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a b s t r a c t 

Objectives: Infectious viruses (e.g., SARS-CoV-2, norovirus) can transmit through surfaces. Norovirus has 

infected millions of individuals annually. Interventions on norovirus transmission in high-risk indoor en- 

vironment are important. 

Methods: This study focused on a restaurant in Guangzhou, China. More than 41,0 0 0 touches by both din- 

ers and staff members were collected using video cameras. A surface transmission model was developed 

and combined with these real human touch behaviors to analyze the effectiveness of different norovirus 

prevention strategies. 

Results: When the virus carrier was a diner, the virus intake fraction of diners in the same table was the 

highest. Increasing the touch frequency on personal private surfaces would reduce the virus exposure. The 

virus intake fraction was reduced by 18.4% on average if public surfaces were not touched. Optimization 

on surface materials could reduce the virus intake fraction by 86.6%. Additionally, disinfecting tablecloths, 

clothes of diners, and chairs were the three most effective surface disinfection strategies. 

Conclusion: Controlling human touch behavior (e.g., reducing the self-touches on mucous membranes) 

is more effective than surface disinfection in controlling norovirus transmission, but surface disinfection 

cannot be ignored because human behavior is difficult to be controlled. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Norovirus is the main cause of acute gastroenteritis (AGE) and 

iarrhea worldwide ( Lucero et al., 2020 ; Mikounou Louya et al., 

019 ) and is responsible for economic losses of more than $60 bil- 

ion annually ( Bartsch et al., 2016 ). Approximately 20% of all AGE 

ases are caused by the norovirus, and it is estimated to cause 

ore than 20 0,0 0 0 deaths annually ( Lopman et al., 2016 ). 
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Restaurant is a high-risk indoor environment for norovirus 

ransmission because of frequent contact between hands and food, 

eal sharing, and frequent contact with public surfaces (e.g., rotary 

late, public kettle). In September 2015, a norovirus outbreak in a 

estaurant in Finland resulted in half of the present diners being 

nfected ( Vo et al., 2016 ). In September 2016, a norovirus outbreak 

n a Spanish restaurant infected 123 diners and 28 staff members 

 Doménech-Sánchez et al., 2021 ). It is obviously critical to develop 

ffective strategies to control norovirus transmission in restaurants. 

Norovirus mainly transmits through surfaces, food, and water 

 Sakon et al., 2018 ). Some researchers believe that airborne trans- 

ission is also possible for the norovirus, although this is not 

idely accepted ( Alsved et al., 2020 ; Xiao et al., 2017 ). Norovirus

as a high viability and can remain active for up to 2 weeks on 

urfaces and for up to 2 months in water ( Teunis et al., 2008 ).
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nterventions, such as hand sanitization and surface disinfection, 

re commonly used for norovirus transmission control ( Calderon- 

argalit et al., 2005 ). However, some disadvantages existed in pre- 

ious research. First, all interventions are hand sanitization and 

urface disinfection, with no interventions focusing on human 

ouch behavior. Second, norovirus transmission cannot be accu- 

ately simulated due to the lack of data on real touch behaviors. 

herefore, it is difficult to quantitatively evaluate the effectiveness 

f these interventions. 

This study focused on a restaurant in Guangzhou. More than 

80,0 0 0 data points related to human touch behavior were ana- 

yzed, and 41,042 touches by both diners and staff members were 

ecorded. We established surface touch databases by collecting 

he real touch behaviors in the restaurant and developed a sur- 

ace transmission model on the basis of Markov chains, which are 

idely used in virus transmission through fomite route ( King et al., 

022 ; Zhang et al., 2021c ), to randomly generate touch behaviors 

f both diners and staff members on the basis of the database. We 

xplored the effect of surface to hand transfer rate (and vice versa ). 

inally, we quantitatively analyzed interventions, such as surface 

esign, changing human touch behavior, and surface disinfection. 

his model was developed on the basis of norovirus transmission, 

ut this method is applicable to all virus transmitting through sur- 

aces. 

ethods 

ata collection 

A restaurant where there had been a COVID-19 outbreak was 

elected to study human touch behaviors because we were able 

o obtain the video from CCTV cameras in the restaurant. In this 

estaurant, there was a restroom, a kitchen, an elevator exit, an 

mergency exit (stairs), a reception desk, 18 tables, and various 

orridors. At this meal, there were 89 diners from 17 different fam- 

ly groups (one table for each family group) (Figure 1 in Zhang 

t al., 2021a ). There were 18 staff members working in the restau- 

ant during the recording time of the lunch. Because human touch 

ehaviors in the restroom cannot be collected, virus transmission 

n the restroom was not considered. 

Three high-resolution video cameras, which were placed on 

he ceiling of the restaurant, recorded the touch behavior of 81 

isible diners and 18 staff members from 12:01:30 to 14:20:20. 

e collected more than 380,0 0 0 seconds of data, covering sur- 

ace touch behaviors. Six trained video analysts recorded who 

ouched which and whose surfaces, with which hand (e.g., left 

and and right hand) for each second. The detailed recorded data 

nclude time, individual’s ID, the hand that touched the surface 

left or right), which surface was touched, whose (e.g., a specific 

iner/staff member) surface was touched, the duration of each 

ontact, and whether the individuals cleaned their hands using 

and sanitizer ( Zhang et al., 2021a ). No personal identification 

ata such as name, age, or sex were collected. This study was 

pproved by the medical research ethics review committee of 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 
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A hs 

(
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A s 

V a ( t + 1 ) = V a ( t ) − I ac−a 

60 

V a ( t ) 
84 
uangdong Provincial Center for Disease Control and Prevention 

approval no. W96-027E-202106). 

We used Markov chain models to generate surface touch be- 

aviors (which surface was touched, duration of the touch, what 

s the next surface would be touched on the basis of the probabil- 

ty matrix obtained from the real touch behaviors) of both diners 

nd staff members in the restaurant. When the source patient was 

iner, each case was simulated 810 times (each diner was regarded 

s the source patient for 10 times, 81 diners × 10 times = 810 

imes). When the source patient was a staff member, each sce- 

ario was simulated 180 times (18 staff members × 10 times = 180 

imes). 

From the data analysis, a total of 87 subsurfaces in the restau- 

ant were identified as being involved. We divided them into seven 

roups (Figure S1): mucous membranes ( M ), hand ( H ), body ( B , in-

ludes head, main body, and limbs), personal private objects ( PP ), 

ersonal object provided by the restaurant for each table’s use ( PT , 

ersonal table’s objects), table’s object for public use ( T , table’s 

ublic objects), and object for public use for all individuals in the 

estaurant ( R , restaurant’s public and common objects). Other set- 

ings could be referred to Appendix A. 

odel 

Because fomites are the main route of norovirus transmission, 

o other transmission routes (e.g., airborne) were considered in 

his study ( Lei et al., 2017 ; Overbey et al., 2021 ). Figure 1 shows

ow norovirus spreads through surfaces in an indoor environment 

Appendix B). 

Virus transfer through the fomite route can be expressed by 

quation 1 . 
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(1) 

here h is a hand, s is a surface, a is air (the room air is assumed

o be well mixed); V h (t ) , V s (t ) , and V a (t) are the viral loads on the

and, on a surface, and in the air, respectively; i s (t) is the surface, 

hich is touched by the hand at time t (the surface is assumed to 

e homogeneously contaminated immediately as soon as the virus 

s transferred to it); n s (t) is the total number of surfaces touched 

y the hand at time t; A hs is the effective contact area between the 

and and the surface (Appendix C); A s and A h are the total area of 

he surface and the hand, respectively; r sh / r hs is the virus transfer 

ate from the surface/hand to the hand/surface; I ac−a is the inacti- 

ation rate (min 

−1 ) of the virus in the air; I ac−s i is the inactivation 

ate (min 

−1 ) of the virus on the surface; I ac−h is the inactivation 

ate (min 

−1 ) of the virus on the hand; D ep is the deposition rate 

h 

−1 ) of virus-laden aerosols in the air; R es is the resuspension rate 

h 

−1 ) of virus-laden aerosols from surfaces. In the simulation, the 

ime step is set to be 1 second. 

In the simulation, 87 subsurfaces were divided into seven kinds 

f materials (Table S1). The inactivation rate and transfer rate be- 

ween hand and surface differ according to material ( Table 1 ). 

odel parametric study 

Only one infected individual was set for each simulation. To re- 

uce uncertainty, every diner/staff member had a turn to be the 
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Figure 1. Norovirus transmission through a fomite route. 

Table 1 

Model parameters (detailed information for each surface is shown in Table S1). 

Parameter Value Reference 

Deposition rate (/h) 0.24 ( Buonanno et al., 2020 ) 

Resuspension rate (/h) 0.24 Assumed 

Inactivation rate (/min) Air 0.10 Assumed 

Hand 0.040 ( Hajime et al., 2021 ) 

Glass 0.0021 ( Cannon et al., 2006 ) 

Nonporous 0.0021 ( Cannon et al., 2006 ) 

Porous 0.0080 ( Xiao et al., 2017 ) 

Porcelain 0.0021 ( Cannon et al., 2006 ) 

Fiber/cloth 0.0080 Assumed to be the same as porous 

Stainless steel 0.0021 ( Cannon et al., 2006 ) 

Transfer rate (hand to surface/ surface to hand) Mucous membranes 0.5/0 ( Zhang et al., 2021b ) 

Nonporous 0.12/0.07 ( Lopez et al., 2013 ; Mokhtari and 

Jaykus, 2009 ) 

Glass 0.19/0.13 ( Rheinbaben et al., 2000 ) 

Porcelain 0.048/0.74 ( Meadow et al., 2014 ) 

Fiber/cloth 0.67/0.040 ( Fujimura et al., 2014 ) 

Porous/nonporous 0.46/0.050 ( Lopez et al., 2014 ; Meadow et al., 2014 ) 

Stainless steel 0.17/0.12 ( Boone and Gerba, 2007 ) 

Skin 0.18/0.17 ( Bloomfield et al., 2007 ) 

Table 2 

Model setting for different interventions. 

Intervention Description in the model setting 

Mask wearing A person was regarded as touching the outer surface of the mask if they touched their own nose 

and mouth. 

Reduction on surface touch Randomly reduced the touches on public and private surfaces. 

Changes in virus transfer rates between hands and 

surfaces 

The transfer rate of the virus between hands and surfaces during each touch (including mucous 

membranes). 

Disinfection frequency of a specific surface The time for surface disinfection would be determined based on disinfection frequency. The virus 

on disinfected surfaces would be removed according to disinfection efficiency. 

Disinfection efficiency 99.99% of virus was considered to be removed if a surface/hand is disinfected/sanitized 

( Pickering et al., 2010 ). 

Disinfection of the surface made by the same material Disinfect all surfaces made by the same material in the restaurant. 
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irus carrier in the simulations, and the results gave the average 

alue of virus exposure. 

We used the virus intake fraction, which is the ratio of the 

mount of active virus absorbed by each susceptible individual 

hrough mucous membranes to the total amount of virus gener- 

ted by the infected individual to evaluate the relative personal 

nfection risk. The final viral load was defined as the ratio of the 

mount of active virus on each surface to the total amount of virus 

enerated by the infected at the time when all diners had left the 

estaurant. We conducted eight simulations ( Table 2 ) on the basis 

f different disinf ection measures (e.g., hand sanitization, surface 

isinfection) and protection measures (e.g., mask wearing) taken 

y diners and staff members in the restaurant. Additionally, sensi- 

ivity analysis was performed on the inactivation rate of norovirus 

n different types of surfaces (Appendix D). Moreover, we also an- 
r

85 
lyzed combinations of disinfection frequency and disinfection ef- 

ciency (Figure S3). The default parameter settings for each simu- 

ation are given in Table 1 and Table S1. 

esults 

From 140 minutes of video analysis, we collected 41,042 sur- 

ace touches by diners and staff members. Diners touched surfaces 

49.9 times per hour (228.1 for the left hand; 221.8 for the right 

and) and staff members touched surfaces 761.0 times per hour 

280.2 for the left hand; 480.8 for the right hand). Diners spent 

8.2% and 92.3% of their indoor time touching surfaces with left 

nd right hands, respectively. Staff members spent 86.8% and 86.2% 

f their indoor time touching surfaces with left and right hands, 

espectively. Diners touched their mucous membranes ( M ), hands 
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Figure 2. Virus intake fraction when the virus carrier is (A) a diner; (B) a staff member (The box-and-whisker plots represent 2.5, 25, 50, 75, and 97.5 percentiles). 
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 H ), body ( B ), table’s object for public use ( T ), and object for public

se for all individuals in the restaurant ( R ), 39.9, 47.5, 97.3, 38.5, 

nd 4.3 times per hour, respectively. Staff members touched their 

, H, B, T , and R, 7.0, 30.3, 85.0, 245.8, and 299.6 times per hour,

espectively. Diners and staff members averagely spent 2.5% and 

.6% of their time on mask wearing, respectively. 

irus intake with no prevention and control measures 

In the absence of any prevention or control measures, if the 

irus carrier was a diner, the intake fraction of diners and staff

embers were 5.6 × 10 −2 ± 1.1 × 10 −2 % and 3.3 × 10 −2 ±
.9 × 10 −3 %, respectively ( Figure 2 A). The highest virus intake frac- 

ion among the 81 diners was 9.1 × 10 −2 % and 3.6 × 10 −2 % among

he staff members, which was twice the exposure among the din- 

rs. When the virus carrier was a staff member, the intake fraction 

f diners and staff was 0.4 ± 0.5% and 6.5 × 10 −2 ± 7.2 × 10 −2 %, 

espectively ( Figure 2 B). 

The private surfaces of the virus carrier ( H, B , and PP ) had the

ighest final virus load (38.8%), followed by the private surfaces of 

iners at the same table as the virus carrier (3.5%) and the private 

urfaces of staff (1.3%) ( Table 3 ). The virus load on table surfaces 

or public use at the table occupied by the virus carrier was 50% 

ower than those at the other tables. The final virus load on the 
86 
rivate surfaces of diners at the table occupied by the virus carrier 

as 30 times higher than that for diners at the other tables. 

irus intake resulting from human behaviors 

Diners were more sensitive to the time spent wearing a mask 

han staff members ( Figure 3 A, Figure S4). When the virus carrier 

as a diner and nobody wore a mask, the diners at the virus car- 

ier’s table had the highest virus intake fraction, which was 6.5 

imes that of diners at other tables. If a staff member always wore 

 mask, their virus intake fraction was reduced by 87.2%. If diners 

ore a mask for half of their time indoors, the average virus intake 

raction of diners was reduced by 48.3%. 

When individuals touched their private surfaces ( PP and PT ) 

ess, they would have a higher exposure ( Figure 3 B, Figure S5). If 

ndividuals did not touch PP , the virus exposure would increase by 

early 600% compared with the baseline. The virus intake fraction 

ould be reduced by 18.4% if individuals never touched public sur- 

aces in the restaurant. 

irus intake by transfer rate between hands and surfaces 

Virus intake fraction of diners and staff members increased 

ith increasing transfer rate from hands to mucous membranes 
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Table 3 

Final virus load on different types of surfaces. 

Parameter Final virus load (%) 

H, B , and PP of the virus carrier 38.8 

H, B , and PP of diners at the same table as the virus carrier 3.5 

H, B , and PP of diners at tables without the virus carrier 0.03 

Objects for public use on the table occupied by the virus carrier 0.6 

Objects for public use on other tables 1.2 

Restaurant’s public objects 0.2 

PPs of staff members 1.3 

B, body; H, hand; PP, personal private object. 

Figure 3. Intake reduction rate by human behavior. (A) Mask wearing (diners need to eat in the restaurant and cannot wear masks all the time, the maximal ratio of time 

spent by diners on mask wearing is set to be 50%). (B) Surface touch behavior (70% of reduction rate of surface touch means 70% of original touches on a specific surface 

were randomly avoided. M , mucous membranes; PP , personal private object; PT , table’s object for private use; T , table’s object for public use; R , restaurant’s object for public 

use). 
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 Figure 4 A). When the transfer rate from hands to mucous mem- 

ranes was zero, virus exposure was zero because all virus parti- 

les would stay on the hand when a contact was made between 

 hand and a mucous membrane. The average virus exposure of 

iners was 1.2 times higher than that of staff members. 

When the transfer rate from hand to surface was a constant, 

irus exposure increased, with an increasing transfer rate from sur- 

ace to hand ( Figure 4 B). The virus intake fraction reached a peak

f 9.6% when the transfer rate from surface to hand was 1 and 

rom hand to surface was 0.01. When the transfer rate from sur- 

ace to hand was 0.01 and from hand to surface was 1, the virus 

ntake fraction was the lowest (2.4 × 10 −2 %). 
87 
irus intake and surface disinfection 

Disinfecting tablecloth, diners’ clothes, and chair were the three 

ost effective surface disinfection actions, and we found that 

xposure was reduced by 25.2%, 13.5%, and 10.5%, respectively 

 Figure 5 A). Of the top 10 most effective surfaces for disinfection, 

ablecloths had the highest touch frequency (69.6 times/hour). 

The analysis of surface disinfection of different mate- 

ials showed that surface disinfection of fiber/cloth and 

orous/nonporous and nonporous surfaces were the most ef- 

ective ways, with exposure being reduced by 33.5%, 15.1%, and 

.0%, respectively ( Figure 5 B). Of the seven materials shown in 
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Figure 4. Virus intake fraction changes with transfer rate (A) from hand to mucous membranes (100% of transfer rate means all virus would transfer from hand to mucous 

membranes when mucous membranes are touched); (B) between hand and surface (transfer rates between hand and mucous membranes/skin shows no change). 
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igure 5 B, nonporous surfaces had the highest touch frequency 

247.5 times/hour). The touch frequency of chairs was only 32.6% 

f the touch frequency of mobile phones, but the intake reduction 

ate after disinfecting chairs was 22.4 times than of mobile phone 

isinfection. The touch frequency of porous/nonporous was lower 

han nonporous, but the intake reduction rate was twice as much 

s nonporous. 

The virus exposure decreased from 35.3% to 1.8% when the dis- 

nfection frequency of tablecloth decreased from 5.0 to 0.1 times 

er hour ( Figure 6 A). Disinfecting the public rotary plate of table 

as more effective than disinfecting the chair when the frequency 

as 0.1 times per hour, but the intake reduction rate of disinfect- 

ng the chair was 7.7 times greater than the public rotary plate 

f table when the disinfection frequency increased to 5.0 times 

er hour. For surfaces of fiber/cloth, porous/nonporous, nonporous, 

lass, and skin, the intake reduction rate when the disinfection ef- 

ciency was 99.99% were 2.9, 3.3, 0.9, 4.7, and 5.0 times the rate 

hen the disinfection efficiency was 20%, respectively ( Figure 6 B). 

r

88
Diner no. 9 was assumed as the only source of the norovirus 

diner no. 9 was the virus carrier in the real COVID-19 outbreak 

Zhang et al., 2021a] ). In this way, the virus intake of diners from 

ifferent tables could be compared. After disinfecting all surfaces 

hat could be disinfected in the restaurant, the virus intake frac- 

ion for diners at the virus carrier’s table, at other tables, and for 

taff members decreased on average by 84.2%, 16.1%, and 21.2%, re- 

pectively ( Figure 7 ). 

iscussion 

This study assessed the efficiency of interventions on the ba- 

is of human touch behavior, surface materials, surface disinfection, 

nd the transfer rate of the norovirus using a Markov chain model 

or fomite transmission, parametrized by more than 41,0 0 0 actual 

ouches by both diners and staff members, that we recorded in the 

estaurant. 
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Figure 5. Relationship between virus intake reduction rate and disinfection on (A) top 10 most effective surfaces and (B) different materials (frequency of surface disinfection 

is twice per hour and disinfection efficiency is set to 99.99%) (The box-and-whisker plots represent 2.5, 25, 50, 75, and 97.5 percentiles). 
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Surface disinfection and hand sanitization are the most com- 

only used interventions to stop norovirus transmission through 

he fomite route. However, few interventions consider human 

ouch behavior. In hospitals, infection risk has been correlated with 

he total number of surfaces touched (confidence interval = 1.1–

.8, P = 0.002) but not with time spent indoors ( King et al., 2016 ;

ing et al., 2020 ). In offices, virus exposure through the fomite 

oute is strongly associated with human touch behavior, regardless 

f the time spent there ( Zhang et al., 2021d ). Touches on public

urfaces ( Barker et al., 2004 ; Rico et al., 2020 ) play a critical role

n virus transmission for viruses that are mainly spread through 

he fomite route. We found that if individuals never touched any 

ublic surfaces in the restaurant, virus exposure would be reduced 

o 18.4%. 

Individuals touch surfaces consciously and unconsciously ev- 

ry day, and touching behavior is influenced by both individual 

references and the environment. In the restaurant, diners, on av- 

rage, touched surfaces 450 times per hour and staff members 

ouched surfaces 761 times per hour owing to their frequent ser- 

ice. Touching mucous membranes (T-zone), which is influenced 
89 
y occupations and indoor environments, plays the most critical 

ole in infection risk ( Kwok et al., 2015 ; Rahman et al., 2020 ).

ostgraduate students in offices touched their mucous membranes 

5.0 times per hour ( Zhang et al., 2021d ). Insurance company em- 

loyees touched their T-zones 62.0 times per hour (20.7 and 23.0 

imes per hour for nose picking and eyes rubbing, respectively) 

 Hendley et al., 1973 ). We found that mucous membranes were 

ouched by diners and staff members on average 40.0 and 7.0 

imes per hour, respectively. In our simulation, we found that no 

atter who was the source patient, staff members would have 

uch less virus exposure. There were two main reasons. First, the 

verage touch frequency on mucous membranes of staff was 17.5% 

f that of diners, which greatly reduced the probability of virus en- 

ering the mucous membranes from hands. Second, because staff

embers served at different tables, when a diner was infected, 

taff members who did not serve this table had low virus expo- 

ure. 

Although touch behavior interventions are the most effective, 

t is hard to control touch behavior. Therefore, other interven- 

ions, such as surface disinfection, should be used to stop norovirus 
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Figure 6. Relationship between intake reduction rate and (A) disinfection frequency for the five most effective surfaces for disinfection (disinfection efficiency is set to 

99.99%); (B) disinfection efficiency for the five most effective materials for disinfection (disinfection frequency is twice per hour). 

Figure 7. Virus intake fraction (A) without any disinfection; (B) with regular surface disinfection (twice per hour with 99.99% efficiency). 
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ransmission ( Bhatta et al., 2020 ). Improving hand hygiene can sig- 

ificantly reduce the infection risk from norovirus ( Sobolik et al., 

021 ). In the restaurant, we found that hand sanitization is also 

ery effective, and that virus exposure could be reduced by 10.2% 

f individuals washed their hands twice per hour with a disinfec- 

ant of 99.99% effectiveness ( Pickering et al., 2010 ) than washed 

heir hands 0.1 times per hour. The surface was regarded as a high- 

isk surface if more viruses were transmitted to susceptible indi- 

iduals through the surface. High-risk surfaces are not determined 

y the frequency with which they are touched but by how many 

ndividuals touched them. Considering children (younger than 5 

ears) are the most vulnerable population group because they have 

ow immunity, the strategies on norovirus prevention and control 

or children should be given more attention ( Olivares et al., 2021 ; 

afadi et al., 2021 ). 

Instead of disinfecting all surfaces, disinfecting just the high- 

isk surfaces could reduce the labor needed for disinfecting sur- 

aces, as well as effectively controlling norovirus transmission 

hrough surfaces ( Kundrapu et al., 2012 ; Huslage et al., 2010 ). In

he restaurant, a table’s rotary plate and menu were the two most 

igh-risk surfaces. An automatic rotary table could be used to re- 

uce unnecessary touches on high-risk surfaces. 

Viruses are frequently transferred from public surfaces to hu- 

an hands in public indoor environments. Because most PPs (e.g., 

lothes, bags) surrounding a susceptible individual are uncontam- 

nated, the virus load on the hand of the susceptible individual 

an be diluted and virus exposure thus reduced, if they frequently 

ouch their private surfaces. We found that the virus exposure 

ould be reduced if diners touched public surfaces less and per- 

onal private surfaces more. 

Mask wearing was also found to be effective in preventing 

nfectious virus transmission such as norovirus and SARS-CoV- 

 ( Lai et al., 2013 ). Wearing a mask does sharply reduce the

umber of touches to the mouth and nose ( Lucas et al., 2020 ).

he incidence of norovirus outbreaks dramatically declined dur- 

ng the COVID-19 pandemic because of nonpharmaceutical inter- 

entions (e.g., mask wearing, close contact reduction) ( Kraay et al., 

021 ; Zhang et al., 2021b ). In restaurants, individuals touched their 

outh, nose, and eyes 25.7, 8.4, and 2.2 times per hour, respec- 

ively, which means more than 47% of mucous membrane touches 

ould be avoided if an individual wore a mask for half of the time 

hey spent indoors. In the United States, outbreaks of norovirus de- 

reased by more than 50% during the COVID-19 pandemic com- 

ared with the same period in 2019 ( Lennon et al., 2020 ). 

The surface material plays a key role in norovirus transmission. 

f we could reduce the virus transfer rate from all surfaces to hands 

 δsh ) to 0.01 and from hands to all surfaces ( δhs ) to 1, exposure to

he virus could be reduced by 99.9% compared with the worst con- 

ition ( δsh = 1; δhs = 0.01) and by 86.6% compared with the cur- 

ent conditions in the restaurant (transfer rate between hand and 

urfaces is given in Table 1 ). It is therefore necessary to develop 

ome materials that would inhibit virus transmission through the 

omite route ( Park et al., 2014 ). 

We used the beta-Poisson distribution in the dose-response 

odels ( Van Abel et al., 2017 ) to predict the infection risk of both

iners and staff members in the restaurant. If 10 0 0 genome equiv- 

lent copies (gec) would be transferred to hands by a touch be- 

ween hands and mouth/nose mucosa, the probability of infection 

f individuals in the restaurant was about 1.2% (the source patient 

as a diner) and 1.6% (the source patient was a staff member), re- 

pectively (Figure S6). 

This study has a few limitations. First, the transfer rate is in- 

uenced by many factors, such as hand roughness, humidity, force 

er touch, and the gradient of concentrations between hands and 

urfaces ( Sobolik et al., 2021 ; Wilson et al., 2020 ). Owing to the

ack of relevant data, the transfer rate between a hand and a sur- 
91 
ace made by a specific material was set to be a constant, which 

ould introduce some errors. Second, the contact area between a 

and and a surface was estimated on the basis of a previous study 

 Zhang et al., 2021d ), and this may introduce some errors. Third, 

ur study used the virus intake fraction, and it is difficult to quan- 

ify the infection risk. Finally, because our study was based on the 

ouch behavior during a lunch time in the restaurant, some con- 

lusions may be only correct for this restaurant. 
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