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Background

* Worldwide outbreaks of different infectious respiratory diseases:#
» Alert the significance of respiratory protection
* N95 respirator is recommended in some clinical settings>°

* N95 Respirator as protection
* A kind of effective nonpharmaceutical measure to limit its spread in hospitals
* |s a half-face filtering tight-fitting mask, which concerns the design of masks
and the facial anthropometries of users
* Donning/Wearing skills of users (can be trained) (Lam et al., 2011a, 2016)
* Fit or unfit (can be assessed by quantitative fit testing) (Lam et al., 20113, 2011b, 2016)
» Usability (self-reporting, affecting compliance and usage)

* It was compulsory used in some infectious environments or when performing
some procedure, namely resuscitation and suctioning.



Difference between N95 respirator and facemask

Understanding the Difference

Testing and
Approval

Intended Use

and Purpose

Face Seal Fit

Fit Testing
Requirement

User Seal Check
Requirement

o

Surgical Mask

Cleared by the U5, Food and Drug
Administration (FDA)

Fluid resistant and provides the wesarer
protection against large droplets,
splashes, or sprays of bodily or other
hazardous fluids. Protects the patient
from the wearer's respiratory emissions.

A HWARNING
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NO95 Respirator

Evaluated, tested, and approved by
NIOSH &= per the requirements in
42 CFR Part 84

Reduces wearer's exposure to particles .
including small particle aerosals and |_| ke Ae rOSOI

large droplets (only non-oil asresols) .
generating procedure

Loose-fitting

Mo

Tight-fitting

Tes

Yes. Required each time the respirator
is donned (put on)




S.C. Lam et al. / American Journal of Infection Control 44 (2016) 579-86 NOn'pandemiC setting

The whole procedure was being
monitored by a registered nurse

PortaCount Pro Fit Testers
(QNFT) & the attached notebooks

P = L Y
* Respirator Sampling
port (white one)

Ambient sampling
port (blue one)

2011.09°10

Fig 2. Fit tester system, tubing connection, and respirator. QNFT, quantitative fit testing.



Local context: Use of N95 respirators

* Private hospitals and the hospitals under hospital authority regularly provided two to
three major types of N95 respirators for all healthcare workers in workplace, including in

suctioning room or on resuscitation trolley (Hospital Authority, 2017).

* Cup-shaped 3M 1860 (regular / small)

* 3-panel designed 3M 1870+ (regular)
* Pouch-type Kimberly-Clark 46827 (discontinued after 2016, only some stock now, Lam et al., 2011)

 Manufacturers claimed that all 3M respirators are 86-100% fit to people (3™, 2015).

* However, their performance when donned for Chinese people was suboptimal on

protection and comfort, compared with that for the West.
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Literature review- fit rate

 Studies from West indicated a high fit rate of respirators

* 3M 1870 fit rate = 93.8-100% (for the age of 19-71 Canadian healthcare
workers, N = 1271) (McMahon et al., 2008)

* TC 84A-2630 and TC 84A-0006 (i.e., 3M 1860) fit rate = 90-98% for American
healthcare workers (N = 1887) (Lee, Slavcev, & Nicas, 2004)

* Local studies on Chinese indicated a medium fit rate only

* |CU staff: N95 respirator may fit only 55-69% ICU staff (Derrick, Chan, Gomersall, & Lui,
2005)

e Nursing students: 3M 1860s & 1862 57.4%-61.3% (N = 204) (Lam, Lee, Yau, & Charm,
2011); 59%—65% (N = 349) (Lam, Lee, Lee, Wong, & Lee, 2011).

e Conventional respirators did not fit Chinese well (before the COVID-19).



Different problems in 2020 and 2021

* In 2020:

e Shortage of N95 respirators.
* Import restriction of 3M N95 model.

* Many claimed N95 respirators are not up to standard,
some are fake.

 |n 2021:

* The sole supplier of NASK M0011 earloop design with
clips.

1. Which the design is different from the published article (Suen
et al., 2020).

2. Non-standardized donning, manipulated by human factor
Frequent changes of the strength of strap...

4. Complaint of pressure sore and injury on ear, chin and head.

w

Suen et al., 2020
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Non-standardized donning
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see top & bottom hooks, pulling or
extending both ear loops for better
sealing 2210
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What is the criteria of a good N95 respirator

* High fit rate to the population of wearer
* To obtain using a very tight strap to reduce the face seal leakage...

* High usability (e.g., breathability, tightness, comfort and prolonged
usage) to the population of wearer

* To obtain using a breathable material, optimal tightness, nose foam...

* A good respirator should be the balance between fit rate and usability.



Initiatives of N95 respirator
development

* Development:

1. Shape and size:

* Research on 700 data (3D image) of faefal
anthropometrics of nurses (Lui et al., ZSZ)

2. Head strap:
e Uneasy to be displaced
* High elasticity
e Adjustable if possible



NS5 Development

* Development:

1. Shape and size:

e Select KN95 and KF94 shape as first draft
for revising

Tear Strength

Vulcanizate §
Property Fatigue Life
. Toughness
2. Head St ra p' / Tensile Srrengrh_'

* Uneasy to be displaced: PVC is stickier to / /
hair /\

* High elasticity: PVC synthetic rubber, / y T rre—
optimal elastic recovery and tensile / > permanent Set
strength, tear strength, fatigue life... N\ /

. . . Elastic Recovery

* Adjustable: It is a one-off disposable Stiffness
device, need a simple but effective p——
deS|gn . (Expla | N Wlth Sam ple---) FIGURE 33.1 Vulcanizate properties as a function of the extent of vulcanization. (Eirich

and Coran.”)

(Schaefer, 2018) 13
https://www.mtec.or.th/wp-content/uploads/2018/04/mechanical-properties_rubber.pdf






Preliminary fit rate on
Healthcare professionals
without adjusting the head

strap

Table 2. Fit test passing rate on three groups with comparing to previous 3M models.

Table 1. Characteristics of facial anthropometries and grouping

Characteristics Face width (cm) Face length (cm) Face area (cm?)
Minimum 10.30 9.70 107.12
Maximum 18.60 13.70 203.50
Range 8.30 4.00 96.38
Mean (SD) 13.248 (0.94) 11.322(0.72) 150.220 (16.54)
First 1/3 percentiles 12.83 10.97 137.64
Second 1/3 percentiles 13.52 11.58 155.65

Fit test passing rate

Small face size
(n=117)

Medium face size
(n=117)

Large face size
(n =116)

Face area (cm?)

107.12-137.64

137.64-155.65

155.66-203.50

V8380+

71.2-76.9%

71.8-73.5%

57.3-62.1%

VO9580+

88.2-94.1%

80.6-84.4%

80.6-83.9%

3M 3-panel model
comparable to V8380+

53.1-59.0%'4>

3M Cup shape model
comparable to V9580+

61.3-65.0%*

*>refer to the below publication on fit test for Chinese healthcare workers




Usability comparison between two respirators

e Samples: 26 healthcare workers (18 female) donned for 7 days, 6
hours per shift.
Table 4. Usability (2-3 hours of donning) of two new models with comparison of NASK M0011 mask

sa 1Y LA N IR _C ARV EERE NASK MO0011 V8380+

(n=26) (n = 26)
1.1 a5 ISE{HIREVEIS 2L (feeling of heat) 4.20 4.00
1.2 E[1EEEIPIET (affecting breathability) 3.80 4.33
1.3 E1ESIREET4RES (feeling tightness) 2.60 4.67
1.4 SIS (difficult in talking) 4.20 4.33
1.5 g[S (T S e (facial itchiness) 5.40 4.67
1.6 E[1EZE 5 F{1 (ease of being displaced) 4.40 4.67
1.7 a1 ESHEAE A~ (discomfort on ear lobe) 2.20 4.67
1.8 iE[1E o] LI E8FMH]{#H (can use in long duration)” 4.80 3.00
1.9  EERR{EIL TE®EE (lowering my working efficiency) 4.00 4.67
1.10 SIS HIEHE/IRSEENER G5 A (mist over glasses) 3.20 4.33
1.11 S EREEEEF T (overall comfort)’ 3.40 2.33

Samples: 26 healthcare workers (18 female) donned for 7 days. 6 hours per shift.

*Rating on 6 point scale (range 1= very disagree — 6 = very agree): higher score. better usability
" negatively worded items

Yellow highlights the best one with great difference (>0.2)



Preliminary fit rate on

Healthcare professionals

with adjusting the head
strap
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To: Prof. Jin-Guang Teng
The President,
The Hong Kong Polytechnic University. (president.office@polyu.edu.hk)

Attn: Ms. Eunice Cheng
Interim Director of Communications and Public Affairs,
The Hong Kong Polytechnic University. (eunice.ol.cheng@polyu.edu.hk)

Letter of appreciation to School of Nursing, The Hong Kong Polytechnic University

Dear Prof. Jin-Guang Teng,

Haven of Hope Sister Annie Skau Holistic Care Centre is a non-profit, self-financing nursing
home, providing holistic care integrating medical, nursing, rehabilitation and pastoral care
services to the frail elders, chronically ill and late-stage cancer patients. Due to the COVID-19
outbreak, we continually purchased face masks for our staff and service users to maintain
the above operation and services. However, we came across with many potential fake and
low-quality surgical masks that posed safety concerns to our frontline healthcare
professionals as well as our clients.



Preliminary fit rate on Healthcare professionals
with adjusting the head strap

Due to the 4th waves of COVID-19 outbreaks in Hong Kong, we seek the help for Dr. Simon
Ching Lam and his team (Squina International Centre for Infection Control, School of Nursing)
again performing N95 fit testing for all our frontline staff. This was important to us because
we need to perform some aerosol generating procedure for our residents.

With a total of five full days works in our centre, all our 104 frontline staff completed the
NS5 fit testing. Dr. Lam also recommended Vannex N95 surgical particulate respirators
(developed by your university) to us. The model of V8380+ and V9580+ obtained a very good
fit rate, that is 87% to 88%. All staff can pass the fit testing with both or either one of these
respirators, which facilitated our stock and daily operation.
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EWMEBIEEH/IRE Haven of Hope Sister Annie Skau Holistic Care Centre
FEMARTERABEB+HAZZ+ - 19 - 21 Haven of Hope Road, Tseung Kwan O, New Territories, Hong Kong
ffe¥5 24 ER Service Hofline: (852) 2703 3000 | ¥ 3 Foc (852) 2703 5575 | BE Email: soshec@hohes.org.hk
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More important, the usability o® these respirators (e.g., optimal tightness, comfort level and

prolonged usage) were all satisfactory and better than any conventionzl model. We

appreciate the development of these N95 respirators for the benefit of mankind as well as
infection control and prevention in the current and future respiratory infectious diseases.

We would like to express our appreciation to the professional works provided by Dr. Lam

and the development of N95 respirators by the PolyU during the COVID-19 pandemics.
Please feel free to contact me at 2703 3007 if there is any enquires. Thank you very much.

Best regards,




Application of Patent
EARGRATHERRAGEREERME

Patents Registry, Intellectual Property Department ﬁﬂﬁ;ﬁ%
The Government of the Hong Kong Special Administrative Region . |

Intellectual Property Department

In reply please quote this ref.: 32020021992.3
Your ref.: JHC/U20119HKOO

Tel: 2961 6898

Fax.: 2838 6315
eMode

14 December, 2020

SPRUSON & FERGUSOM (HONG KONG) LIMITED
5001 Hopewell Centre

183 Queen's Road East, Wan Chai

HONG KONG

Application for Grant of a Short-term Patent
Under Application No. 32020021992.3

We refer to your application for a short-term patent lodged on 11 December, 2020.
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Docket No. U201 19HEO0

RESPIRATOR WITH ADJUSTABLE STRAPS

FL A7 ] 5 6 77 O PP IR 2%

TECHNICAL FTIELD

[0001] The present disclosure generally relates to a respirator or a face mask. More particularly,
the present disclosure relates to a respirator with adjustable straps that can achieve tight-fitting on

most wearers.

BACKGROUND

[0002] Awbome transmussion 13 generally a disease transmission of various viral diseases

4 4 4 " &g - =4 - 5 £ &4 - . &4 & 0= g4 - g% o= 5 &£ "
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V8380+
Particulate Respirator

JEE 238 T8 B HE A8 98 2 S OO %L b R HETS e
M (&, KERE. withFs)

Wide-range filtration performance of 99% or above (incl.viruses,vehicle emissions,oil particles)

" o = 4. » ™ o 430"
R 543 51 F) 2 18 00 2 EINIOSH NOO R 05 EIKF 99 FFIR 38 a ok
Protection equivalent or similar to NIOSH N99 or Korean Filter KF99 h 1-53{:“

L .\_’:.M

Ig WMERIR (-30F-70°C) REHE (95LPM ) Z T{RAERFF 2P E

Maintain super protection under temperature (-30 to 70°C ) & high volume (95LPM)

Iziéi@FFP:%ﬁAEﬂﬁﬁ%liiR‘l%t %

Passes FFP3 real-person face seal test Q

lgﬂ%]ﬁ'ﬁitéﬁﬁ?. EERERE., EXEEME

Slightly-adjustable head straps to customize best face seal

FrECHEEEIALSEHR
Developed by research collaboration with The Hong Kong Polytechnic University

MADE IN HONG KONG &&xiE

V9580+
Particulate Respirator

Wide-range filtration performance of 99% or above
(incl.viruses, vehicle emissions. oil particles)

Approved licensing agreement c € 7 (R maRR. TS
0598

lz REAA B LA LUR EENIOSHNISK & FKF4 R 2§

Protection equivalent or similar to NIOSH N85 or Korean Filter KF94

REER (-30E-70°C) RERE (95LPM ) Z T MAERIFREIBIE

Maintain super protection under temperature (-30 to 70°C) & high volume (95LPM)
M MiBFFP2I AE B AL & BRI
Passes FFP2 real-person face seal test

gﬂéﬂﬁ’ﬁtﬁ%ﬁ. EEPRRAE. EXRERS

Slightly-adjustable head straps to customize best face seal

W

0 e e R

FESEEEETARSEHR

Developed by research collaboration with The Hong Kong Polytechnic University|

MADE IN HONG KONG =&nis




Collaboration with
industrial partners

CONFIDENTIAL...

After checking the quality of clean room,
machine...

But remember to sign a MOU, at least...




Impacts

* We have provided samples of the new respirators
to the Hospital Authority (HA) Head Office,
hospitals under HA, and some private hospitals for
trial and examination.

e Several organizations are adopted now.

* The new respirators will certainly play an important
role in protecting ten thousands of our healthcare
professionals in hospitals and clinics, as well as
healthcare workers in the community in Hong Kong.
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Thank you for your time
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