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Countermeasures against the SARS-CoV-2 in built
- environment

FERISIERY SARS-CoV-2%R

U Yanagi, Prof. D.P.H., Ph.D.
School of Architectural, Kogakuin University, Japan

Taiwan Society of Architectural Medicine 22 of 115



2019128 EHEEVERER FE—AREA
2021F1H26H (1F% ) R AEHEELE
2021F8H5H (6@B®) RRAIBHEER2(E
2022F1H7H (5EB®) RBEAIBHEERIIE
2022F2H9H (1ER®) RRHAIBERAE
2022F4H13H (2@H8#%& ) #BHEAIEESE
2022F8H24H (4@B%® ) #mAI5.97(E ; B6E

—— —

—— —

] - JIN CORONAVIRUS
-'.( Ok 1.55 } k“’l\l\\ 32 Home Topics ¥ By Region Events & News

Tracking Home Data Visualizations Global Map U.S. Map Data in Motion Tracking FAQ

@ COVID-12 Dashboard by the Center for Syste

5.764.461] 10,097,136,447
Country/Region/Sovercignty i 3

28.Day Vaccine Doces Adminictored

256,158 731.151,499

| 505,27

Taiwan Society of Architectural Medicine

23 of 115



N
+ BABFMEMEEE ( SHASE - Al)) EARITHIRIAE 5
+ ZERPSASR-CoV- 200 MAE A
+ IR 38 SR B T 22 4% R o
+ 3
+3BE (PRALFBIIA )
+UVGI ( SMRER ST )

Taiwan Society of Architectural Medicine 24 of 115



Stop the spread of COVID-19

3Cs

Closed spaces I FRIZEE

Crowded places #EERII
Close-contact settings Z)EENIRIE

Close-contact settings) in
addition to coughing etiquette
and hand washing to stop the
spread of COVID-19.

® Even if the 3Cs do not overlap,
we should aim for "Zero C™ to
reduce risks.

Crowded Close-conftact Confined and

places seftings encliosed spaces
with many peopic Fsprescirily whene with poor
necry ceopie have close- ventiotion

ronge conversaoticons

® |[n open spaces, be mindful of
other Cs. Avoid speaking loudly
and stay away from crowds. P

The sk 's nigher in places where
tnoso factors overiap.

Even as resfrictions are lifled, consider
where you are going and #StaySale by
avoiding the Three Cs.

WHAT SHOULD YOU DO7?

.

 spaces

AL - SEHEHE Sl e s Bl il

WHO
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@ smse RS
March 23, 2020

The Society of Heating, Air-Conditioning and Sanitary Engineers of Japan (SHASE)
President Shin-ichi Tanabe

Architectural Institute of Japan (AlJ)

President Izuru Takewaki

Role of ventilation in the control of the COVID-19 infection:

Emergency presidential discourse

At the Ministry of Health, Labour and Welfare’s Expert Meeting on Novel Coronavirus Infectious Disease
Control on March 9, 2020, “A View on Novel Coronavirus Infectious Disease Control” was announced [1].
Subsequently, on March 18, the Prime Minister’s Office, together with the Ministry of Health, Labour and
Welfare, published a leaflet titled “Let’s Avoid These Three Conditions When We Go Out!” [2], according to
which to be avoided are closed spaces with poor ventilation, crowded places, and close contact. Inquiries
about ventilation have been received from members of the Architectural Institute of Japan and the Society of

Heating, Air-Conditioning and Sanitary Engineers of Japan, both of which specialize in indoor environments.
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AmHEEEA
ah TRBHO-HELY S
S The Soclety of Heating, Air-Conditioning and

Sanitary Engineers of Japan [SHASE]

Operation of air-conditioning equipment and other facilities

as SARS-CoV-2 infectious disease control

April 8, 2020
The Society of Heating, Air-Conditioning and Sanitary Engineers of Japan (SHASE)
Ventilation equipment committee

Member author Takashi Kurabuchi (Tokyo University of Science), U Yanagi (Kogakuin University)

Cooperating author Masayuki Ogata (Tokyo Metropolitan University)

Introduction

The Ministry of Health, Labour and Welfare’s (Japan) Expert Meeting on Novel Coronavirus Infectious
Disease Control” listed ““closed space with poor ventilation” as a space at risk of infection. In response to this,
the Society of Heating, Air-Conditioning and Sanitary Engineers of Japan and Architectural Institute of Japan
released an emergency presidential discourse, “Role of ventilation in the control of the COVID-19 infection™?,
on March 23, 2020, which outlined the characteristics of this virus infection and ventilation methods.
Furthermore, Q&A about ventilation, “Role of ventilation in the control of the COVID-19 infection”®, was

released on March 30, 2020, which provided a general commentary on ventilation to the public.
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Table A.1 comparison of the main strategies

ASHRAE REHVA SHASE Related Society of China
Outdoor air 1. Increase the amount of outdoor air. 1. Supply as much outdoor air as 1. Supply as much outdoor air as 1. Supply as much outdoor air as
2. Open outdoor air dampers, as high as reasonably possible. Switch the reasonably possible. Switch the reasonably possible. Switch the
100% if possible, terminal devices to 100%6 terminal devices to 100% terminal devices to 100%
outdoor air if possible. outdoor air if possible, outdoor air if possible.
2. Open windows regularly. 2. Open windows regulariy. 2. The ratio of outdoor air should
be greater than 40%.
Operation of 1. Operate HVAC related devices to 1. Run ventilation at the nominal 1. Increase the running time of 1. Increase the air supply
HVAC systems provide flushing 2 hours before and speed for at least 2 h before HVAC equipment, running it temperature in heating mode
post occupancies. occupancies and at a lower continuously for 24 h if possible. and decrease the temperature
2. Keep the system on for 24 h a day, 7 speed 2 h after occupancies. 2. Run the exhaust system in toilets in cooling mode.
days a week if possible, 2. Run toilet ventilation system for continuously.
3. Disable DCV. 24 h a day, 7 days a week. 3. Lower the COs; setpoint,
3. In DCV systems, change the CO;
setpoint to 400 ppm.
Temperature and 1. Control the temperature and 1. There is no need to adjust the 1. The temperature should be Haven't mentioned.
humidity humidity is beneficial. But the temperature and humidity controlied between 17 and 28 “C,
setpoint temperature and relative humidity setpoint. and the relative humidity should
setpoint should be considered on a be controlled between 40 and
case-by-case basis. 70%.
Pressure 1. The air should flow from safe areas to 1. Ensure the negative pressure in 1. Ensure the negative pressure in 1. A slight positive pressure
differential unsafe areas, from personal use areas the toilets. the toilets. should be maintained in the
to public areas. kitchen.
2. Keep negative pressure in
toilets.
Filters equipped 1. Improve the level of the central air 1. Filters should be replaced and 1. For a system with 10026 outdoor 1. Maintain filters as usual.
in the HVAC filter as much as possible, at least to maintained as usual. air, the filter can be operated as
system the grade of MERV-13. usual.
2. For return air operation, check
the differential pressure of the
filter more often and replace the
filter sooner than usual.
Air cleaning 1. HEPA filters and UVGI are 1. It is recommended to locate the 1. Air cleaners are effective as 1. Indoor air cleaners should be
recommended. air-cleaning device close to the auxiliary devices. operated.
breathing zone. 2. Ventilation is more effective than 2. UV devices shouldn't be
2. Special UV cleaning equipments air cleaners. installed in the HVAC system.

Heat recovery
equipment

Check the status of heat recovery
wheels in the systems for leakage.

installed for the supply air or
room air treatment are also
effective.

If heat exchangers with leakage
below 5%, operate with
increasing amount of outdoor
air ventilation.

1. For the static total heat
exchanger, operate in heat
exchange mode.

Guo M, et al. Review and comparison of HVAC operation guidelines in different countries during the COVID-19 pandemic. Building
and Environment. 2020. https://doi.org/10.1016/j.buildenv.2020.107368

1. Indirect heat exchangers and
other heat exchangers can
operate as usual.
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Technical Committee on Countermeasures Against the SARS-CoV-2
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The Society of Heating,Air-Conditioning and Sanitary Engineers of Japan | _Google =a
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Role of ventilation in the control of the COVID-19 infection:Emergency presidential discourse

Operation of air-conditioning_equipment and other facilities as SARS-CoV-2 infectious disease control

It was cited in a review article in the international journal Building_and Environment.

® ¢ ¢ o

Operation of air-conditioning and sanitary equipment for SARS-CoV-2 infectious disease control
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Figure. Multiphase Turbulent Gas Cloud From a Human Sneeze

« Source

Turbulent Gas Clouds and Respiratory
Pathogen Emissions Potential
Implications for Reducing
Transmission of COVID-19.
JAMA.2020;323(18):1837- 1838.
https://doi.org/10.1001/jama.2 020.4756
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Havashi M, Yanagi U, Azuma K, Kagi N, Ogata M, Morimoto 5, et al. Measures against COVID-19 concerning
Summer Indoor Environment in Japan. Jpn Archit Rev. 3(4):423—434, 2020. https://doi.org/10.1002/2475-8876.12183
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Fig. 1. Airborne transmission of respiratory viruses. Phases involved in the airborne transmission of virus-laden aerosols include (i) generation and exhaiation,

(®) transport. and (i) inhalaticn. depasition. and infection. Each phase is influenced by a combination of aerodynamic. anatomical, and environmental factors. (The
sizes of virus-containing aerosols are not to scale.)

Source: Wang CC, et al. Airbome transmission of respiratory viruses, Science 373, 981 (2021). hitps://doi.org/10.1126/science.abd9149

Taiwan Society of Architectural Medicine

32 of 115



N\,

RFIR 8 R 0 £ B E RIS

REEIE

IDso

3 Dos:

—EBER ; EFRIR - ZREFEATIEIR

Taiwan Society of Architectural Medicine 33 of 115



IR B IH RIS 4R BRI B RN R AR IS

g ( 5% - %)
- FEMEE

) %E/%/g

e5EK, >100pm

B R3CsHIEE A

B rOs
- i CRER B

AR, < 100pm

TARNE (BR3C - BHOS)

: L}_L

- ERF L (PREAFKERBRE - BEfERBE) -
: /%W?’T‘Qiﬂ”%j

EHNERED - <100umBVFEEIIIRERE A
nlﬁ'ﬂ/ , ﬁlgﬂgggiﬁiﬁ °
>100umBY ZRHI# 1H B8R #20K -

EBDEEE - <SpmBIFERIHKEEEEE IR -

>100um ; 5K im0 F R >0.3m/s
%E#i’”‘l SARMIEEFEH L
/\ﬁ'ﬁg5$ fEEE EW
TUIREO0.1m/s: FRAIIT L ER Ak
100pm: 0.5m; 50pum: 2m;
10pm :52m; 5pum:324m

Taiwan Society of Architectural Medicine

34 of 115



Fx08 E = (mRXK)

S
0
¥
=
1
oy
He
il

%’S:
i3
¥

GC*Q*(1—mn)
©)

BEEVFE: G*xQ - GC*Q*n=C;*Q*(1—n)

CHEE, JRAE/m3 QaEE, m3/h

Taiwan Society of Architectural Medicine 350f 115



Aruma et ol Enviconmentol Heoalth ond Preventive Medics (2020) 25:66 -
NIt /GO OrO 10,1 1867212199020 000042 - Env'rogrr:\f:rff_:,:i;!ggiggg
i

Environmental factors involved in SARS- )
CoV-2 transmission: effect and role of
indoor environmental quality in the
strategy for COVID-19 infection control

Kenichi Azuma' @. U Yanagi”, Naoki Kagi®, Hoon Kim®, Masayuki Ogata® and Motoya Hayashi®
100 5

Aygpt

quanta=100 h!

P; = probability of infection (-)

C = the number of infection cases (p)

S = number of susceptible individuals (p)

I = number of infector individuals

p = pulmonary ventilation rate of a person (m3/hr)
g = quanta generation rate (1/hr)

t = exposure time (hr)

Q = room ventilation rate with clean air (m3/hr)

- \
1 4 \ quanta=50h!

Probabihty of nfection (%)
A

quanta=10 h'!

-
e
—

0: 1 2 3. F & 6 T 8§ 9 10 11722
Eqmvalent change per howr (h!)

Figure 2. Probability of infection vs. equivalent change
per hour

Conditions: I =1 person; p = 0.48 m?/hr; t = 8 hours; floor
aera = 500 m?2; room volume =1,300 ms
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Joseph G. Allen; Andrew M. Ibrahim. Indoor Air Changes and

EF' B;L— To= :"H ﬁ Potential Implications for SARS-CoW-2 Transmission. JAMA
May 25, 2021 Volume 225, Mumber 20
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Takashi Kurabuchi, U Yanagi, Masayuki Ogata, Masayuki Otsuka, Macki Kagi, Yoshihide Yamamoto, Motoya Hayashi, Shinichi
Tanabe, 2021. Operation of air-conditioning and sanitary equipment for SARS-CoVW-2 infectious disease control. Jspan
Architectural Review: 4(4): 608—620.2021. https//doi.org/10.1002/2475-8876. 12238
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For ventilation equipment in a building with CO- concentra-
tion control, the ventilation rate increases when the indoor CO»
concentration setting value (generally around 1000 ppm) is low-
ered (the ventilation rate reaches a maximum when it i1s lower
than the outside air concentration). When outside air-cooling
Takashi Kurabuchi, U Yanagi, Masayuki Ogata, Masayuki Otsuka, Naoki Kagi, Yoshihide Yamamoto, Motoya

Havwvashi, Shinichi Tanabe, 2021. Operation of air-conditioning and sanitary equipment for SARS-CoV-2 infectious
disease control. japan Architeciural Review. 4(4): 608—620.2021. https://doi.org/10.1002/2475-8876.12238

Exhaust fan
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ensure good indoor ventilation in the context of COVID-19; 2021)
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2 - BOTRME - BlE_SEREREIIERENER - BUAZSRCRAREREE
S ERE AR RERNEZEREZT -
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Electrostatic
attraction

EREEFEAEIEME., FE. IE
BIANFE =k 5 | FHANIT R ZE FR R
EINEEI T ERGL,

Eritk = 5%, =R —FFEFEHINE

Mindmum Efficiency Reporting Values(MERWVSs)

and Filter Efficiencies by Particle Size

Colorimnetric
MERW | 0.3-1.0 um | 1.0-3.0 pm | 3.0-10 pm hod
1 nfa nSa E3=220 -
2 n/Sa n/a E3=20 -
3 nSa n/a E3==20 -
4 n/a n/a E3=20 -
5 nSa n/a 20=E3 -
] nfa nSa IH=E3 -
7 n/a n/a S0=E3 40
5 nSa 20=E- TO=E3 0
9 nfa 3I5=E- Ta=ES 50
10 n/a S0=E-: S0=E3 50
11 2=E; 6o =E, So=E3 al
12 IH=E; S0=E- SO=E3 s ]
13 HO=E, B85 =E. QO=E3 20
14 ro=E; HN=E- S =Tk 95
15 85=E, G0=E- Qo =E3S as
1a a5 =E, 95 =E. Qo =E3S -

n/a: mot availakle,
Source: ASHEAE Standard 52 2-Z2017.

Takashi Kurabuchi, TT Yanagi, Masayuki Ogata, Masavuki Otsuka,
MNMaoki Fagi, Yoshihide Yamamoto, Motova Hayashi, Shinichi Tanakbe,
2021, Operation of air-conditioning and sanitary eguipment for
SARS-CoWV-2 infectious disease control. Japan Architectural Revieio.
A4y eDE—620. 2021 hittps//doi.org/ 10 1002/ 2475-8876. 12238

Taiwan Society of Architectural Medicine

40 of 115



SARS-CoV-2-38IE8 a5 E£1

<lpm ND
1-4pm 1384 RINA copies/m?3 (40%)
>4dpm 2000 RNA copies/m> (60%)

EEEFAMERVI12:EESSME S EAMERVI13:EIESSENF
= 40% x 80% —+ 60% x 90% —40% X% 85% 4+ 60% x 90%
—86% —88%

SARS-CoV-2 RGN A2

<lpm ND
1-4pm 916 RINA copies/m? (50%)
>4pum 927 RINA copies/m?3 (50%)

E S EAMERVI12:EESSME S{FEHAMERVI3:AESEIH
=50% % 90% + 50% x 95% =50% x 85% +50% x 95%
—85% —88%

Source: Chia P, et al. Detection of air and surface contamination by SARS-CoV-2 in hospital rooms of
infected patients. Nature Communications (2020) 11:2800 hittps://doi.org/10.1038/541467-020-16670-2
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AW o 2T Minimum Efficiency Reporting Values(MERVs)
) and Filter Efficiencies by Particle Size
Packaged air
conditdoner
Colorimetric
Aie siees i
e e s * o« \ MEEY | 0.3-1.0 pum | 1.0-3.0 pum | 3.0-10 pum thod
Outdoor .4 1= 4
air Air hanging] i
it . E3<20 | -
? 2 o 1ja n/a E3=20 -
. & | outlet 3 /"" n/a n/a E3<20 -
it n/a n/a E3=20 -
Figure 1. A centralized ventilation = n/a n/a 20=E3 -
system with an individual air- 6 n/a n/a 35=E3 -
conditioning system 7 n/a n/a S =E3 40
Heat Packaged aj 5 n/a 20=E- T0=E3 a0
sxchanger ‘“l“_"lm 9 n/a 35=E, 75=E3 50
Exhanst axis ,."I R L ;T" 10 n/a 50=E. S20=E3 50
i = ¢ 11 20=E, 65=E. 85=E3 60
? 13 SO=E, 8O=E; N=E3 90
14 FI=E, SO=E; 95 =E3 95
- = =
Fig ure 2. An individual ventilation 15 B5=E, H=E; IO=E3 o8
system with an individual air- 16 95=E, 95 =E: 95=E3 -
conditioning system n/a: not available,
Source: ASHREAE Standard 52 2-2017.
HE: () ERHE0 - FETEFSFE I F 7ML IAERNNESES @AEEs, FEMICERT S &F&E~. 2020F1289H
http:/fwww.shasej.org/recommendation/oowvid-19/2020.12 09%:20syougyo.pdf
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BELESE

L.

The purification performance of a puritfier is iﬂ ?:wﬂ
determined by the airtlow rate, collection Co. Y

efficiency of a filter, and room volume. L

This is proportional to the airtlow rate and it I

collection efficiency, and is inversely st S

proportional to the volume ot the room; g/ s

The wvalue obtained by multiplying the airtlow . § <— |_E_‘ <=
rate by the collection etficiency is sometimes 33

called CADR (Clean Air Delivery Rate).
Items surrounded by a read line indicate the

purification performance of an air purifier. M : poltutants amount generated [mg/h]

VI room volume [m@]

ory I:--:'.l'tl.l" glgjl Qﬂil-' Qﬂ‘i - ELLFPIF Em— [ﬂk Jllh:[
_ — 17 ‘*.; OnsCoa I— —?jr (2. - exhaust air [m7/h]
C=Coe ﬁ_% [ l—e ] C : concentration at time t [mg/m®] C,. -

outdoor pollutant concentration [rngfrn—] C. -
an| Onr concentration at time =0 [mg/m~] 7 -
i PPN L ] collection efficiency [-]

t - elapsed time [h]

+ M [l—e
lgul-Onr

HiEh
Hl = BE=maEmRti=iR EREEaERFEE. pl242. F— L300 2000
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WHO

Bl - SRR R I

MR ABEERENEAM (2280 ) RAE - ZREHATEHEPABRBSRNBUZERF (LS - IMEBREMET
IRIR - B EMRX PR B w6

MRABERIEMKRES - ZEREATEMERV 14/F8@ B8 I N ERFEs -

(WHO. Roadmap to improve and ensure good indoor ventilation in the context of COVID-19. 2020)

ASHRAE

EINFEEHEPASEMERVEB BN RE N EANZER F bt - THEEEZERFATERNEZE = (CADR) -
(AHAM 2015).

(ASHARE. ASHRAE Position Document on Infectious Aerosols. April 14, 2020 )

CDC

FEROENSWMNZESR ( HEPA ) BEE/BE R FRNNEZE m5 2R
( CDC. Ventilation in Buildings. Update Jun 2, 2021.
https://www.who.int/publications/i/item/9789240021280 )

HAR®GEAE - SEFEFE

FAAHEPAB ER BRNZER FLes - ERABREANSSII AR/ DiES M £ - BZERF(L ssLEERHAR
WHAI10F A RNEEA -

(MHLW. https://www.mhlw.go.jp/content/10900000/000640917.pdf)
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http://www.who.int/publications/i/item/9789240021280
http://www.who.int/publications/i/item/9789240021280
http://www.mhlw.go.jp/content/10900000/000640917.pdf)
http://www.mhlw.go.jp/content/10900000/000640917.pdf)

Central Filtration Local Filtration

- . . - - - . - . .
. . . . . . . .
. - . - . -
. . . - . . . - . . .
. - . - . - . - . . .
. . B . . . . . . .
. ’ ’ ’ -
. . . . . . - .

s

W =: I F7 705 . ZEFES
# . SESMEREES (UVGl) -
Environment and Building
Services No.173

e e e

@%Eﬁﬂ:ﬁ%ﬂﬂ BEEEACH=2.2 h- 15938 &E 1~
BLRIFREBEEE30EARNRIE L -

EERMTEREE (ACH=1.39h-1) EHEF/IE
BEEHELeIE -

WFZSSERE .,nmtﬂmiélﬁ.iﬁum: B2, o LU
;gj(vf?ﬂ’%%# ZER/980-90% LHQ?F%?@@
AN

R bR EBRRFASERESRXE -

Source: Blocken B, et al, 2021. Ventilation and air cleaning to
limit aerosol particle concentrations in a gym during the
COVID-19 pandemic. Building and Environment, Volume 193, 15
April 2021, 107659.
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UVGI (RIMRAREIRET)

Figure 1. Electromagnetic spectrum illustrating UV-C in relation to other UV-bandwidths and visible light.

Frequency in hertz
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SOURCE: IESNA Lighting Handbook, ¢th Edition; 2000.
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2010 / Vohume 125

Figure 1. Overview of selected key events in the history of UVGI air disinfection

1877 Downes and Blunt* discover the ability of sunlight to prevent microbial growth. It is later shown that the ability of
light to inactivate microorganisms is dependent on the dose (intensity X time) and wavelength of radiation and
the sensitivity of the specific type of microorganism.

1930 Gates” publishes the first analytical bactericidal action spectrum with peak effectiveness at 265 nm, very near the
254 nm output of low-pressure Hg germicidal lamps.

1933 Wells® presents the concept of airborne infection via "droplet nuclei”—evaporated droplets containing infectious
organisms that can remain suspended in the air for extended durations.

1935 Wells and Fair® demonstrate the ability of UVGI to efficiently inactivate airborne microcorganisms and prove the
concept of infection via the airoorne route.

1937 Wells et al.” use upper-room UVGI to prevent the epidemic spread of measles in suburban Philadelphia day

schools where infection outside the school 1s unitkely.

1940s to 1950s Several studies's are unable to reproduce Wells et al.’s success in using UVGI to prevent the spread of measles
in schoolchildren, contributing to the disillusionment with and abandonment of UVGI for air disinfection. These
failures have since been attributed to infections occurring cutside the irradiated schools.

1956-1962 Riley"™ exposes guinea pigs to air originating from an occupied TB ward and proves that TB is spread via the
airborne route: A group of guinea pigs receiving infected air via a UVGI irradiated duct were not infected, while a
group receiving air via a non-irradiated duct were infected.

1969-1972 Riley and colleagues™ conduct model room studies evaluating the use of upper-room UVGI to reduce the
concentration of aerosolized test organisms in the lower room. They also show that air mixing between the upper
and lower room is imperative for effective disinfection and confirm that UVGI is less effective at high humidity.

1974-1975 Riley et al.™ determine virulent tubercle bacilli and BCG to be equally susceptible to UVGI and measure the
disappearance rate of aerosolized BCG in a model room with and without upper-room UVGI Upper-room UVGH is
shown to be highly effective in disinfecting the lower room, quantitatively demonstrating the potential of upper-
room UVGI to reduce TB infection.

1985-1992 After decades of decline, there is an unexpected rise in TB in the United States, leading to a renewed interest in
UVGI for air disinfection.™*

1990s o present  New in-depth efforts are undertaken, aimed toward quantitatively examining UVGI efficacy and safety and
providing guidance for the proper use of UVGL

Source: Reeda NG, 2010. The History of Ultraviolet Germicidal Irradiation for Awr Disinfection. Public Health Reports / January—February
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Figure 5.1: Two-stage Decay Curve with Shoulder for Staphplococcus aureus,

Based on data from Sharp {1939).

— IO G

5[5 Ee e =Rl =L P EE 1a

Kowalslka W, 2001, Design and
Optimization of UVGI

Anr Disinfection Systems. A Thesiz m
Architectural Ensinesrmg. The Pennsyhvania
State University The Graduate School

College of Engmeering

5 ¢ surviving fraction of initial microbial population {—}
k © standard rate constant fcrILE,-"pW—ﬁ} I:
intensity of UVGI irradiation {(uW/cm?) ¢ °:

time of exposure {s)
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Takashi Kurabuchi, 17 Yanagi, Masavukd Ogata, Masavulkd Otsuka, MNaoki Eagi, Yoshihide Yamamoto, Motoya Havashi, Shinichi
Tanabe, 2021 Operation of air-conditioning and sanitary equipment for SARS-CoV-2 infectious disease control. Japan Archifectural
Revieww. 4(41): 608—620.2021. https//doi.org/ 10 1002/2475-8876. 12238
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Upper-Room Ultraviolet Germicidal Irradiation (UVGI)

https://www.cdc.gov/coronavirus/2019-ncov/community/ventilation/uvgi.html
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VIEWPOINT

Edward A. Nardell, MD
Brigham and Women's
Hospital, Division of
Giobal Health Equity.
Harvard Medical
School, Boston,
Massachusetts.

RuvandhiR.
Nathavitharana, MD,
MPH

Beth Israel Deaconess
Medical Center,
Division of Infectious
Diseases. Harvard
Medical School.
Boston, Massachusetts.

Supplemental
content

Airborne Spread of SARS-CoV-2 and a Potential Role

for Air Disinfection

An April 2, 2020, expert consultation from the Na-
tional Academies of Sciences, Engineering. and Medi-
cine to the White House Office of Science and Technol-
ogy Policy concluded that available studies are consistent
with the potential aerosol spread of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), not only
through coughing and sneezing. but by normal
breathing.' This response to a White House request for
a rapid review of the literature likely contributed to the
recommendation from the US Centers for Disease Con-
trol and Prevention (CDC) that healthy persons wear
nonmedical face coverings, when in public, to reduce vi-
rus spread from undiagnosed infectious cases.
Although ciear evidence of person-to-person
airborne transmission of SARS-CoV-2 has not been
published, an airborne component of transmission is
likely based on other respiratory viruses such as SARS,
Middle East respiratory syndrome, and influenza. While
airsampling for SARS-CoV-2, in a clinical setting. has dem-
onstrated detectable viral RNA, the extent of transmis-

ing costs when intake air must be heated or cooled and
dehumidified. Portable room air cleaners may be 4
potential solution, but depending on room volume,
their specified clean air delivery rates generally add tog
few equivalent air changes per hour to providg
adequate protection against airborne infection. In con
trast, commercially available upper-room GUV air disin
fection (with an effective rate of air mixing) has been|
shown, in clinical settings, to reduce airborne tubercu-
losis transmission by 80%, equivalent to adding 24
room air changes per hour.®

in resource-limited settings, where air disinfection
depends on natural ventilation, upper-rcom GUV may
be increasingly important as windows are closed due tg
use of ductless air conditioners in response to globa
warming and severe outdoor air pollution. In resource
rich settings, upper-room GUV can be retrofitted intg
most areas with sufficient ceiling height. GUV technol-
ogy is effective against viruses that have been tested)
including influenza and SARS-CoV-1.%°

JAAMA July 14, 2020 Volume 324, Number 2
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ARTICLES

Effect of ultraviolet germicidal lights installed in office ventilation
systems on workers’ health and wellbeing: double-blind multiple

crossover trial

Dick Menzies, Julia Popa, James A Hanley, Thomas Rand, Donald K Milton

et St
. o Ot
/ { —
< = 8 4 ) <
£ — N
QT i ‘ Bt en tary
= |
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LS .
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2 3 X §: 1/ G D
VI s Ko XE — aiaacgl
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~r ey | | Cocurg oot
Haatng Ol and O Dam

Summary

Background Workers in modern office buildings frequently
have unexplained work-related symptoms or combinations of

symptoms. We assessed whether ultraviolet germicidal

irradiation (UVGI) of dri coils within

Methods We undertook a double blind, multiple crossover
trial of 771 participants. In office buildings in Montreal,
Canada, UVGI was alternately off for 12 weeks, then turned
on for 4 weeks. We did this three times with UVGI on and
three times with it off, for 48 consecutive weeks. Primary
outcomes of selfreported work-related symptoms, and
secondary outcomes of endotoxin and viable microbial
concentrations in air and on surfaces, and other
environmental covariates were measured Six times.

Introduction

The office or office-like indoor environment is now the
workplace for more than 70% of the work force in North
America and western Europe.'® Most of these people work
in buildings with sealed exterior shells, in which highly
automated heating, ventlation, and air conditioning
systems, run by only one or two operators, control the
indoor environment.” Many reports have documented
health problems related to this work environment;®* their
resolution could result in health benefits for as many
as 15 million workers, and economic benefits of
$5-75 billion per vear, in the USA alone.”

Most occurrences of illnesses in workers in these
buildings, which are termed non-specific building-related
illnesses’ or symptoms?’, remain unexplained,”’ but
evidence suggests that microbial contamination of
building air-conditioning systems plays a part. Cross-
sectional studies have consistently detected increased

THE LANCET = Vol 362 - November 29, 2003 » www.thelancetr.com

1785
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Table 7

The impact of UV radiation on coronaviruses.
UV type Virus UV nradiance Distance Time Log reduction Reference
UV-C {254 nm) CCoV 7.1 uW/icm? Im 72 h 48 Pratelli {2008)
UV LED (267 nm) HCoV-0C43 6-7 mi/cm? No data 60 s 3 Gerchman et al. {2020)
UV LED (297 nm) HCoV-0OC43 32 mjicm? No data 60 s 3 Cerchman et al. (2020)
UV LED (286 nm) HCoV-0C43 13 mjicm? No data 90 s 3 Gerchman et al. (2020)
UV-C {254 nm) MERS-CoV - 1.22.m 5 min 591 Bedell et 2l (2016)
UV-C (254 nm) MERS-CoV 0.2 Jrem® No data >3.8 Eickmann ¢t al. (2018)
UV-C (254 nm) MERS-CoV 0.05 Jem? No data 29 Eickmann et al. {2018)
UV-A {365 nm) SARS-CoV-1 2133 W/iem?® 3 cm 15 min (4 Damell et al. (2004)
UV-C (254 nm) SARS-CoV-1 134 W/ cm” No data 15 min 53 Kartwa et 3l {2006)
LUV-C (254 nm) SARS-CoV-1 134 pyWicm” No data 60 min 6.3 Kariwa et al. (2006)
UV-C {254 nm) SARS-CoV-1 4016 W/ cm? 3 cm 6 min 4 (below detection limit) Darnell et al. (2004)
UvV-C (260 nm) SARS-CoV-1 (strain P9) =90 YW/ cm?” 80 cm 60 min G Duan et al. (2003)
UV-A (365 nm) SARS-CoV-2 540 mW/cm” 3 cm 9 min 1 Heilingloh et al. {2020)
uv-C (222 nm) SARS-CoV-2 o1 mw/emy® 24 ¢m 10 s 094 Kitagawa et al. (2020)
UV-C (222 nm) SARS-CoV-2 0.1 mW/cm® 24 cm 30 s 251 Kitagawa et al. (2020)
Uv-C (222 nm) SARS-CoV-2 0.1 mwWriem® 24 cm 60 < 251 Kitagawa et al. {2020)
UV-C (222 nm) SARS-CoV-2 0.1 mW/cm?® 24 cm 300 s 251 Kitagawa et al. (2020)
UV-C (254 nm) SARS-CoV-2 1940 mw,_'t:m2 3 om 9 min Complete virus inactivation Hedlingloh et al. (2020)
UV-C {254 nm) SARS-CoV-2 3.7 mjicm? 220 mm - 3 Bianco et al. (2020)
Uv-C (254 nm) SARS-CoV-2 0849 mW/cm? No data 08 < Reduced below a detectable level Storm et al. (2020)
PX-UV SARS-CoV-2 - Im 1 min 353 Simmons et al (2020)
PX-UV SARS-CoV-2 - Im 2 min >452 Simmons et al. (2020)
PX-UV SARS-CoV-2 - Im S5 min >4.12 Simmons et al. (2020)
DUV LED SARS-CoV-2 3.75 ml/cm? 20 mm 1s 09 Inagaki et al, (2020)
DUV LED SARS-CoV-2 37.5 mifoon” 20 mm 10s 3.1 Inagaki et al. {2020)
DUV LED SARS-CoV-2 225 mjcm? 20 mm GO s >33 Inagaki et al, (2020)

CCoV — canine coronavirus. HCoV-OC43 — human coronavirus OC43, MERS-CoV — Middie Eastern respiratory syrndrome coronavirus. SARS-CoV-1 — severe acute respiratory syndrome

coronavirus 1, SARS-CoV-2 — severe acute réspiratory syndrome coronavirus 2, PX-UV — pulsed-xenon ultraviolet light, UV LED — UV light-emitting diodes, DUV LED — deep ultraviolet

light-emitting diode.
Source
Science of the Total Envirormment 770 (2021) 145260. https://do1. org/10.1016/1 scitotenv.2021.145260
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Mask: air filtration Sunlight: UV sterilization
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[Mnfluenzal Japanese government (March, 1922)
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1) University of Utah: Infection Immunity 1987-1989

Yang KD, et al. (Dissertation) SEN/EAREE.
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ol J Infect Dis. 1988;158:823-30. REE - RS

: I /TR
POESTIRGS EARm J Infect Dis. 1990;161:236-41. TS - RE%

Pediasr Infect Dis J. 1993;12:234-9.  INIVersity Of Utah:

g J Cell Physiol. 1994;158:347-53. Har ry R. Hill

- - - . e e % - .- -

* -
———y —_,

2) Harvard University: Dana-Farber Cancer Institute 1991-1992
Blood 1994;83(2):490-6.

Exp Cell Rés. 1994:211(1):1-5 Harvard University:
BBRC. 1994; 200(3):1650-7 Mentors: Donald Kufe
Acta Hematol 1998;99(4):191-9 Richard M. Stone
3) Johns Hopkins University: Glycobiology 2007-2008 2 2 1 IR £ 1997-2003:
L 4 € 7 Nat Med. 2010; 16(10):1128-33 g EEA
g $ ] J Proteome Res. 2011;10(3):1305-15 -2 o
N 3 == AmJ Pathol. 2012;180(2):862-71 FEE - FHE
N &HBB% Virulence. 2014:5(6):673-9.

4) Mackay Memorial Hospital/Medical College, 2015- EEEE M/ BERR

Allergy. 2015;70(11):1477-84.; Front Immunol. 2016;7:615. ; Front

Immunol. 2017 Apr 25;8:487.; Pain. 2018;160:210-223.; Front Genet.
2019 May 31;10:471.; Pediatr Blood Cancer. 2020 Feb;67(2):e28075.;

1JMS. 2021 June 20.; Children. March. 2022.

Taiwan Society of Architectural Medicine 65 of 115



o RESRN [ FRIEY | BDEFSESEmHMEHRER
© EliE @ iR (restore) - 14 (replace) F B (reprogram)
O I2DHD U 0 S I B o)

@ BEAUEEE R REERIH

® SR MK - EITESE -

© BIEEH KRR ResEmKE (R R)

@ BUSHIHIEN I DR ReR

© RN <AER WG - TR - B - eSS

@ FEN-<EKNDEEEE SIS - 198 - S
@ W<REFENIDTFE S | AR

© MR SRR B R K E

S WA [0 BHE | e URERCREER

66 of 115

()
C
O
©
(D]
=
©
—
>
o+
O
()
=
e
O
—
<
(.
(@)
>
o+
(D)
O
(@)
(Vg
(
()
=
()
T




i

(=]
=

f

L

7z~

SHUEE
e =l 1=
o N

o
"

J

=gy

x «ﬁE
TN

000000000000

NIRTE

IS0 R e K R T ) PR RS T
Allison & Honjo

REQ 1B QX 2 IS I B! B R MRS RR X
Beutler, Hoffmann & Steinman

— B BRI R R
Doherty & Zinkernagel

1SS of B - R SD 40
Tonegawa

B S IS St R HE
Jerne, Kohler & Milstein

RREX R IEHHEER
Medawar & Burnet

RREN( 2 -- ISR B . SWH< BRI
Metchnikoff & Ehrlich

HERimehIg
Koch

IS TTECHE ST
Behring

EHHHIHEKIRHSR2

Jenner

DR HIRHKIRELEE R HR2
S B8 D HE

B<HKREIEERH R
18IS

WEEH

it/ SEFRRREEHEEE

REK/ ECERD

H N
_m&m_am
3
13 12
2z W
._m_J“M [r—
2
e
0 o
Mm%w
il

=
=
—0

67 of 115

()
C
O
©
(D]
=
©
| -
>
o+
O
()
—
e
O
—
<
(.
(@)
>
o+
(D)
O
(@)
(Vg
(e
()
=
()
T




G5 T AR IS/ B LT 1 R

- I 97 5 7% 4H Bl SOfE 78 B2 1R15 501558
(5000/mm3fiETE 53 #in) (FRESTHE)

A it 25 R
(ARDS/MIS—C)

8
(Long Covid)

0

Q000 ... '.“ oo
O O 0° O

@ . g

« ZNRZECIE (EAW) NG
PRhy (A b

15

Taiwan Society of Architectural Medicine 68 of 115



1([2f8) AT AEERNEE « A

Q@ @
\ B/
N 2 (R /S S 9

RENZEFF

q -4

(R B B — T (Y) e PAMI
THT R PRRS
G2 B VE (Th) Jx
- v (U e, BB as e )
}EI]%IJ ﬁﬂum\ —ﬁnﬂ ‘E‘,f%j@ ‘ N
G e fet: (Th2) [ JE

) AL THERS (Rl t RGN

TS NS G =3 (Tha, Trl, Treg)
N0 Sermy S R (B, SR BuRk

\ H Bl 52 il (Th17) S E (]

T R AN (aPc e n
s SRR, Priai)

FIAGIE R E: PR EEE A I 0 B M R TR B 2 I
¥k (Innate immunity) (Adaptive immunity)

Taiwan Society of Architectural Medicine 69 of 115



EARET] %Ff%&%ﬁ%)&skfiﬁi

I R A SR
{%ﬂ:/\ BT 2
CCR3 _—— S 5
%E*ﬁ* PNE S JE
CD68 Eﬁ%ﬂfﬁ@“ﬁﬂ Stroke, TBI, AMI
E.(:’.D;‘}\ —> ﬂﬁ,%lﬂ @@E%%?%ﬁé _
ﬁw* 0 B A
CD 09 BB JE LA
{CCRWW‘?&%WFH
N L Hﬂﬂ’@ < S8 LA J S JE
CD3 ~a|%ﬂw@imm
7N I_J/M( = H
- Tz
ﬁj@ LA A ' - iﬁ)?il%ﬁiﬂ@/'\
% CD19 narf‘CDzﬁﬁiﬂ’@i-ijm E@%‘s%ﬁﬁﬁ
4
H B: EHB@ Fﬁ,|gD}?§.‘§AzﬁjB@/}jZ/lx Sepsis, ARDS
o] CD56 <§5z;-aiﬂﬂbn
= KZH?]H e PR e 2
CD127 B R Je e v R
ILCAH fif T Cancers, GVHD
A
TS Y BN . BEED —
(BRI EE3R ~ B - [ETE A

Taiwan Society of Architectural Medicine 70 of 115



= MY A YN —F - ’
BB E AR R HAR BTt
VA YIAN | I 14\ Gl R
UK derived from 5683 Deaths
Canada: H2N2 era; H2 and B seasons
000 1/2020.05.06.20092999v1 .full.pdf+html
L LI b6 A 6168
8 —r)] iy =gy (g
§ 1.000 5
i § 321 4
¢ o 16-
g 010 a 2: 2
- ¥ ). )
g m 1.. ............. @rrererrisetiasnsnas
b3 kel 4
v 0010 ) 0.5
0 ' @ 025 ]
0 S 0.125-
o ' £ 006251 |
0.w1 20-03125 L L Ll L L L
0 % 60 6 M B 8 & 0 % @ F P R R
Age O @ O 0
A
Reichert, et al. BMC Medicine 2012,10:162 Age Group

Taiwan Society of Architectural Medicine 71 0of 115



\

5

J

JL

ARERIRIZE

ZEA=

® RERTE [ | KRE | SRUNISRERUER
@ RYSRD [ FOGY | BEERNEHHYROR
© Gz IR (restore) - M4 (replace) EX I (reprogram)
O BN CEREEREREHEY

O HIOEE  BEROBROK

O SRR WKL o DR - S

® BEEHKERN KoK (R

O HHHEND HnEEERER

O WkN<WIOR - BE - TEK - S DS

Q@ BEN<BANIE B Sien - 28 - Sk

Q@ N<REFEMEEFED ARRKARR 0K
© M- WIGEID - doiRas \ R \ B KK

£

h/8
=
PFEI

EE,E'
B /8

2 /WFImA

1. 3SRKEEBEE

e SR

= ;
R/

i

= )

/

3. F!
=5
4. R HA

=
A

(-]
X
=2
5 H- B2

2. E-I-:-I-m

5.

(O]
(-
O
©
(O]
=
©
—
-]
]
O
()
=
e
O
S
<<
[
o
>
+—
(D)
O
o
wn
(=
©
=
©
T




= NEEHE

VACCINEY AGE GROUPM |  19-21 years 22-26 years 27-49 years 50-59 years 60-64 years 265 years

Influenza®*

Tetanus, diphtheri,pertusss (Ta/Tdap)* |~

Varicella** |
Human papillomavirus (HPV)** Female e m“
Human papillomavirus (HPV)5* Male [ 3

Zoster® N

Measles, mumps, rubella (MMR)"*

Pneumococcal (polysaccharide)®*
Meningococcal®*

wikEZ, 15

fiti 3% SEEX &

*Covered by the Vaccine m}uyCompenguon Pfogfam

For all persons inthis category Recommended if some [ /) Tdap recommended for 265 No recommendation
who meet the age requirements other risk factor is present f [ [ 1 contactwith <12 month
and who lack documentation of (eg,onthebagisofmedical, old child, Either Td or Tdap
vaccination or have no evidence occupational, fifestyle, can be used If no Infant
of previous Infection or other Indicatlons) contact
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Vaccine efficacy for preventing herpes zoster
100%

80%

60% |

409

0% Hl/su . Lostavax l
0

50- 59 80~89
Age group (years)

Note: HZ/su figures basad on data for 7,698 patients who received the vaccine in the ZOE-50
study. Zostavax figures based on data from earlier placebo-controlled frials.

Source: Or. Hurley §

(N Engl J Med. 2015 May 28;372[22]:2087-96

<
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Shingrix TFDA License Approval
__ (December 2021); 9H B4

v’ B IZE T R 1 S BT ] A S S R I
(Recombinant vs. Live vaccines: No immune compromised)
= BAE{th 75 & 5 F:
v’ Shingrix AJ BEARASE AT (2= 6 AL v . 23 BT 9% SRR g 22 I 38 % 11 (23-valent

pneumococcal polysaccharide vaccine, PPV23) BT i k& ) 1 M- A 455 J- S A0 At B H R % 1
(diphtheria-tetanus-acellular pertussis vaccine, dTpa) A ReJitif7 -

v AN R EK Shingrix A1 55 — A R S BY SV [RIRG AT, — g 250 P AP B e AT 2 AN (5] B SR A
v MRE$TiBZostavax - {AI85$T Shingrix: 5 & « 35 ~ 1% - 6 Hor 2ER?

v MRS Fzoster - {OIRFAUFT Zostarax 3 Shingrix: 15F - 6f@ A - 2BHor 1ER?

v NR505% T Zostarax 3 Shingrix: 4F % HE$1? 10F or 15 F?
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The Journey to A Respiratory Syncytial Virus Vaccine
Mejias A, et al. AAAI 2020;125: 36-46.

« Pre-existing immunity

« Placental antibody transfer
» Potential adverse events (fetus)

» Antigen naive
« Immature immune system

Protein based [ AWy « Herd protection J

« Protection against severe diseaj

(no adjuvant) « Antigen naive (< 2 yr)
» Pre-existing immunity

Monoclonal Childien s &mo « At risk for severe disease
antibodies « Pre-existing immunity
« Immunosenescence

J

Live attenuated
Vector based

Elderly (> 65 yr)

Protein based
(adjuvanted)
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Japanese
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Japanese scientists develop vaccine to
Killing "zombie cells™ climinate cells behind aging. (2021,
December 13). The Japan Times.

The anti-ageing vaccine was administered in mice to decrease senescent cells or zombie

cells. According to Minamino, the vaccine may be useful in treating arterial stiffening,
diabetes, and other age-related diseases. Findings were from the study were published in
Nature Aging on Friday.
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1. RBEEM 2. e =

(RRIRE ) (BEREERE)

1 P /AR PERRZER 1 BREREEEH/ MK
9 FEAMRREY) K DA 2 HENBRIE(MoAbs, 5B MiR)

3 FE[EEE, anti-IL6, Anti-IL-1, 15
3 5 B S LA Y 4y SR ’
PRI R SN REY ESE.

SRS

FiE

(RIREERRIKERE)
L B, (R BT
2 HEYE SURE, R,
3 BEBOEL AR, OF SIE . etc,

REVIEW article

[ 5 Vo ke
Front. Immunol.,. 15 July 2021 | hotpoas /7ol ora/ZlO. S5829//Mvay
Shen’ Download  Export
lllllllllllll e
Immunopathogenesis of Different
Emerging Viral Infections: Evasion, Fatal o223
Mechanism, and Prevention TOTAL VIEWS
[ G 3
1 5 an~
Betsy Yang  and Kuender D. Yang” SRR =
1D @epartirent of Medicine, Kaiser Pernmansnte Oaklamd Medical Canter, Oaklamd, CA, Lnited States
[S1RV) Me L earch, Mackay Chilcr ‘w Hesupital, Taipei. Taivwan
Slmstitute of Clinical Meaedicine, Matiomnal Yarmng Mi Uiniversity, Taipei, Taiwa
YDepartment of Microbiology & hmmunology. Na mn.‘u Defense Madical Centaer. Taipaei, Taiw
Different emerging viral infections may emerge in different regions ol the world
iy = 2lol 13 it with high fatality. Cls 'i(-:llu)n of the
v = 3 ! .
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ZMPEZ=[E 52 | woSorh® Active in Cytokine Sweet Spot
Eytokine storm G
.‘ﬁ:ﬁ?: 5'-%: o S
° wPio ‘L‘:v P Alburin
Early Dx & Biomarkers forRx .. [
kDa 0O 10 20 30 0 50 50 70

Differential diagnosis (Triple rapid tests)
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Customlzed exercuse for stroke patients
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https://www.hindawi.com » journals > bmri v El:ZZEERE

Effects of Music Aerobic Exercise on Depression and Brain ...

FH SH Yeh &1 - #25| 8 42 2t — ]. We found that the combination of music and exercise
enhanced immunity, induced the release of beneficial hormones such as BDNF, and decrease...

Abstract - Introduction - Methods - Discussion

h &£ EiEH): Fi &5/ #70-80%
ILVE(HR)/220-2E 82 (Age)x100% = 70-80%
Fl¥N605%iEEIHR=120, 120/220-60=75%

85iE3H - RV,
128 % {2 #=BDNFE N

BDNF concentration (pg/mL)
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o

Before After
Before and after MAE
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Yeh & Yang, Br J Sports Med. 2008 Apr 2
Yeh & Yang, Diabetes Care. 2007;30:716-8
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2. BUH/IHEEZED:
MR R RE
OMEGA 3
VITAMIN D

WHICH IS BETTER FOR YOUR BODY?

<=

. 3. fiZEDHEA (IR RFRIEER)

= S BEE AL EHERA
zoool] B HEDHEA/NIS 2ug/mi
‘acol e /N 1ug /ml
o5 e @ % 4 7 BJEBDHEA25mQg/X

Age in years
Fig 1. Decline of DHEA-S with age.?

ng/ml plasma
:
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Vitamin D: A Role Also in Long COVID-19?

Nutrients. 2022 Apr 13;14(8):1625. doi: 10.3390/nu14081625.

> A
ol e
il Y
g ¢ ¥
TR R SR
o L » A4 A
Lo "

SARS-CoV-2

|1

IL-6, IL1B, TNFa,
IFNy, IL-10,

o
I
° i3

é;nokine storm

3

Reduces concentration of
- proinflammatory cytokines

P

Increases concentration of
anti-inflammatory cytokines

<+

" Vitamin D

v

Induces T regulatory cell
production
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"The doctor of the future will no longer treat the
human frame with drugs, but rather will CUF€@ and
prevent disease wih nutrition.”
~-Thowmay Edisow

| ‘ ) f"
T"H.iﬁ?g'?
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Bt 41w tRIEM R R 2
(CD62L CD45RA) e (1L17, 1L33)
A N R « RE R JE K A
(IL7, FGF7 etc.) .
RPN : L'aﬂ;“ i ,’;@rl »
(CD8/CD28) AL s ® H

-« (CD45RO)

GV = S A I
- (CD62L CD45RA)
G VIR ol S
« (IL7, FGF7 etc.)

- BH OHET O R & OJE

e (signal inhibitors)
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AR LE R~ 0] DA S AL G5 )
(ETP, DN, stromal cells: hormones, CAR etc.)

Factors acting on Factors acting on Factors acting on
thymocytes thymocytes and stromal cells stromal cells
Involuted
thymus IL-7 GH —— IGF-1
Thymocyte - ﬂ /\

O/ || Qi @i
sage @@ | n@x0

Increase in DN thymocytes Increase in thymus size Rejuvenation of thymic epithelium
No effects on stromal cells  IGF-1 primarily acts via stromal cells  Increase in ETP proliferation
Modest increase in thymus size ~ Increase in ETPsand DN cells  Increase in ETPs and DN cells
Peripheral T cell effects Peripheral T cell effects Downregulation of Ink4ain ETPs
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https://plasticdazenking.pixnet.net/blog
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PRP+PPP
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He Y, Zheng G, Zhou D. (2020) Senolytic Food & Drug
https://doi.org/10.1007/978-3-030-44903-2 1

Dasatinib

R - EEE

uercetin PI3K

Fisetin

SCI’\O'YtiCS Piperlongumine l
Curcumin analogs ABT263
Natural compounds: : A Fopidi

Quercetin, Fisetin, A1155463

Piperlongumine,
Curcumin analogs,
and Cardiac glycosides

Repurposed
anticancer agents: PUMA
GF-R/TK, BCL-2/W/XL, NG

[CIr Mitochondria

MDM2, and HSP90 P
inhibitors

UBX101
Others: FOXOA4DRI FOXO4DRI

D el Caspase 9
‘ = Apaf
Apoptosis

. ATP ADP/Pi
O S
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Monsel A, et al. Anesthesiology 2014;121: 1099-1121.
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Oner Q’o’é‘
O eonF &’
Regeneratio?"j ON:“:’Gt; ophin-3 c%
%E'tiéi% e MSC @VEGF N |
@@@VEGF @ ®e More than 130 clinical trials
o Regeneration
[ 32 Wﬂ?\’\& N using WJ-MSCs in a registered

Website. Promising uses are

BelxLA ®
B2l a® Our ™
Casp1¥  HGF IGF-1

- CaspBY @

- B ==, " KGF .
MERBEHNH ) v Combined HSC + MSC & Anti-

Radioprotection, Pain control,

ARDs Aging ...

pREA =R
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Human MSCs Decline With Age:

Estimates
obtained by
CFU-F assay.

100,000 L 1 1
250,000 490000 2,000,000

MSCs per Marrow Cells

Newborn Teen 30

Age (Years)

http://drbradstreet.org/category/autism/page/5/

Taiwan Society of Architectural Medicine 96 of 115



http://drbradstreet.org/category/autism/page/5/

B8 B A IR R R B
IRAF 3&1&502#%

+‘£'J
B
0

iT_é‘ E

K- 3i %%hso}\ﬁﬁ
3 SRS FH &

T 48 b Rz /WA AR A —>

ucMSC P .o .
BRI '—;_" -2

G S @
B S A

Taiwan Society of Architectural Medicine

97 of 115



$RERRE MG RN ERB MRS E

o 40 i (Stem Cell) 1% il 1 2& 344 (Extracellular Vesmle/EV),J% 4]
o MudEtE, RIEEMEAMBIERE . SR AR PR DIVE B A

* ZhangZ, Duan Y, Bei Y. Cardiac Progenitor Cell-Derived Extracellular Vesicles: A Rising
EVmediated Star for Cardiac Repair and Regeneration. J Cardiovasc Transl Res. 2019 Feb;12(1):3-4.

exch?ﬂ9° Injured Cell
0

exRNAs

Stem Cell

* Wangs, Wang J, Wei W, Ma G.

* Exosomes: The indispensable messengerin tumor pathogenesis and the Rising Star in
Antitumor Applications. Adv Biosystems. 13 March 2019

Vilaga-Faria H, Salgado AJ, Teixeira FG.

~ mRNA mRNA ’
IncRNA Mesenchymal stem cells-derived Exosomes:
Differentiation Repair A new possible therapeutic strategy for
Cell reprogramming Parkinson’s disease? Cells. 2019 Feb 2;8(2).

pii: E118.
Austin J Clin Pathol. 2014;1(1): 1001.
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ucMSC Therapies in the preterm infants s.m ~ UCMSC-Exosomes for the preterm

Cell Int. https://www.hindawi.com/journals/sci/2018/9652897/)

infants (Pharmaceutics 2019:11(8):404)
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M y
Lung Gut Eﬁ Retinopathy of prematurity
BPD NEC EV source: BM-MSC, microglia (42, 44] Hypoxic-ischemic encephalopat!
) EV source: BM-MSC, W)-MSC
\ [26,32,33,37)
FIP v ; = v /
o Necrotizing enterocolitis
# 1™ | v source: BM-MSC, milk, AF-MSC, AF-NSC, =]
E-NSC [85, 86, 89, 90, 92, 93]
Ey
* Rrop
p— b a l l l ! 4
.Ea ) EV source: BM-MSC, WI-MSC,
X UCB-MSC, umbilical cord MSC

12, 70,72-75)
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EV source: P-MSC (58]
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immune cells activation

@ Mesenchymal stem cells

Immune regulation PP
Activation of regulatory Reduce T-lymphocyte f@,

. -’
{ Airway inflammation,
hyper-reactivity & fibrosis

\ Pulmonary artery |, Right ventricle
wall thxckenmg hypertrophy &

g 3 : — TEY) heart failure
NS — s < /
% o : = J(c
Rescue apoptotic cell [ ] ‘ [ ] . Decrease tissue C}.:).“ - ' -
death fibrosis B RV EY KV EY )

N Alveolar fluid clearance
CD44-mediated EV uptake

J Lung edema & inflammation

Up-regulation of renal
KGF, Ang-1 dependent

development markers

REPAR Mitochondrial transfer
Tissue repair
(Kidney Res Clin Pract. 2019;38:131-134) (Am J Physiol Lung Cell Mol Physiol 2019; 316: L977-89)
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A o T L A B TR e AR B - 91 v PR RN (Stem Cell

Reviews and Reports. 2020; 16:922—-932)

3x (30> 10° celis) - matched in terms of race, - -
intrathecally sex, onset of symptoms, -
2 mth intervals disease stage. medications 'ﬁ'
67 ALS patients treated with > - 67 reference ALS patients from
Wharton's jelly mesenchymal stem cells the PRO-ACT database

Median survival time increased two-fold in all groups

CHANGE IN PROGRESSION RATE

decreased

31%
no change

49%

increased
20%6

Predictor for overall efficacy of the treatment:
female sex and a good therapeutic response
to the first administration

No serious adverse drug reactions were observed
Improvement significant in the general study population
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Shiue SJ, Rau RH, Shiue HS, Hung YW, Li ZX, Yang KD, Cheng JK.
Mesenchymal stem cell exosomes as a cell-free therapy for
erve injury-induced pain in rats. Pain. 2019, 160(1):210-223.

EIFREFE AR
& BEEFKSTORDENETERDERRL

Healthy Parkinson 's Alzheimer 's

(C57bl) (6-HODA) (5XFAD)

Golden Exosomes Selectively Target Brain Pathologies in
Neurodegenerative and Neurodevelopmental Disorders
Nano Lett. 2019, 19(6):3422-3431.
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Yeh, Sh, Lin, CH., Yang, YJ. etal Higher senescence associated secretory
phenotype and lower defense mediator in urinary extracellular vesicles of
elders with and without Parkinson disease. Sci Rep 11, 15783 (2021).
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Nature Reviews Clinical Oncology 10, 267-276 (May 2013)
WCTHE AN AT + CARTUHGHEFE 2wksH#E 512 H #E 2 1H BR AT

1) T Cell
Collection

2) T Cell 3) T Cell Adoptive
Transfection Transfer

1. Binding

+/-Lymphodepleting
conditioning

v(" ' ‘%JCAR I
%k membrane
insertion

protein expression

4) Patient
Monitoring

a) Disease response

—CT scans
—Bone marrow biopsies
—Peripheral blood

flow cytometry

b) CAR-T Cell persistence

—Immunohistochemistry
of bone marrow biopsy
—RT-PCR and flow
cytometry of blood
and bone marrow
aspirate
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Nat Rev Clin Oncol 2013; 10:267-76
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Cancer immunotherapies with iv, id or in

(Now, |:|1’|5|t(|ntra tumor)TJ/Xﬁ@FTﬁﬁﬁnﬁ g)
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https://www.biorxiv.org/content/biorxiv/early/2018/ https://www.nature.com/articles/s41401-
08/20/268326.full.pdf 020-0415-5.pdf?origin=ppub
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DFOV 35.0cn

Conventional therapy
* Radiotherapy

* Chemotherapy
(e.g. anthracycline,
TRAIL-R oxaliplatin)

agonists Lil
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Oncogene p .
inhibitors 00 (O

©o ->_-f og
HDAC 00 : o
inhibitors ~ © - g - p53

rescue

_ e%e ABA 00
Chemokines Vaccines to (®)
to attract generate Proteasome
ClLand T 1 CTLand T 1 inhibitors
http://news.medlive.cn/cancer/info-progress/show- Hasumi L, et al. Oncoimmunology. 2013 Oct
88263 53.html 1;2(10):e26381.
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