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Abstract

Background: Now and in the future, airborne diseases such as COVID-19 could become uncontrollable and |ead the world into
lockdowns. Finding alternatives to lockdowns, which limit individual freedoms and cause enormous economic losses, is critical.

Objective: The purpose of thisstudy wasto assessthefeasibility of achieving asociety or anation that does not require lockdown
during apandemic dueto airborneinfectious diseases through the mass production and distribution of high-performance, low-cost,
and comfortable powered air purifying respirators (PAPRS).

Methods: The feasibility of a socia system using PAPR as an aternative to lockdown was examined from the following
perspectives: first, what PAPRs can do as an aternative to lockdown; second, how to operate a social system utilizing PAPR,;
third, directions of improvement of PAPR as an alternative to lockdown; and finally, balancing between efficiency of infection
control and personal freedom through the use of Internet of Things (10T).

Results: PAPR was shown to be a possible alternative to lockdown through the reduction of airborne and droplet transmissions
and through atemporary reduction of infection probability per contact. A social system in which individual constraints imposed
by lockdown are replaced by PAPRs was proposed, and an example of its operation is presented in this paper. For example, the
government determines the type and intensity of the lockdown and activates it. At that time, the government will aso indicate
how PAPR can be substituted for the different activity and movement restrictions imposed during a lockdown, for example, a
curfew order may be replaced with the permission to go outside if wearing a PAPR. The following 7 points were raised as
directions for improvement of PAPR as an aternative method to lockdown: flow optimization, precise differential pressure
control, design improvement, maintenance method, variation development such as booth type, information terminal function,
and performance evaluation method. In order to achieve the effectiveness and efficiency in controlling the spread of infection
and the individual freedom at a high level in a social system that uses PAPRs as an alternative to lockdown, it was considered
effective to develop a PAPR wearing rate network management system utilizing 1oT.

Conclusions: This study shows that using PAPR with infection control ability and with less economic and social damage as an
alternative to nationwide lockdown is possible during a pandemic due to airborne infectious diseases. Further, the efficiency of
the government’sinfection control and each citizen’s freedom can be balanced by using the PAPR wearing rate network management
system utilizing an loT system.

(JMIR Biomed Eng 2024;9:€54666) doi: 10.2196/54666
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Introduction

For more than 3 years, herd immunity has been pursued
worldwide through vaccination as a countermeasure against
COVID-19, in addition to new lifestyle measures (social
distancing, wearing of face masks, washing of hands, etc) [1,2].
However, due to the emergence of new variants, the spread of
infection has sometimes been uncontrollable in different parts
of the world. Each time, lockdown has been implemented to
temporarily buy time, causing great economic loss and
restriction of freedom for individuals, businesses, and society
[3-7]. Inthis study, lockdown isdefined asrestricting the actions
and activities of people and businesses to temporarily slow the
spread of infection and buy time for other measures such as
herd immunity through vaccination. A strong lockdown includes
orderswith criminal penaltiesthat prohibit going out, working,
and doing business, and a weak lockdown includes voluntary
requeststo refrain from going out, working, and doing business.
The type and strength of lockdowns are determined by the
government on a case-by-case basis, considering the impact on
infection control and harm to society, depending on the situation
of the outbreak of infection at the time [8,9].

Eveninthe current situation, the rapid devel opment and delivery
of effective vaccines against new variants of the coronavirus
(SARS-CoV-2) and new airborne viruses that may emerge in
succession is not well assured. In the future, it islikely that we
will continue to be in a situation where we do not know when
alockdown will again be necessary around the world [10,11].
In light of this, alternatives to lockdown that can cause less
economic damage, avoid restrictions on freedom of action, and
other disadvantages to individuals, companies, and societies
would be beneficial. Among the modes of COVID-19
transmission, contact and oral infections are relatively easy to
prevent by environmental hygiene, including handwashing and
food hygiene management. Droplet infection (particle size>100
pm) is thought to be preventable by social distancing (droplets
fal by gravity) and by wearing a mask. Currently, airborne
transmission via aerosols (particle size <100 um) is thought to
be the main route of infection [12,13]. Although the infectious
dose of COVID-19, that is, the number of ingested viruses
required for infection, isnot well known [14], it is estimated to
be in the range of 300 to 2000 virions [15]. It is believed that
the possibility of viral infection can be effectively reduced by
shielding aerosol sthat may contain viruses. This paper discusses
alternative means to lockdown, assuming that contact and oral
infections are prevented by environmental hygiene and food
hygiene management and that only airborne and droplet
infections remain as infection routes.

Methods

Thefeasibility of asocia system utilizing powered air purifying
respirators (PAPRS) asan alternative to lockdown was examined
from the following perspectives. (1) what PAPR can do as an
alternative to lockdown, (2) how to operate a social system
utilizing PAPR, (3) direction of improvement of PAPR as an
alternative to lockdown, and (4) balance between efficiency of
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infection control and personal freedom through the use of
Internet of Things (10T).

What PAPR Can Do as an Alternative to L ockdown

The PAPR for practical medical use is adevice that drastically
reduces the number of viruses inhaled by the wearer and
effectively reduces the risk of infection. Medica PAPRs are
used by medical personnel working in high-risk environments
[16,17]. The assigned protection factor (APF), as defined by
the National Institute for Occupational Safety and Healthinthe
United States, is widely used as an indicator of the shielding
performance of respiratory protection devices, including PAPRs
[18]. APF is defined as the external concentration/internal
concentration of the target particles (aerosols). For a medical
face mask, APF=10 isgiven when aperson who has been trained
to wear it wears it completely with no gaps between the mask
andthefacial surface. However, 3M PAPR israted at APF=1000
and is considered to have excellent protective performance[19].
In other words, the concentration of virus-containing aerosols
can be reduced to /10 or less with afull-face mask when worn
without gaps, while it is reduced to 1/1000 or less with 3M
PAPR. Therefore, high-performance PAPRS can be used as an
alternative to the movement restrictions and activity restrictions
imposed by lockdowns used as a countermeasure against
COVID-19 and other airborne infectious diseases in future
pandemics. The necessary conditions for an aternative to
lockdown are that it should have the same deterrent effect on
the spread of infection aslockdown, and the economic damage,
activity restrictions, and other disadvantagesto individualsand
society should be smaller compared to those during lockdown.

The effective reproduction number R, isthe average number of
secondary cases per infectious case in a population of both
susceptible and nonsusceptible individuals. In this population,
Ri<1 means converging, R=1 means stationary, and R>1 means
expanding [20]. The effective reproduction number R; can be
expressed schematically by the following equation.

R, = B x k x D, where B=probability of infection being
transmitted during acontact, k (contact/day)=contact ratein the
host population, and D (day)=duration of infectiousness.

To control the infection of the whole society, it is sufficient to
set the effective reproduction number (R,) to <1. To do this, we
should reduce the above [3, k, and D. Vaccines are expected to
reduce (3 in the long term. Lockdown is expected to play arole
in temporarily reducing k. In this study, PAPR is expected to
play arolein temporarily reducing 3 by reducing the airborne
and droplet transmission. During COVID-19, the maximum R;
value reported worldwide was around 5 [21,22]. If lockdown
is used as ameans of correcting R=5to R=1, it is sufficient if
the lockdown makes k 1/5 of its current value. Alternatively, if
PAPRs are used as an aternative to lockdown, it would be
sufficient if citizens could wear PAPRsto reduce 3 to 1/5 of its
current value. It isworth noting here that the degree of reduction
ink and B may be about 1/5 rather than 1/100 or 1/1000. The
performance of the existing PAPRs was evaluated. Figure 1
shows the specifications of 3 existing PAPRs.
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Figure 1. Specifications of the 3 existing powered air purifying respirators. HEPA: high efficiency particulate air.

Model Versaflo TR-301N+(3M) Simple model (prototype) Controller model (prototype)
Air- ' . HEPA filter unit PA filter unit Battery
supply 5 Pump(inside)
tube |

Battery
Waist
Photo unit
(Battery,
Filter,
Pump)
\ SNonwoven . Tube for
; " filter 2 pressure
for exhaust sensing

Filter Nonwoven filter HEPA filter HEPA filter

Internal Pressure positive positive positive (controllable)

Flow rate (L/min) 180 (Low) or 200 (High) 400 300-400

Computer not applicable not applicable Board computer

Sensor not applicable not applicable 2 CO, & 1 pressure sensors

Cost Price: US $1000 Parts cost: US $40 Parts cost: US $300

Currently Existing PAPRs

Medical PAPR: Versaflo TR-301N+

This PAPR is marketed as a medical PAPR. The waist unit
(model TR-301N+; 3M Corp) containsanonwoven fabric filter
(model TR-3712N), pump, and battery (model TR-332). Purified
air is pumped from the waist unit into the hood (model S-133L)
through a flexible hose (model PSD-0225). The outline of this
PAPR is as follows. Only air purified by a high-performance
nonwoven filter is introduced into the hood by a pump. Since
positive pressureis naturally maintained inside the hood, outside
air isprevented from entering even if thereis a gap between the
hood seal and the face and the head. Thus, the air, which the
wearer breathes, isonly the air purified by the nonwoven filter.
As for the face mask, since the inside of the mask becomes
negative pressure during inhaation, if there is a gap between
theface and the mask, the outside air will enter directly through
the gap during the wearer’sinhalation [23,24]. Therefore, PAPR
isstructurally capable of shielding most of the aerosols present
in the ambient air. Thisis supported by the fact that this PAPR
has a high value of APF=1000. The flow rate can be selected
in 2 stages, that is, high and low, and the specified flow rates
are approximately 6.5 cubic feet per minute (180 L/min) and
7.2 cubic feet per minute (200 L/min), respectively [25].

PAPR Prototype With a Simple Structure

This PAPR is a prototype developed as a low-cost PAPR that
has a smple structure similar to the abovementioned
commercialy available medical PAPR. The specifications of
theair purification characteristicsin this prototype are asfollows
[26].

1. Only air purified by a high-efficiency nonwoven filter is
pumped into the hood.
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2. Because positive pressure is naturally maintained inside the
hood, outside air is prevented from entering even if thereis a
gap between the hood seal and the face.

3. The exhaust is natural exhaust from a thin nonwoven fabric
filter due to the positive pressure inside the hood. Even if the
wearer isinfected and emits droplets or aerosol s containing the
virus, it is possible to prevent some of the external emissions.

Thefirst 2 characteristics mentioned above are the same asthose
for the medical PAPR mentioned above (TR-301N+). Inthe air
supply side, a nonwoven fabric filter—high-efficiency
particulate air filter—which can filter 99.97% or more of
aerosolsdownto 0.3 pm or larger isused onthe air supply side.
For aerosols containing viruses, it is considered sufficient to
target aerosols with a particle size of 0.3 um or larger [27,28].
A high-performance PAPR can be assembled at a total parts
cost of approximately US $40 with a simple configuration of
only ahigh performance filter, battery, and pump.

PAPR Prototype With a Controller

This PAPR is a prototype developed as a high-performance
PAPR equipped with a controller/computer for measurement
and control [29]. The specifications for the air purification
characteristics are the same asthosein the PAPR prototype with
asimplestructure. In addition to the characteristics of the PAPR
prototype with a simple structure, a controller (on-board
computer) and sensors (2 CO, concentration sensors and 1
differential pressure sensor) are added, and the pump is
controlled by means of the pulse width modulation control. In
this PAPR, the pump output is adjusted and controlled according
to the output of the differential pressure sensor so asto suppress
theinternal pressurefluctuations dueto breathing, that is, higher
pressure during exhal ation and lower pressure during inspiration.
Operating parameters can be set and monitored using a
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smartphone. It is also possible to connect to the internet viathe
smartphone. As aresult, it is possible to connect to the PAPR
wearing rate network management system. In addition, by
installing a pump and filter on the exhaust side and making it
adifferential type, it is possible to set the internal pressure to
either positive pressure or negative pressure. Thus, itispossible
to set the positive pressure setting to protect the wearer from
the outside and to set the negative pressure setting to protect
the outside from the wearer. It is possible to manufacture this
PAPR with a total parts cost of approximately US $300; this
PAPR allows pump control based on sensor signal s and settings
and monitoring of the operating parameters by using a
smartphone.

How to Operate a Social System Utilizing PAPR

A case in which a fixed percentage of the population wears
PAPRs is considered. Quantitative evaluation of the reduction
in the aforementioned 3 (infection probability per contact) by
wearing PAPR and quantitative evaluation of the reduction in
R; by wearing PAPR are considered to require empirical and
social experiments, as described below, because they involve
humans. However, as shown below, quantitative evaluation is
possible under limited conditions. Assuming that the aerosols
and droplet shielding rate by PAPRs isthe samefor all particle
sizes of aerosolsand droplets, the shielding rate can be expressed
asfollows: (1) shielding rate for aerosols and dropletsin the air
supply (Rs;n) and (2) shielding rate for agrosols and dropletsin
the exhaust air (Rse). Assume that the reduction rate of the
probability of the wearer himself/herself becoming infected and
the reduction rate of the probability of the wearer infecting
others by wearing PAPR are as follows:. (3) reduction rate of
the probability that the wearer will be infected by aerosols and
droplets in the air supply (R, ;) and (4) reduction rate of the
probability of infecting others by aerosols and droplets in
exhaust air (R, ). Itisdifficult to quantitatively determine the
relationship between (1) and (3) and between (2) and (4) above.
However, the following limited arrangement can be made. For
the air supply side, the following can be said.

1. If the aerosol and droplet shielding ratio of PAPR is perfect
(Rs;in=1), wearing PAPR will reduce the probability of infection
by means of aerosols and droplets in the supply air by 100%
(R,;=D).

2. If the aerosol and droplet shielding ratio of PAPR is nothing
(Rs;in=0), wearing PAPR will reduce the probability of infection
by means of aerosols and dropletsin the supply air by nothing
(Rl,in:o)-

3. Intheintervals of 0<Rg;,<1 and O<R, j,<1, thereisapositive
correlation between Rg;, and R, ..

For the exhaust side, the following can be said.

4. If the aerosol and droplet shielding ratio of PAPR is perfect
(Rsex=1), wearing PAPR will reducethe probability of infecting
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others by means of the aerosols and droplets in the exhaust air
by 100% (R, &=1).

5. If the aerosol and droplet shielding ratio of PAPR isnothing
(Rse=0), wearing PAPR will reduce the probability of infecting
others by means of the aerosols and droplets in the exhaust air
by nothing (R, =0).

6. Intheintervals of 0<Rg <1 and O<R, <1, thereisapositive
correlation between Rg e, and R, .

A socia group was assumed to be completely free from contact
and oral infections, and airborne and droplet infections were
the only routes of infection. It is assumed that a certain
percentage of the population in the social group aways wears
aPAPR. The performance of PAPR isassumed to be asfollows.

1. The shielding rate of aerosols and dropletsin the air supply
side is 100% (Rs;,=1). As a result, the reduction rate of the
probability of infection by aerosol and dropletsintheair supply
i5100% (R, j,=1).

2. The shielding rate of aerosolsand dropletsin the exhaust side
is the same as that of the face mask used in the population at
that time.

3. When the above PAPR isworn by a percentage of peoplein
Wpg, the following relationship is established between the
effective reproduction number R, immediately before the start
of wearing and the modified effective reproduction number R,
immediately after the start of wearing.

Rim =[0.0 W + 1.0 (1-WR)] R, = (1-WR) R,
The expression for W is asfollows.

Wg = 1-Ry/ R,

Figure 2 shows the relationship between the effective
reproduction number R, at thetimein question and therequired
wearing rate Wg eqires» Which is required to achieve the target
effective reproduction number R, of 0.5, 0.9 and 1.0. For
example, consider an event in which acertain percentage of the
population is wearing PAPR at all the time. As an example of
a situation of severe infection spread, consider the case where
R=2 immediately before the start of the event. In this case, to
achieve the target effective reproduction number R; e Of 1.0,
0.9, and 0.5, 50%, 55%, and 75% of the popul ation should wear
PAPRs at all times, respectively. The above simulation targets
asocia group in which airborne and droplet infections are the
only routes of infection and an extreme setting in which PAPR
isworn at al times. Future studies should consider morerealistic
settings that suit the conditions of daily life. For example, the
situations in which the effects of not wearing PAPR should be
considered, including contact with family membersin the home,
eating, drinking, washing, and bathing.
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Figure 2. Relationship between the effective reproduction number and the required wearing rate, which is required to achieve the target effective
reproduction number of 0.5, 0.9, and 1.0. R torget: target effective reproduction number.
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Direction of Improvement of PAPR as an Alternative
to Lockdown

As the directions of improvements of PAPR as an alternative
to lockdown, thefollowing 7 points are proposed and discussed:
(2) flow path optimization, (2) precise pressure control by fluid
modeling, (3) improved design, (4) maintenance method, (5)
variations suitable for different places of use and activity
contents, (6) PAPR with information terminal function, and (7)
eva uation indicators and eval uation methods.
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Balance Between Efficiency of Infection Control and
Personal Freedom Through the Use of |oT

In order to achieve both (1) effectiveness and efficiency in
controlling the spread of infection and (2) individual freedom
(limiting the obligation to wear PAPRs to the minimum
necessary) at a high level in a social system that uses PAPRs
as an dternative to lockdown, it is considered effective to
develop a PAPR wearing rate network management system as
shown in Figure 3.
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Figure 3. The powered air purifying respirator wearing rate network management system. PAPR: powered air purifying respirator; Wg: wearing rate.

Wearing Rate
Network Management System

(1) Monitor/Record of status of each PAPR

(2) Electronic proof of W, of each citizen

Monitoring

App

>

PAPR
Helmettype

1. PAPR (helmet type, booth type, etc) is connected to the
wearer's smartphone via Bluetooth.

2. The smartphone is connected to the internet and connected
to the PAPR wearing rate network management system server
operated by the government.

3. The government will be able to monitor, record, and manage
each citizen's PAPR wearing rate along with smartphone
location information by using the system.

Wearers (citizens) can display the electronic proof of their
wearing rate on their smartphones provided by the system.
Various parameters can be considered for the PAPR wearing
rate (Wg). As simple examples, the following definitions of

wearing rate (Wg) can be considered.
Wg=time spent outside with PAPR/time spent outside

Instead of the PAPR wearing rate W, time spent outside
without PAPR T,y can be considered.

Twr=time spent outside without PAPR.

Instead of the PAPR wearing rate Wg, the number of viruses
inhaled during an outing I, (virions), which is considered to
have a direct correlation with infection, could be used as a
parameter for evaluation. If the estimated viral concentration d

(viriongm®) in the activity range is available, the following
definition can be adopted.

I,,=number of virusesinhaled during outings (virions)
=[d (1Rs;in) Qurean,in At

where, d (virions/m®)=estimated viral concentration at the
location, Rg;,=aerosol shielding ratio for theair supply of PAPR,
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Air supply
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and Quregthin (m*/s)=estimated amount of inhaled air of the
wearer at the time (exhaled air is not counted). As a request
from the government to each citizen, it is assumed that keeping
the above Wg, Ty, Or |y, &t a certain level or better will be
requested.

Ethical Consider ations

This study is based on known facts and the author's own
thinking, and no new experiments were performed. Therefore,
the author has not applied to Gunma University, to which the
author belongs, for ethics approval. Consent for publication has
been granted from the identifiable individual (author YF) in
Figure 1 in this paper.

Results

What PAPR Can Do as an Alternativeto L ockdown

PAPR was shown to be a possible aternative to lockdown
through the reduction of airborne and droplet transmissionsand
through the temporary reduction of . The existing medical
PAPRs appear to have sufficiently high virus shielding
performance and appear to have already reached a level that
should be experimentally tested as an alternative to lockdown.
The current medical PAPR shown in Figure 1 is expensive and
does not have measurement control functions. However, the
prototypes shown in Figure 1 indicate that cost reduction and
high functionality are possible. In addition, avariety of PAPRs
are commercially available for nonmedical use, some of which
areinexpensive. If aninexpensive PAPR issupplied to everyone,
using PAPRs during a pandemic instead of issuing a
countrywide lockdown will become aredlity.
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How to Operate a Social System Utilizing PAPR

A realistic processis shown below for quantitatively evaluating
the effect of the aerosol shielding performance of PAPRs (for
air intake side and exhaust side), PAPR wearing rate and
wearing condition for reducing the [, and the effective
reproduction number R, for realizing this proposal.

1. Select and prepare special experimental zones for socia
experiments in the next pandemic.

2. In the experimental zone, when lockdown is applied to the
surrounding area, PAPR can be substituted for the various
activity restrictions during lockdown.

3. Compare the spread of infection between the special
experimental zone and other areas, and change the aerosol
shielding performance of PAPR (air supply side and exhaust
side), PAPR wearing rate and condition, and other operational

Fujii

conditions within the special experimental zone. The obtained
results can be used to quantitatively evaluate the effects of the
aerosol shielding performance of PAPR (air supply side and
exhaust side), PAPR wearing rate and wearing condition for
reducing the 3, and the effective reproduction number R;.

4. When the effectiveness of PAPR asan alternativeto lockdown
is confirmed and the problems are sufficiently resolved, PAPR
as an dternative to lockdown can be applied to other regions.

Examples of operations in special experimental zones include
the following: (1) people can go out freely if they wear PAPRS,
even in circumstances where going out is restricted in other
surrounding areas and (2) factories can be operated freely if its
employees wear PAPRs, even in circumstances where factories
are prohibited to operate in other surrounding areas. Figure 4
shows the proposed social system where PAPRs are used as an
alternative to lockdown.

Figure4. Proposed social system where powered air purifying respirators are used as an alternative to lockdown. PAPR: powered air purifying respirator.

Normal Infection Explosion
Measures Concern

Present New lifestyle

Social + <+ Lockdown
System vaccination
Proposed New lifestyle Use of

Social + + PAPR
System vaccination

In the proposal in this research, PAPR will be utilized under
the leadership of the government as described below:

1. The government distributes PAPRs (helmet/hood type) to all
citizens as emergency equipment.

2. If the estimated effective reproduction number R; ishigh and
thereis concern about an outbreak of infection, the government
will determine thetype and intensity of thelockdown and decide
how to replace each constraint during lockdown with PAPR.
Examples include prohibition on going outside (going outside
ispossibleif wearing a PAPR), prohibition of factory operation
(operationispossibleif al employeeswear PAPRS), prohibition
of restaurant operation (operation is possible if all employees
wear PAPRs and al customers wear PAPRs suitable for eating
and drinking), and overseas entry prohibition (entry is allowed
if visitors agree to wear anegative pressure PAPR for aspecified

https://biomedeng.jmir.org/2024/1/e54666

period of time and accept government remote monitoring of
wearing conditions). Thiswill makeit possibleto open the door
to foreigners and returnees who wish to enter the country,
although they would be subject to the same level of
inconvenience as ordinary citizens suspected of being infected.

In theinitial implementation of the proposed socia system, as
described above, specia experimental zoneswill be established
in various regions, various trials will be conducted based on
various assumptions, and data will be collected. Based on the
data obtained, qualitative and quantitative evaluations of the
benefits (reduction of infection probability) and burdens borne
by individuals and the benefits (reduction of infection spread)
and burdens for the society as awhole will be attempted. The
proposed social system should be compared and verified with
the lockdown in each of the different situations, and the best
way to be found as an alternative to the various restrictions
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imposed by the lockdown should be identified. Ultimately, a
PAPR-utilizing social system will be constructed that effectively
functions as an alternative to lockdown.

Directionsfor Improvement of PAPRsas an
Alternativeto L ockdown

The following 7 points can be considered as directions for
improvements of PAPRs as alockdown alternative.

Flow Path Optimization

A hood shape and part configuration should be developed that
provides a smooth flow of the exhaled air out of the hood. The
concentration of carbon dioxide is approximately 500 ppm
(0.05%) in ambient air and approximately 50,000 ppm (5%) in
exhaled air [30]. The oxygen concentration in the exhaled air
is expected to decrease from the oxygen concentration in the
ambient air (approximately 21%) by an amount equal to the
increase in the carbon dioxide concentration in the exhaled air
(approximately 5%). In the commercially available PAPR and
the developed PAPRs shown in Figure 1, a large flow rate
(approximately 200-400 L/min) is delivered compared to the
resting respiratory flow rate (approximately 6-10 L/min) [31]
in order to suppress the carbon dioxide concentration in the
hood [25,26,29]. Efficient expiration of exhaled air to the outside
allows for a significant reduction in the air supply flow rate,
resulting in a significant reduction in the size and weight of
pumps, batteries, and filters, as well as design diversification.
By minimizing the volume inside the mask, it is also possible
to minimize the retention of the exhaled air from the nose and
mouth inside the mask. As an extreme example, consider a
configuration in which the noseis used for inhal ation, the mouth
is used for exhalation, and the air supply to the nose and the
exhaust from the mouth are mechanically separated. Asaresult,
the flow rate of the air filtered through the nonwoven filter and
delivered to the nose becomes the same as the flow rate inhaled
from the nose, and this dramatic reduction in flow rate results
in adrastic reduction in the pump and battery capacity.

Precise Pressure Control by Fluid Modeling

Fluid modeling of PAPRs should be considered. For the PAPR
prototypes (ssimple PAPR and controller PAPR) shown in Figure
1, the air supply through a nonwoven fabric filter isrealized by
a pump, and the exhaust through a nonwoven filter is created
through the positive internal pressure. A simple modeling for
these PAPRsisasfollows.

Air Supply Flow Rate

The flow rate Q,, (AP, V) through the filter is determined by
the pressure difference AP; before and after the filter. The flow

rate through the pump is determined by the pressure difference
AP, before and after the pump and the applied voltage (V) of

the pump. Whenthe differential pressure AP (=AP; + AP,) inside

and outside the PAPR and the pump applied voltage (V) are
determined, the air supply flow rate Q;, is determined.

Exhaust Flow Rate

The flow rate Q,,; (AP) through the filter is determined by the
pressure difference AP; before and after the filter.

https://biomedeng.jmir.org/2024/1/e54666
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Respiratory Flow
The flow difference Qg between the air supply flow rate Q,,
and the exhaust flow rate Q,,; can be expressed as follows.

Quitr = Qin (AP, V) = Quut = Quprean + Qieak + Quolume

Here, Qpean=respiratory flow rate of the wearer of PAPR,
positive with inspiration; Q,u=leak flow rate, positive for
leakage from the inside to the outside; and Qg me=Vvolume
change inside PAPR, positive with volume increase.

Since the time averages of respiratory flow Qe @nd volume
change Q,qume &€ zero, the time average of Qg is the time
average of Qg IN addition, Qe is expressed as a function
Qe (AP) of the differential pressure AP, assuming that the
shape of the gap between the face and the mask is constant.
Furthermore, the volume change Q,qume 1S considered to be
expressed as afunction Q,ume (AP) of the differential pressure
AP

Qureath = Quiift — Qieak (AP) — Quotume (AP)
In this case, Qyexn<0 iS judged as expiration, and Qyen>0 IS
judged asinspiration. In thisway, the exhalation and inhalation
movements of the wearer can be detected in rea time. For

example, based on this detection result, the following control
can be considered.

1. If an exhalation movement is detected, the minimum positive
pressure setting (eg, 10 Pa) is set to minimize the resistance to
exhalation movement while preventing |eakage from the gap.

2. If an inhalation movement is detected, a strong positive
pressure setting (eg, 100 Pa) is used to positively assist the
inhalation movement.

In addition to the forced air supply by the pump and filter, the
introduction of forced exhaust by the pump and filter enables
the following differential pressure control.

1. When an exhalation movement is detected, a strong negative
pressure setting (eg, —100 Pa) is used to actively assist the
exhal ation movement.

2. When an inhalation movement is detected, a strong positive
pressure setting (eg, 100 Pa) is used to actively assist the
inhalation movement.

In light of this, a PAPR facilitates the easy movement of the
wearer’s exhalation and inhalation. In this case, the direction
of leak flow at the possible gap is opposite to normal—from
outside to inside during exhalation and from inside to outside
during inhalation. It will be possible to detect coughing from
the measurement results of the differential pressure AP, It will
aso be possible to estimate the possibility of infection of the
wearer together with other measurement results such as body
temperature. The ability to efficiently identify infected persons
will enable efficient isolation and treatment of infected persons
and will have a significant effect in reducing the spread of
infection throughout the society.
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Improved Design

All the 3 types of PAPRs shown in Figure 1 have bulky and
exaggerated designs. Asalockdown alternative, the design may
not be very important; however, it is better to have an excellent
design. If the above flow path optimi zation achieves adramatic
reduction in the air supply flow rate, then adramatic reduction
in pump and battery size and various designs will become
possible. Once PAPRs are widely accepted as a lockdown
alternative, many peoplewill be dissatisfied with the bare-bones
PAPRs provided by the government; it is conceivable that
companies of various genreswill devel op modelswith different
characteristics.

Maintenance Method

It is necessary for every citizen to be able to easily perform
maintenance such as cleaning and disinfecting the PAPR and
replacing the nonwoven filter unit at home. However, when
PAPRs are used as an aternative to lockdown, it is expected
that the virus concentration in the external environment will be
extremely low compared to the environment assumed in medical
PAPRs due to the following reasons.

1. Infected persons would wear PAPRS.

2. PAPR has the ability to not only stop the entry of droplets
and aerosols containing viruses but also prevent their release
to the outside.

3. PAPR purifiesindoor air in the same way as an air purifier.

Therefore, in terms of maintenance standards, it may be possible
to set relatively lenient standards for nonmedical use PAPRs
compared to those set for medical PAPRS, which are assumed
to be used in environments with high virus concentrations such
as hospital wards where infected people are congregated.

Variations Suitable for Different Places of Use and
Activity Contents

The following variations should be developed, which are
fine-tuned to suit various places of use and activities, as well
asto suit societies and populations at different stages of social,
economic, and cultural development: (1) a model that pursues
comfort for everyday use; (2) modes suitable for specific
activities such as sports, eating, and drinking, for example, a
model for eating and drinking with a face shield opening and
closing mechanism and an air shower function or a model for
jogging with a structure that mechanically separates the nose
(exhalation) and mouth (inhalation); (3) abooth type model that
wrapsaround adesk and achair in an office, vehicle, restaurant,
etc; (4) a modd compatible with the standard unit of the
ceiling-mounted air conditioner; and (5) a very inexpensive
model suitable for low-income countries and regions.

PAPR With Information Terminal Function

The PAPR prototype (controller type) shown in Figure 1 isan
all-in-one type PAPR with a computer and a power supply on
the wearer’s head. Therefore, it is easy to make the PAPR an
advanced information terminal by means of installing a
computer equivalent to that of a high-end smartphone and adding
various devices as follows: (1) equipped with smartphone
function and virtual reality screen, (2) equipped with a
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Fujii

noncontact input system using eye gaze and brain waves, and
(3) equipped with a physical condition measurement and
management system using body temperature sensors, cough
Sensors (pressure sensors), electroencephalogram sensors, etc.
If the PAPR iscomfortableto breathe, comfortable to wear, and
has advanced information terminal functions, it is expected that
some people will not be able to part with it. In particular, if a
physical condition measurement and management system is
installed to accurately estimate the presence or absence of
infection, it will be easier to isolate, examine, and treat those
who are deemed to have a high probability of being infected.
In many cases, the various behavioral and activity restrictions
during lockdown are uniformly applied to all persons under
conditionswhereit is not known who isinfected. If it becomes
possibleto know with ahigh degree of certainty who isinfected,
the use of PAPR as an alternative to lockdown can be changed
to amore targeted approach.

Evaluation I ndicators and Evaluation Methods

Asan evauation indicator of PAPR as alockdown alternative,
it is desirable to be able to quantitatively evaluate the effect of
reducing the aforementioned 3 by means of wearing a PAPR.
However, in order to estimate the [3 reduction rate with high
accuracy, it is necessary to conduct elemental experiments and
socia experiments under various conditions.

The most important evaluation indicators of the basic
performance of PAPR that should be obtained from elementary
experimentsare asfollows: (1) reduction rate of virus-containing
aerosols and dropletsinhaled by potentially infectious persons
wearing PAPR and (2) reduction rate of virus-containing
aerosols and droplets exhaled by infected persons wearing
PAPR. Current standards (eg, APF) usualy refer only to the
reduction rate of virus-containing aerosolsand dropletsinhaled
by potentially infectious personswearing PAPR. However, both
(1) and (2) are considered to be equally important when
requiring the uniform wearing of PAPRs by the general public
in cases where presence or absence of infection is unclear for
the purpose of reducing the effective reproduction number R..
In the 3 PAPR models shown in Figure 1, positive pressure was
used to prevent outside air from entering directly through gaps,
with an emphasis on protecting the inside (wearer) from the
outside. If the above (1) and (2) are equally important, then it
is equally important to protect the wearer from the outside
environment and to protect the people from the wearer, thereby
indicating the it is not necessary to make the internal pressure
positive.

I mpact of the PAPR I nternal Environment on the Mind
and Body

If PAPR is considered as an alternative to lockdown measures,
the impact of the PAPR internal environment on the mind and
body of the wearer will become important. It is necessary to
comprehensively investigate the relationship between the
following 2 types of parameters from the viewpoint of the
influence of the PAPR interna environment on the mind and
body of the wearer.
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Physical Parameters Related to the PAPR Internal
Environment

The physical parametersto be considered are concentrations of
particulate pollutants (droplets, aerosols, pollen, particulate
matter 2.5, mite corpses, dust, etc), gaseous pollutants, gas
composition  (carbon dioxide concentration, oxygen
concentration, etc), differential pressure, temperature, humidity,
acoustic characteristics (sound transfer characteristics, noise,
etc), vibration, and airflow.

Fujii

Biological and Psychological Parameters of PAPR
Wearers

The biological and psychological parameters are respiratory
status, electroencephalogram, body temperature, pulse rate,
comfort, safety (physical danger, probability of infection), and
degree of relaxation.

Balance Between | nfection Control Efficiency and
Personal Freedom Through the Use of |oT
As shown in Figure 5, the operation of the PAPR wearing rate

network management system led by the government will be
performed as follows.

Figure5. The social system with the powered air purifying respirator wearing rate network management system.

Normal State Concern of
(No_Concern qf Infection Explosion
Infection Explosion)
Small > Large

Present New lifestyle Status of

Social + Lockdown

System vaccination Weak > Strong
Proposed New lifestyle Required Wearing Rate (W required)

Social + for everyone

System vaccination 0% > 100%

1. The government will distribute PAPRs (with smartphone
connectivity) with sufficient aerosol shielding performance to
all citizens as emergency equipment. Each citizen installs an
app with a wearing rate proof function on hisher own
smartphone.

2. If the estimated effective reproduction number R, ishigh and
thereis concern about an outbreak of infection, the government
will (1) set thetarget effective reproduction number Ry et (2)
solve the formulabased on appropriate assumptionsto cal culate
the required wearing rate Wy oqired "eQuired to achieve Ry o gets
(3) show W eqires @nd require all citizens to comply with
it—each citizen can spend their time without PAPR at any place
(party venue, restaurant, pub, etc) and any time by showing
proof of wearing rate Wg within the scope of fulfilling their
obligations, and (4) pay close attention to changes in the
effective reproduction number R; and raise Wy yeqireq if the goal
of controlling the spread of infectionisin jeopardy. Conversely,
if it exceedsthetarget, lower Wy (¢quireq @Nd increase the degree
of freedom in citizen life.

https://biomedeng.jmir.org/2024/1/e54666

If the PAPR lockdown alternatives are strong enough, the
government can quickly contain the spread of infection by
setting W required 10 1.0 (100%) even when the government
makes a big mistake in estimating Wg requireg @d fallsinto the
worst situation. Inthat case, the government can conduct various
trials and countermeasures on various assumptions and
hypotheses with a leeway. The government is freed from
constraints that limit them to overly conservative measures. In
addition, throughout the entire process, the government will be
able to improve the accuracy of the above formula based on
appropriate assumptions by using the big data collected on the
relationshi ps between “ changesin aerosol shielding performance
of PAPR (air intake side, exhaust side), PAPR wearing rate Whg,
and wearing condition, etc” and “changes in infection spread
status and the effective reproduction number R,.”

Discussion

Principal Findings
In this study, the feasibility of the following 2 ideas was
examined. First, the construction of asocial system using PAPR

JMIR Biomed Eng 2024 | vol. 9 | €54666 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR BIOMEDICAL ENGINEERING

with similar infection control ability aslockdown measuresand
with less economic and social damage as an alternative to
lockdown is possible. Second, balancing the efficiency of the
government’s infection control and each citizen’s personal
freedom is possible by means of an loT system.

Extended Functionality and Privacy Protection in the
PAPR Wearing Rate Network Management System

By utilizing PAPR with several sensors (thermometer, cough
sensor, etc), the government can make this system much more
powerful than conventional apps for measuring contact with
infected persons. For example, the system may be able to
improve the accuracy of infection detection based on big data
concerning changesin body temperature, cough (condition and
frequency), and the presence or absence of severe disease after
infection until the onset of illness. In the case of PAPR equipped
with both air supply and exhaust pumps, the wearer can switch
theinternal pressure between positive pressure when not infected
and negative pressure when infected, thus prioritizing the
prevention of the spread of infection in the society as awhole.
From the viewpoint of privacy protection, socia discussion is
necessary for the following matters. (1) how much of the
information from PAPRs should be passed on to the government
server? and (2) how should the government’s use of personal
information be curbed? Especiadly for (2), it is considered
necessary to develop and construct a technical and social
mechanism to realize a brake. In order to prevent misuse of
personal information, it isconceivableto apply the proposal for
a street camera system'’s perfect recording of usage history by
areliablethird party asthefirst step [30]. Methodsto substitute
each restriction in lockdown with PAPR utilization need to be
considered in various social systems. Those who wish to use
PAPR as a substitute for the constraints imposed by lockdown
need to prepare to obtain the PAPR before the pandemic.
Therefore, it is also important for the society as a whole to
ensure and disseminate information on how to obtain PAPRS.

Different countries have different governance systems. In some
countries, it might not be easy to make the public understand
that PAPR can be used an adternative to lockdown
measures—they may make it an option and not amandate. This
paper discusses how PAPR can substitute the primary constraints
imposed by lockdown. Even in cases of other aternatives such
as combination of lockdown and free mobility of low-risk
populations during COVID-19 [32], PAPRs may be used for
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controlling the infection rates. The proposed PAPR wearing
rate network management system utilizes 10T technology, which
is currently being widely pursued by various societies and
companies. In order to build a socia system that makes the
government’s control of the spread of infection more efficient
and that respects the freedom of individuals to the maximum
extent, social experiments should be first conducted under
various conditions to identify the challenges and improve the
effectiveness of PAPRS.

Society of People Breathing Purified Air

Further, although thisis a discussion that is far from the main
point of this paper, if truly high-performance, comfortable, and
low-cost PAPRs are successfully developed through this
research and subsequent research and developments, it is
possiblethat many peoplewill desire PAPR-purified air instead
of theair around them. Thisissimilar to the situation of drinking
water, that is, just as how populations consume purified water
through water-treatment and water-purification technology
rather than water from ponds and rivers, people would prefer
purified air to breathe. It can be expected that many citizens
will wear PAPRs when they go out, regardless of whether the
government asksthem to do so. Asmore people breathe purified
air, there may be concerns about the public’'s immune system
being weakened against airborne diseases and pollen alergies.
However, thereis no dispute that water-borneinfectious diseases
have become controllable because many people drink only
purified water, and it would not be advisable to drink water
without purification, as was the case in primitive times. A
society inwhich the majority of the population breathes purified
air will beresilient to all airborne diseases. The construction of
such asociety hasthe potential to be an opportunity for ahistoric
change in the human race, which has been plagued by airborne
diseases.

Conclusions

This study examines the feasibility of 2 ideas. First, this study
showsthat it is possibleto construct asocial system using PAPR
with similar infection control effects aslockdown measures and
with less economic and social damage asameans of temporarily
reducing the effective reproduction number R;. Second, the
PAPR wearing rate network management system balances the
achievement of the efficiency of the government’s infection
control and each citizen’s personal right to choose thetime and
opportunity not to wear PAPR during a pandemic.

The author would like to thank Prof Naoya Ohta, Prof Noriaki Yoshiura, Prof Akihiro Takita, Prof Seiji Hashimoto, Prof Takao
Yamaguchi, Prof Kenji Amagai, Prof Haruo Kobayashi, Prof Shu Dong Wei, Prof Osamu Takaki, Prof Edwin Carcasona, and
Prof Ronald Galindo for their fruitful discussions. This research was funded by Japan Society for the Promotion of Science,
Promotion of Joint International Research, KAKENHI (grants-in-aid for Scientific Research for FY 2021, |ssue 21K K0080).

Data Availability

This study was conducted using deductive thinking based on publicly available information. No confidential data were used in

this study.

https://biomedeng.jmir.org/2024/1/e54666

JMIR Biomed Eng 2024 | vol. 9 | €54666 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR BIOMEDICAL ENGINEERING Fujii

Authors Contributions
YFissolely responsible for al matters related to this study.

Conflictsof I nterest

None declared.
References
1.  Coronavirusdisease (COVID-19): Herd immunity, lockdownsand COVID-19. WHO. URL.: https.//www.who.int/news-room/

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

questions-and-answers/item/herd-immunity-lockdowns-and-covid-19 [accessed 2024-04-28]
Barro RJ. Vaccination rates and COVID outcomes across U.S. states. Econ Hum Biol. Dec 2022;47:101201. [FREE Full

text] [doi: 10.1016/].ehb.2022.101201] [Medline: 36434953]

Coccia M. The relation between length of lockdown, numbers of infected people and deaths of Covid-19, and economic
growth of countries: Lessons|earned to cope with future pandemics similar to COVID-19 and to constrain the deterioration
of economic system. Science of The Total Environment. Jun 2021;775:145801. [FREE Full text] [doi:
10.1016/j.scitotenv.2021.145801]

Zhang H, Li P, Zhang Z, Li W, Chen J, Song X, et al. Epidemic versus economic performances of the COVID-19 lockdown:
A big data driven analysis. Cities. Jan 2022;120:103502. [FREE Full text] [doi: 10.1016/j.cities.2021.103502] [Medline:
34703071]

Wu J, Zhan X, Xu H, Ma C. The economic impacts of COVID-19 and city lockdown: Early evidence from China. Struct
Chang Econ Dyn. Jun 2023;65:151-165. [FREE Full text] [doi: 10.1016/].strueco.2023.02.018] [Medline: 36876039]
Romanyukha AA, Novikov KA, Avilov KK, Nestik TA, Sannikova TE. The trade-off between COVID-19 and mental
diseases burden during alockdown: Mathematical modeling of control measures. Infect DisModel. Jun 2023;8(2):403-414.
[EREE Full text] [doi: 10.1016/j.idm.2023.04.003] [Medline: 37064013]

Caro JC, Clark AE, D'Ambrosio C, Vigele C. Theimpact of COVID-19 lockdown stringency onlonelinessin five European
countries. Soc Sci Med. Dec 2022;314:115492. [FREE Full text] [doi: 10.1016/].socscimed.2022.115492] [Medline:
36343461]

Oraby T, Tyshenko MG, Maldonado JC, VatchevaK, Elsaadany S, Alali WQ, et al. Modeling the effect of lockdown timing
asaCOVID-19 control measure in countries with differing social contacts. Sci Rep. Feb 08, 2021;11(1):3354. [FREE Full
text] [doi: 10.1038/s41598-021-82873-2] [Medline: 33558571]

Lewis D. What scientists have learnt from COVID lockdowns. Nature. Sep 2022;609(7926):236-239. [doi:
10.1038/d41586-022-02823-4] [Medline: 36071184]

Hodson R. Preparing the world for the next pandemic. Nature. Oct 2022;610(7933):S33. [doi: 10.1038/d41586-022-03353-9]
[Medline: 36289375]

Jones S. How to eradicate the next pandemic disease. Nature. Oct 2022;610(7933):548-549. [doi:
10.1038/d41586-022-03361-9] [Medline: 36289379]

LewisD. COVID-19rarely spreadsthrough surfaces. So why arewe still deep cleaning? Nature. Feb 2021;590(7844):26-28.
[doi: 10.1038/d41586-021-00251-4] [Medline: 33514939]

Prather K, Marr LC, Schooley RT, McDiarmid MA, Wilson ME, Milton DK. Airborne transmission of SARS-CoV-2.
Science. Oct 16, 2020;370(6514):303-304. [doi: 10.1126/science.abf0521] [Medline: 33020250]

Karimzadeh S, Bhopal R, Nguyen Tien H. Review of infective dose, routes of transmission and outcome of COVID-19
caused by the SARS-COV-2: comparison with other respiratory viruses—- CORRIGENDUM. Epidemiol. Infect. May 14,
2021;149:1-8. [FREE Full text] [doi: 10.1017/50950268821001084]

PrentissM, Chu A, Berggren KK. Finding the infectious dose for COVID-19 by applying an airborne-transmission model
to superspreader events. PLoS One. 2022;17(6):e0265816. [FREE Full text] [doi: 10.1371/journal.pone.0265816] [Medline:
35679278]

Mattiuzzi C, Lippi G, Nocini R. Highly efficient respirators are needed for the Omicron variant of SARS-CoV-2. Public
Health. May 2022;206:e2. [FREE Full text] [doi: 10.1016/j.puhe.2022.03.003] [Medline: 35450730]

Considerations for optimizing the supply of powered air-purifying respirators (PAPRS): for healthcare practitioners (HCP).
CDC 2020. URL: https.//stacks.cdc.gov/view/cdc/96858 [accessed 2024-04-28]

Assigned protection factors: for the revised respiratory protection standard. OSHA 2009. URL : https.//www.osha.gov/sites/
default/files/publications/3352-A PF-respirators.pdf [accessed 2024-04-28]

Assigned protection factors (APF) for 3M hoods and helmets. 3M 2021. URL : https.//tinyurl.com/4m33pn4h [accessed
2024-04-28]

HealthK nowledge 2018. URL: https.//tinyurl.com/55vk8jsy [accessed 2024-04-28]

Kevin L, Mathias P, Ellen K. The reproduction number of COVID-19 and its correlation with public health interventions.
Computational Mechanics. 2020;66:1035-1050. [FREE Full text] [doi: 10.1007/s00466-020-01880-8]

Inglesby T. Public health measures and the reproduction number of SARS-CoV-2. JAMA. Jun 02, 2020;323(21):2186-2187.
[doi: 10.1001/jama.2020.7878] [Medline: 32356869]

https://biomedeng.jmir.org/2024/1/e54666 JMIR Biomed Eng 2024 | vol. 9 | 54666 | p. 12

RenderX

(page number not for citation purposes)


https://www.who.int/news-room/questions-and-answers/item/herd-immunity-lockdowns-and-covid-19
https://www.who.int/news-room/questions-and-answers/item/herd-immunity-lockdowns-and-covid-19
https://europepmc.org/abstract/MED/36434953
https://europepmc.org/abstract/MED/36434953
http://dx.doi.org/10.1016/j.ehb.2022.101201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36434953&dopt=Abstract
https://doi.org/10.1016/j.scitotenv.2021.145801
http://dx.doi.org/10.1016/j.scitotenv.2021.145801
https://europepmc.org/abstract/MED/34703071
http://dx.doi.org/10.1016/j.cities.2021.103502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34703071&dopt=Abstract
https://europepmc.org/abstract/MED/36876039
http://dx.doi.org/10.1016/j.strueco.2023.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36876039&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-0427(23)00028-3
http://dx.doi.org/10.1016/j.idm.2023.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37064013&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0277-9536(22)00798-5
http://dx.doi.org/10.1016/j.socscimed.2022.115492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36343461&dopt=Abstract
https://doi.org/10.1038/s41598-021-82873-2
https://doi.org/10.1038/s41598-021-82873-2
http://dx.doi.org/10.1038/s41598-021-82873-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33558571&dopt=Abstract
http://dx.doi.org/10.1038/d41586-022-02823-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36071184&dopt=Abstract
http://dx.doi.org/10.1038/d41586-022-03353-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36289375&dopt=Abstract
http://dx.doi.org/10.1038/d41586-022-03361-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36289379&dopt=Abstract
http://dx.doi.org/10.1038/d41586-021-00251-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33514939&dopt=Abstract
http://dx.doi.org/10.1126/science.abf0521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33020250&dopt=Abstract
https://doi.org/10.1017/S0950268821000790
http://dx.doi.org/10.1017/s0950268821001084
https://dx.plos.org/10.1371/journal.pone.0265816
http://dx.doi.org/10.1371/journal.pone.0265816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35679278&dopt=Abstract
https://europepmc.org/abstract/MED/35450730
http://dx.doi.org/10.1016/j.puhe.2022.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35450730&dopt=Abstract
https://stacks.cdc.gov/view/cdc/96858
https://www.osha.gov/sites/default/files/publications/3352-APF-respirators.pdf
https://www.osha.gov/sites/default/files/publications/3352-APF-respirators.pdf
https://multimedia.3m.com/mws/media/418650O/assigned-protection-factors-for-hoods-and-helmets-technical-data-bulletin.pdf
https://www.healthknowledge.org.uk/public-health-textbook/research-methods/1a-epidemiology/epidemic-theory
https://link.springer.com/article/10.1007/s00466-020-01880-8
http://dx.doi.org/10.1007/s00466-020-01880-8
http://dx.doi.org/10.1001/jama.2020.7878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32356869&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR BIOMEDICAL ENGINEERING Fujii

23. Vermas, Dhanak M, Frankenfield J. Visualizing the effectiveness of face masksin obstructing respiratory jets. Phys Fluids
(1994). Jun 01, 2020;32(6):061708. [FREE Full text] [doi: 10.1063/5.0016018] [Medline: 32624649]

24. JuJTJ, Boisvert LN, Zuo Y'Y. Face masks against COVID-19: Standards, efficacy, testing and decontamination methods.
Adv Colloid Interface Sci. Jun 2021;292:102435. [EREE Full text] [doi: 10.1016/j.cis.2021.102435] [Medline: 33971389]

25.  3M replacement blower TR-301N+. 3M (2023). URL: https://www.3m.com/3M/en_US/p/d/v100559001/ [accessed
2024-04-28]

26. CarcasonaE, Galindo RM, Takita A, Magalang E, et al. Very-low-cost powered air-purifying respirator (PAPR)
“distancing-free mask industry (DFM-I) Prototype No.1” and proposal for alockdown-freeindustry. Journal of Technology
and Social Science. 2022. URL: https.//jtss.e-jikei.org/issue/archives/v06n02/JTSS v06n02a001.pdf [accessed 2024-04-30]

27. Ueki H, UjieM, Komori Y, Kato T, Imai M, Kawaoka Y. Effectiveness of HEPA filtersat removing infectious SARS-CoV-2
from theair. mSphere. Aug 31, 2022;7(4):e0008622. [FREE Full text] [doi: 10.1128/msphere.00086-22] [Medline: 35947419]

28. Byung Uk L. Minimum sizes of respiratory particles carrying SARS-CoV-2 and the possibility of aerosol generation. Int
JEnviron Res Public Health. 2020;17(19):6960. [FREE Full text] [doi: 10.3390/ijerph17196960]

29. GdindoRM, TakitaA, Carcasonak, Magalang E, et al. Low-cost powered air-purifying respirator (PAPR) “distancing-free
mask frontline (DFM-F) prototype no. 1" for the operational testsin hospitalsin Cebu City, Philippines. Journal of Mechanical
and Electrical Intelligent System. 2022. URL: http://jmeis.e-jikei.org/ARCHIVESVO5n02/JMEIS v05n028001.pdf [accessed
2024-04-29]

30. Fujii Y. Will every streetlight have network camerasin the near future? Science. Oct 21, 2016. URL : http://www.e-jikei.org/
Conf/ICTSI2018/proceedings/material /proc_files/KeyNote/KL-03/ICTSI2018 KL _Fujii_ejikei.pdf [accessed 2024-04-28]

31. JoachimD B, M Ariel Geer W, Michael D D, Christopher M M. The physics of human breathing: flow, timing, volume,
and pressure parameters for normal, on-demand, and ventilator respiration. Journal of Breath Research. 2021;15(4):042002.
[FREE Full text] [doi: 10.1088/1752-7163/ac2589]

32. Yaol,Aleyal, Goldman E, Graff JC, Gu W. An aternative approach-combination of lockdown and open in fighting
COVID-19 pandemics. Environ Sci Pollut Res Int. Nov 2022;29(54):82611-82614. [FREE Full text] [doi:
10.1007/s11356-022-23438-2] [Medline: 36229730]

Abbreviations

APF: assigned protection factor
[oT: Internet of Things
PAPR: powered air purifying respirator

Edited by T Leung; submitted 17.11.23; peer-reviewed by D Shu, W Gu; comments to author 12.03.24; revised version received
14.03.24; accepted 09.04.24; published 14.05.24

Please cite as:

Fujii Y

An Engineering Alternative to Lockdown During COVID-19 and Other Airborne Infectious Disease Pandemics: Feasibility Study
JMIR Biomed Eng 2024, 9:e54666

URL: https://biomedeng.jmir.org/2024/1/e54666

doi: 10.2196/54666

PMID:

©Yusaku Fujii. Originally published in IMIR Biomedical Engineering (http://biomsedeng.jmir.org), 14.05.2024. This is an
open-access  article  distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JIMIR Biomedical Engineering, is properly cited. The complete bibliographic
information, a link to the original publication on https://biomedeng.jmir.org/, as well as this copyright and license information
must be included.

https://biomedeng.jmir.org/2024/1/e54666 JMIR Biomed Eng 2024 | vol. 9 | 54666 | p. 13
(page number not for citation purposes)

RenderX


https://europepmc.org/abstract/MED/32624649
http://dx.doi.org/10.1063/5.0016018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32624649&dopt=Abstract
https://europepmc.org/abstract/MED/33971389
http://dx.doi.org/10.1016/j.cis.2021.102435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33971389&dopt=Abstract
https://www.3m.com/3M/en_US/p/d/v100559001/
https://jtss.e-jikei.org/issue/archives/v06n02/JTSS_v06n02a001.pdf
https://journals.asm.org/doi/10.1128/msphere.00086-22?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1128/msphere.00086-22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35947419&dopt=Abstract
https://www.mdpi.com/1660-4601/17/19/6960
http://dx.doi.org/10.3390/ijerph17196960
http://jmeis.e-jikei.org/ARCHIVES/v05n02/JMEIS_v05n02a001.pdf
http://www.e-jikei.org/Conf/ICTSI2018/proceedings/materials/proc_files/KeyNote/KL-03/ICTSI2018_KL_Fujii_ejikei.pdf
http://www.e-jikei.org/Conf/ICTSI2018/proceedings/materials/proc_files/KeyNote/KL-03/ICTSI2018_KL_Fujii_ejikei.pdf
https://iopscience.iop.org/article/10.1088/1752-7163/ac2589
http://dx.doi.org/10.1088/1752-7163/ac2589
https://europepmc.org/abstract/MED/36229730
http://dx.doi.org/10.1007/s11356-022-23438-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36229730&dopt=Abstract
https://biomedeng.jmir.org/2024/1/e54666
http://dx.doi.org/10.2196/54666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

