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MARBURG/EBOLA

 First outbreak in Sudan in 1976,

 In West African in 2014,

Natural host fruit bat,

Mortality: 42-100%,

No drug and vaccine,

 Biorisk 4 pathogens

Characteristics 

•Suspected cases and deaths 

exceeded any previous epidemic; 

•Virus spread from tribes and 

villages to Western Africa 

•Virus likely to get out of the 

African continent. 



MARBURG/EBOLA

 25 March 2014

 WHO reported an outbreak of Guinea with a 
total of 86 suspects and 59 deaths

 8 August 2014

 WHO declared the epidemic to be an 
international public health

 September 20, 2014

 Thomas Eric Duncan returned in Dallas, four 
laboratory-confirmed cases and seven 

evacuated cases

 8 May 2016

 28,616 suspected cases and 11,310 deaths have 
been reported

 17 March, 2017

 the outbreak was declared no longer an 
emergency by WHO



SARS-COV AND EBOLA: LESSONS 
FOR GLOBAL HEALTH SECURITY

Outbreak of SARS Rebuild public health system 

Lab-acquired infection Strengthen biosafety management 

Outbreak of Ebola Necessity of P3/P4 in China 



RELATIVE RISK OF EMERGENCE OF 
NEW PATHOGENS

Hot Spots: global distribution of relative risk of an EID event 

caused by zoonotic pathogens from wildlife, (Jones Nature, 2008).



BREACHES IN SPECIES BARRIER 



FACTORS INFLUENCING EMERGENCE

Pathogen Reservoir host 
Anthropogenic

Factors

Other

Factors

Adaptations Population Agriculture Climate

Shedding and 

survival

Pathogen 

circulation
Trade and travel Vectors

Mira et al., 2008, Infectious Disease Surveillance Bean et al., 2013, Nature Reviews Immunology



INFECTIOUS DISEASE AND BIOSAFETY

Robert Koch (1843-1910)

1.The microorganism must be found 

in abundance in all organisms 

suffering from the disease, but should 

not be found in healthy organisms.

2.The microorganism must be 

isolated from a diseased organism 

and grown in pure culture

3.The cultured microorganism should 

cause disease when introduced into a 

healthy organism.

4.The microorganism must be 

reisolated from the inoculated, 

diseased experimental host and 

identified as being identical to the 

original specific causative agent.

Control the source of 

infection: Early detection, 

detection, transmission, 

isolation, destruction, etc... ; 

Cut off the route of 

transmission: Avoid contact 

with sources, disinfection, 

Protect susceptible 

population: Enhancing 

immunity and vaccinating 

Illustration of a plague doctor, in 

Germany in 1656, with robes and 

helmets (lenses are used to protect 

the eyes, beak with spices, used to 

filter the air 



DEVELOPMENT HISTORY OF 
LABORATORY BIOSAFETY 

Formation (1943 -1983): 1943, Hubert 

Kaempf invented BSC III prototype, 

and used in US Army for biological 

weapons research, 1948, Sulkin and 

Pike first report of laboratory acquired 

infection 

•In 50-60s, the establishment of biosafety laboratories based 

on based on nuclear protection technology in US 

•In 1969, first proposed the classification of microorganisms 

and BSL. After two revisions in 1976 and 1981, they eventually 

divided pathogenic microorganisms into four grades; 

•In 1983, WHO released its first edition of the biosafety 

laboratory guideline 



DEVELOPMENT HISTORY OF 
LABORATORY BIOSAFETY 

Mature (1984 -2004), the laboratory classification system, laboratory 

operation standards and laboratory facilities were further improved, and 

the systematization and standardization of biosafety laboratory 

management system were strengthened 

•In 1984, US established the American Biological Safety 

Association (ABSA) 

•In 1993, the US established the biosafety level (BSL) 

•Four levels of biosafety laboratories have been established 

worldwide

•Australia, France, Canada and other countries functioning P4 

•Laboratory instruction manual was developed 



THE BASIC PLATFORM FOR EMERGING 
INFECTIOUS DISEASE RESEARCH

Biosafety laboratory: is a set of biocontainment 

Precautions required to manipulate dangerous 

biological agents in an enclosed laboratory facility, it 

provide a safety and security platform for researchers 

and environments. Function 

•Protection the research from infection 

while manipulate the pathogens 

•Prevent the pathogens releasing in 

environment 

Pathogens 

•HIV, Bacillus anthrax, Polio virus, Ebola 

virus, Nipah virus, CCHFV, Lassa virus, 

Hendra virus, SARS etc. 



PRINCIPAL CONSIDERATION OF 
BIOSAFETY AND BIOSECURITY

"Laboratory biosafety" describes 

containment principles, technologies and 

practices implemented to prevent 

unintentional exposure to pathogens and 

toxins, or their accidental release. 

Biosafety: To promote the use of safe 

practices in the handling of pathogenic 

microorganisms •in the laboratory •during 

transportation •in field investigations •in 

manufacturing • facilities •in health-care 

facilities 



PRINCIPAL CONSIDERATION OF 
BIOSAFETY AND BIOSECURITY

• Knowledgeable supervisor and 

personnel 

– Aware of potential hazards 

– Proficient in practices & techniques 

• Containment 

– Safety Equipment (Primary Barriers) 

– Facility Design and Construction 

(Secondary Barriers ) 

• Lab specific biosafety manual 

– Laboratory Practice and Technique 

• Standard Practices 

• Special Practices 

Containment consists of 

safe methods for managing 

infectious agents in a 

laboratory environment 



BIOSAFETY LEVELS OF CONTAINMENT 
BSL1 CONTAINMENT

•Agents 
–Not known to cause disease in healthy adult humans

•Practices 
–Standard microbiological practices 

•Safety equipment 
–None required 

•Facilities 
–Open bench top 



BIOSAFETY LEVELS OF 
CONTAINMENT BSL1 CONTAINMENT

•Personal protective 

clothing 

–Gloves 

–Gowns 

–Eye and face 

protection 

•Pipetting devices 



BIOSAFETY LEVELS OF 
CONTAINMENT BSL2 CONTAINMENT

•Agents 
–Associated with mild to moderate disease in humans. 

•Practices 
–BSL-1 plus limited access. 

•Safety equipment 
–Biological Safety Cabinet and personal protective equipment as 

needed. 

•Facilities 
–BSL-1 plus the availability of a mechanism for decontamination. 



BIOSAFETY LEVELS OF 
CONTAINMENT BSL2 CONTAINMENT



BIOSAFETY LEVELS OF 
CONTAINMENT BSL3 CONTAINMENT

•Agents 
–Associated with serious or potentially lethal disease in 

humans.

•Practices 
–BSL-2 plus controlled access. 

•Safety equipment 
–Biological Safety Cabinet and personal protective 

equipment required. 

•Facilities 
–BSL-2 plus self-closing double door access and 

negative airflow 



BIOSAFETY LEVELS OF 
CONTAINMENT BSL3 CONTAINMENT







BIOSAFETY LEVELS OF 
CONTAINMENT BSL4 CONTAINMENT

Agents 
•Associated with high risk of life-threatening disease in humans 

and/or animals 

Practices 
•BSL-3 plus controlled access 

Safety equipment 
•Biological Safety Cabinet and full-body air-supplied, positive 

pressure personnel suit required. 

Facilities 
•BSL-3 plus dedicated air and exhaust, decontamination 

procedures for exit, separate building, etc. 



BIOSAFETY LEVELS OF 
CONTAINMENT BSL4 CONTAINMENT



BIOSAFETY LEVELS OF 
CONTAINMENT BSL4 CONTAINMENT







HOW ABOUT FIELD CONDITIONS?



LABORATORY BIOSAFETY 
MANAGEMENT

WHO 《 Laboratory Biosafety Manual 》
•1st version in 1988 

• 2nd version in 1993 

•3rd version in 2004 

EEC （European Economic Community）
• EEC set down risk group for pathogens (93/88) 

NIH: Biosafety in Microbiological and 

Biomedical Lab 
•1st version in 1983: “Four group” pathogen conception 

•4th version in 1999 

CDC: The Laboratory Biosafety Guidelines 

(Canada) 
•3rd version in 2004 



WHO RAISED AN ALARM ON 
BIOSAFETY IN LABORATORY

In March 2005, WHO organized a seminar 

on biosafety regulation of laboratory in Lyon, 

more than 150 experts from different 

international organizations and laboratories 

discussed the risk in laboratory. WHO 

warned the potential accidental and 

intentional release of pathogens with more 

high biosafety laboratories are built and 

operated, and appealed the international 

organizations, governments and laboratory 

to strengthen the biosafety regulation of 

laboratory. 
It is up to us to protect our self, our co-workers, the 

community, and the environment! 



ROLE FOR RESEARCH BIOSAFETY

 Ensure safety of personnel

 Identify hazards: chemical, physical, and biological

Occupational safety program, fire safety, PPE and 
precautions

 Safety & health inspections

 Policies, plans and procedures



BIOSECURITY

 An increasing concern 

 Effects all research laboratories  

 Special emphasis on BSL-3s & labs with select agents 
or toxins 



WEAK UNDERSTANDING OF THE 
IMPLICATIONS OF DUAL-USE PATHOGENS



WEAK UNDERSTANDING OF THE 
IMPLICATIONS OF DUAL-USE PATHOGENS





HOW TO MAKE THE BALANCE

Advances in 

biotechnology 

brings benefits

Risk to 

public 

safety and 

security 

from misuse

Dual use research means science with legitimate 

purpose that may be misused to pose public 

health and national security risk 



THE BIORISK CONTEXT: A MULT-
STAKEHOLDER ISSUE  

• Food and Agricultural Organization (FAO)

• World Animal Health Organization (OIE)

• Organization for Economic Cooperation and 

Development (OECD) 

• International Police Organization (INTERPOL) 

Biological Weapons Convention (BWC)

• World Health Organization (WHO) 

• United Nations Educational, Scientific and 

Cultural Organization (UNESCO)

•Governments 

•Academies of science 

•Publishers 

•Donors 

•Research institutes 

•Universities 

•Industry 

•Medical associations 

•Professional associations

Communication, education, interaction 

with other stakeholders, norms and 

standards 



ROLES AND RESPONSIBILITIES: R&D 
COMMITTEE 

In addition to other responsibilities

Ensure biosafety review completed & determines need for 
changes to protocol

Oversee requests for lab registration

Reviews requests for:
 Lab access & access to BSL-3/SA labs
 Purchase transfer or destruction of SA & toxins
 Policies & procedures
 Results of vulnerability assessments, drills, incidents

Document all reviews and findings



ROLES AND RESPONSIBILITIES:  
BIOSAFETY OFFICER

Varies from institution to institution

Expertise: science, safety, security, & applicable 
policies

Responsible for or delegates:
 Training (delivery & record keeping)

 Inventory control

 Vulnerability assessments/drills

 Ensure compliance



ROLES AND RESPONSIBILITIES: LAB 
DIRECTORS & INVESTIGATORS

Ethical conduct of research

Compliance with regulations
 Handook1200.8, Directive 2002-075 

 Select agents (SA) & toxins

 BSL-3

Safety & security within the lab
 Trained

 Work within their scope of work

Inventory control



REQUIRED POLICIES AND 
PROCEDURES

 Safety plan

 Security plan 

 Physical 

 Personnel & Access

Cyber

 Inventory control

 Emergency planning & response

 Training



POLICIES & PROCEDURES

Written & updated as required

 Implementation must occur

Documentation 





Success or failure of experiments is from my hands,  while awareness of biosafety is in my 
mind.


