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生物安全-以COVID 19為例 

 背景介紹： 

 病原體： 

 SARS-CoV-2 介紹(含變種病毒         ) 

 實驗室診斷方法簡介 

 傳染途徑：傳染病檢體包裝及運輸 

 設施設備：負壓實驗室/負壓病房、 HEPA原理 

 個人防護：口罩 -2- 
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生物安全v.s.生物保全 

 生物安全(保護人) 

 經由防護原則、技術及操作以預防病原體、毒素暴露或
溢出之意外 

 生物保全(保護病原體) 

 持有病原體的機構或個人防範菌株遺失、失竊、不當使
用、誤用、或意圖散播 

-3- 

Outline 

背景介紹 

新冠病毒 

負壓病房 

傳染途徑 

配戴口罩 



Chain of Infection 

Personal  Protective 

Equipment 

個人防護設備 

Immunization 

Practices 

操作規範 

Equipment/Facility 設施/設備 
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Primary and Secondary Barrier 
HEPA 

HEPA 
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Chain of Infection-COVID 19 

https://cehjournal.org/wp-content/uploads/PPE_Fig1.jpg 

Infectious agent 

The SARS-CoV-2 virus,  
which causes COVID-19 

Susceptible 

host 

Any person of any age.  
Older adults and those 

with pre-existing medical  
conditions are more 

vulnerable to becoming 
severely ill.  

 

Reservoir 

Where the virus lives and  
replicates. In COVID-19, 

the reservoirs the humans 
and animals. 

 

Portal of exit 

Droplets from the mouth 
or nose when coughing, 

exhaling, sneezing 
speaking or singing. 

 

Mode of transmission 
Direct contact with 

Droplets or aerosolised, 
Particles from infected 
Indiciduals, or  indirect 

transfer via contaminated 
hands, surfaces and 

objects. 

 

Portal of entry 

The mouth, nose  
and the eyes. 

 

SARS-CoV-2簡介 

(CT值、抗體、變種病毒) 

設施HEPA原理、應用(負壓實驗室/病房) 

設備(生物安全櫃) 

口罩原理及應用 傳染途徑 
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相隔253天，再現本土病例 
12月22日 

1 

2 

3 







SARS-CoV-2 

Credit: Cognition Studio Inc. 
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Human virus relative size 



SARS virus relative size 

 

https://viralzone.expasy.org/5216 



Nomenclature-SARS-CoV-2 

 Disease: COVID-19 (coronavirus disease) 

 Virus: SARS-CoV-2  (severe acute respiratory syndrome coronavirus)  

剛開始命名為2019-nCoV (2019 novel coronavirus) 

Cong et al. The Interaction between Nidovirales and Autophagy Components.  
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SARS-CoV-2 

 Virus size: Diameter of virus particles: ~125 nm 

 Genome size: 29.8 kb-29.9 kb 

 Replication supercomplex (RdRp, nsp7, nsp8) 

interacts with nsp14 (exonuclease having the 

Nidovirales-typical proofreading capability) 

 

85 nm 

125 nm 

20 nm 
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英國變種病毒 

 Lineage B.1.1.7:  

 COVID-19 Genomics UK (COG-UK) Consortium 

 VUI – 202012/01 

 Variant Under Investigation in December 2020 

 Public Health England 

 VOC-202012/01 

 Variant of Concern 202012/01 

 Meera Chand and her colleagues in a report published by Public 

Health England on 21 December 2020 

 20B/501Y.V1 

 US CDC 
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Dynamic nomenclature for SARS-CoV-2 lineages  

 Dynamic nomenclature proposal for SARS-CoV-2 lineages  

 Tractable: constraining the number and depth of hierarchical lineage labels;  

 Focusing on active lineages (delabelling inactive): genomic epidemiology 

 Chronological order of their appearance 

 A1 lineage  (co-occurrence of C8782T, T28144C) : 2020/1/5 Asia 

 B1 lineage (co-occurring G1397A, T28868C, G29742T) : 2020/1/18 Asia 

 C1 lineage (G26144T) : 2020/1/22 North America 

 D1 lineage (co-occurring C241T, C3037T, C14408T, A23403G): 2020/2/20 

Italy, Europe 

 E1 lineage (T514C): The Netherlands, Europe. 

https://www.nature.com/articles/s41564-020-0770-5 
https://www.biorxiv.org/content/10.1101/2020.05.07.082768v2.full.pdf 
PNAS April 28, 2020 117 (17) 9241-9243 
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Phylogenetic network analysis 

PNAS April 28, 2020 117 (17) 9241-9243 
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B.1.1.7 lineage 

https://www.bbc.com/news/health-53325771 

Prof Farzan said the spike proteins of 

these viruses were different in a way that 

was "consistent with, but not proving, 

greater transmissibility". 

https://cn.nytimes.com/health/20201223/new-covid-strain-uk/zh-hant/ 



Amino Acid Changes in Spike Protein 

Wang L et al. Signal Transduction and Targeted Therapy 2020; 5:185.  
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突變(Mutation) 
D614G 

L452R 

https://www.pinterest.com/pin/419679259028367990/ 

錯義突變 

沉默突變 

無義突變 

移碼突變 

D  

(Aspartic acid) 

G  

(Glycin) 

L  

(Leucine) 

R  

(Arginine) 
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B.1.1.7 Strain: Scientific Updates  
 Diagnosis: S gene target failure (E, R, N detected in Taiwan) 

 Higher Secondary attack rate? YES 

 121,072 (12.7%) for all contacts; B.1.1.7 (14.7%) v.s.Wild type (11%) 

 Immune escape? NO evidence 

 Pfizer vaccine:  

 Do not affect recognition by antibodies resulting from natural immunity or 

from immunisation 

 Moderna’s vaccine:  

 Full-length Spike protein is 1,273 amino acids long 

 B1.1.7 (up to 8 amino acid changes in spike protein) <  1% 

 Importance of IgA antibodies 

 IgAs may be better at neutralising virus and controlling the 

infection (Science Translational Medicine  07 Dec 2020 eabd2223) 

 Biosafety guideline changed? NO  
Investigation of novel SARS-CoV-2 variant.  Variant of Concern 202012/01 Technical briefing 3. 

Public health England. 
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Entering and Replicating in a Host Cell 

Figure: https://neurosciencenews.com/coronavirus-genetic-mapping-16130/ 

Antigen test 

Antibody test 

Virus culture 

RNA detection 

-22- 

Outline 

背景介紹 

新冠病毒 

負壓病房 

傳染途徑 

配戴口罩 



                                

Time to Positivity for COVID-19 Tests 

Fig: http://rensimer.com/covid-19-antibody-testing-available/. 

Li C, et al. Laboratory diagnosis of coronavirus disease-2019 (COVID-19).Clinica Chimica Acta 2020; 510:35-46, 

 

Real-time PCR 

IgM Antibody 

IgG Antibody 

0-7 days 8-14 days ≧15 days Time to pos. 

~2 days 

10.8%-46.0% 19.0%-75.6% 50%-100% 

Sensitivity 

7.1%-40.5% 33.3%-71.8% 87.5%-100% 

~7 days 

~14 days 

>95% >95% >95% 

Asymptomatic 
Stage 

Onset of 
Symptoms 

IgG 

IgM 

RNA 
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PCR Reaction 

Reverse Primer 

Template 

Forward Primer 

DNA polymerase 

dNTP 

1 

2 

3 

4 Buffer (Ca2+ ,Mg2+…), 
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3 8

4 16

5 32

6 64

7 128

8 256

9 512

10 1,024

11 2,048

12 4,096

13 8,192

14 16,384

15 32,768

16 65,536

17 131,072

18 262,144

19 524,288

20 1,048,576

21 2,097,152

22 4,194,304

23 8,388,608

24 16,777,216

25 33,554,432

26 67,108,864

27 134,217,728

28 268,435,456

29 536,870,912

30 1,073,741,824

31 1,400,000,000

32 1,500,000,000

33 1,550,000,000

34 1,580,000,000

Real-Time PCR 

E gene: Positive (Ct: 24.07) 

PC (Ct: 33.20) 

PC 

Specimen 
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TaqMan Probe 
PacMan (1980) TaqMan 
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Cycle Threshold (Ct) 

 Ct: (cycle threshold): the number of cycles required 

for the fluorescent signal to cross the threshold 

 CP: Crossing point  

Ct 
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Amplicon Target 

Li C, et al. Laboratory diagnosis of coronavirus disease-2019 (COVID-19).Clinica Chimica Acta 2020; 510:35-46, 

Component  

(ul) 

SARS-CoV2 

E gene 

SARS-CoV2 

RdRp gene 

Human Rnase P 

(Specimen control) 

Patient Pos. Cont. Neg. Cont. Patient Pos. Cont. Neg. Cont. Patient Neg. Cont. 

RNA Patient E PC － Patient RdRp PC － Patient － 

RT mix ＋ ＋ ＋ ＋ ＋ ＋ ＋ ＋ 

Master mix 
＋ ＋ ＋ ＋ 

 

＋ ＋ ＋ ＋ 

Primer-F, R 
SARS-CoV2 

E primers 

SARS-CoV2 

RdRp primers 

Human Rnase P 

primers 

Rrobe 
SARS-CoV2 

E Probe 

SARS-CoV2 

RdRp Probe 

Human Rnase P 

Probe 
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Potential transmission routes for SARS-CoV-2 

Clinical Microbiology Reviews  2020; 33(4):e00028-20 
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第一、五類傳染病包裝要求 

衛生福利部感染性生物材料管理作業要點 
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感染性物質包裝與運輸規定 
 A類感染性物質(三層包裝, P620) 

 當運輸此類感染性物質，健康的人或動物若在運輸過程中暴露到這類感
染性物質，會導致人或動物產生永久性的失能或殘疾、引發具有生物命
威脅或致死的疾病 

 如Ebola virus, Bacillus anthracis (culture only)  

 B類感染性物質(三層包裝, P650) 
 感染性物質，不符合A類感染性物質的定義、未經醫學專家判定帶有病原
體的可能性的小。 

 如Bacillus anthracis (patient specimen); Highly pathogenic influenza 

virus (patient specimen)  

 豁免(三層包裝) 
 經醫學評估，被認為帶有病原體的可能性很小 

 如懷孕試驗、藥物篩檢試驗 

 例外(無包裝要求） 
 不含感染性物質或不會使人類或動物致病等 
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感染性物質包裝要求之差異比較 

衛生福利部感染性生物材料管理作業要點 
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Negative Pressure Isolation Room 

HEPA 

負壓隔離病房作業參考手冊p. 34 
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BSL-3 Laboratory 

HEPA filter 
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HEPA (High Efficiency Particulate Air) Filter 

 Traps particulates only 

 Remove at least 99.97% of particles that have a 

size of 0.3 µm. 
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HEPA Filter 

 Remove (from the air that passes through) at 

least 99.97% of particles that have a size 

of 0.3 µm. 

 

N95 Respirators and Surgical Masks, NIOSH Science Blog, CDC. http://blogs.cdc.gov/niosh-science-blog/2009/10/14/n95/ 

MPPS: 0.3 um 

MPPS: Most Penetrating Particle Size 

慣性碰撞 

截擊 

擴散 

靜電引力 
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Respirator v.s. Surgical mask 

 Respirator 

 Reduce the wearer’s respiratory respiratory 

exposure to particles less than 100 microns (µm) 

in size 

 Includes airborne particles that may contain 

biological material (mold, bacteria, viruses) or 

even PM2.5 / PM10  

 Surgical mask 

 Prevent contamination of the work environment 

or sterile field from large particles generated by 

the wearer (e.g. spit, mucous).  

 Reduce the risk of splashes or sprays of blood, 

body fluids, secretions and excretions from 

reaching the wearer’s mouth and nose.  

 NOT PPE under the European Directive 89/686 

 

 

*PPE: personal protective equipment (個人防護設備) 
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Surgical Mask 

 Prevent droplets being expelled into the environment 

 Do NOT effectively filter small particles from the air  

 Do NOT prevent leakage around the edge when inhales 

 NOT PPE under the European Directive 89/686 

http://www.cdc.gov/niosh/npptl/topics/respirators/disp_part/respsource3healthcare.html#d 

Elastic head straps 

Flexible nosepiece 

Splash-resistant outer layer 

Filtration layer 

Soft inner face seal for secure fit 

Comfortable inner layer 

*PPE: personal protective equipment (個人防護設備) 
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3-ply surgical mask. 

https://spj.sciencemag.org/journals/research/2020/7286735/ 

Elastic head straps 

Flexible nosepiece 

Splash-resistant outer layer 

Filtration layer 

Soft inner face seal for secure fit 

Comfortable inner layer 
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Putting on Surgical Mask 

Tie the upper strings at 
the top of the head 

Tie the lower strings at 
the back of the neck 

Fix the metallic strip securely 
over the bridge of the nose. 

Ensure mask fully cover nose, mouth. 
Stretch over the chin & fit over face. 

Change mask if it becomes 
moist or damaged. 

Figures adapted from Ministry of Health, Singapore. 
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Important Features 

 Capture the full range of hazardous particles 

 Ttypically within a wide range of sizes (<1 to >100 µm)  

 Over a range of airflow (approximately 10 to 100 L/min) 

 Leakage must be prevented at the boundary of the 

facepiece and the face.  

 Keep breathing resistance low 

 

N95 Respirators and Surgical Masks, NIOSH Science Blog, CDC. http://blogs.cdc.gov/niosh-science-blog/2009/10/14/n95/ 
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Respirators 

 Respirators are PPE, Reduce the potential exposure of 

the wearer to airborne hazardous contaminants. 

 

 

 Effective use of N95 respirators 

 Must be replaced if wet or damaged 

 Only wear the model and size of respirator that fit tested 

 If you experience medical signs or symptomes (difficulty 

breathing, dizziness…etc), leave the work area and remove the 

respirator when you are no longer exposed to the hazard. Seek 

medical attention 

 Single use 

Figure:https://solutions.3m.com/3MContentRetrievalAPI/BlobServlet?locale=en_GB&lmd=1311780583000&assetId=12

73690767908&assetType=MMM_Image&blobAttribute=ImageFile 

*PPE: personal protective equipment (個人防護設備) 
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Particle Filter Classification 
 US: NIOSH 42 CFR 84 

 Rating for filter 

 95: collect at least 95% of the challenge aerosol  

 99: collect at least 99% 

 100: collect at least 99.97%  

 Level of protection against oil aerosols 

 N: Not resistant to oil 

 R: Somewhat Resistant to oil 

 P: Strongly resistant (oil Proof) 

 EU/India: EN 149/India standard 

 FFP1: efficiency 80% 

 FFP2 : efficiency 94% 

 FFP3 : efficiency 99% 

N-95, N-99, and N-100 

R-95, R-99, and R-100 

P-95, P-99, and P-100 

https://multimedia.3m.com/mws/media/1313143O/respirators-for-protection-agains.pdf 

*FFP: Filtering Face Piece 
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Wearing the N95 Mask 

Hold with cupped hand. 
Place firmly over nose, 

mouth and chin. 

Position top band high at 
the back of head. 

Position bottom and under 
the ears.  

Perform fit check by 
inhaling and exhaling 

During exhalation check for 
air leakage around face. 

Press metal wire along 
upper edge of nose 

Fit the mask nicely on 
your face 

Wash hands before 
putting mask. 

Select sutible N95 mask. 
That fits well. 

Step 1 Step 2 

Step 3 Step 4 

Step 5 Step 6 

Figures adapted from Ministry of Health, Singapore. 

Use BOTH hands 
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Respirator Fit Checks 

 Perform both every time the respirator is used.  

 Positive pressure fit check 

 Cup hands over the mask 

 Exhale normally 

 The respirator should expand slightly 

 Negative pressure fit check 

 Cup hands over the mask 

 Inhale normally 

 The respirator should collapse slightly 
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N95 Respirator Limitations 

 Proper fit 

 Filters particulates only, not protect from gases, 

vapors, chemicals 

 May be uncomfortable if used for extended periods 

 Can not be worn by individules with facial hair that 

disturbs the respirator seal 

 Must be replaced when wet, damaged, soiled or 

contaminated 

 Cannot be used in an oxygen deficient atmosphere  
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Don’ts 

Do not pinch the nose 

clip with one hand 
Do not fold 

http://www.slideshare.net/BUEHS/n95-training 
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More is Better? 

Multiple  surgical masks N95 with surgical masks overlay 
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Should I wear a mask while exercising? 

• Even when you’re in an area of COVID-19 

transmission, masks should not be worn during 

vigorous physical activity because of the risk of 

reducing your breathing capacity.  

• No matter how intensely you exercise, keep at least 

1 metre away from others, and if you’re indoors, 

make sure there is adequate ventilation. 

https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-masks 
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How to put on and take off a medical mask 

https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-masks 

• Before touching the mask, clean your hands with an alcohol-
based hand rub or soap and water.  

• Inspect the mask for tears or holes; do not use a mask that has 
previously been worn or is damaged. 

• Verify which side is the top – this is usually where the metal strip 
is. 

• Then, identify the inside of the mask, which is usually the white 
side. 

• Place the mask on your face covering your nose, mouth and chin, 
making sure that there are no gaps between your face and the 
mask. Place the straps behind your head or ears. Do not cross the 
straps because this can cause gaps on the side of the mask. 

• Pinch the metal strip so it moulds to the shape of your nose. 

• Remember, do not touch the front of the mask while using it to 
avoid contamination; if you accidentally touch it, clean your hands.  
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How to take off a medical mask 

https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-masks 

• Before touching the mask, clean your hands with 

an alcohol-based hand rub or soap and water. 

• Remove the straps from behind the head or ears, 

without touching the front of the mask. 

• As you remove the mask, lean forward and pull the 

mask away from your face.   

• Medical masks are for single use only; discard 

the mask immediately, preferably into a closed bin. 

• Clean your hands after touching the mask. 

• Be aware of the condition of the mask; replace it if 

it gets soiled or damp. 
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Thank you 


