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Thailand during Covid-19 pandemic

©o e Beijing coronavirus outbreak: travel
o restricted to tackle 'extremely severe'
RIERTINVEL S ERCRINICORI  situation

, KEhmﬂ NEEREN 2ot ot cims cotaloitas
daksuldlulsowauna

Coronavirus - latest updates
See all our coronavirus coverage

o
AUNIWNEAaQIso
www.thaipbs.or.th/CoronaVirus2019 lvT/oiS:Jaméoqnamsmomsuwné

lumsquawUssdaialsn COVID-19
Thailand’s GDP growth projections revised downwards to -0.3% $ouUSIALGH

Exports and imports likely to take a major hit as a result of the COVID-19 outbreak 605'“1380']5 ﬁua’m [SDWEJ”IU'\&OW'\EIDFIS&:I
Projected GDP growth rate in 2020 luasWMs 16.30 u.) [ns. 0 2256 4979

overall @ 9.00 - 16.30 L) mf, 0 22

GDP growth Private Private Public Public Exports Imports

A An enidemic contral warker directs neanle at a coronavinis testing s

ation in Beiiina. China. as antharities tackle

consumption investment consumption investment
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L—-- Washable Innovative Nano-Masks

WoUoofiu COVID-19

$ 88

Source: Slam Commercial Bank Economic Intelligence Centre 3
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PPE 157¢

sadonquivugrdAutwiAlEEAIA
Reusable Isolation Gown Su
| o

CU contribution: Sureical eown and cover all

PIYNFOBIANIINFUNTTU dNINIANEY a0 1Tudme wazN1ARAaINNTTY
- Co-ordinate technical problem solving (Eng.)
- ASVNAADUNTTURNIUVBNFDA 913 1SO 16603/ASTM F1671 (Eng.)

- ANSNAABUNNSTUNIUYDINTE MU 1SO 16604/ASTM F1671 (Pharma.)

N95 respirator and hygiene mask performance evaluation (in house protocol)



Lesson Learned
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Market Share by Product Segment

Examination gloves and coveralls/gowns are expected to witness the highest growth in 2020 as infection control
becomes the focus for healthcare providers and governments. Face shields will experience much stronger growth
globally in 2020: these were used for very specific procedures prior to the pandemic, but more and more medical
facilities have made their use mandatory for attending to seriously ill, hospitalized patients.

Healthcare PPE Market: Market Share Estimates by Product Segment, Global, 2019 and 2020

2.9% 2020

2019

1.7%

Surgical Masks/N95 Respirators M Surgical Gloves/Examination Gloves M Coveralls/Gowns B Goggles/Face Shields

MNote: All figures are rounded. The base year is 2019. Source: Frost & Sullivan




Coveralls/Gown Segment Overview (continued)

As the virus spread globally, healthcare and other frontline workers began wearing gowns and coveralls in more
settings for additional protection.

Important Segment Characteristics

Factor Assessment Trend
2019 revenue estimate S1.1B-S1.7B A
2020 revenue estimate S2.8B-S3.48 A
Growth Rate 125%—135% A

Compliance with safety standards, comfort, ease of use, light

Primary needs weight, disposability, inventory fulfillment 4
Price sensitivity 5 -~
(on a scale of 1 to 10)

Purchase influencers Quality, adaptability, reliability

Distribution structure Direct sales, distributors, retailers, online sales A

Demand for innovation
(on a scale of 1 to 10)

Decreasing Stable Increasing

v A



Surgical Mask/N95 Respirator Overview

-
N95 (safety mask for dust,

The COVID-19 pandemic has created an unprecedented demand for N95 respirators. Surgical masks are now a corr smoke, toxic substance)
requirement for frontline healthcare workers.

Jan-Dec 2019 231.9MB

Important Segment Characteristics

Factor Assessment Trend Jan-May 2020: 611.3 MB
2019 revenue estimate $1.8B-52.48B A |
2020 revenue estimate  $3.0 B-$3.6 B A | (i nsuganing dszalng Toe
Growth rate E—— A pnuaiAzvians KIJ Co, Ltd.
Primary needs Compliance with safety standards, comfort, ease of use
Price sensitivity 1 v
(on a scale of 1 to 10)
Purchase influencers Quality, adaptability, reliability
Distribution structure Direct sales, distributors, retailers, online sales A
Demand for innovation 5
(on a scale of 1 to 10)

Decreasing Stable Increasing

v A

Note: All figures are rounded. The base year is 2019. Source: Frost 38
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Favhtunudennaedeuindheuntyafiniosdiownmd (ASEAN Agreement on Medical
Device Directive: AMDD)
- Annex 2 : Risk Classification Rules for Medical Devices other than IVD medical

Devices

- Annex 3: Risk Classification for IVD Medical Devices
VUIENULALARAD AMYNTTUNITEIMNITHALET (NBIATUANLATEILBLNNE)

(IVD = In vitro diagnostic)

LASDIUBLLNNE

isaslounnsilllandesiounnddmsy
N3IUeRYNBUBNINNY (4 NGY 16
wanL N ANUsEAE ay. Uapuly 2
LW1YU 2558)

LAS DI BUNNENEMSUNISINIRNIN1LUDN

919018 (7 Banngl 1uUsend 8.

v v

spuld 2 e 2558)

1. wnsasawnndnlilagnananluly

5190118 (Non-invasive Medical Devices)

2 \n3esdlawnmdngnandilulusianie

(Invasive Medical Devices)

3. LATRILBLNNINLNNAY (Active Medical

Devices)

4. VANLAILNLULAL
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4. nantnaUMANLAN (Additional Rules)




UYIUANANNLNYINUTLHLLIAINT LYITU

“n1slgaumaLias” (continuous use) MAITRINULATBILBUNNE 1UNBAIUT
(@) N3lEULAToIaunE Taghifinnsngevedn walisudanisvganislaudingnuisnisluees
iAsasllaunng visansoesallawnmdaanlutinim einguszasiunalszns Wy Msinenuazenn w5ensenee

() M3l NUATDIUNNELUUazaLlaeN 15U AT LN VEDY Faululadastounnduiame A lgauLnud

VU muvidvendndueimungl)

“9§9917a1N15 199U (duration of use) UUIBAIIUIN
(@) T30 (transient) Lunnzildnuundseiliasiutieenii bo w1il
(o) 5zezdy (short term) Wun e lguunAnallausdLs vo U9 84 eo Tu

() SeE2e17 (long term) WunMeAlguUnfnailiasuI Uiy mo U
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US FDA Definition of Medical Device

Section 201(h) of the Food, Drug & Cosmetic Act (FD&C Act) defines a device as: An
instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent, or
other similar or related article, including a component part or accessory which is:

- recognized in the official National Formulary, or the United States Pharmacopoeia, or
any supplement to them, — intended for use in the diagnosis of disease or other
conditions, or in the cure, mitigation, treatment, or prevention of disease in man or
other animals, or

- intended to affect the structure or any function of the body of man or other animals.

- And does not achieve its primary intended purposes through chemical action within
or on the body of man or other animals and which is not dependent upon being
metabolized for the achievement of its primary intended purposes.

- The term "device" does not include software functions excluded pursuant to section
520(0).

20



US FDA Definition of Medical Device Classification

Established classification for approximately 1,700 different generic types of devices and grouping
them into 16 medical specialties (panels). Devices is assigned to one of three regulatory classes

based on level of control required to assure safety and effectiveness of devices.

Device Class and Regulatory Controls
1. Class | General Controls (Lowest Risk)
With Exemptions
Without Exemptions
2. Class Il General Controls and Special Controls (Medium Risk)
With Exemptions
Without Exemptions
3. Class lll General Controls and Premarket Approval (Highest Risk)

21



Q: Per US FDA regulation, which product is a medical device?

Adult Diaper Infant Diaper

22



Medical Device Definition Questions Adult
Diaper

Q1: Is it intended to diagnose, cure, mitigate, treat,
or prevent disease in a human?

Q2: Is it intended to affect the structure or any
function of the body?

Q3: Does it achieve its primary intended purpose by
chemical action or by being metabolized?

Does it meet the definition of a medical device?

Infant
Diaper



We need to define the intended use.

Adult Diaper Infant Diaper

Intended to protect an adult’s Intended to protect an infant’s
garments from urine or stool. garments from urine or stool.

Intended to protect an incontinent
patient's garment from urine or stool.

24



FDA Product Classification Database;

www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpcd/classification.cfm

Follow FDA | En Espafiol

p1Y U.S. FOOD & DRUG I

ADMINISTRATION

Home | Food | Drugs | Medical Devices | Radiation-Emitting Products | Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics | Tobacco Products

Product Classification -
T |

© FDAHome © Medical Devices @ Databases

This database includes: otgeg,]%?ﬁ?sbases
» a list of all medical devices with their associated classifications, product codes, FDA Premarket Review * De Novo
organizations, and other regulatory information. » Medical Device Reports (MAUDE)
learn more... » CDRH Export Certificate Validation
(CECV)
» CDRH FOIA Electronic Reading
Room
* CFR Title 21
Search Database % Help ¢ Download Files * CLIA
» FDA Guidance Documents
» Humanitarian Device Exemption
) * Medsun Reports
2SIEE ‘ ‘ R Tl E * Premarket Approvals (PMAs)
] » Post-Approval Studies
Review Panel | v | Regulation Number : » Postmarket Surveillance Studies
» Radiation-Emitting Products

Submission Type | v| Third Party Elligible » Radiation-Emitting Electronic

Products Corrective Actions

Implanted Device Life-Sustain/Support Device Device Class * Recalls

» Registration & Listing
Summary Malfunction Reporting
» Total Product Life Cycle

» Standards
Go to Quick Search Clear Form search * X-Ray Assembler

26


http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpcd/classification.cfm

Under quick search: with term “incontinence”

“'w/( U.S. Department of Health & Human Services

Follow FDA | En Espaiiol

pI U.S. FOOD & DRUG I

ADMINISTRATION

Home | Food | Drugs | Medical Devices | Radiation-Emitting Products | Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics | Tobacco Products

Product Classification B O
© FDAHome @ Medical Devices @ Databases
1to 10 of 23 Results
for incontinence el 2 ErE
New Search E Export To Excel " Help
Product % S A Regulation A Device A
Code Y | Number Class
EX1 Device, Paste-On For Incontinence, Steri ... Urine Collector And Accessories 876.5250 1
EXJ Device, Incontinence, Urosheath Type, St ... Urine Collector And Accessories 876.5250 1
EYQ Garment, Protective, For Incontinence Protective Garment For Incontinence 876.5920 1
EZW Stimulator, Electrical, Implantable, For ... Implanted Electrical Urinary Continence ... 876.5270 3
EZY Device, Incontinence, Mechanical/Hydraul ... Implanted Mechanical/Hydraulic Urinary C... 876.5280 )
KPI Stimulator, Electrical, Non-Implantable, ... Nonimplanted Electrical Continence Devic... 876.5320 2
MIP Implanted Fecal Incontinence Device S
MNG External Urethral Occluder, Urinary Inco ... Urolagical Clamp For Males 876.5160 1
UK Electrosurgical Radiofrequency System, S ... Electrosurgical Cutting And Coagulation ... 878.4400 2
NINIY Navicra InAcantinana~as llraahaath Tuma KA LiFima Mallantar And Arcrnoanrian Q7a RIOEN 4



Product Classification

© FDAHome ©® Medical Devices @ Databases

New Search Back to Search Results
Device Garment, Protective, For Incontinence
Regulation Description Protective garment for incontinence.
Regulation Medical Specialty = Gastroenterology/Urology
Review Panel Gastroenterology/Urology
Product Code EYQ
Premarket Review Gastrorenal, ObGyn, General Hospital, and Urology Devices (OHT3)
Reproductive, Gynecology and Urology Devices (DHT3B)
Submission Type 510(K) Exempt
Regulation Number 876.5920
Device Class 1
Total Product Life Cycle (TPLC) TPLC Product Code Report
GMP Exempt? Yes

Note: This device is also exempted from the GMP regulation, except for general
requirements concerning records (820.180) and complaint files (820.198), as long as the
device is not labeled or otherwise represented as sterile.

Summary Malfunction
Reporting

Note: FDA has exempted almost all class | devices (with the exception of reserved devices) from the
premarket notification requirement, including those devices that were exempted by final regulation published in
the Federal Registers of December 7, 1994, and January 16, 1996. It is important to confirm the exempt status
and any limitations that apply with 21 CFR Parts 862-892. Limitations of device exemptions are covered under
21 CFR XXX.9, where XXX refers to Parts 862-892.

If a manufacturer's device falls into a generic category of exempted class | devices as defined in 21 CFR Parts
862-892, a premarket notification application and fda clearance is not required before marketing the device in
the U.S. however, these manufacturers are required to register their establishment. Please see the Device
Reagistration and Listing website for additional information.

Eligible

Implanted Device? No




New Search Help | More About 21CFR

[Code of Federal Regulations] See Related
[Title 21, Volume £] Information
[Revised as of April 1, 2019]

[CITE: 21CFRB76.5920]

TITLE 21--FOOD AND DRUGS
CHAPTER I--FOOD AND DRUG ADMINISTRATION
DEPARTMENT OF HEALTH AND HUMAN SERVICES

SUBCHAPTER H--MEDICAL DEVICES

PART 876 -- GASTROENTEROLOGY-UROLOGY DEVICES

Subpart F--Therapeutic Devices

Sec. 876.5920 Protective garment for incontinence.

(2) Identification. A protective garment for incontinence is a device that consists of
absorbent padding and a fluid barrier and that is intended to protect an incontinent
patient's garment from the patient's excreta. This generic type of device does not include
diapers for infants.

(b) Classification. Class I (general controls). The device is exempt from the premarket
notification procedures in subpart E of part 807 of this chapter subject to the limitations
in 876.9. The device is also exempt from the current good manufacturing practice
requirements of the quality system regulation in part 820 of this chapter, with the
exception of 820.180, regarding general requirements concerning records, and 820.1898,
regarding complaint files.

[48 FR 53023, Nov. 23, 1983, as amended at 54 FR 25050, June 12, 1989; 66 FR 38802, July 25,
2001]
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MEDICAL TEXTILES

Medical Textiles fip wansiamnamawmaliafldlunianisunnduay
NsuagUAINLarawdle lngnuandusimuaufeenshay vl @ 2vrsaitasumsiimiuzovases:

AMUALNZENNAZ NN IF 9 UAIUAN) (Extracorporeal devices)
wu Uaatiguw, latfgu

o SaaAlénsuansivme

(Nonimplantable materials)

wuseanidu 4 Usstananunsideu leun " fI\j "’

]
% =

Tannldn1euansnenieg (Nonimplantable Materials)

9 Saaidviusivnie

(Implantable materials)

gunsaliasun1svituvesaied (Extracorporeal Devices)

o WwaaAundiksSunisQuagunIw
uazguauive Agduuna, lduldaalieu, LBULRgY,
Jons=QaLigu

Tanialusnenie (mplantable Materials)

v

vls

NAnSuREmMTUNIUagUANLAzEUaRLlE (Healthcare and
Hygiene Products)
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Woven

nsvusUdulayssiandnegdusulyly Medical Textile Products

Polymer
Fiber

Yarn

v
Knitted Braided Nonwoven

\\ ¢ /
Textile material

1 Packaging and sterilization

Medical textile products

0 jaqilénisuansivne
(Nonimplantable materials)

auasailaSun1siIvVIUYavDIUd:
(Extracorporeal devices)

wu Jaatiisw, latisu

e jaqilviusivne

(Implantable materials)

o wanAmuridirSunisquaauniw
uazguauile Arelduuna, lduldaatiisu, 13utiisy,

dans=QALligy

o 5 D

Table 1.2 Textile structures applicable for medical products, and the technique used

Structure Technology, processes

Fibre Natural or manufactured (man-made) fibre preparation
processes

Web Natural or manufactured (man-made) fibre preparation
processes, carding

Sliver Carding, drawing

Roving Roving (preliminary spinning)

Spun yarn Spinning

Filament yarn Formation of filament (extrusion, cutting, etc.)

Plied yarn Assembling, twisting

Fancy yarn Spinning, twisting, knitting technique, etc.

Woven fabric
Nonwoven material
Knitted fabric, crochet
Braided material
Embroidered material
Spacer textiles
Composite material
Modified systems

Weaving

Bonding by friction or/and cohesion or/and adhesion forces

Knitting, crochet knitting

Braiding

Embroidering

Technique enabling to hold layers by spacer

Compositing

Modification using various technique as impregnation,
encapsulation, printing, bonding, plasma treatment, etc.
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nsuusUsenmaulaazn1aeg19n15 gLy Medical Textile Products

Table 1.1 Classification of fibres generally used in medical textiles

Origin Source Examples of fibres
Natural fibres Plant (vegetable) fibres Bast (flax, hemp, etc.)
Leaf (abaca, etc.)
Seed (cotton) Table 2.1 Applications of different types of fibers in medical
Animal fibres Hair textile pl‘OdllCtS
Silk (spider, silkworm)
Wool Fiber type Applications
Manufactured (man-made) Fibres based on natural Alginates (ALG) Cotton Surgical gowns, bedding, sheets, pillow covers, uniforms,
fibres polymers Lyocell (CLY) surgical hosiery
Polyglycolic acid (PGA) Viscose Caps, masks, wipes
Polylactic acid (PLA) Polyester Gowns, masks, surgical cover drapes, blankets, cover stock
Proteins (collagen) Polyamide Surgical hosiery
Viscose (CV) Polypropylene Protective clothing
Fibres based on synthetic Elastane (EL) Polyethylene Surgical covers, drapes
polymers Elastodiene (ED) Glass Caps, masks
Polyamide (PA) Elastomer Surgical hosiery

Polyester (PES, PET)
Polypropylene (PP)
Polytetrafluoroethylene
(PTFE)

Vinylal (PVAL)

Other fibres Carbon (CF)
Glass (GF)
Metal (silver, gold, etc.)
(MTF)
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FNNDIAIUIDNILUNITNIUT Medical Textile

Function, Performance, Form, Technical constrain, IP, Price LLag

v A

asiidAgyianne AadlaunnsgiunIutanInuaiineIUas

A29819 5’?19]'5’1121'%% Implantable device for regenerative medicine (Tissue Engineering)
- Biocompatible ... not evoke a sustained inflammatory or toxic reponse upon implantation in the body.
- have appropriate mechanical properties for indicated application
- match degradation time of the materials and the healing or regeneration process or do not degrade (depends on use)
- be compatible for mechanical properties with degradation and the healing or regeneration process.
- have non-toxic, and cleared the degradation products from the body.

-have appropriate permeability and processibility for the intended application.
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Example of MEDICAL TEXTILES




Antimicrobial Textiles Working concept:
1. Antimicrobial agents (active antimicrobial activity)

Antimicrobial agents used for textile protection utilize two

"’ main mechanisms of antimicrobial activity:

- Controlled release (Leaching antimicrobial agents)

TI 2 - Barrier formation (Bound antimicrobial agents
- H, H, CHap, H,
H3C\/;7>C\N/C\C/C\NVC\C/C\Q_O_ 2. Low Adhesion agents (passive antimicrobial activity)
H H, H,
\cm lm ﬂ 3. Dual action antimicrobial agents (Antimicrobial agent + Low

Adhesion agent)

(b)
Figure 1.20 Formation of anti-adhesion self-assembled monolayers of L-cysteine betaine (a (b)
(a) [198] and poly(phosphobetaine) brush (b) [199, 201] on the activated solid surface
which resists bacteria. represents a live bacterium. Figure 1.1 Schematic presentation of the controlled-release of the antimicrobial agent

particles (depicted as grey spots) from the textile surface to surrounding where they kill
the microorganisms (a) and the formation of polymer film by the antimicrobial agent on
textile surface which acts as a barrier for microorganisms (b).



Hollow fiber: What is it?
Special fiber with nanoscopic/microscopic pores/channels structure on

fiber wall. Shape and size depend on polymer type, solvent,

precipitation media, and process conditions.
Applications: Artificial kidney, artificial lung, desalination, water filtration,

ultrafiltration, gas separation, etc.

2014/08/01 11:55 L x300 300 um

e -
¥ \afrg,_\.,' Y

2:32:54 PM|5.00kV| 2.5 [10.2 mm| 121 x Masdar Institute



Hollow Fiber: What is it and how does it made?

Spinneret solution

Bore liquid

Y

m@
@

Precipitation bath

Rinsing bath

Storage bath
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Co-extrusion of polymer solution into precipitation bath with specific processing parameter to

induce formation of porous structure in fiber wall.
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Hollow Fiber in Hemodialysis (artificial kidney)
application

Dialysis membrane module (dialyzer) is used in the pressure-
driven hemodialysis process to remove excess waste
products and water from the body.

- 4-6 hours treatmen, usually 3 times/wk.

-Cellulose and polysulfone are two main membrane

materials.

- Related technologies are now monopolized by a few

companies like Fresenius, Gambro, and Baxter.
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Working concept:

Waste & toxin in blood will diffuse through thin wall of

hollow fiber into dialysis solution.

DIFFUSION Blood stream Dialysis fluid
Metabolic toxins, [ ] o @) O e '®) Water
urea, small molecules
proteins q() @ ( o b
3 o 00 0
o O O .\ Electrolytes
Blood cells — (@) like sodium,
Dialyzer magnesium
memlbrane

Saline Port

pressure monitor

sample port Infusion
port
|nf‘|ow o Syringe pump
Roller
Pump

b e , .

" ye, s

% ! @
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V@ y Waste (to drain)
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’ i 2 Dialysate proportionin:
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»'@ metabolites
oxygen
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Outflow
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Hollow Fiber in microfluidic artificial lungs.

Microfluidic or microchannel artificial lungs promise to
enable a new class of truly portable, therapeutic

artificial lungs through feature sizes and blood channel

designs that closely mimic those found in their natural
counterpart.

Working concept: gas diffusion trough thin wall of

hollow fibers.

A: hollow-fiber artificial lung technology. A. Diagram of the Maquet Quadrox. B:

Cross-section of the gas diffusion interface in hollow-fiber artificial lungs.
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Fresh Gas Flow Diffusion Path

Hollow Fibres ~ 300 microns [ =75 microns Boundary Layer

Ly

Working concept: gas diffusion trough thin
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A comparison of the size of the basic unit of gas exchange

in the natural lung and microfluidic artificial lungs. Red

blood cells in each figure serve as a size reference.
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Infrared Performance fabric

- U.S. FDA has determined Celli ant® (by Hologenix LLO),

products are medical devices and general wellness
products, as defined in Section 201(h) of the Federal Food,
Drug and, Cosmetic Act.

- because the products temporarily promote increased local

blood flow at the site of application in healthy individuals.

Your
Body’s Energy

_ 4 Infrared
v i Light
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Infrared Performance fabric

- Celliant fabric contain 13 thermo-reactives

X Rays Ultraviolet Visible Light Infrared Radio Waves . [
o | N S e— | g | ) mineras.
MWWVWWMNNN NN NN T e e bosy o mieree
energy (IR).|
..::} - IR is a vasodilator, increasing blood flow to
CELLIANT tissue and muscles and, delivering vital

nutrients and oxygen to cells




Electrospinning

The electrospinning process utilizes an
electrostatic force to destabilize a surface of a
polymer liquid droplet, creating a charged jet
that elongates and solidifies to form an
electrospun fiber.

Advantages

Can produce continuous ultra-fine fibers
with diameters in the nanometer to sub-

micrometer range
Versatile.

Simple and robust spinning station

ontrol Flow Rate

Collector

| Capillary Tube | [Needle |

'"/W

Polymer Solution

Electrostatic forced bending instability

High Voltage Supply
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Electrospun fibers

Solution electrospinning:
® depends on polymer-solvent system
* typically in the range of 50-500 nm.

® Can be as small as 3 nm!

Melt electrospinning:

® ranging from ~200 nm (RR) to more than
100 microns.

® Typical range is ~3-8 microns (from other

reports)
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Features of electrospun fibers: Fiber diameter and specific surface area

O

1 um ‘

05um @

10 pum

Relative size of fiber with different diameter

2 um
5um
Diameter (m) Denier | Specific Surface Area (m2/g)|Length per gram (m/q)
1.00E-03 7.07E+03 4.00E-03 1.27E+00
1.00E-04 7.07E+01 4.00E-02 1.27E+02
1.00E-05 7.07E-01 4.00E-01 1.27E+04
1.00E-06 7.07E-03 4.00E+00 1.27E+06
1.00E-07 7.07E-05 4.00E+01 1.27E+08
1.00E-08 7.07E-07 4.00E+02 1.27E+10
1.00E-09 7.07E-09 4.00E+03 1.27E+12




Fiber morphology:

Regular (smooth surface),

beaded fibers,

collapsed bead fiber,

ribbon fiber,

fiber with rough or nanopore on the surface.

Hollow nanofiber

Y

L AccV Spot Magn  Det WD E
SE 72 0
/ _/‘!'l_"

0.0 kY 3.4 1000x

e

1 A 4 b S
AccV Spot Magn  Det WD

200kv 34 5000x SE 72 0

PVB Fiber sample 1
2 Y |




- Very small diameter. Small fiber diameter, similar to
Propert/es and Appllcatlon Of natural fiber in cellular environment

E(ectrospun Nanofibers - High length to diameter ratio
- High specific surface area
- High porosity / small pore size
Properties - Good absorption
- Good breathability
- Biocompatibility, biodegradability

- Small aperture to block bacterial invasion

Filtration devices

Nanocomposites

. . Biomedical applications
Applications

Agricultural applications

Energy production and storage
Biosensor/Environmental sensor
Environmental remediation

Advanced engineering applications

Template for producing nanotube’ Ceramics

49 nanofiber, Optical sensors, Gossamer application, etc.



Electrospun Fiber in Biomedical
applications

* Wound dressing!

- — <
-.’-----

* Tissue engineering scaffold > 4 o

-:;Sp"-,,<,t,_,

® Controlled drug release
® Artificial skin
® Blood vessel
® Cosmetics

* Etc.

A Biodegradable poly-e-caprolactone (PCL) vascular graft
(A), implantation of poly-e-caprolactone (PCL) prosthesis (B—C)
(W Mréweczynski et al., 2014)
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Regenerative Medicine: Tissue Engineering

Tissue Engineering: a field that seeks to
replace, repair or enhance biological function
at the scale of a tissue or organ by
manipulating cells via their extracellular
environment

-y

Tissue-Eneineering
Cells

fosteablasy, fibrodlass, etc)

Scaffolds s ey e Signaling Molecules

fcollagen, bone mineral, etc) (Rrowth ‘("‘ tors, "’-7"3"3’9"*% elc )_

First degree
burn

Second degree
burn

Third degree
burn

Retina implant

Cochlear implant ORNL nose

UT tongue

Brain pacemaker

Heart assist pump UNM Muscle

Edinburgh arm

UNM muscle f
" Chip nerve
connector



Electrospun nanofiber for wound dressing application?

Photographs of the wound closure of diabetic rats on days 0, 3, 7,
14, (A) collagen/PLGA with glucophage-loaded group, (B) pure
collagen/PLGA group, (C) gauze sponge group.

(Above) PLA fibers electrospun by portable electrospinning device on hand; (B)

the final appearance of a homogenous ND; (C) removing the ND with a tweezer

from skin

Asian j Phama. Sci., 2019, 14 (2), 130
Asian j Phama. Sci., 2019, 14 (2), 130
52



.
Electrospun nanofiber for wound dressing application?

Medical device creates temporary 'second skin' to treat
wounds

MARCH 04, 2019 - BUSINESS

i B i et e i Israeli startup Nanomedic Technologies Ltd. has developed a medical device that it says can dress
useroficooklessWeuse'cooklesto provide:  1yg burns and other wounds with nano materials that mimic human tissue and peel off once the skin

you with a great experience and to help

our website run effectively. below is regenEraIEd.

The temporary and transparent skin layer that the device generates can be applied without touching the charred skin,




“:SpinCare™

e

AL 3919 - WSS

Medical device creates temporary 'second skin' to treat
wounds
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Kataphinan, W., Internal communication
http://www.electrosols.com/
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Electrospun Fiber in Filtration applications

Diameter of particles and aerosols

0.001 0. 0.1 1 10 100 1000 JLim 10,000
2 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 68 2 4 68 2 4 6 8
- Resin dust - =——— Fertilizer, ground limestong ——=
|~—— {'%HI aerosol Fly ash I

-——— Tobacco smoke -l Coal dust -
Metallurgical dust, fumes -
~— Ammonium chloride —s}+—— Cement dust ———

fumes Concentrated 1o t Coastal sand N

sulphuric fumes I o

Soot - Suphur__4 Powdered coal -

|

-——Paint pigments ————=| —=——Flotation oreg—
|

—— Finc oxide fumas—a-l |-|— Insecticide powder —=

; _ |—| Ground talc —————|
Colloidal | Plant spores
silicon dioxide |e— Powdered milk - |
|
Alkali fume I Pollen
- Flour -]

e e e e - Atmospheric dust——————————— — =~ - ==
I .
}=—5Sea salt crystals—e]| -— Atomizer droplets —s| |=—T— Hydraulic jet droplets ———]

=

I
Combustion Luna-damaaing dust’ Pneumatic
nl..u:uhaiI y gl ging jet droplets

Diameter, red blood corpuscles (warmed) 7.5 microns = 0.3 micron Human hair

je—— Viruses ——=| |= ' Bacteria -l
| |

L]

Figure 1.1 Impurities in air



Particle Settling in Still Air

Particle Settling

Table 1.3 Approximate settling velocities in still air
(normally spherical particles of sg=1)

Time to settle 5 feet by unit density spheres

0.5 pm ] pm 3 pm 10 pm 100 pm
Particle size pm Settling velocity ’ 8 @ .
41 hours 12 hours 15 hours
m/min ft/min 8.2 minutes
1000 245 800

600 183 600 Aerodynamic diameter definition:
500 150 500 diameter of a unit density sphere that
400 137 450 settles at the same velocity as the particle 5.8 seconds
300 122 400 in question
200 75 250
100 18 60 Particle Settling in Turbulent Air

90 14.5 48

80 11.5 38 Half-life of particles in 8 foot high room

70 9.0 29

60 6.5 21 0.5 pm 1 pm 3 pm 10 pm

50 4.5 15 - ° ®

40 3.0 9.5 4l hours  12hours 15 hours .

30 1.6 5.35 8.2 minutes

20 0.7 2.33

10 0.2 0.60 _ o .

5 0.045 0.15 Eartlclcs settllngt]_nltgrbulcnttalr will
| 0.0018 0.006 ave an exponential decay rate as

indicated in the previous slide 5.8 seconds

0.1 0.000018 0.00006




Filtration Mechanism

Flow Stream

Inertial Impaction

Particle Filter Fiber
Particle
. . Flow Stream
Diffusion
Filter Fiber
Particle
. Flow Stream
Interception
Filter Fiber
Filter Fiber
SIEVIHQ Particle

Flow Stream

Filter Fiber

Figure 3-1. Common Filtration Mechanisms

100
—~ 80
X
3 60
c
2w
=
(N1

20

When a new filter looses the charge
mechanism, the efficiency drops down
significantly (dashed line)

Total Efficiency

Interception

v
Diffusion

Inertial Impaction

i

Electrostatic

0.1 1 10
Particle Size (micron)

Figure 3-2. Combination of Filtration Mechanisms to Obtain Filter Efficiency at Various Particle

Guideline for gas turbine inlet air filtration systems, release 10, GMRC, April 2010

Sizes

Impaction/
[nterception

Diffusion

Efficiency

0.01 0.1 1 10

Particle diameter (um)
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What will happen when fiber size change? -
At velocity is T—’Ln' velocity
#ero at the 15 not 2210
fiber surface at the fiber
100 T T T ‘/ l// surface
i 2 pm n
10
i 80 — ] Cross section Cross section
=® of fiber of fiber
ot
2 @ (b)
A2 - —
*x
w
- 1igure 2: Velocity profiles at the fiber surface for (a) non-ship flow; and (k) shp flow
5 Fig 2: Velocity profil the fib a) lip £l d (b) shp fl
8
% BO |— i 100 /_____.=E=.=-=—"‘_
4]
80 /
80
—
& 70
> 60 === Nanofiber Media
LV o = c
o 30
I I 1 | i i i o Standard
0.01 0.1 1.0 E 40
Partizle diameter (zm) w 30
Figure 1: The effect of fiber size on filter efficiency as a function of particle sizes; filter solidity os 0.05 and face 20
velocity 15 10 cm/s. Filter thickness has been adjusted so that all three filters have the same pressure drop as 10 -
calculated [9]
0
0.00 2.00 4.00 6.00 8.00 10.00

Particle Size (microns)



N95 mask from nanofiber

NEATNSONEN|EBEESR

SMART MASK

INTELLIGENT DESIGN WITH CUTTING-EDGE NANOTECHNOLOGY

THE ONLY MASK DEVELOPED

7o KILL BACTERIA
ON CONTACT...

NELSON LABORATORIES

» Viral Filtration Efficiency (VFE)

» Bacterial Filtration Efficiency (BFE)

* Evaluation Of Antimicrobial, Finishes

* Filtration Efficiency (NaCl Aerosol Test) N99 level

N99

PM2.5

« Particle Filtration Efficiency (PFE)
* Breathability (Inhalation/Exhalation Resisitance) .
« Blood Penetration Resi =y
o Flammability

5GS
e Acute Inhalation
* Acute Oral Tox

LABORATORIES
Assessment (TRA)

AWARD WINNING

‘Smart Mask’

DL [YIOSH < NessonLabs

DIH

w3 SIPO
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@
'TL' Nanofiber Face Mask Product

ol

FFP1 Filtration Efficiency FFP2 Filtration Efficiency FFP3 Filtration Efficiency

80% 94% 99%

3916
Masks /Shift

Up to 3.7 Million
masks per year

Masks/Shift

Up to 1 Million
mask per year

Masks /Shift

* 99.9% Filtration Efficiency

* Easier Breathing

* Low Material and Labor Cost
* High Return on Investment
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Thread based colorimetric &

Fabric based colorimetric sensor Thread based colorimetric sensor ;
electrochemical sensor

Standard color chart for pH ’ . . .
P Diabetes and kidney failure diagnosis / \
as prepared 20 30 40

A dual wearable sensing device

Before
Glucos€assay  Urea dssay i

v'—_ "—’»1"
it S -
(", Sample inlet O ! Glucose Urea | Glu

g e
120 E—
I Dr. Nadnudda Rodthongkum ' = R :
| E— | " Glucose sensor
] GO | gasur
, / I 1* layer: Cellulose nanofibers 5 $ asu"ng
/ [ 2™ layer:Chitosan-graphene oxide il
/ | Standard color chart for lactate concentration 3¢layer: Glucose and urea assay | LGa!UCOSe__mM _
E= L
Lactte 0 0s — Ctate_mp Lactate sensor

aE ~

Textile sensor

Glucose detection zone
{ 1 Colori
sensor
Textile sensor
= True blood-free sweat diagnosis
Talanta i3 — S
s - T mall sweat sample
e S mmy Al R R | Sensors and Actuators B: Chemical e P
‘ R ki " = Easy to use for self-monitoring
Non-invasive textile based colorimetric sensor for .
the simultaneous detection of sweat pH and Cotton thread-based wearable sensor for non- of biomarkers
lactate invasive simultaneous diagnosis of diabetes and » Real-time & continuous

kidney failure

Potiyaraj ®

aphun Sosthiyanon’, Kesana monitoring

Quitable for daily life activities )

B Show more

ttps://doi.org/10.1016/j.talanta.2018.09.086




Biosensor

“Biosensor is an analytical device used for the detection of

an analyte, that combines a biological component with a
physicochemical detector”

www.mirrorreaderoffers.co.uk
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Biosensor: Working Concept

"~
"""""""""""""""""""""" 1 \
Electroactive Electirode |
Antibody = L - substance------f----f----------: :
Semiconductor I
Enzyme pH change pH electrode | Signal Signal
Heat termistor conversion analytical
o DNAzyme and system
@ | Light Photodetector I amplification
= Cell _ _ |
:al= Mass change Piezoelectric I
() ~— | medium :
l\ _____________________ ’I
Bioreceptors or Molecular Signal Transducers Signal processing

Recognizers
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Electrochemical sensor

Working electrode(WE)
Counter
Reference electrode
electrode (CE)

(RE)
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G/PVP/PANI
solution

Electrode modification

Biosensors and Bioelectronics 52 (2014) 132-19

EI.SEVITER

Contents lists awvailable at ScienceDirect

Biosensors and Bioelectronics

journal homepage: www.elsevier.com/locate/bios

Nowvel paper-based cholesterol biosensor using

graphene/polyvinylpyrrolidone/polyaniline nanocomposite

MNipapan Ruecha ®, Ratthapol Rangkupan "<, Nadnudda Rodthongkum "%,

Orawon Chailapalkul 9-&%*

Modified electrode by
Electrospraying

120
3.0 .
—5 mM; unmodified.. > mM; G/PVP/PANI
2.0 | —BG: unmodified electrode BG; G/PVP/PANI
| 100 - gl - —5 mM; unmodified electrode
? ¥ . —BG:; unmodified electrode
- £0.0 -
ol e— 80 42 02 0.4
i -1.0 4
b —
o “ 1o ;‘ -2.0 potential (V)
Thawe 13) =‘. 60 2]
N’
=
=) :
§ 40 A 7 )
Amperometric detection |
of cholesterol 20 4
|
0+ =
02 _ 0.4 0.6 0.8
-20

Potential (V)
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Acute kidney injury (AKI)

v" AKI has been reported in 5 to 7% of hospitalized
patients with a serious complication.

V' AKI s diagnosed by determination of serum
creatinine (SCr).

v' SCr will not be significantly changed until at least

50% of kidney function has lost.
Target Molecules: Neutrophil gelatinase-associated

v NGAL is one of the most promising biomarkers for
lipocalin (NGAL)

diagnosis of AKI.
" NGAL is the most promising novel AKI biomarker,

easily detected in the blood and urine.

. NGAL is useful for early diagnosis and prediction

the severity of AKI.

. NGAL rises significantly in acute kidney injury

patients.
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Electropolymerized :
aniline |
mecrosprares | —
mmobilize
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: Antibody
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______________________________________________

Current (pA)
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Potential (V)

Electrochemical detection of NGAL
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RESULTS Determination of NGAL

= Normal human urine

100 97.45 +0.98 97.45
200 208.73 £1.41 104.37
400 413.4+2.12 103.25

= AKI patient urine sample

Patient urine ELISA Recovery
Found (ng/mL)
sample (ng/mL) VA)
1 200 199.50 + 13.47 99.75
2 1645 1642 + 14.67 93.51

Electropolymerized aniline on G/PANI

nanodroplet modified electrodes were
successfully prepared and used for the sensitive

determination of NGAL protein.

A linear relationship was found in a range of 50-
500 ng/mL and LOD and LOQ were found to be

21.13 ng/mL and 70.44 ng/mL, respectively.

The proposed system was successfully applied
for the determination of NGAL in normal human

urine and AKI patient urine samples.

Our proposed system might be an alternative

tool for early diagnosis of AKI.
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Useful Resources during COVID-19 Pandemic

Last updated July 14, 2020 (Pacific Time)

Last updated July 14, 2020 (Pacific Time)
FAQ | Update notes | Article | Partners

FAQ | Update notes | Article | Partners

Eeeee ; =

To see results within this country, select a subnational location x
Total deaths Daily deaths Infections and testing  He JUrce use Social distancin >
Total deaths Daily deaths Infections and testing  Ho ESOUrCE Use Social distancin >
|~ Trend | Compare @ Map

|= Trend |z Compare & Map
Total deaths
Total deaths

57 covip-19 deaths
based on Current DI'DJECUGH scenario D}" November 1, 2020

224,089 covip-19 deaths

based on Current projection scenario by November 1, 2020
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Observed (smoothed) === Currentprojecion === Mandates easing === Universal Masks Observed (smoothed) === Current projection === Mandateseasing === Universal Masks
All deaths specific to COVID-19 patients All ths specific to COVID-19 patients

https://covid19.healthdaté.org/thailand o



https://covid19.healthdata.org/thailand

W HME

Racism is a public health
issue.

Our Principles

Faculty

Senior Management Team
Governance

History

GHDx

Terms and Conditions

Contact Us

email address

Useful Resources during COVID-19 Pandemic

Projects Involved About

About IHME

e et

g

The Institute for Health Metrics and Evaluation (IHME) is an independent population health research center
at UW Medicine, part of the University of Washington, that provides rigorous and comparable measurement
of the world's most important health problems and evaluates the strategies used to address them. IHME
makes this information freely available so that policymakers have the evidence they need to make informed

decisions about how to allocate resources to best improve population health.
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CORONAVIRUS
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https://coronavirus.jhu.edu/map.html
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1. NANGATINYIAFATUNIVUINA
1.1 LUU course work
1.2 WUU non course work (Usgaunisalvinaiuagnalay 2 )
- Beul.Inla Taglifasanu vinddenlssanula
v a v 10 & v = a
- 1194338 (Non-course work) hidntudasadseusngiv
- TlandgnanunssuluiadoIneninus

2. RANFATINYIAEATAWUNTN
2.1 LUU course work

2.2 LUU non course work (Uszdun1sainisuagneiias 3 U)
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