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COVID-19 infection has been reported to be caused by droplet and contact infection. This paper proposes a model that visualizes the risk of contact infection to family members when viruses spread to various items at home. Behavior data after returning home are extracted from a questionnaire-based survey of home behavior to design the agent-based model. The data tables of contact behavior are created, including the room-to-room transfer probability table, the conditional probability table, and the contact probability table. The material transfer efficiency table is also created by measuring the virus transmission rate after contact with droplets in a virus experiment laboratory. In the experiment, the synthetic agent created from the acquired data probabilistically performs movement and contact behavior after returning home and reproduces the state in which the virus attached to the hand or belongings, when going out, propagates to objects at home. Next, we examine the risk of a second family member returning home. As a result, virus-attached contacts within around 30 minutes after returning home are widely confirmed around the entrance and kitchen, suggesting the effectiveness of early hand-washing behavior. And the experiment shows that even if the first person returning home disinfects their hands inside the entrance, the virus remains in a part of the entrance, and the virus is spread inside the room by the second person returning home.
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1 INTRODUCTION
A series of new coronavirus variants have increased the infectivity of the virus, and its rapid spread has continued to stress the limits of the domestic healthcare system. New coronavirus (COVID-19) infection has been reported to be caused by two factors. The first is droplet infection, which occurs when droplets that have drifted into the air through conversation are inhaled. The second is contact infection, in which droplets on desks and personal belongings are transmitted to the mouth via the hands and other parts of the body. In droplet infection, droplets containing viruses emitted from the exhaled breath of an infected person become micro-droplets and float in the air, increasing the risk of infection for those who inhale them. For such droplet infection, it has been found that masks, exhaust ventilation, and window openings are effective in preventing infection. On the other hand, contact infection occurs when viruses on tables, dishes, handrails, and portable items are transferred to the hands of those who touch them, ultimately through the mucous membranes of the mouth and other parts of the body. Thus, contact infection cannot be prevented by measures such as exhaust ventilation and masks.
Other factors that contribute to the spread of infection include bringing the virus from outside sources, such as schools and workplaces, and the increased risk of infection in the home from family members who are forced to receive isolated care at home after infection due to medical tightness.
Therefore, in this study, we focus on the latter type of contact infection and construct a model that reproduces the spread of viruses from hands and personal belongings to various places in the home when going out. Data such as location, behavior, and contacted objects are extracted from a questionnaire-based survey of post-return home behavior, and the probability table of flow line, the distribution table of number of contacts, the probability table of initial action and the probability table of contact behavior transmission are created. The automatic layout creation function sets up multiple floor plans, and agents acting based on the created probability tables repeatedly carry out contact behavior in the home and visualize the risk of virus contact to family members based on the number of viruses adhered.
2 RELATED WORK
Many COVID-19 infection simulation models have been constructed and have produced results. Kissler et al. [1] published a paper that considered the seasonality of coronaviruses and cross-immunity, and suggested that long and intermittent social distance would be necessary to maintain the healthcare system. The paper also suggested that surveillance should be maintained because the infection may repeatedly recur even when it appears to have disappeared. The method used was a combination of a statistical regression model based on previous coronavirus infection data and a mathematical simulation model.
The analysis of COVID-19 infections in Germany reported by the Max Planck Institute showed that the timing of official interventions implemented by the government and the point of change in the spread of infection can be detected from the number of infected persons and intervention data. The model then showed that the exponential increase in infection resumes as soon as the intervention is lifted, such as curfew restrictions or store closures. The model used in the analysis was a combination of an epidemiological simulation model and statistical Bayesian estimation. The analysis of [2] also proposed an individual-based model that integrated infection data and information models, using the results of a close examination of data on infected individuals in the United Kingdom and a detailed analysis of the effects of social distance, follow-up surveys, PCR testing, and other measures.
On the other hand, these studies have focused on infection phenomena at the urban population level and have not been able to examine individual infection prevention measures at the workplace or in the home.
Jaramillo et al. [3] constructed an agent-based model for contact transmission of Staphylococcus aureus MRSA, which causes nosocomial infections, and estimated the rate of MRSA transmission and other factors. It has been suggested that common routes of transmission are the hands of medical staff, medical equipment, and personal belongings, and the transmission may take place via interactions between patients and the healthcare organization. The model consists of passive environmental objects and active medical staff agents to simulate nosocomial infections. Experimental results showed that the number of patient arrivals and hand-washing rates influenced the number of infections. However, the study is relatively abstract, as it is based within a healthcare organization, and the basis for setting movement and contact rates within the healthcare organization is not provided.
Peleg et al. [4] also developed a model of microbial survival by disinfectants such as chlorinated water and theoretically estimated microbial inactivation using a differential equation model. The Weibull distribution function was used as the probability distribution, and the required concentration of disinfectant was determined by deriving a survival curve depending on the concentration of disinfectant. The model theoretically demonstrates the effectiveness of disinfectants but does not refer to the spread of viruses through domestic behavior.
Mokhtari et al. [5] developed an agent-based model of microbial persistence and spread in food facilities, simulating a spatially dynamic system representing the hygiene behavior of food handlers and their interactions between the facility environment and food products. Experimental results showed that areas not in direct contact with food (loading docks and toilets) could act as contamination sites and recontaminate regions in direct contact with food. However, the data used as cases are based on assumptions and do not reproduce existing facilities or behavior.
Mori et al. [6] examined the effect of hand-washing on virus removal and measured the effect of washing with water and firmer washing with soapy water on reducing the number of viruses, using viruses of the same family as noroviruses, Caliciviridae. Murata [7] and Yasugi [8] also conducted experiments on the inactivation effect of ozonated water on resistant bacteria using virus solutions.
Katsumi et al. [9] performed a statistical analysis of the SARS-CoV-2 virus copy number and virus titer in positive samples and estimated that 1TCID50 (50% Tissue Culture Infectious Dose), which represents the concentration of virus when half of the host cells are infected with the virus, is approximately 944 copies/µL.
Kurahashi et al. [10] constructed an agent-based model and an SEIR model of infection in a suburban area and estimated the effect of infection prevention measures called for in an emergency declaration. The results showed that the number of friends for dinner together in restaurants and the frequency of meetings affected the control of the spread of infection. However, this study used a fixed probability for infection in the home and did not take into account differences in behavior after returning home. In addition, the study targets droplet infection, in which the distance from the infected person and the duration of conversation are used as risk indicators, and does not address the risk of contact infection, in which the virus is transmitted through the fingers and other parts of the body.
Madewell et.al [11]. and Yang et.al [12]. synthesized the available evidence on household studies of SARS-CoV-2. The combined household and family secondary attack rate was 16.6% (95% CI, 14.0%–19.3%). This point estimate is higher than previously observed secondary attack rates for SARS-CoV and MERS-CoV. Household and family contacts are at higher risk than other types of close contacts. Dutta et.al [13]. estimated the household transmission of COVID-19 and assess the factors affecting transmission. It found mild negative correlation between rooms per person. Maestre et.al; [14]. investigated the distribution and persistence of SARS-CoV-2 in a home with COVID-19 positive occupants, samples were collected from a household with two confirmed COVID-19 cases (one adult and one child). Of the 24 surfaces sampled, 46% were SARS-CoV-2 positive at the time of sampling. Ciunkiewicz et.al [15]. proposed an agent-based simulation, which uses an agent-based epidemiological model to simulate the spread of COVID-19 within an elderly care facility. Results generated by this proof of concept model were focused on the 16 possible mask and vaccine combinations defined, and the model quantified this risk to provide actionable insights to manage occupant capacity and spatial organization such as seating arrangements. Although these studies focus on infections in homes and institutions, they focus primarily on droplet transmission. Therefore, they do not consider the risk of contact transmission due to viruses on the body or belongings brought in from outside. In addition, behavioral observations of residents in the home or facility were not conducted.
As described above, almost all the previous studies have investigated droplet infection. The studies of contact infection have also focused on the effect of hand-washing with running water and soapy water, and the effect of ozone water on reducing bacterial resistance in medical institutions. There are a small number of studies based on actual surveys on contact infection risk at home. It is an issue in COVID-19 infection studies. In this study, we conducted a survey of residents’ behavioral history in their own homes, used the survey results to construct a household contact infection model and conducted a simulation experiment.
3 MODEL OVERVIEW
In order to visualize virus spread associated with contact behavior after going out and returning home, we reproduce the state in which viruses adhering to hands when going out are tranfered to various items at home by the behavior of people returning home. For this purpose, we constructed an agent-based model to estimate the risk of contact transmission and the effects of hand-washing behavior, etc.
We extracted data on location, behavior, and contact items from approximately 1,100 surveys of people’s behavior after returning home conducted by the University of Tsukuba and Lion Corporation. In this survey, 1,105 valid responses (600 males, 502 females, and three non-responses by gender) were asked to fill in their behavior for 30 min from the time they returned home. By extracting data on location, behavior, and contact objects, we analyzed the relative frequency of visits to each room (Blue bars in Figure 2), frequency of contacts (Blue bars in Figure 3), time spent, and final arrival location.
From those data, we created the room-to-room transfer probability table, the conditional probability table P(C|A, B), which are the probability of moving from point A to point C via point B, and the contact probability table (Table 1; Table 2; Table 3). We also created a material transfer efficiency table that measured the virus distributed between the model skin and each material through laboratory contact experiments using influenza viruses as a proxy for novel coronaviruses (Table 4).
TABLE 1 | The room-to-room transfer probability table.
[image: Table 1]TABLE 2 | The room-to-room transfer conditional probability table.
[image: Table 2]TABLE 3 | The contact probability table.
[image: Table 3]TABLE 4 | Viral transfer efficiency (Dry state).
[image: Table 4]The skin model was made of protein leather, which has a tactile feel similar to human skin and is also used for cosmetic application tests. Distribution tests of the dried virus were conducted as follows. Virus droplets were dropped onto various substrates and allowed to stand for 40 min under conditions of 40–60%RH to dry the droplets naturally. The droplets were then brought into contact with the substrate from above vertically for 5 seconds at a force of 10 g/m3, which is the load applied when a hand lightly touches the surface of the substrate. The virus transfer efficiency from each surface was calculated as follows.
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We also realized that the transfer efficiency decreases as the number of contacts increases. It decreased to about .09 of the first contact at the 8th contact if the transfer efficiency of the first contact is set to 1. Therefore, we estimated an approximate expression (y = .88x−1.27, R2 = .79) for the decreasing effect of multiple contacts. We introduced it into the model and counted the number of contacts for each agent to correct for the reduction in virus transmission rate due to consecutive contacts.
Using the analysis, we constructed an agent-based model to visualize the risk of contact transmission in the home, which can be configured with various floor plans. In this model, an agent that acts based on various probability tables repeatedly moves between rooms in the home and contacts the virus. Therefore, it can estimate the risk of re-contacting the virus based on the number of viruses attached to the agent. An example of the flow line survey is shown in Figure 1. The most frequent behavior patterns after returning home are as follows: 1st step: 1) entrance → hallway → living-dining room, 2) entrance → hallway → bathroom, 3) entrance → hallway → kitchen, 2nd step: 1) living-dining room → bathroom, 2) living-dining room → kitchen, 3) living-dining room → bathroom, 3rd step: 1) kitchen → living-dining room 2) kitchen → washroom 3) kitchen → lavatory. Thus, there were a certain number of cases of moving indoors without washing hands at an early stage.
[image: Figure 1]FIGURE 1 | An example of the behavior survey.
In this model, there is no explicit decision maker. However, it consists of agents whose actions are based on each individual’s behavioral preferences determined probabilistically and viral distribution rates obtained from survey data. Each agent and each item in the room interacts with each other through viral contact, which also involves interaction with other agents. We also aim to estimate the effectiveness of infection prevention measures, such as agents’ hand-washing methods, the location and timing of disinfection, and we employed an agent-based model that allows for these measures.
Resident agents returning home move through the rooms in the home on this layout according to the probabilities of flow line analyzed from the behavioral survey after returning home. The probabilities of flow line were set from the From-To probability table for rooms and corridors and the conditional probability table for continuous movement between rooms. These were tuned to approximate the measured transition probabilities by adjusting them in conjunction with the stop condition of movement. The probabilities of contacts with furniture, light switches and doorknobs in each room were set from the contact order probability and contact frequency distribution and tuned to approximate the measured values in the same way.
Comparisons between the observed values and the average of 1,000 simulations are shown in (Figure 2; Figure 3), respectively. Each RMSE is .0029 (Normalized RMSE .06%) and .0042 (Normalized RMSE .02%), which are almost consistent values, confirming the validity of the resident agent movement and contact behaviors.
[image: Figure 2]FIGURE 2 | Relative frequency of room visits for 30 min from the time they returned home (blue: observation, orange: simulation).
[image: Figure 3]FIGURE 3 | Frequency of contact with objects (blue: observation, orange: simulation).
Table 5 shows the eight experimental settings. Experiment 4.1.1 and 4.1.2 are experiments in which one person returning home from outside spreads the virus on their hands indoors. Experiment 4.2.1 to 4.2.2 are experiments in which a late returnee comes into contact with the virus spread indoors. Experiment 4.3.1 to 4.3.3 are experiments in which a person returning home comes into contact with the virus while an infected family member is recuperating at home. It should be noted that in these experiments, it is assumed that the infected family member wears a mask when they leave their bedrooms to prevent droplet infection.
TABLE 5 | Experimental settings.
[image: Table 5]4 EXPERIMENTAL RESULTS
4.1 Experimental results for one person returning home
The following are the results of 1,000 simulations of each possible household movement and contact behavior during the first 30 min after returning home, using the created model. In the simulation, we use the same room layout (Figure 1) as the previous example of the survey that is a two-bedroom apartment with a living and dining room plus kitchen.
4.1.1 Change in viral spread distribution due to hand-washing practices
The initial viral load on hand was set to 106copies, and the viral reduction factor by hand-washing with hand wash was set to 1/10,000 based on 6). As a result of 1,000 simulations, the hand-washing group and the no-hand-washing group were extracted. The average viral residuals in these groups are shown in Figure 4. The figure shows that although hand-washing behavior (orange bars) reduces the number of viruses on the hand and fingers, various contacts prior to hand-washing reduce the effectiveness in inhibiting virus spread. This indicates that it is difficult to prevent the spread of viruses in a room by ordinary hand-washing behavior.
[image: Figure 4]FIGURE 4 | Viral spread distribution due to hand-washing practices.
4.1.2 Estimation of the number of viruses due to early hand-washing behavior
Figure 5 shows the results of measuring the number of contacts before hand-washing among the hand-washing group. The distribution of contact counts before hand washing approximates the simulation results (blue: simlation, orange: observation). The number of contacts with household items before the first hand-wash in the hand-washing group was two at the minimum, 38 at the maximum, and nine at the median. The results of the simulation experiment show a pattern in which many contacts occur before hand-washing. From these data, we conducted a comparative analysis of the effect of early hand-washing on the number of contacts before hand-washing, with a median of nine contacts as the borderline. Figure 6 shows that earlier hand-washing upon returning home reduces the number of contact objects to which the virus adheres in the home (orange). This suggests that early hand-washing can reduce the extent of viral spread.
[image: Figure 5]FIGURE 5 | Distribution of contact frequency until hand-washing.
[image: Figure 6]FIGURE 6 | Estimation of the number of viruses due to early hand-washing behavior.
4.1.3 Estimation of the number of viruses by hand disinfection at the entrance
The previous section showed that early hand-washing behavior is effective. Next, we estimated the effect of hand disinfection inside the entranceway immediately after returning home, because the number of viruses deposited in the hallway, living and dining room, kitchen, and washroom, which are often used before hand-washing, is high. The results of an experiment in which the coefficient of virus reduction by hand disinfection was set to 1/10,000 according to [16] are shown in Figure 7.
[image: Figure 7]FIGURE 7 | Estimation of the number of viruses by hand disinfection at the entrance.
The results show that the number of viruses outside the entrance (orange) was significantly reduced compared to hand-washing only (blue). However, the number of viruses on light switches, walls, doorknobs, and keys inside the entrance, as well as on portable items such as bags, remained high. This is presumably due to the fact that hand disinfection is performed inside the entryway, resulting in higher virus attachment to areas that were in contact with the virus prior to disinfection.
4.2 Results of the experiment with two returning residents
The results of the experiment for one returning family member raised concerns about the risk regarding the amount of adhesion at the entrance. In this experiment, a simulation analysis was conducted for a case in which one family member returned home with the virus on their hands, and a second family member returned home from an outing.
4.2.1 The first person returns with the virus on their hands, and then the second person returns
The viral residuals on objects are shown in blue bars when the first person returns home with the virus on their hands and moves around the room without hand-washing, and then the second person returns home without a virus attachment and moves around the room.
The number of viruses on household goods is shown in orange bars when the first person returned home with a virus on their hands and washed their hands after an average number of contacts while moving around the room, and then the second person returned home without a virus adhesion and moved around the room (Figure 8).
[image: Figure 8]FIGURE 8 | Estimation of the number of viruses when the first person returns with the virus on their hands, and then the second person returns.
In contrast to the blue bars, the orange bars show a slight decrease in viral residuals, but it shows little change. The first person’s hand-washing behavior alone shows that the decrease in viral residuals in each room is small, indicating that the second person’s hand adhesion would be high.
4.2.2 The first person returns, disinfects their hands at the entrance, and then the second person returns
The first person comes home with the virus on their hands, disinfects their hands at the entrance, and moves around the room. The second person then returns home without the virus on their hands and moves around the room. The number of viruses is shown as orange bars (Figure 9).
[image: Figure 9]FIGURE 9 | Estimation of the number of viruses when the first person returns and disinfects hands at the entrance, and the second person returns.
In the previous case (Figure 7), in contrast to the blue bars, the orange bars show a decrease in the number of viruses. However, the virus counts (orange bars in Figure 9) did not decrease significantly and differ from the results of the first person’s entrance disinfection behavior.
It indicates that the second person’s action allows the virus to spread to each room. This is because the first person leaves the virus inside the entrance where the person had contact with the virus at some parts of the entrance before disinfection.
4.3 Experimental results when one person is infected at home
In this experiment, we analyze the case of a second family member returning home from an outing while one family member was infected with COVID-19 and recuperating at home (Figure 10). The behavior of an infected patient who was recuperating at home was defined using data from the survey of behavior after returning home, and was modified so that the bedroom was used as the starting point for movement. The initial number of viruses on the hands upon exiting the bedroom was assumed to be 106copies, and no new increase was assumed during the behavior. Note that the influenza virus was also used as a proxy for the new coronavirus in this experiment.
[image: Figure 10]FIGURE 10 | A behavior example of a person returning home and an infected person.
4.3.1 One infected person leaves the bedroom to other rooms, and the second person returns home
One person infected with COVID-19 is able to leave the bedroom and move to other rooms, while the second person returns home and moves around the room without viral attachment, as shown by Figure 11. The blue bars are a case where neither of the two people washed their hands, and the orange bars are a case where both people washed their hands as usual after returning home. In contrast to the blue bars, the orange bars show a slight decrease in the number of viruses, but little change. This indicates that normal hand-washing behavior alone is not enough, and the second person is also exposed to the risk of contact transmission as the infected family member spreads the virus to each room.
[image: Figure 11]FIGURE 11 | Estimation of the number of viruses when the first person is infected and the second person returns, both the persons hand-wash.
4.3.2 One infected person leaves the bedroom and moves to other rooms after hand disinfection, and the second person returns home
If a person infected with COVID-19 visits the bedroom by the probability of flow line, they disinfect their hands when leaving the bedroom. And then they move to other rooms. The orange bars indicate the number of viruses if the second person returned home without viral attachment and moved around the room (Figure 12). In contrast to the blue bars, the orange bars show a decrease in virus counts. However, the number of viruses is not reduced to zero and is spreading to each room.
[image: Figure 12]FIGURE 12 | Estimation of the number of viruses when the first person is infected and the second person returns, the first person disinfects hands in a bedroom.
It indicates that when the second person after returning home entered the bedroom to care for the infected family member, he/she left the room without hand disinfection, thus spreading the virus to each room.
4.3.3 One infected person leaves the bedroom to other rooms after hand disinfection, while the second person returns home and disinfects hands in the bedroom
One person infected with COVID-19 was able to leave the bedroom and move to other rooms after hand disinfection, and the orange bars indicate the number of viruses when the second person returns home without viral attachment and moves around the room after hand disinfection in the bedroom (Figure 13).
[image: Figure 13]FIGURE 13 | Estimation of the number of viruses when the first person is infected and the second person returns, both the persons disinfect hands in a bedroom.
In contrast to the blue bars, the orange bars show a significant decrease in viral residuals. This indicates that hand disinfection when the second person entered the bedroom after returning home prevented the spread of the virus.
5 DISCUSSION
Figure 14 shows an example of a situation in which the virus spreads gradually from an infected person moving from a bedroom to a room, including the movement of another family member. After the infected person moves out of the bedroom for 30 min, the other family member moves through each room for 30, 60, 120, and 180 min, respectively. The green line indicates the infected person’s movement between rooms, the blue line indicates the infected person’s contact movement, the red line indicates the second person’s movement, and the pink line indicates the second person’s contact movement. The square boxes indicate items with the virus on them. The movement of infected family members from the bedroom in the lower right corner shows how the virus spreads not only to the living and dining room, but also to the kitchen, bathroom, and everywhere else in the room except the entrance. The overlapping blue boxes and red boxes indicate the risk of transfer of the virus to another family member.
[image: Figure 14]FIGURE 14 | Agent moving paths and virus spread over time Left: after 30 min, center: after 60 min, right: after 120 min.
Table 6 shows the results of the Wilcoxon signed-rank test of the average amount of virus left on the hand in experiment 4.1.1 to 4.3.3, indicating that there is a significant difference in the amount of virus except in experiment 4.1.2 and 4.3.1.
TABLE 6 | Statiscal test between virus on hands of the experiments.
[image: Table 6]Hand-washing after returning home slightly reduces the amount of virus in the room and on the hands (Figure 4). Although early hand-washing is also effective, the final amount of virus on hands does not change much because the virus that was transferred to the room before hand-washing is transferred back to the hands (Figure 6). On the other hand, hand disinfection at the entrance significantly reduces the amount of viruses adhering to the room (Figure 7).
In an experiment with two family members, we also show that normal hand-washing behavior is less effective in reducing the amount of virus (Figure 8) and that hand disinfection at the entrance is effective (Figure 9).
An experiment in which one family member was infected and staying at home showed that simply having two people wash their hands had little effect on reducing the amount of virus (Figure 11). On the other hand, we confirmed that disinfecting hands when an infected person leaves the bedroom reduces the amount of virus in the room, but another family member who returns home stops by the bedroom, spreading the virus to other rooms (Figure 12). It was found that hand disinfection in the bedroom after a family member came home could significantly prevent the spread of the virus outside the bedroom (Figure 13).
These experiments showed that viruses on hands upon returning home spread to each room in the home; Maestre et al. [14] measured the spread of RNA in a home with a SARS-CoV-2 positive patient and found a median viral count of 966 copies. This value is consistent with the value in this simulation experiment (Figure 4).
In addition, the number of viruses on hands, even if the hands are disinfected, has not been reduced to zero. Because the virus spread from the entrance and portable items is occurring. This suggests that portable items, doorknobs at the entrance, light switches, and locks should also be disinfected. It was also revealed that other family members could spread the virus to other parts of the home by touching the virus on walls and furniture. These were also found to affect the number of viruses on hands, which are at high risk of virus contact.
The experiment examining the risk when the second family member returned home showed that even if the first returning family member disinfected their hands inside the entrance, the virus remained in a part of the entrance, and the virus was spread inside the room by the second returning family member. This result suggests that hand disinfection outside the front door is important.
From this result, it was found that hand disinfection at the time the second family member leaves the bedroom is important; from the analysis of COVID-19 virus titer, 1TCID50 was reported to be about 944 copies/µL [9]. The number of viruses attached to each room in the experiments ranged from 100 to over 1,000 copies in some locations. It indicates that there is a risk that the number of viruses absorbed into the body through the nose or mouth may exceed 1,000 copies after one to multiple contacts.
While the use of masks and keeping a safe distance during conversations have been shown to be effective for droplet transmission of viruses, the risk of contact transmission has not been quantified, as only general hand sanitization has been recommended. By visualizing the number of viruses adhering to the home, this experiment revealed that normal hand-washing behavior is not sufficient. In addition to hand-washing as soon as possible after returning home, the results also indicated that the appropriate timing and location of hand disinfection are extremely important as a tipping point.
Limitations of this study include the fact that the behavioral probability of an infected person at home was estimated from the survey of the behavior after returning home, and that the number of viruses on the hands of the infected person was assumed to be 106copies. A more accurate survey of home treatment of infected persons would be needed.
In addition, this study does not address the risk of droplet infection in the home. Droplet infection can be effectively prevented by masks, exhaust ventilation, and opening windows. Since contact infection cannot be prevented by these measures, this study focused on contact infection risk in the home. Bale et. al [17]. used fluid simulation modeling to clarify the indoor infection risk due to droplet/aerosol inhalation. We are collaborating with them to study contact transmission of virus-containing droplets when they fall on tables and other surfaces. These overall risks will be the subject of future work. Additionally, the veneered boards used in this experiment were not treated with any antimicrobial or antiviral treatment. Given the recent increase in the number of them with various surface antimicrobial treatments, future analysis should take the half-life and adhesion characteristics of viruses on the various boards into account. If these effects for virus are added to the simulation model, it may be used to predict the risks in more patterns and to estimate the effects of surface-treated products and the place to be treated in the home. In this analysis, the behavioral preferences obtained from the questionnaire were defined by a single probability model. However, by clustering the behavioral patterns of the subjects, a behavioral analysis that takes heterogeneity into account can be expected. These are issues to be addressed in the future.
6 CONCLUSION
In this study, we constructed an agent-based virus spreading model for household contact transmission of influenza viruses as a proxy for coronaviruses, which reproduces the spread of viruses on hands and personal belongings when leaving the house to various places and objects in the home, and estimated the risk of contact transmission. We conducted virus distribution experiments among various materials using influenza viruses with similar properties as substitutes for new coronaviruses.
Using the viral partitioning rates by material obtained from the experiments and the behavioral contact history data after returning home obtained from a questionnaire survey of approximately 1,100 people, we estimated the number of viruses by hand-washing and hand disinfection behavioral scenarios in the home. The experimental results confirmed the effectiveness of hand-washing and hand disinfection at the appropriate time against the risk of viruses brought in from outside the home and the risk of contact infection by an infected family member who is recuperating at home.
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