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Abstract

Background—Norovirus is a leading cause of outbreaks of acute infectious gastroenteritis 

worldwide, yet its transmissibility within households and associated risk factors remain unknown 

in developing countries.

Methods—Household, demographic, and clinical data were collected from a semi-urban area in 

south China where an outbreak occurred in the winter of 2014. Using a Bayesian modeling 

framework, we assessed the transmissibility and potential risk modifiers in both urban and rural 

households.

Results—In urban apartment buildings, the secondary attack rates were 84% (95% credible 

interval [CI]: 60%, 96%) among households of size two and 29% (95% CI: 9.6%, 53%) in larger 

households. In the rural village, secondary attack rate estimates were lower than the urban setting, 

13% (0.51%, 54%) for households of size two and 7.3% (0.38%, 27%) for larger households. 

Males were 31% (95% CI: 3%, 50%) less susceptible to the disease than female. Water 

disinfection with chlorine was estimated to reduce environmental risk of infection by 60% (95% 

CI: 26%, 82%) and case isolation was estimated to reduce person-to-person transmission by 65% 

(95% CI: 15%, 93%). Nausea and vomiting were not associated with household transmission.
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Conclusions—Norovirus is highly contagious within households, in particular in small 

households in urban communities. Our results suggest that water disinfection and case isolation 

are associated with reduction of outbreaks in resource-limited communities.
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INTRODUCTION

Norovirus is the leading cause of acute gastroenteritis outbreaks worldwide, accounting for 

18% of diarrheal diseases and about 200,000 deaths each year globally [1–5]. Reinfections 

by norovirus of different genotypes are also common, especially for children [6, 7]. 

Norovirus outbreaks are notorious for their explosive dissemination, in which a small 

number of cases can trigger a large outbreak in a short period [8–10]. Norovirus outbreaks 

occur in many close-contact settings, including communities, schools, day care centers, 

hospitals, restaurants, cruises, and passenger aircrafts [11–17]. In a typical outbreak, 

susceptible individuals may be exposed to either a common environmental source, such as 

contaminated food or water, infectious individuals, or both. Coexistence of multi-types of 

sources often complicates the assessment of transmissibility and associated risk factors.

Thus far, most reported norovirus outbreaks with secondary person-to-peron transmission 

were among non-household settings such as schools and hospitals, and household secondary 

transmissibility of the virus remains underinvestigated, mostly due to lack of data. The 

household secondary attack rate is the probability that an infected individual infects a 

susceptible household member during his or her infectious period. The household secondary 

attack rate is often approximated by the proportion of infections among all household 

contacts of an index case, assuming that all secondary cases in the household are infected by 

the index case, which is hereafter referred to as the crude household secondary attack rate. In 

a large Swedish community outbreak, investigators were able to trace household members of 

child cases who were infected in daycare centers and estimated the crude household 

secondary attack rate at 17% [11]. Given that household is an important venue for 

transmission of norovirus, the household transmissibility of the virus and relevant risk 

modifiers warrant careful assessment with rigorous statistical analysis, in particular in 

resource-limited regions where transmission settings are often complex.

A norovirus outbreak occurred in an underdeveloped semi-urban residential area in Central 

South China in the winter season of 2014. This outbreak attacked households in both an 

urban community of apartment buildings and a neighboring rural village, offering a unique 

opportunity for comparing household transmissibility of norovirus between urban and rural 

settings. Using the data collected by the local health agency, we employed a Bayesian 

transmission model to assess the household secondary attack rate and the effects of 

demographics and intervention measures, including water disinfection and case isolation. 

This approach takes into consideration co-exposure to environmental and human sources as 

well as ambiguity among secondary and tertiary cases, so that the household secondary 

attack rate that measures person-to-person transmissibility could be estimated. In addition, 

Tsang et al. Page 2

Epidemiology. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



we evaluated between-household transmissibility of the virus at the community level. These 

data have been previously analyzed using a mathematical simulation model, where 

household information was ignored [14].

METHODS

Study subjects

The data were collected by Changsha Municipal Center for Disease Control and Prevention 

(CDC) in response to an outbreak that occurred near Changsha, the capital city of Hunan 

Province in Central-South China. Epidemiologic details of this outbreak were described 

elsewhere [14]. In brief, a few people living in a semi-urban residential area composed of an 

urban community and a rural village in the southern outskirts of Changsha started to have 

continual vomiting and diarrhea in late November of 2014. In the urban community lived 

employees, mostly retired, of a state-run factory and their families. The community shared a 

deep well (280 meters underground) and pump stations for drinking water with the nearby 

village. Changsha Municipal CDC was called on 7 December, and a field outbreak 

investigation was conducted. A probable case was defined by presence of any of the 

following gastrointestinal symptoms during the outbreak period: vomiting, diarrhea, 

abdominal distension or appetite loss. Presentation of other symptoms including nausea, 

stomachache, chills, exhausted, acid reflux, headache, dizziness, and chest tightness was 

also recorded. Almost all cases had at least two of the above-mentioned symptoms. Feces or 

vomit samples were collected from six probable cases, and water samples were collected 

from four households for laboratory testing.

A laboratory-confirmed case was defined by having both clinical symptoms and a sample 

tested positive for norovirus but negative for other common diarrheal pathogens (Vibrio 
cholera, rotavirus, adenovirus, among others). Starting from 7 December, newly identified 

mild cases were isolated at home with instructions on sterilization of utensils and the living 

environment, while severe cases were isolated at clinics for medical treatment. Daily 

disinfection of drinking water with a solid form of chlorine was implemented from 9 

December until the end of the outbreak. Household sizes as well as ages and genders of 

household members were collected retrospectively for all households. A household was 

defined as a family living in an apartment (urban community) or a single house (village). 

Apartments in the urban community were built in the 1970s and had an average area of 

40-50 square meters with independent kitchen and bathroom. Houses in the village were one 

to two stories with areas between 50-200 square meters. Some residents in the urban 

community lived in dormitory-like buildings with shared kitchen and bathrooms at each 

floor. Household information was not available for these residents, and they were therefore 

excluded from household-related analyses.

Ethics—This effort of outbreak control and investigation was part of Changsha Municipal 

CDC’s routine responsibility; therefore, institutional review and informed consent were not 

required for this study.
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Statistical analysis

We defined the case with the earliest symptom onset date as the index case in that 

household. We reported crude secondary attack rates among different groups, and provided 

confidence intervals by using generalized estimating equations to account for household 

clustering.

We estimated separately the distribution of serial interval, defined as the time between 

symptom onsets of a primary case and a secondary case, under two distinct assumptions: [i] 

in each household, all subsequent cases were infected by the index case, and thus all 

intervals between the index case and subsequent cases were included in the estimation 

(liberal); and [ii] only the interval between the index case and the second case contributed to 

the estimation (conservative). The liberal assumption would yield a relatively long, whereas 

the conservative assumption would yield a relatively short, estimate for the mean serial 

interval. We excluded households with multiple index cases, which could result from 

common environmental exposure, from this estimation. Under each assumption, we fitted 

gamma, Weibull, and lognormal distributions by the maximum likelihood method, and 

selected the distribution with the smallest Akaike information criterion. We also extracted 

the Swedish norovirus outbreak data and performed the same analysis for comparison [11].

To analyze the transmission dynamics of the norovirus outbreak, we need information about 

the incubation period and the infectious period, as well as the relative infectiousness over the 

infectious period. The incubation period for norovirus usually varies from one to three days 

[11, 15, 18–20]. The infectiousness profile of norovirus-infected individuals, however, is not 

well documented. We assume the infectiousness started on the day of symptom onset. One 

study reported that the duration of illness was around 2-3 days, but a challenge study 

suggested that there could be post-symptom shedding of the virus [21]. To accommodate 

such uncertainty, we assume the infectious period lasts 3-7 days. For sensitivity analyses, we 

formulated eight settings of the natural history of disease by coupling four scenarios of the 

relative infectiousness over the infectious period with two plausible distributions of the 

incubation period (eTable 2). These settings were chosen such that the resulting mean serial 

intervals are similar to the ones estimated from the data (eAppendix section 1.1).

We developed an individual-based transmission model to assess the secondary attack rates 

and associated risk factors (eAppendix section 1). Only individuals with household 

information were included in this analysis. In this model, the risk of infection for a 

susceptible individual depends on the timing of symptom onsets of other infected individuals 

and the mixing venue, i.e., urban vs. rural, and within-household vs. between-household. For 

the urban community, we assume between-household transmission in the same apartment 

building but not across buildings. Therefore, the person-to-person transmission hazard of 

disease from an infected individual i to a susceptible individual j at time t is 

λi − > j t = λ i, j ∗ f t − ti , where f is the density of the convolution of distributions of the 

infectiousness profile and the incubation period, and ti is the symptom onset time for 

individual i. The baseline transmission hazard from individual i to individual j, λ i, j , 

depends on their mixing condition:

Tsang et al. Page 4

Epidemiology. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



λ i, j =

λ3, i and j from the same household of size 2 in the urban community,

λ4, i and j from the same household of size 2 in the village,

λ5, i and j from the same household of size > 2 in the urban community,

λ6, i and j from the same household of size > 2 in the village,

λ7, i and j from different households in the same building of the urban community,

λ8, i and j form different households in the village,

0, otherwise .

Here, λi, i = 3, 4, …, 8 are the baseline hazards of disease from human to human under 

different mixing conditions, and corresponding secondary attack rates are given by 

1 − exp −λiδ , i = 3, 4, …, 8, where δ is the mean duration of the infectious period.

In addition to infectious human contacts, the model considers an external risk of infection 

that represents the exposure to contaminated water. Hence, the total hazard of symptom 

onset at day t, denoted as λ j t , is

λ j t = S j ∗ ({λ1 ∗ I j in urban + λ2 ∗ I j in rural } ∗ exp{γ1 ∗ I t ≥ 12 } + ∑
i

λi j t

∗ exp{γ2 ∗ I t ≥ 10 }),

where S j measures the susceptibility of individual j, λ1 and λ2 are the baseline hazards of 

disease from environment to human for urban and rural settings respectively, γ1 and γ2 are 

the effects of water disinfection and case isolation respectively, and I .  is the indicator 

function. We consider age and sex as potential risk factors for modifying susceptibility S j.

We implemented the transmission model in a Bayesian framework fitted with a Markov 

chain Monte Carlo algorithm (eAppendix section 2). Eight cases with symptom onsets 

during the first four days were considered as initial cases of this outbreak, i.e., they were 

assumed to be infected by the contaminated environment. To impute missing ages, we set 

the prior distribution of age to depend on household size. A sensitivity analysis was 

conducted with a more restrictive definition of probable cases, i.e., the presence of vomiting, 

nausea, diarrhea, or stomachache, which are the four most common symptoms of norovirus 

according to the US Centers for Disease Control and Prevention. We assessed goodness-of-

fit of the model by comparing the model-predicted epidemic curves to the observed one 

(eAppendix section 3). To show the potential overall impact of water disinfection on similar 

outbreaks, we simulated outbreaks based on the estimated model to estimate the number of 

cases that could have been averted if water disinfection had been implemented on day 5, 7, 

and 12, compared with no water disinfection. In the simulation, transmission dynamics 

started from day 5 with initial cases fixed in days 1-4 (similar to the analyses of the observed 

outbreak), and no case isolation was implemented. All statistical analyses were conducted 

using R version 3.2.1 and the Rcpp package [22].
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RESULTS

In total, 643 residents participated in the outbreak investigation, of whom 159 (25%) were 

clinically diagnosed as probable norovirus cases. It was previously reported that six human 

samples and four household water samples, all from the urban community, were tested 

positive for norovirus GII.17, a subtype that has spread widely in Asian countries since 2012 

[23]. We were able to match three individuals to the human samples and two households to 

the water samples (eAppendix section 4). As the number of human samples is small, all 

subsequent results are based on probable cases. The outbreak started on 28 November 2014, 

and the last symptom onset was observed on 10 December 2014, an overall duration of 13 

days. A total of 104 participants, including 20 cases, lived in dormitory-like buildings and 

were excluded from household-related analyses due to the lack of household information. 

However, these 20 cases were included in the description of the symptom profile of all 

clinically diagnosed cases.

The demographics of the 539 participants, from 237 households, included in household-

related analyses are summarized in Table 1. The majority of households of size two are 

composed of senior residents ≥50 years old, in particular in the urban community (77%). 

The overall attack rate among the urban households, 29%, (95% CI: 23%, 35%), was 

slightly higher than 21% (95% CI: 16%, 27%) in the village. There were 76 households with 

at least two household members and at least one case. Denoting the first case in each 

household as the index case and treating all other cases as secondary, the crude household 

secondary attack rate was 33% (43/131, 95% CI: 25%, 42%). The crude rate was 52% 

(33/64, 95% CI: 36%, 66%) and 19% (10/67, 95% CI: 7%, 28%) for households in the urban 

community and the village, respectively. The crude household secondary attack rate was 

81% (21/26, 95% CI: 61%, 92%) for households of size 2 and 32% (12/38, 95% CI: 17%, 

50%) for larger households in the urban community, and 9% (1/11, 95% CI: 1%, 46%) for 

households of size 2 and 16% (9/56, 95% CI: 2%, 62%) for larger households in the rural 

community.

The spectrum of symptoms of all household cases is summarized in eTable 1. Commonly 

reported symptoms included diarrhea (59%), nausea (48%), stomachache (47%), and 

vomiting (43%). We also compared the symptom profiles between index cases and 

subsequent cases in the households. In general, typical symptoms such as diarrhea, nausea, 

and vomiting were more prevalent in index cases as compared to subsequent cases. 

However, none of these differences was substantial. To screen symptoms that may modify 

person-to-person transmissibility, we estimated crude household secondary attack rates in 

the presence and absence of each symptom in the index cases (Table 2). The crude 

household secondary attack rates are similar with or without each of the most common 

norovirus-associated symptoms—nausea, vomiting and diarrhea—in the index cases. As a 

result, we did not adjust for symptoms in the subsequent transmission analyses.

The fitted density functions for the distribution of the serial interval are shown for the 

Changsha outbreak in Figure 1A and the Swedish outbreak in Figure 1B, together with 

frequencies of observed serial intervals. Under the liberal assumption that the index case was 

the infection source for all other cases in each household, we observed 35 serial intervals 
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with an empirical mean of 2.5 days in the Changsha outbreak. The best-fitted parametric 

distribution was the lognormal distribution, with a mean of 2.4 (95% CI: 1.8, 3.3) days. 

Under the conservative assumption where serial intervals were restricted to the pairs of the 

first and second cases, there were 30 observed pairs with an empirical mean of 2.3 days. The 

best-fit distribution was again the lognormal distribution, with a mean of 2.1 (95% CI: 1.6, 

3.0) days. In the Swedish outbreak, the liberal assumption led to 65 observed serial intervals 

with an empirical mean of 3.6 days and a best-fit gamma distribution with a mean of 3.7 

(95% CI: 3.2, 4.1) days. The conservative assumption yielded 39 observed serial intervals 

with an empirical mean of 3.3 days and a best-fit gamma distribution with a mean of 3.3 

(95% CI: 2.7, 3.9) days.

We then estimated the transmissibility of norovirus stratified by transmission mode 

(environment-to-person and person-to-person) and mixing setting (urban and rural). We 

report the analysis under the assumption of a mean serial interval of 2.2 days (short 

incubation period and short infectious period) as the primary results in Table 3. The daily 

force of infection from environment to human was 3.2% (95% CI: 2.1%, 4.7%) in the urban 

community and 2.5% (95% CI: 1.3%, 3.9%) in the rural village. Therefore, on average, 

about three out of 100 susceptibles were infected via nonspecific environmental exposure 

per day in the absence of intervention. The baseline household secondary attack rates in the 

urban community were much higher than those in the rural village (Table 3), where baseline 

refers to 20-50 year old females without intervention. In the urban community, the baseline 

household SAR among households of size two was significantly higher than that among 

larger households, 84% (95% CI: 60%, 96%) vs. 29% (95% CI: 9.6%, 53%). The 

dependency of household SAR on household size was less obvious in the village, 13% (95% 

CI: 0.51%, 54%) among households of size 2 and 7.3% (95% CI: 0.38%, 27%) among larger 

households. The baseline between-household secondary attack rates were 0.63% (95% CI: 

0.042%, 2.1%) in the urban community and 0.22% (95% CI: 0.013%, 0.78%) in the village. 

The results for the other five settings of the natural history of disease were fairly similar to 

the primary results (eTable 3). As expected, a longer serial interval was associated with a 

higher household secondary attack rate, as more cases can be attributed to household 

transmission.

Estimates for the effects of potential risk factors and the interventions under the primary 

setting of the natural history of disease are shown in Table 4. We found that males were less 

susceptible than females with a relative risk of 0.69 (95% CI: 0.50, 0.97). We did not find 

any association between age and risk of infection. Water disinfection reduced the 

environmental risk of infection by 60% (95% CI: 26%, 82%). Case isolation reduced the 

person-to-person transmission by 65% (95% CI: 15%, 93%). These estimates were not 

sensitive to the assumptions about natural history of disease (eTable 4).

In Figure 2, we compare model-predicted numbers of symptom onsets on each day 

conditional on exposure during previous days to the observed onset numbers for overall, 

urban, and rural households. The mean predicted numbers match, and the 95% uncertainty 

intervals cover, the observed numbers for all days and for both urban and rural residential 

settings, indicating adequate goodness-of-fit of our model to the data.
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In the sensitivity analysis that used a more restrictive definition of probable cases (eTable 5), 

the within-household secondary attack rates in the urban community decreased from 84% to 

58% for households of size two and from 29% to 17% for larger households, likely a result 

of fewer cases under the new definition. However, estimates for within-household secondary 

attack rates in the village and between-household rates in urban and rural settings remained 

similar to the primary results. The estimated effects of age and sex on transmissibility as 

well as the estimated effectiveness of interventions are also robust to the definition of 

probable cases (eTable 6).

Among 100 simulated outbreaks using the fitted model in our primary analysis, the median 

total numbers of cases were 138 (2.5%, 97.5% quantile: 111, 170), 158 (128, 190) and 199 

(170, 233) if water disinfection was implemented on day 5, 7 and 12, respectively, compared 

to 260 (231, 292) for no water disinfection. Even when water disinfection was initiated as 

late as day 12 (same as the observed outbreak), on average 24% of cases were estimated to 

have been averted.

DISCUSSION

We provided estimates for the household person-to-person transmissibility of norovirus in 

both urban and rural settings in China. The crude household secondary attack rate in our 

study was around 33%, but there was substantial heterogeneity between urban and rural 

households. The model-estimated household secondary attack rates in the urban community 

are nearly four times those in the rural village (Table 3), likely due to the more crowded 

living conditions and hence more intense exposure in the apartment buildings as compared 

to the rural village. The single-house living style in the rural village is somewhat similar to 

that in developed countries. The crude household secondary attack rate in the village (19%) 

is also comparable to 10-20% reported for previous outbreaks in western countries [11, 12, 

19, 24]. In the urban community, the secondary attack rate within households of size two 

was nearly three times that within larger households, 84% vs. 29%. Dependency of the 

secondary attack rate on household size was also observed in the rural village but to a lesser 

extent. This negative association of transmissibility with household size is not surprising, 

because the contact rate between household members generally decreases with household 

size [25]. Interestingly, the gap in the secondary attack rate between households of 2 people 

and larger households (mean size is 3.34) implies that the household secondary attack rates 

is approximately proportional to 1/n2, where n denotes the size, consistent with previous 

findings about household transmission of influenza [26]. On the other hand, non-causal 

factors could have contributed to the gaps. For example, case ascertainment could have been 

better in urban households composed of retired couples who stayed at home more often than 

other residents.

We estimated that water disinfection was highly effective, reducing the environment risk of 

infection by 60%. These results were supported by the fact that no new cases were observed 

two days after the implementation of disinfection. Our simulation study showed that more 

than 20% cases could have been averted by water disinfection alone despite its late adoption 

(day 12 of the outbreak), and that early implementation could be even more beneficial. Case 

isolation was also highly effective, associated with 65% lower person-to-person 
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transmission. Depending on the contact setting, physical isolation of cases may not be 

necessary. For example, designation of separate toilets for cases and non-cases together with 

enhanced hand hygiene stopped an outbreak in camps [27]. Using a simulation approach on 

the same dataset but ignoring clustering structures (buildings and households), Chen et al. 

found that case isolation alone was not effective, disinfection alone was somewhat effective, 

and the two combined was most effective in reducing the total attack rate [14]. Those results 

are not directly comparable to ours as we focused on intervention effectiveness at the 

individual level and considered clustering patterns.

Unlike outbreaks in camps, schools or health care centers, this outbreak in a residential area 

of households with a broad age range offered a unique opportunity for studying age effect on 

norovirus transmission. However, we did not detect any association between age and risk of 

infection. The lack of age difference, together with the relatively high secondary attack rates, 

could be partly due to little pre-existing immunity in the population to norovirus GII.17, 

which was a new genotype at that time. We also found that males were less susceptible than 

females. This is consistent with a hospital-based study reporting that the total number of 

infections for females was higher than that for males [28]. A possible explanation is that 

men were more likely to work outside during the day and hence were less exposed. Another 

possible reason is that women cared for their sick spouse more frequently. However, there 

could be other possible explanations for this association.

We estimated the mean serial interval as 2.2-2.5 days, which is shorter than 3.6 days 

reported by the Swedish study [11]. A couple of reasons may explain the difference. The 

distribution of serial interval depends on the distribution of the incubation period and the 

infectiousness profile, both of which likely differ between the two studies due to potential 

differences in viral subtype, hygienic habits, and contact pattern within households, 

analogous to other infectious diseases [26, 29, 30]. In addition, household members in our 

study were exposed to environmental risks due to contaminated water supply, which was not 

the case in the Swedish study [11, 14]. The existence of environmental exposure will 

contract the serial interval.

The infectious period in our modeling analyses was set to be around a week, but it could be 

longer. Previous norovirus outbreak studies in nursing homes and long-term care facilities 

reported that viral shedding periods could be 3 weeks or even longer [31, 32]. In addition, 

human challenge studies suggested that norovirus has a low infectious dose (between 18 to 

2800 viral particles) [33, 34]. However, whether these observations imply an infectious 

period much longer than a week is unclear. In one study that showed prolonged shedding 

periods, a statistically inferred transmission tree of 17 infections covered a time span of only 

2 weeks, similar to our study [35]. In addition, our study population is younger and likely 

healthier than nursing home residents in previous studies. Finally, given the short outbreak 

period (13 days) and serial intervals (≤10 days) in our study, the assumption of a longer 

infectious period will not qualitatively change our estimates of secondary attack rates.

Our analyses have a few limitations. First, household information was missing for around 

one-sixth of individuals, who were consequently excluded from all household-related 

analyses. However, the missing data occurred mostly in dormitory-like buildings, which is 
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not a typical residential environment for households, and will not affect the reliability and 

generalizability of our estimates for the household secondary attack rate. Second, most cases 

were clinically diagnosed, and most asymptomatic individuals were not laboratory-tested. 

Therefore, asymptomatic infections were not considered in our analyses. However, previous 

studies indicated that up to 30% of norovirus infections could be asymptomatic and that 

asymptomatically infected individuals could have comparable fecal shedding levels of the 

virus to that of symptomatic cases [32, 36]. The contribution of asymptomatic infections to 

the transmission dynamics of norovirus was found to be negligible in nosocomial settings 

[35], but their role in the household setting is not clear and warrants future investigation. Our 

secondary attack rate estimates should be interpreted as rates of disease rather than infection. 

Finally, the rural village is physically close to the urban community in our study, and thus 

our estimated secondary attack rate for the rural household may not be generalizable to all 

rural villages in China, especially those in remote areas with more limited resources.

In China, there are still many old communities with deteriorating living conditions and 

rusted water distribution systems, which are the legacy of historical state-owned factories 

[37]. In these communities, many households are composed of senior couples who were 

former employees of these factories. While age may not be a risk factor, these small 

households constitute a subpopulation vulnerable to norovirus, given the high 

transmissibility according to our analysis. Globally, it was estimated that at least 1.8 billion 

people worldwide use drinking water sources that are fecally contaminated [38]. The 

epidemiological parameters estimated from our study could be used to inform future studies 

of intervention strategies in fields or in silicon for norovirus and comparable water-borne 

pathogens in resource-limited communities.
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Figure 1. 
Empirical (dots) and fitted (lines) distributions of serial interval under assumptions about 

how secondary cases are defined. The liberal assumption (triangle, black, dotted lines) 

treated all non-index cases as secondary, and the conservative assumption (circle, red, solid 

lines) treated only the second case after the index case as secondary. Estimation was 

performed for (A) the Changsha outbreak and (B) the Swedish outbreak.
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Figure 2. 
Model-predicted daily numbers of symptom onsets (blue, triangle) versus observed numbers 

(black, circle) for different contact settings (A) Overall; (B) Urban households; (C) Rural 

households. The predicted numbers were generated by simulating the epidemics, 

conditioning on the cases of the first 4 days, for 10000 times, each time using a set of 

parameters sampled from their posterior distributions. Each blue vertical bar represents the 

95% range and the blue dot represents the mean of simulated numbers.
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Table 2

The crude household secondary attack rates stratified by the presence or absence of a given symptom in the 

index casesa.

Symptoms Presence Absence

Diarrhea 26/90 (29%) 17/41 (41%)

Nausea 23/69 (33%) 20/62 (32%)

Stomachache 18/58 (31%) 25/73 (34%)

Vomiting 27/75 (36%) 16/56 (29%)

Abdominal distension 15/40 (38%) 28/91 (31%)

Appetite loss 7/23 (30%) 36/108 (33%)

Chills 8/19 (42%) 35/112 (31%)

Exhausted 9/23 (39%) 34/108 (31%)

Acid reflux 4/4 (100%) 39/127 (31%)

Headache 0/6 (0%) 43/125 (34%)

Dizziness 0/2 (0%) 43/129 (33%)

a
The numbers of index cases with or without each symptom are given in eTable 1.
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Table 3

Estimates of baseline transmissibilitya by contact setting for the norovirus outbreak that occurred from 28 

November to 10 December 2014, in Changsha, China.

Parameter Transmission Mode Residential Setting Household Size Estimate (95% CI)

Environmental force of infection Urban 3.2% (2.1%, 4.7%)

Rural 2.5% (1.3%, 3.9%)

SARb Within-Household Urban 2 84% (60%, 96%)

>2 29% (9.6%, 53%)

Rural 2 13% (0.51%, 54%)

> 2 7.3% (0.38%, 27%)

Between-Household Urban 0.63% (0.042%, 2.1%)

Rural 0.22% (0.013%, 0.78%)

a
Baseline refers to 20- to 50-year old females without intervention. The mean serial interval is assumed to be 2.2 days.

b
Secondary attack rates measure person-to-person transmissibility.
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Table 4

Estimates of covariate effects for the norovirus outbreak that occurred from 28 November to 10 December 

2014, in Changsha, China.

Risk factor Category Risk Ratioa (95% CI)

Sex Male 0.69 (0.50, 0.97)

Age (years) ≤20 1.2 (0.55, 2.3)

21-50 Ref

>50 1.1 (0.78, 1.7)

Water disinfection 0.40 (0.18, 0.74)

Case isolation 0.35 (0.07, 0.85)

a
Estimation was based on the assumption that the mean serial interval is 2.2 days.
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