not screened 23 16 0.70
Parrino 1977 (4) Secretors not screened 12 6 0.50
Treanor 1988 (5) Secretors not screened 10 8 0.80
Johnson 1990 (6) Secretors not screened 42 25 0.60
Graham 1994 (7) Secretors not screened 50 34 0.68
Lindesmith 2003 (8) Secretor-negatives included 77 21 0.27
Lindesmith 2005 (9) Secretor-negatives included 15 7 0.47
Atmar 2008 (10) Secretor-negatives excluded 21 11 0.52
Leon 2011 (11) Secretor-negatives excluded 15 5 0.33
Atmar 2011 (12) Secretor-negatives excluded 41 29 0.71
Seitz 2011 (13) Secretor-negatives excluded 13 10 0.77
Frenck 2012 (14) Secretor-negatives included 40 12 0.30
Bernstein 2015 (15) Secretor-negatives excluded 98 29 0.30
Overall 469 222 0.47t

*We assume that the average proportion that develop AGE across all studies, weighted by total number of participants in each study, is the
proportion that are susceptible to norovirus in our calculations of Ro and Re.
tAverage proportion susceptible weighted by number of participants.

Appendix Table 3. Estimated log linear change in Ry (95% CI) from the estimated R, for the intercept for each model in a forward
selection process for a linear regression model of log transformed R, values*

Model variable

Model 1

Model 2

Model 3

Model 4

Model 5

Intercept
Child day care

Hospital or healthcare facility

Other

Private home or residence

Restaurant

School, college, or university
Suspected outbreak

Region 1
Region 2
Region 4
Fall
Spring
Summer

3.22 (3.19-3.25)
0.95 (0.91-0.99)
0.94 (0.90-0.98)
0.96 (0.92-1.00)
1.00 (0.84-1.19)
1.02 (0.93-1.12)
0.84 (0.82-0.87)

3.44 (3.39-3.49)
0.99 (0.95-1.03)
0.93 (0.89-0.97)
0.96 (0.93-1.00)
0.99 (0.83-1.18)
1.01 (0.92-1.11)
0.88 (0.86-0.90)
0.88 (0.87-0.90)

3.57 (3.50-3.64)
0.98 (0.94-1.02)
0.94 (0.90-0.98)
0.95 (0.91-0.99)
0.98 (0.81-1.17)
1.00 (0.91-1.09)
0.86 (0.84-0.88)
0.88 (0.87-0.90)
0.89 (0.87-0.91)
0.99 (0.97-1.02)
0.96 (0.93-0.99)
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3.61 (3.53-3.68)
0.98 (0.94-1.02)
0.94 (0.90-0.98)
0.97 (0.93-1.01)
0.99 (0.82-1.19)
1.00 (0.91-1.10)
0.86 (0.84-0.88)
0.89 (0.87-0.90)
0.89 (0.87-0.91)
0.99 (0.97-1.02)
0.96 (0.93-0.99)
1.00 (0.97-1.03)
0.97 (0.95-0.99)
0.92 (0.88-0.95)

3.35 (3.26-3.45)
0.99 (0.95-1.03)
0.93 (0.90-0.97)
0.97 (0.93-1.01)
0.99 (0.82-1.19)
1.01 (0.91-1.11)
0.87 (0.85-0.89)
0.90 (0.88-0.92)
0.89 (0.87-0.91)
1.00 (0.97-1.02)
0.98 (0.95-1.01)
1.00 (0.98-1.03)
0.98 (0.96-1.00)
0.93 (0.89-0.96)



Model variable Model 1 Model 2 Model 3 Model 4 Model 5
Jan 2009-Jun 2009 - - - - 1.16 (1.10-1.23)
Jul 2009-Jun 2010 - - - - 1.17 (1.11-1.23)
Jul 2010-Jun 2011 - - - - 1.16 (1.12-1.21)
Jul 2011-Jun 2012 - - - - 1.12 (1.08-1.16)
Jul 2012—-Jun 2013 - - - - 1.04 (1.01-1.07)
Jul 2013-Jun 2014 - - - - 1.02 (0.99-1.06)
Jul 2014—-Jun 2015 - - - - 1.05 (1.02-1.08)
Jul 2015-Jun 2016 - - - - 1.02 (0.99-1.05)
Jul 2017-Dec 2017 - - - - 1.04 (1.00-1.09)
Fitting Metrics

Akaike information criterion 6,237 6,049 5,935 5,920 5,803
Bayes information criterion 6,291 6,111 6,017 6,023 5,968

*The Akaike information criterion, Bayes information criterion, and adjusted R? are presented for each model.

Appendix Table 4. Estimated log-linear change in R, from the intercept for linear regression of log transformed R, by genotype and

year
Characteristics Estimated log-linear change in Ry (95% CI)
Intercept 3.38 (3.19-3.58)
Genogroup or genotype
Gll.4 Referent
Gl 1.01 (0.95-1.07)
Gll.non4 0.94 (0.89-0.99)
Year

Jan 2009-Jun 2009
Jul 2009—-Jun 2010
Jul 2010-Jun 2011
Jul 2011_Jun 2012
Jul 2012—Jun 2013
Jul 2013-Jun 2014
Jul 2014—-Jun 2015
Jul 2015-Jun 2016
Jul 2016—Jun 2017
Jul 2017-Dec 2017

0.98 (0.76-1.25)
1.18 (1.03-1.35)
1.11 (1.01-1.21)
1.00 (0.93-1.08)
1.00 (0.93-1.07)
1.02 (0.95-1.10)
1.02 (0.95-1.10)
0.98 (0.91-1.06)
Referent
1.14 (1.01-1.28)

Appendix Table 5. Risk ratios of attack rates, estimated log-linear change in R and R, relative to the intercept from linear
regression of the log transformed reproduction numbers and odds ratios of an outbreak with high transmission from logistic
regression*

RR of attack rates OR of Rg>3.23 (95%
(95% CI) Cl)

Estimated log-linear
change in Re (95% CI)

OR of Rg>1.52

Characteristics (95% Cht

Intercept
Major setting
Long-term care, assisted living
facility
Child day care
Hospital or healthcare facility
Other
Private home or residence
Restaurant
School, college, or university
Season
Winter
Fall
Spring
Summer
Outbreak Status
Confirmed outbreak
Suspected outbreak
Census region
South
Northeast
Midwest
West
Year
Jan 2009-Jun 2009
Jul 2009—Jun 2010
Jul 2010-Jun 2011
Jul 2011—-Jun 2012

0.27 (0.26-0.29)
Referent

1.08 (0.98-1.19)
0.94 (0.86-1.03)
0.98 (0.90-1.06)
2.35 (1.85-3.01)
1.67 (1.40-2.01)
0.67 (0.63-0.71)

Referent
0.99 (0.94-1.05)
0.97 (0.93-1.01)
0.86 (0.79-0.95)

Referent
0.82 (0.79-0.85)

Referent
0.77 (0.74-0.81)
1.07 (1.02-1.11)
0.99 (0.93-1.05)

1.34 (1.21-1.48)
1.37 (1.25-1.52)
1.34 (1.25-1.45)
1.24 (1.15-1.33)

1.75 (1.41-2.18)
Referent

1.03 (0.74-1.42)
0.62 (0.45-0.85)
0.73 (0.55-0.96)
1.80 (0.88-3.87)
1.41 (0.78-2.62)
0.29 (0.23-0.36)

Referent
1.00 (0.81-1.23)
0.90 (0.78-1.04)
0.65 (0.47-0.88)

Referent
0.43 (0.37-0.49)

Referent
0.44 (0.37-0.52)
1.02 (0.87-1.20)
0.95 (0.76-1.19)

2.49 (1.73-3.62)
2.59 (1.82-3.73)
2.64 (2.01-3.49)
2.12 (1.63-2.77)
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1.63 (1.58-1.68)
Referent

1.00 (0.95-1.05)
0.94 (0.89-0.98)
0.98 (0.93-1.02)
1.31 (1.14-1.51)
1.10 (0.99-1.22)
0.86 (0.83-0.88)

Referent
1.01 (0.97-1.04)
0.98 (0.95-1.00)
0.92 (0.88-0.96)

Referent
0.89 (0.87-0.91)

Referent
0.88 (0.85-0.90)
1.00 (0.98-1.03)
0.97 (0.93-1.00)

1.20 (1.12-1.28)
1.22 (1.15-1.30)
1.20 (1.14-1.25)
1.14 (1.09-1.19)

1.72 (1.39-2.13)
Referent

1.11 (0.80-1.53)
0.65 (0.48-0.89)
0.74 (0.56-0.98)
8.47 (3.22-29.27)
1.96 (1.09-3.67)
0.30 (0.24-0.38)

Referent
0.97 (0.79-1.19)
0.89 (0.77-1.04)
0.62 (0.45-0.85)

Referent
0.42 (0.37-0.47)

Referent
0.45 (0.38-0.53)
1.03 (0.88-1.20)
0.94 (0.75-1.17)

2.50 (1.73-3.63)
2.55 (1.79-3.65)
2.58 (1.97-3.39)
2.16 (1.66-2.81)



Characteristics

RR of attack rates

(95% CI)

OR of Rp>3.23 (95%

cl

Estimated log-linear
change in Re (95% CI)

OR of Re>1.52
(95% CI)t

Jul 2012—-Jun 2013
Jul 2013-Jun 2014
Jul 2014—-Jun 2015
Jul 2015-Jun 2016
Jul 2016—Jun 2017
Jul 2017-Dec 2017

1.08 (1.01-1.15)
1.04 (0.97-1.11)
1.08 (1.01-1.15)
1.05 (0.98-1.12)
Referent
1.05 (0.96-1.14)

1.26 (0.99-1.59)
1.19 (0.93-1.52)
1.33 (1.05-1.68)
1.14 (0.91-1.44)
Referent
1.40 (1.03-1.90)

1.05 (1.01-1.09)
1.04 (1.00-1.07)
1.06 (1.02-1.10)
1.03 (1.00-1.07)
Referent
1.04 (0.99-1.09)

1.29 (1.02-1.63)
1.18 (0.93-1.51)
1.32 (1.04-1.66)
1.15 (0.91-1.44)
Referent
1.33 (0.98-1.80)

*Assuming the percent susceptible at the start of an outbreak is 47%.
TLogistic regression compares outbreaks with transmission in the third tertile (Re>1.52) to outbreaks in the first tertile (Re<1.17) and does not include
Re values in second tertile. Linear and negative binomial regressions use full dataset.

Appendix Table 6. Estimated log-linear change in basic and effective reproduction numbers relative to the intercept from linear

regression*

RR of attack rates

Characteristics

(95% Cl)

Basic reproduction number

Effective reproduction number

Estimated log-linear

change (95% CI)

OR of Rp>3.23
(95% CI)t

Estimated log-linear

change (95% CI)

OR of Re>1.52
(95% CI)t

Intercept

Season
Winter
Fall
Spring
Summer

Outbreak Status
Confirmed outbreak
Suspected outbreak

Census Region
South
Northeast
Midwest
West

Year
Jan 2009-Jun 2009
Jul 2009—-Jun 2010
Jul 2010-Jun 2011
Jul 2011-Jun 2012
Jul 2012—Jun 2013
Jul 2013-Jun 2014
Jul 2014—-Jun 2015
Jul 2015-Jun 2016
Jul 2016—Jun 2017
Jul 2017-Dec 2017

0.28 (0.26-0.30)

Referent
0.99 (0.92-1.06)
0.96 (0.92-1.00)
0.83 (0.73-0.93)

Referent
0.81 (0.78-0.84)

Referent
0.69 (0.66-0.73)
1.00 (0.95-1.05)
0.96 (0.90-1.03)

1.47 (1.32-1.63)
1.46 (1.31-1.63)
1.43 (1.32-1.55)
1.28 (1.19-1.38)
1.10 (1.03-1.18)
1.08 (1.01-1.17)
1.16 (1.08-1.24)
1.08 (1.01-1.16)
Referent
1.09 (0.99-1.20)

3.39(3.28-3.51)

Referent
1.00 (0.96-1.03)
0.97 (0.95-1.00)
0.90 (0.86-0.95)

Referent
0.89 (0.87-0.91)

Referent
0.86 (0.84-0.88)
0.98 (0.95-1.00)
0.96 (0.93-1.00)

1.20 (1.13-1.28)
1.21 (1.14-1.29)
1.20 (1.15-1.25)
1.14 (1.10-1.19)
1.05 (1.02-1.09)
1.04 (1.00-1.08)
1.07 (1.04-1.11)
1.02 (0.99, 1.06)
Referent
1.06 (1.01-1.12)

2.01 (1.56—2.60)

Referent
0.92 (0.71-1.20)
0.87 (0.73-1.03)
0.55 (0.36-0.85)

Referent
0.39 (0.34-0.45)

Referent
0.31 (0.25-0.37)
0.83 (0.69-0.99)
0.89 (0.67-1.18)

3.39 (2.22-5.23)
3.04 (1.98-4.74)
3.27 (2.39-4.50)
2.39 (1.76-3.25)
1.35(1.03-1.78)
1.29 (0.97-1.74)
1.59 (1.21-2.08)
1.19 (0.9-1.58)
Referent
1.56 (1.08-2.27)

1.63 (1.57-1.7)

Referent
1.00 (0.95-1.04)
0.97 (0.94-1.00)
0.90 (0.85-0.95)

Referent
0.89 (0.86-0.91)

Referent
0.84 (0.82-0.86)
0.99 (0.96-1.02)
0.96 (0.92-1.00)

1.26 (1.17-1.35)
1.28 (1.19-1.38)
1.25(1.19-1.32)
1.17 (1.12-1.23)
1.07 (1.03-1.11)
1.05 (1.01-1.10)
1.09 (1.05-1.14)
1.05 (1.00-1.09)
Referent
1.06 (1.00-1.13)

2.00 (1.55-2.57)

Referent
0.90 (0.69-1.16)
0.87 (0.73-1.03)
0.54 (0.35-0.84)

Referent
0.39 (0.34-0.45)

Referent
0.31 (0.26-0.38)
0.81 (0.67-0.97)
0.89 (0.67-1.17)

3.41 (2.24-5.25)
2.92 (1.91-4.51)
3.13 (2.30-4.29)
2.35 (1.74-3.19)
1.35(1.03-1.78)
1.28 (0.95-1.71)
1.56 (1.19-2.04)
1.19 (0.90-1.57)
Referent
1.50 (1.04-2.16)

*Odds ratios of outbreaks with Ro>3.23 and Re>1.52, final size adjusting for exposed population size among long-term care or assisted care facilities,
assuming 47% susceptible at the start of the outbreak. Ro, basic reproduction number; Re, estimated reproduction number.
tLogistic regression compares outbreaks with transmission in the third tertile (Ro>3.23, Re>1.52) to outbreaks in the first tertile (Ro<2.48, Re<1.17),

and does not include Re values in second tertile. Linear and negative binomial regressions use full dataset.

Appendix Table 7. Estimated log-linear change in basic reproductive number (R,) from linear regression and odds ratios of
outbreaks with high Ry assuming 27% and 80% susceptible at the start of the outbreak*

27% Susceptible

80% Susceptible

Estimated log-linear

OR of Rp>8.05

Estimated log-linear

Characteristics

change in Ry (95% CI)

(95% CIyt

change in Ry (95% CI)

OR of Rp>1.54
(95% CI)t

Intercept
Major Setting
Long-term care or assisted living facility
Child day care
Hospital or healthcare facility
Other
Private home or residence
Restaurant
School, college, or university
Season
Winter
Fall
Spring
Summer
Outbreak Status
Confirmed outbreak

7.42 (7.18-7.68)

Referent
0.92 (0.88-0.97)
0.85 (0.81-0.89)
0.91 (0.87-0.95)
0.53 (0.43-0.65)
0.69 (0.61-0.77)
0.85 (0.82-0.88)

Referent
0.97 (0.94-1.01)
0.97 (0.94-0.99)
0.90 (0.86-0.95)

Referent

2.05 (1.66-2.54)

Referent
0.64 (0.45-0.89)
0.46 (0.33-0.64)
0.54 (0.40-0.72)
0.02 (0.00-0.12)
0.17 (0.09-0.33)
0.32 (0.25-0.39)

Referent
0.91 (0.74-1.12)
0.80 (0.69-0.93)
0.54 (0.39-0.75)

Referent
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1.57 (1.54-1.60)

Referent
1.02 (0.99-1.05)
0.99 (0.96-1.02)
0.99 (0.96-1.02)
1.17 (1.05-1.31)
1.08 (1.01-1.16)
0.93 (0.91-0.94)

Referent
1.00 (0.98-1.01)
0.99 (0.98-1.00)
0.97 (0.94-1.00)

Referent

1.78 (1.43-2.22)

Referent
1.11 (0.80-1.55)
0.66 (0.48-0.91)
0.77 (0.58-1.01)
5.17 (2.22-14.21)
1.78 (0.99-3.31)
0.30 (0.24-0.38)

Referent
0.94 (0.77-1.16)
0.88 (0.76-1.02)
0.62 (0.45-0.85)

Referent



27% Susceptible 80% Susceptible

Estimated log-linear OR of Rp>8.05
change in Ry (95% CI) (95% Cht

Estimated log-linear OR of R>1.54

Characteristics change in Ry (95% CI) (95% Cht

Probable outbreak
Census Region
South
Northeast
Midwest
West
Year
Jan 2009-Jun 2009
Jul 2009-Jun 2010
Jul 2010-Jun 2011
Jul 2011—-Jun 2012
Jul 2012—-Jun 2013
Jul 2013-Jun 2014
Jul 2014—-Jun 2015
Jul 2015-Jun 2016
Jul 2016—Jun 2017
Jul 2017-Dec 2017

0.87 (0.85-0.89)

Referent
0.93 (0.91-0.96)
0.99 (0.97-1.02)
1.03 (0.99-1.06)

1.12 (1.06-1.20)
1.11 (1.05-1.18)
1.11 (1.07-1.16)
1.13 (1.08-1.18)
1.02 (0.99-1.06)
1.01 (0.98-1.05)
1.03 (0.99-1.07)
1.00 (0.96-1.03)
Referent
1.04 (0.99-1.09)

0.45 (0.40-0.51)

Referent
0.55 (0.47-0.65)
0.93 (0.80-1.09)
1.10 (0.88-1.37)

2.05 (1.42-3.00)
1.86 (1.30-2.67)
1.95 (1.49-2.57)
2.09 (1.62-2.72)
1.13 (0.90-1.41)
1.12 (0.88-1.42)
1.26 (1.00-1.59)
1.01 (0.80-1.26)
Referent
1.22 (0.91-1.65)

0.95 (0.94-0.96)

Referent
0.93 (0.92-0.95)
1.01 (1.00-1.03)
0.98 (0.96-1.00)

1.10 (1.06-1.14)
1.12 (1.08-1.16)
1.09 (1.06-1.12)
1.06 (1.04-1.08)
1.02 (1.00-1.04)
1.02 (1.00-1.04)
1.03 (1.01-1.05)
1.03 (1.01-1.05)
Referent
1.01 (0.99-1.03)

0.42 (0.37-0.48)

Referent
0.44 (0.37-0.52)
1.03 (0.88-1.21)
0.95 (0.76-1.19)

2.62 (1.80-3.83)
2.64 (1.85-3.82)
2.59 (1.97-3.43)
2.15 (1.65-2.81)
1.33 (1.05-1.69)
1.20 (0.94-1.54)
1.37 (1.08-1.73)
1.12 (0.88-1.41)
Referent
1.31 (0.97-1.78)

*OR, odds ratio; Ro, basic reproduction number; Re, estimated reproduction number.

TLogistic regression compares outbreaks with transmission in the third tertile (S = 27%(N): Ro>8.05; S = 80%(N): Ro>1.54) to outbreaks in the first
tertile (S = 27%(N): Ro<4.96; S = 80%(N): Ro<1.36) and does not include Ro/Re values in second tertile. Linear and negative binomial regressions use
full dataset.

Appendix Table 8. Estimated log-linear change in Re (95% CI) from linear regression and odds ratios of outbreaks with high Re
assuming 27% and 80% susceptible at the start of the outbreak

27% Susceptible 80% Susceptible

Estimated log linear OR of Re>3.24 Estimated log-linear OR of Re>1.23

Characteristics change in R, (95% CI) (95% Cht change in R, (95% CI) (95% Cht
Intercept 2.41 (2.31-2.52) 1.88 (1.51-2.33) 1.25 (1.23-1.28) 1.67 (1.34-2.07)
Major Setting

Long-term care or assisted living facility
Child day care
Hospital or healthcare facility
Other
Private home or residence
Restaurant
School, college, or university
Season
Winter
Fall
Spring
Summer
Outbreak Status
Confirmed outbreak
Suspected outbreak
Census Region
South
Northeast
Midwest
West
Year
Jan 2009-Jun 2009
Jul 2009-Jun 2010
Jul 2010-Jun 2011
Jul 2011-Jun 2012
Jul 2012—Jun 2013
Jul 2013—-Jun 2014
Jul 2014—-Jun 2015
Jul 2015-Jun 2016
Jul 2016—-Jun 2017
Jul 2017-Dec 2017

Referent
0.95 (0.89-1.01)
0.85 (0.80-0.90)
0.91 (0.86-0.97)
0.98 (0.85-1.14)
0.90 (0.80-1.01)
0.79 (0.75-0.82)

Referent
0.98 (0.94-1.02)
0.96 (0.93-0.99)
0.87 (0.82-0.93)

Referent
0.82 (0.80-0.84)

Referent
0.86 (0.83-0.89)
1.01 (0.98-1.04)
0.99 (0.95-1.04)

1.25 (1.16-1.35)
1.27 (1.18-1.36)
1.24 (1.17-1.31)
1.20 (1.14-1.27)
1.05 (1.01-1.10)
1.03 (0.99-1.08)
1.07 (1.02-1.12)
1.02 (0.98-1.07)
Referent
1.05 (0.99-1.12)

Referent
0.79 (0.56-1.11)
0.41 (0.29-0.58)
0.65 (0.48-0.86)
0.86 (0.24-3.04)
0.35 (0.16-0.74)
0.27 (0.21-0.34)

Referent
0.89 (0.72-1.10)
0.82 (0.71-0.95)
0.53 (0.37-0.73)

Referent
0.41 (0.36-0.47)

Referent
0.47 (0.40-0.56)
0.95 (0.81-1.12)
0.98 (0.78-1.23)

2.64 (1.83-3.85)
2.57 (1.80-3.69)
2.61 (1.99-3.43)
2.21 (1.70-2.87)
1.31 (1.03-1.65)
1.29 (1.01-1.65)
1.33 (1.06-1.69)
1.12 (0.88-1.41)
Referent
1.41 (1.04-1.91)

Referent
1.01 (0.98-1.05)
0.99 (0.96-1.02)
0.99 (0.96-1.02)
1.24 (1.12-1.37)
1.08 (1.01-1.16)
0.93 (0.91-0.94)

Referent
1.00 (0.98-1.01)
0.99 (0.97-1.00)
0.97 (0.94-1.00)

Referent
0.95 (0.94-0.96)

Referent
0.93 (0.92-0.95)
1.02 (1.00-1.03)
0.98 (0.96-1.00)

1.10 (1.06-1.15)
1.12 (1.08-1.16)
1.09 (1.07-1.12)
1.06 (1.04-1.09)
1.02 (1.01-1.04)
1.02 (1.00-1.04)
1.03 (1.01-1.05)
1.03 (1.01-1.05)
Referent
1.01 (0.99-1.03)

Referent
1.05 (0.75-1.45)
0.63 (0.46-0.86)
0.76 (0.58-1.00)
8.47 (3.22-29.28)
1.53 (0.86-2.78)
0.31 (0.25-0.39)

Referent
0.97 (0.79-1.19)
0.90 (0.77-1.04)
0.63 (0.46-0.86)

Referent
0.42 (0.37-0.48)

Referent
0.45 (0.38-0.53)
1.01 (0.86-1.18)
0.92 (0.74-1.15)

2.66 (1.84-3.88)
2.64 (1.86-3.78)
2.56 (1.95-3.36)
2.22 (1.71-2.89)
1.30 (1.03-1.65)
1.25 (0.98-1.59)
1.34 (1.06-1.69)
1.15 (0.91-1.45)
Referent
1.37 (1.01-1.86)

*OR, odds ratio; Ro, basic reproduction number; Re, estimated reproduction number.
TLogistic regression compares outbreaks with transmission in the third tertile (S = 27%(N): Re>3.24, S = 80%(N): Re>1.23) to outbreaks in the first
tertile (S = 27%(N): Ro<1.37, S = 80%(N): Re<1.09), and does not include Ro/Re values in second tertile. Linear and negative binomial regressions

use full dataset.
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Norovirus outbreaks reported to NORS
(n=17,822

A\ 4

Outbreaks with person-to-person transmission
(n=13,956)

A 4

Not multi-state outbreaks nor in Puerto Rico
(n = 13.945)

Y

Major setting and exposed population size
reported
(n=8,372)

!

Consistent reporting of outbreak size
(n=7,141)

Y

Total cases < exposed population size
(n=7,094)

Appendix Figure 1. Flowchart of outbreaks included in analysis.
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Appendix Figure 2. Reproduction rate, and estimated reproduction rate for norovirus in the United States
assuming the initial proportion susceptible is 47%. Blue circles indicate estimated reproductive rate. Green
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circles indicate basic reproduction rate. Ro, basic reproduction rate; Re, estimated reproduction rate.
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Appendix Figure 3. Estimated Ro (green squares) and Re (blue circles) assuming A) 27% susceptible
and B) 80% susceptible at the start of the outbreak.
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