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ABSTRACT

Background and purpose: COVID-19 has caused serious damage globally. Some countries implemented short-term 
lockdowns to slow down the spread of COVID-19 while continuing basic economic activities; vaccinations have also 
been underway, but a significant impact of vaccinations is yet to be seen. In reality, infections continue to increase 
at a slow pace.

Although lockdowns and rules for limited operating hours for restaurants were implemented, infection clusters 
originating from restaurants still occur. Recently, clusters originating in families have also occurred. The present 
study attempts to analyse the specific causes of such infection clusters.

Method: In a group, infection through airborne droplets during conversation is possible. When dining in a group, 
most people do not put their masks back on later, which is clearly a ‘rule violation’. Therefore, the actual conditions 
of such instances were investigated using a time workflow chart (t-WFC), analyses of COVID-19 infection clusters 
were carried out, and countermeasures were proposed.

Results: There is no guarantee that dining in a group does not lead to infection. Consequently, in such instances one 
should wear a mask to prevent infection. Additionally, the efficacy of masks varies according to their type. Therefore, 
masks that are more effective should be used. Several rules should also be considered when dining together, such as 
maintaining social distancing and reducing the number of participants. 

Conclusion: The misconception that individuals dining together are not infected with COVID-19 should be 
corrected.
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INTRODUCTION

COVID-19 has caused serious damage globally. Certain efforts 
to control growing infection rates may have an uncertain impact 
on economic activities [1,2]. For instance, a second lockdown was 
imposed in some European countries leading to a decrease in 
economic activities and an increase in the following recovery time. 
Consequently, many countries cut their lockdown periods short, 
attempting to reduce its adverse impact on economic activities.

The initial symptoms of COVID-19 are now well known: slight fever, 
cough, fatigue, and cold-like symptoms. However, mild symptoms 
are seen only in some cases. Therefore, asymptomatic individuals 
can spread the virus without knowing whether they are infected.

The second and third waves of COVID-19 have exceeded their 
forecasts. Across the world, many people wear masks [3] to prevent 
infection, yet the virus continues to spread. This begs the question 
‘Could there be other reasons?’

Problem

Generally, everyone entering a restaurant is required to wear a 
mask. Yet, when customers dine together, they remove their masks 
and do not always put them back on. If members of a group are not 
infected, this does not cause a problem, but identifying who may 
or may not be infected is not possible beforehand. It is therefore 
reasonable to consider that any person could be a carrier, who is 
still in the virus incubation period and unaware that he/she is 
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infected. Considering this condition, removing the mask at the 
restaurant would be against the rules. Yet, hardly anyone wears a 
mask while dining in public and restaurants remain open even 
when infections may occur through the spread of airborne droplets 
during eating and drinking.

Ailake knowledge

Root cause analysis (RCA) was used to examine whether dining in 
a group results in COVID-19 infection clusters. Moreover, a time-
workflow chart (t-WFC) was created [4,5]. This method was first 
adopted by the aviation industry and has also been used in the 
analysis of medical accidents in recent years. Generally, the workflow 
chart used in RCA involves simply aligning events sequentially. 
However, identifying potentially hazardous occurrences using only 
RCA is difficult. Therefore, instead of focusing only on potentially 
hazardous events, the possible scenarios that could occur were also 
carried out. Specifically, the time of the event was noted, along 
with all other observable details.

It is not possible to establish countermeasures by analysing 
COVID-19 infection clusters using only the t-WFC. However, a 
‘Why Diagram’ based on the results of the t-WFC could be used to 
generate hypotheses regarding significant questions such as: Why 
did an individual take off their mask? How long did the mask stay 
off? Why did the mask stay off after eating and conversing with 
others? Why did no one point this out? According to the Socratic 
method [6, 7], it is possible to distinguish between valid and invalid 
hypotheses by repeatedly asking questions that cannot be answered 
with a simple yes or no. 

DESIGN

First, it was presumed that the spread of COVID-19 could be 
controlled by wearing a mask [8-10]. Although even while wearing 
a mask at work, there is an increasing likelihood of being infected 
during company operations and conferences. This spread is likely 
because of workers removing their masks to eat or to converse 
during a meal (e.g. lunch). Wearing a mask is a generally preventive 
measure, but frequently removing it and putting it back on reduces 
its efficacy.

A state of emergency was declared, since controlling the spread of 
infection when dining in a group was difficult. Restaurants closed 
and the economy stagnated. In order to reactivate the economy and 
be able to open up restaurants again, some important questions 
need to be examined: 

1) Can asymptomatic individuals infect healthy people? 

2) Are all types of masks and face shields equally effective? 

3) Why do some people get infected, even though they wear masks? 

4) Is it a mistake to think that wearing a mask can control infection? 

5) Are there any other factors, which increase the infection rate? 

Although it has been stated that a cluster will not occur if wearing 
a mask is mandated, infections continue to grow through the food 
and drinks industry, mainly because people remove their masks 
while dining. This is an example of a rule violation caused by 
human errors. This non-medical issue has not yet been addressed 
using RCA. Given the public concern regarding the death toll 
crossing thousands due to COVID-19, infection clusters should be 
analysed and research-based countermeasures should be proposed. 

We considered establishing a countermeasure plan focusing on 
non-infected people because 1) asymptomatic persons do not 
inherently want to infect healthy people, and 2) non-infected 
persons do not consider the possibility that the other people dining 
with them could be infected.

RCA and t-WFC were used to analyse human error with five 
individuals who enjoyed drinking parties. However, a drawback 
in this case analysis is that a strong desire for justice has gained 
mainstream importance and loses the pleasure of justice. As a 
last resort, we decided to ‘set penalty rules for restaurants that 
did not adopt prevention measures’, or ‘set penalty rules when 
an asymptomatic person causes a cluster by dining in a group.’ To 
avoid this, our analyses periodically changed the targeted members 
(e.g. men, women, and people who do not drink alcohol).

CASE STUDY

1. The case study evaluated COVID-19 infection clusters related 
to dining in groups in Japan.

2. Course of the case 

Four co-workers of a company (A [boss], B [vice-president], C 
[employee], and D [employee]) were targeted. All of them reported 
wearing masks: Mr. A and Mr. B wore urethane masks, and Mr. 
C and Mr. D wore non-woven (surgical) masks. After a work 
conference, the subjects decided to eat at a restaurant that was not 
crowded. When they entered the restaurant, the waiter, who wore 
a mask, guided them to a table for four people. They sat 60 cm in 
front of each other and 30 cm adjacent to each other. Once the 
food and drinks were served, everyone took off their masks and 
made a toast. After the toast, they did not put their masks back on. 
They stayed at the restaurant for approximately 2 h and then went 
their separate ways.

3. Report from participants 

Four days after the group meal, Mr. A reported that he lost his sense 
of taste. Two days later, he had a high fever, went to the hospital, 
and tested positive for COVID-19. Given that he had participated 
in another group meal three days before dining with his co-workers, 
the source of COVID-19 infection could not be ascertained. 
Regarding other members, he commented that ‘someone other 
than me may have been infected’.

4. Comments and reflections from the other three participants 
in the group:

‘I did not think that Mr. A was infected with COVID-19. He came 
to work the next day without any problems, and no one else was 
infected in the workplace’. In addition, a test to determine where 
he contracted COVID was conducted, and all his co-workers were 
found to be infected as well (they were asymptomatic).

They wore a mask before they started to eat because they were 
concerned about getting infected. They took off their masks to eat 
and drink. Although they were all aware of social distancing, they 
did not think of applying it between themselves. They were not 
worried about getting infected because they were more than 1 m 
away from people other than their own group. They also did not 
think that someone in their own group would be infected.

5. Comment from the restaurant chef 

The restaurant was not crowded at that time. I had instructed the 
staff ‘to not have long conversations with customers’ [11].
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METHODS 

Step 1. The date and length of time spent dining were recorded in 
the workflow chart on the horizontal axis. Each participant who 
joined a group meal filled up the upper row to create the overall 
flow chart image.

Step 2. Deviation from the overall flowchart image (risk during 
group meals): conditions during group meals were recorded. 
Confirmation: Any changes in the procedures of the group 
meals were added into the flowchart, along with reasons 
(including information from interviews with COVID-19 carriers). 
The time zone when the risk carriers are thought to be infected 
were shown as (✕), and the actual time of COVID-19 infection was 
shown as (✸). The two were then connected with a straight line. 
Time zones in which the risk carrier’s health is observably the 
same as the non-infected people (incubation period) are shown 
as a dotted line; time zones in which the person starts feeling 
unusual about their physical condition is shown as a solid line. 
If the condition of the infected carrier patient gradually worsens 
due to the effect of infection, this can be identified by changing 
the thickness of the arrow (  ->). The model diagram is shown in 
Figure 1.

Step 3. Analysis of potential risk factors at group meals was 
conducted: The participant was asked to check the “during group 
meals” report, and confirm and acknowledge the details of the 
status of their infection.

Step 4. Cognitive psychological factor analysis was conducted: The 
cognitive and psychological factors of the risk carriers and meal 
participants were included.

Step 5. Based on the emerging principles from analysis of the 
“Group Meals Flow Chart”, countermeasures were developed. 
The participant was asked to determine the cause of the improper 
behaviour, communication, and environment, etc., recreate the 
“Why Diagram”, and develop a countermeasures- proposal [12].

Step 6. Review of the countermeasures-proposal for group meal 
times: the participant verifies the proposal using the Why Diagram. 

Step 7. Countermeasure suggestions for group meals: participants 
shall verify new risks, which can be predicted in the future, and 
consider the prevention results. A model chart is shown in Figure 
1. (Figures 1 and 2)

RESULTS

Figure 2 shows the results of the analysis of the COVID-19 infection 
clusters related to dining in restaurants.

Four company workers who dined together were targeted. Their 
activities were organised in the order of time and date sequence 
according to the t-WFC, and the progress of each person was 
displayed. Next, the Why diagram from the t-WFC was created, 
and a countermeasures- proposal was presented.

Figure 1: Example of “t-Work Flow Chart”.

Figure 2: Analysis of COVID-19 Clusters related to Eating and Drinking.
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Countermeasures- Proposal based on the Analysis Result

1) Many countries have been concerned about an economic 
downturn and have restricted the operating hours of restaurants 
to reduce the risk of infection. However, when an infected person 
participates in a group meal, infection clusters can be generated, 
especially when the carrier is asymptomatic and unaware of 
infection. According to studies from various Asian countries, 
including China, transmission from an infected person to others is 
said to increase on the second and third days after infection, and 
then decreases within 7 days. In other words, even if a person is 
asymptomatic, he or she can still transmit the virus. At the same 
time, reports of transmission from a person during the incubation 
period are rare [13].

One countermeasure when participating in group meals is that 
one should operate on the assumption that everyone is infected 
with COVID-19. Hence, one should be sure to wear a mask while 
conversing, to avoid infection by airborne droplets, and ask others 
to do the same.

2) Types of masks

The efficacy of a mask varies depending on its type [14]. Excluding 
medical staff masks, nonwoven (surgical) masks are more effective 
(discharged airborne droplet amount and inhaled droplet amount 
= 20 %–30%) [15]. However, mistakenly wearing a mask inside 
out greatly reduces its efficacy. The amount of discharged airborne 
droplets from a fabric mask is 18%–34%, the inhaled droplet 
amount is 55 %–65%, and the efficacy of the urethane mask is 
50%. Regarding mouth shields, more than 80% of both discharged 
airborne droplets and inhaled airborne droplets have been reported 
during their usage, making them ineffective in preventing the 
spread of small airborne droplets. Hence, wearing a mouth shield 
while cooking and providing food services is not effective.

3) Social distancing

At a conference, people wear masks and maintain social distancing 
of approximately 1 m. However, the dining conditions are not the 
same as those in a conference room. A sophisticated restaurant 
might have a table wide enough to maintain the distance between 
people. However, in places such as bars, the tables are smaller and 
social distancing is not possible, increasing the risk of infection.

4) Air conditioning and humidity in restaurants 

Detailed consideration of air conditioning and humidity in 
restaurants is required. This is not limited to COVID-19 cases but 
it also applies to influenza.

5) Hand washing, handling smartphones, and cash while dining.

People use soap and antiseptic solutions to wash their hands while 
dining, but this is ineffective if they touch the faucet and other 
surfaces afterwards. The restaurant staff will sanitize surfaces 
before opening the restaurant, but if a carrier is exposed to them, 
the surfaces can still be a source of infection. Instead of using 
restaurant facilities, a compact antiseptic solution is recommended 
when eating out. Moreover, handling a smartphone with hands 
that have touched various surfaces should be avoided. Even if all 
of the above risk countermeasures are followed, if a person touches 
his coat with their own hands, the risk of infection automatically 
increases.

DISCUSSION

Symptoms of COVID-19 are now well known, including fever, 
cough, and fatigue, and they are similar to the initial symptoms 
of the common cold. In some cases, the symptoms do not appear 
or are very mild. However, in many cases, the infected person 
develops pneumonia, conditions rapidly deteriorate, and the 
infected person dies. According to previous studies, persons with 
pre-existing medical conditions and the elderly are reported to be at 
a higher risk of infection and the infection developing into a severe 
case. There is also a report about asymptomatic infected persons 
(carriers) spreading infection, constituting a factor that has made 
prevention difficult.

 We developed a t-WFC on the themes of dining in a group and 
the results have yielded pertinent aspects for further consideration 
of countermeasures.

1. COVID-19 clusters are related to dining in a group.

The misconception that those who dine within a group are not 
infected with the virus should be corrected. Dining with others 
at a work event, for example, is not the same as working with 
others inside a company building. Conference rooms are typically 
large, with good infrastructure. Therefore, social distancing can 
be maintained easily. The humidity of the air conditioning is 
generally set at approximately 60%. In addition, people do not 
hold discussions while taking off their masks. For these reasons, 
infections do not occur easily in the workplace. However, close 
attention should be paid to work events involving dining with co-
workers.

2. Time, distance, and the number of people dining together must 
be considered. 

Health guidelines have established that group meals should be 
limited to a maximum of five people and should last less than 2 
h, but there is no evidence proving that these rules prevent the 
spread of the virus. Indoor and outdoor cases should be handled 
differently: in outdoor settings, it is possible to maintain social 
distancing freely and are thus considered safe. 

3. Sterilization of restaurants

Restaurants are typically cleaned before opening up. However, 
even if the restaurant staff sterilises the tables and doors, if the 
next person who touches them is a carrier, such cleaning is of no 
use. Even if a client washes his/her hands, he may get infected 
by touching the door or other surfaces. Moreover, leaving their 
belongings on the floor also may result in taking the virus home. 
Similarly, many people often drop their smartphones, pick them 
up, and continue to use them. This can also be dangerous.

4. Ventilation and humidity inside a restaurant

Some restaurants leave the entrance door open for ventilation. In 
spite of this, often there is no good airflow, which again increases 
the risk of virus transmission. Instead, it is better to ensure good 
airflow by using a ceiling fan or an air cleaner.

5. Presence of the leader

Neither the president nor the vice-president of the company 
should participate in group meals at work. If both are infected with 
COVID-19, the company cannot operate.

6. Familial infection (cluster)
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Outside the workplace, the company’s president and other 
workers also have families who can also be at risk of contracting 
the COVID-19 infection. It is not typical for people to wear masks 
while eating with their families. 

However, similar to group meals, children too can contract the 
virus at school or in the park. While one might feel safe with one’s 
own children, it is better to assume that anyone could be infected, 
including our own family members. If this is not possible, strict 
management of body conditions should be exercised. Even if a 
small change is noticed in one’s body condition (e.g. loss of taste, 
joint pain, slight fever), isolation from others should take place.

LIMITATIONS

The results and countermeasures for COVID-19 clusters may not 
apply to all cases of eating together. For example, as a countermeasure 
for COVID-19, how large a table should be considered safe? Since 
social distancing of 1 m has been recommended, would a table of 
1.1 m be sufficient? In addition, although unwoven masks are said 
to have limitations, and manufacturers are expected to make masks 
that are more effective in the future, currently there is no accurate 
method of evaluating this aspect.　

As suggested in the discussion, maximum attention must be paid 
to mask efficacy and social distancing. This is especially important 
because COVID variants may overpower current countermeasures.

CONCLUSION

Eating and drinking are essential behaviors in human life, but 
doing so as a group is not. In order to prevent infections and live a 
new daily life, the use of more effective masks and when not eating 
and drinking alone, the three C’s (Closed spaces, Crowded areas, 
and Close contact settings) should be avoided. In addition, persons 
who live with their family need to understand the risk of eating and 
drinking together.
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