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CHAPTER 14 – BIOLOGICAL HAZARDS
Introduction

The primary focus of this chapter is on work-related exposures to infectious microbiological agents.

Exposures to other bio-hazardous materials not associated with infectious agents are also reviewed.

Background on the development of the field of biological safety and considerations on the role of industrial hygienists and environmental health and safety professionals in the field are discussed.

Current topics in biological hazards are covered.
Information on assessing compliance, current regulations, and guidelines is reviewed.

Exposure to biological hazards in the workplace results in a significant amount of occupationally associated disease.

Most of the bio-hazardous agents belong to the following groups:

micro-organisms and their toxins

viruses, bacteria, fungi


arthropods;

crustaceans, arachnids, insects


allergens and toxins from higher plants;

pollen, oils


protein allergens from vertebrate animals

urine, feces, hair, saliva, and dander


other groups 

lower plants other than fungi, invertebrate animals other than arthropods

Note:
Workers engaging in agricultural, medical, and laboratory activities have been identified as being most at risk to occupational biohazards.

Biological Safety
Laboratories that handle dangerous pathogens need to manage their safety and security risks in a responsible manner.

In recent years, the discipline of biological safety (biosafety) has evolved into the discipline of laboratory bio-risk management.

Bio-risk management is the combination of biosafety and bio-security, and has received growing public scrutiny.

1)
Bio-safety had its beginning in the U.S. offensive biological warfare program at Fort Detrick.

Because of the considerable concern for worker safety, as well as the need to protect the surrounding community, great care was taken to prevent accidental exposure and release of infectious agents.

The containment principles developed at Fort Detrick form the framework for the discipline of bio-safety today.

2)
Following the discovery of recombinant DNA technology in the 1970s, the new era of biotechnology began.
The impact of biotechnology on research in health care, diagnostic, and agriculture has been significant.

Genetic manipulation of micro-organisms and cells has brought with it a renewed concern for biological hazards.

Employers and regulatory agencies have taken note of these concerns and there is a renewed focus on implementing or strengthening workplace bio-risk management programs.
3)
The appearance of a virus capable of destroying the human immune system (HIV) in the 1980s, coupled with the high incidence of occupationally acquired hepatitis B virus infection among health care workers, prompted OSHA to establish a standard that mandates protection of workers from occupation exposures to bloodborne pathogens.

The biosafety professional uses similar practices to define and control hazards in the workplaces as those used by industrial hygienists:


anticipate;


recognize;


evaluate; and


control hazards

in the workplace, and then assess the performance of those controls.

They must develop knowledge of the principles of epidemiology;


disease transmission patterns; 


risk-assessment management; 


disinfection and sterilization; 


disease prevention; 


aero-biology; and


environmental control.

Biological Hazard Identification
Micro-organisms are a diverse group of microscopic organisms that include bacteria, fungi, algae, protozoa, viruses, and prions.

Pathogenic (disease-producing) micro-organisms represent only a small portion, attention is often focused on them because of their negative impact on humans, plants, and animals.

In addition to their ability to produce infectious diseases, micro-organisms produce spores capable of causing allergic and inflammatory reaction among workers.
Toxins (e.g. endotoxins) and mycotoxins (fungal) have been identified as occupational biohazards.

Together biological agents such as pollen, mites, urine proteins, animal dander, and snake venoms also fit within the broad scope of biological hazards.

Micro-organisms
Micro-organisms are divided into two categories:


prokaryotes

Relatively small-sized organisms in which DNA is not physically separated from the cytoplasm.

Divided into two major groups:

-
eubacteria

gram-positive, gram-negative, mycoplasms (no cell wall)

-
archaebacteria

live in extreme environments (high temperature, high salt, or low pH)

Note:
The majority of micro-organisms of medical interest are gram-negative or gram-positive that are either aerobic, microaerophilic, or anaerobic


eukaryotes

Larger organisms containing a membrane-bound nucleus and organelles.

Divided into four major groups:

-
algae
-
protozoa

-
fungi

-
slime molds

Note:
The enzymes necessary for replication as well as the organelles necessary for production of metabolic energy separates prokaryotes and eukaryotes from the viruses.


viruses

Totally dependent on their hosts for replication.

Inert outside of a host cell.

Host-virus interactions are highly specific.

Once inside a cell, viral nucleic acid uses the host’s enzymatic machinery for functions associated with replication.

The host range of a given virus may be broad or extremely narrow.


viroids

Small, single-stranded circular RNA molecules that cause diseases in plants.

To date, viroids have not been detected in animals.


prions

Agents smaller by an order of magnitude than viruses.
Have properties similar to viruses and cause degenerative disease in humans and animals [scrapie (sheep) Creutzfeldt-Jakob (human) dementia]
Infection

Infection is a general term applied to the entry and development (multiplication) of an infectious agent such as bacteria, protozoa, and the larval forms of multicellular organisms in the bodies of people, animals, or plants.
It is further defined as an invasion of the body by pathogenic microorganisms and the reaction of the tissues to their presence and to the toxins generated by them.

Some agents routinely cause disease in healthy adult humans, whereas others, known as opportunists, require special circumstances of lowered host defense or overwhelming dose of exposure.

Thus, infectious disease is not always the end result of the exposure by an infectious agent.

The end result depends on:


the virulence of the agent;


the route of infection; and


the relative immunity and health of the host.

endogenous infection

If the disease-causing agent arises from the microbial flora normally present in or on the body of a person (indigenous flora), its resulting infection is called an endogenous infection.

Normal flora can also take advantage of a lowering of host immunity to produce an infectious disease.

Individuals harboring communicable infectious agents without exhibiting signs of disease are called carriers.

They can be a source of infection in coworkers, especially if the agent is transmitted by the aerosol route (e.g., measles, tuberculosis).

exogenous infection

Infections from microorganisms not normally found in or on the human body, but which gain entrance from the environment, are called exogenous infections.

These agents gain entry into the host by inhalation, indirect or direct contact, penetration, or ingestion.

Epidemiology of Work-Associated Infections
An unfortunate consequence of working with infectious microorganisms or materials contaminated with them is the potential for acquiring a work-associated infection.

Persons who handle infectious materials are clearly at higher risk for infection than the general population.

Work-associated infections are under-reported in the scientific literature.

Literature on work-associated infections, reported as case studies, usually focuses on diagnosis and treatment of the patient and frequently fails to assess the circumstances related to the occupational exposure.

In the absence of a comprehensive database on work-associated infections, epidemiological methods provide the tools to evaluate the extent and nature of worker exposure.

Defining the event or illness/infection, determining the population at risk, establishing the factors affecting exposure, and developing intervention controls are all part of the process to prevent occurrence or recurrence of infections.

Sulkin and Pike survey

Focused specifically on laboratory-acquired infections (1930–1978).
Revealed 4079 cases, resulting in the deaths of 168 workers.

The most common routes of exposure were found to be:


percutaneous inoculation (needle/syringe sticks);


cuts or abrasions from contaminated items;


animal bites;


inhalation of aerosols;


contact between mucous membranes and contaminated material; and


ingestion.

Trained investigators, technical assistants, animal caretakers, and graduate students experienced over three-quarters of the research-associated illnesses.

The remainder occurred among clerical staff, dishwashers, janitors, and maintenance personnel.

Note:
More recently, workplace infections have been associated with new or emerging viruses:
HIV, hantavirus, herpes B virus, Ebola, hepatitis C virus.
Potentially Hazardous Workplaces

Although most pathogenic microorganisms have the potential to cause occupationally acquired infections, knowledge of the hazard, containment practices, and preventative therapeutic measures (e.g., vaccines) greatly reduce their incidence.
In workplaces where awareness of the hazard is high and the potential risk is understood, compliance with control practices minimizes exposure.

However, there are some workplaces where controls are difficult to implement or are not readily available and where hazard recognition of the potential for work-associated infections is low (e.g., agricultural environments, agricultural processing facilities).

Workers in these environments may be exposed to potentially infectious microorganisms that are intrinsically associated with some of the animals or plants.

Controls and barriers become challenging to implement in these environments.

Note:
Because workplaces are varied and microbial habitats diverse, it can be difficult to find concise, detailed information on microbial agents.

The American Public Health Association publication “Control of Communicable Diseases Manual” is an excellent resource.

The prevention of emerging infectious diseases presents an increasing problem.

Modern demographic and ecological conditions that favor the spread of infectious diseases include:


rapid population growth;


increasing poverty;


urban migration;


more frequent movement across international boundaries (e.g., tourists, workers, immigrants, refugees);


alterations in habitats of animals and arthropod that transmit diseases;


increasing numbers of persons with impaired host defenses; and changes in the way food is processed and distributed; and


micro-organisms that are increasingly resistant to antimicrobials

Note:
Add to this the natural genetic mutation of heretofore benign or less-virile (pathogenic) strains into more infectious and/or more virile strains.

Microbiology and Molecular Biology Laboratories
The potential threat of occupational infection has long been recognized by microbiologist.

However, new potential for exposure exists with the increasing number of non-microbiologists who work in the field of molecular biology.

Staff in research laboratories tend to work with more hazardous agents.

They often handle concentrated preparations of infectious microorganisms, and some test procedures require complex manipulations.
Because of inherent containment difficulties, the use of infected laboratory animals, including those taken from the wild, also increases the potential for worker exposure.

Hospitals and Health Care Establishments

In addition of infectious agents, health care facilities may expose their personnel to multiple hazards including cytotoxic drugs, anesthetic gases, ethylene oxide, radiation sources, steam, injuries from lifting heavy objects, and electrical shock.

Infections in hospitals can be categorized as:


community acquired (transmitted to either patients or workers);


occupationally acquired (resulting from worker exposures);

nosocomial (hospital-acquired infections of patients).
Note:
Nosocomial infections have become a complication of hospitalization.
To prevent or reduce the incidence of such complications, infection control programs were developed and implemented in U.S. hospitals during the 1950s and 1960s.

The prevalence of hospital infections has created a need for:


infection control procedures (barriers);


rigorous disinfection and sterilization techniques;


meticulous cleaning and waste-handling procedures; and, in some cases


special design criteria

Biotechnology Facilities
With the discovery of recombinant DNA technology and the resulting advances in the field of molecular biology, industrial microbiology, long associated with the chemical and pharmaceutical industries, has attained a position of prominence with the advent of the “age of biotechnology.”
Depending on the hazard level (pathogenicity or biological activity), an increase in the production or concentration of a material brings with it the need for adequate barriers to protect personnel, the product, and the community.

In addition to the possibility of experiencing the direct effects of the biological activity of an agent, workers may develop allergies to:


proteins;


other chemicals; 


animal dander;

aerosolized urine; or 


other matter from animals.

Animal Facilities and Veterinary Practices
There is a wide range of occupations in which workers are exposed to animal-related allergens and to infectious agents or their toxins.

Agricultural workers, veterinarians, workers in zoos and museums, taxidermists, and workers in animal product-processing facilities are all at risk for occupational exposure to animal-related biological hazards.

The development of laboratory animal allergy (LAA) is a significant and common problem for laboratory personnel, veterinarians, and others who work with animals.

During the past 50 years, diseases that affect both humans and animals (zoonotic diseases) have been among the most commonly reported occupational illnesses of laboratory workers.

Zoonotic diseases among veterinarians are common.

Most of these have been caused by viral and bacterial agents (e.g., hantavirus, West Nile virus).

Animal-related infections can be expected at certain kinds of worksites.

The infections frequently observed among personnel involve microorganisms with a low infectious dose (ID) where exposure results from aerosolized infections materials

influenza virus

New variations of the virus emerge as a result of the random mixing of the surface antigens (antigenic drift).

The resulting change affects the human body’s ability to fight the disease.

Sometimes a totally different influenza strain emerges, one that is totally new to the human immune system.

Because of this newly emerged strain, humans have no innate immunity, and the emerging virus can cause a pandemic.

Influenza is also a risk zoonotically because horses, pigs, and birds are also reservoirs.

Agricultural Workers

Agriculture, mining, and construction were considered to be among the most hazardous occupations of the 20th century.

Agricultural workers and those who process agricultural products are exposed to numerous safety and physical hazards, as well as exposures to chemical and biological agents.

Exposures readily occur through inhalation, ingestion, direct exposure of non-intact skin and mucous membranes, and inoculation.

Factors such as host susceptibility, virulence of the agent, dose, and exposure route all influence the potential for disease development.


fungal diseases
these agents cause endemic disease and affect primarily farmers and horticultural workers


parasitic diseases

food and grain handlers, farmers, laborers


bacterial diseases

processors who handle animal products


zoonotic diseases

At least 24 of the 150 zoonotic diseases known worldwide are considered to be a hazard for agricultural workers in North America.

These diseases can be contracted directly from animals, but more often they are acquired in the work environment.

Controls include awareness of specific hazards, use of PPE, preventive veterinary care, worker educations, and medical monitoring of prophylactic therapy

Miscellaneous Worksites
The potential for exposure to occupational biohazards exists in most work environments.

water system maintenance (Legionnaire’s disease)


bird-keeping/rearing (also, workers near perch trees)


wood-processing facilities (wood dust, endotoxins, allergenic fungi)


miners (bacteria, fungi)


sewage and compost workers (bacteria, viruses, parasites, fungi)


renovators (books, buildings, paintings—endotoxins, allergenic fungi)


textile plant workers (organic dusts, allergens, endotoxins)


fishing industry (zoonotic bacteria, parasites)


forestry workers (zoonotic diseases—rabies, Lyme disease, tularemia, RM spotted fever)


tanning/taxidermy workers (Q fever, anthrax, tularemia)


plant product handlers (endotoxins, allergens)

child care workers (enteric bacteria, viruses, protozoa)


public safety workers (bloodborne pathogens, viruses)

Risk Assessment
It is possible to work with infectious agents (people, animals, substances) and still avoid exposure and subsequent infection or illness.

A series of circumstances are necessary for an exposure to lead to infection or illness.

An understanding of the potential for the hazardous agent to cause human disease (pathogenicity) and through what routes of infection the agent is efficiently delivered to a worker permits one to make informed decisions about biological agents since they are not all equally dangerous to workers.

By performing a risk assessment, it is possible to make a systematic evaluation of the exposure and infection potential and the possible consequences, and then to make decisions as to how the risk can best be avoided, reduced, or other wise managed.

Risk assessment is the fundamental planning step for managing these risks.

Biological risk assessment appears generally as a two-step technical approach, based on:


the hazard identification involving the characterization of the biological agents or materials; and


a risk analysis of the activities.

A biosafety risk assessment has historically been a subjective and qualitative process that relies heavily on expert opinion and unique personal experiences.

Generally, individuals who conduct biosafety risk assessments depend on pre-determined biological safety risk groups as the basis of their evaluations.

Biological agents have been classified into biological safety risk groups based upon their properties to cause infectious disease of other harm to personnel, the community, livestock, or the environment.

Note:
Such classification does not take into account the likelihood of accidental release or exposure.

There is general consensus on the high-level risk assessment process that consists of answering three specific questions:
1)
What can happen?

Should start by looking at the specific setting.

-
identify the biological agent or hazard

-
identify its unique biochemical properties

-
identify how the agent will be used

2)
What is the chance that it will happen? 

An assessment of the probability of the hazard to cause an undesired event (exposure, disease, etc.).
-
depends on likelihood of exposure 

procedures being implemented 
in-place mitigation measures 
-
depends on the likelihood of infections

biochemical properties of the agent

specific potential routes of infection

3)
If it happens, what are the consequences?

The mere presence of an agent does not necessarily lead to occupational exposure and infection.

Multiple, interrelated conditions factors must be present before an infection occurs;  the agent must be:
-
pathogenic;

-
viable;

-
present in sufficient numbers to produce infections;

-
transmitted successfully;
-
delivered to a susceptible host; and 
-
delivered at a suitable entry site.

Note:
epidemiological triangle






 
Factors Affecting Likelihood of Exposure

A major factor in the likelihood of exposure is the route of exposure.


inhalation route

The inhalation of airborne infectious particles into the respiratory system constitutes airborne transmission.

Infectious airborne particles can be generated from:

-
aerosolized liquids (infectious material remain in a dried state as droplet nuclei);

-
freeze-dried cultures;
-
dried bacterial colonies;
-
dried material on stoppers and caps;
-
dried exudates;
-
disturbing of contaminated material (as when cultures are opened);
-
dusts from animals

Note:
Particles <5 ųm in diameter are most effective in producing respiratory infection in animals.

Droplet nuclei can remain suspended in air for some time and be moved to remote areas by air currents or ventilation systems.


percutaneous route of entry
Infectious agents can be introduced into the body when contaminated objects (e.g., needles, broken glassware, scalpels) or animals (e.g., bites, scratches) puncture, cut, or scratch the skin.


contact route of exposure

Occurs when spills or splashes of infectious materials (gross contamination) contact mucosal membranes (e.g., eyes, nose, mouth) or skin surfaces that are not intact (e.g., open wounds, cuts, hangnails, eczema).


gastrointestinal route of exposure

Occurs when workers suction infectious materials or by hand-to-mouth contamination as the result of eating, drinking, smoking, or applying cosmetics in contaminated work areas.
Hand-washing minimizes the opportunity for oral and ocular exposure.


other routes of exposure

-
person-to-person direct contact 

Rare in the laboratory environment, but such transmission occurs commonly in the community and in medical settings where patients are treated.

-
animal-to-human (zoonotic)

Occurs through bites and scratches.

-
indirect transmission

Occurs when common environmental surfaces (e.g., benches, work tables) become contaminated, and the infectious material is transferred to a host.

-
vector-borne
Results when an agent is transmitted to a host by a living vector (e.g., mosquito, tick) through a bite or mechanically.

Factors Affecting Likelihood of Infection

The infectious dose is the number of microorganisms required to initiate an infection.

While data are available from animal studies on the ID50 (the number of organisms needed to infect 50% of a test population), relatively modest information exists for humans.
The viability and virulence of an agent are also important in determining whether a person becomes infected.


virulence (relative pathogenicity) 
Varies greatly among types and strains, with some microbes being:
-
highly pathogenic

even in healthy adults
-
opportunistic pathogens
able to infect only hosts with lowered immunity or sites other than their normal habitat.

-
attenuated (weakened)

after reproducing through numerous generations in the laboratory.

Note:
Certain vaccine strains, selected because they are immunogenic and do not produce significant diseases are examples of attenuated organisms.


viability (stability of the biological agent outside the host)

Biological agents have varying ability to survive different environmental stressors before becoming inactivated.

If a microorganism is not viable and able to replicate, the opportunity for infection does not exist.

The external environment is critical in the replication of microorganisms.

Factors such as temperature, humidity, and the presence of absence of growth factors or other chemicals all play an important role in viability.

Factors Affecting Potential Consequences

The potential consequences of infection are impacted by numerous factors:


does the agent or its by-products cause cancerous or mutagenic reactions?

does the agent produce a toxin?

does the agent suppress the host’s immune system?

does the agent have the ability to mutate?

what is the duration of illness?

what is the severity of illness?

what is the duration of infection?

does the disease cause any long-term conditions?

what is the frequency of death caused by the disease?

what level of national or international reporting is required for outbreaks?

do effective diagnostic tests exist?

do post-exposure treatments exist?

do preventive vaccines exist?

what is the host range of the agent?

it the agent endemic or exotic to the area?
Other Considerations

-
host susceptibility estimates

often underestimated because the majority of laboratory persons working with potentially infectious material are healthy.

-
altered host defenses at body surfaces

skin disorders reduce dermal barrier
-
gastrointestinal mucosa
protection afforded by normal gut flora reduced when antibiotics are administered
-
impaired immune system

women who are pregnant or intend to become pregnant are at risk of exposure to certain infectious agents . . .foremost is the potential for congenital infection of the fetus

-
development of allergies to proteins

employees who cannot be immunized because of an allergy to a constituent of a vaccine.
Biological Hazard Control
The process of developing controls to minimize occupational exposure to infectious agents or other biological agents becomes straightforward once the actual risk of work with the organism or agent is known and the major risks identified.

Reducing the risk of exposure to potentially infectious agents can be achieved by:

-
source control;

-
minimization of accidental release; and
-
protection of the worker.

examples:
physical barriers 

good work practices
appropriate safety equipment.

effective vaccines
Note:
Protection of personnel in the immediate area outside the laboratory and the community is attained by using adequately designed, constructed, and maintained facilities and operational practices.

Unless the risk is eliminated, there will always be some level of risk.

Risk elimination may be possible through substitution of a non-hazardous biological agent for the hazardous one.
If substitution is not feasible, then part of the risk management decision is determining if the risk is acceptable, controllable, or unacceptable.
There are several factors that can influence risk acceptance.
-
the level of available resources to mitigate or control the risks;

-
the regulatory requirements for the risk;

-
the value of work to the community or to the researcher; and 
-
the public’s general perception regarding the risk.

Containment

The term containment is used in describing safe methods, facilities, and equipment for managing infectious materials in the laboratory environment where they are being handled or maintained.

Varying configurations of these components are used depending on the hazard category of the work.


biosafety levels

The CDC and NIH have designated four default configurations of work practices, safety equipment, and facility design as biosafety levels (BSLs) for work involving infectious agents.

The combination must be specifically appropriate for the operations performed, the documented or suspected routes of transmission of the agent, and the laboratory function or activity.

The use of increasingly stringent procedures and more complex laboratory facilities permits higher risk activities to be carried out safety.

-
BSL-1

Used for work involving defined and well-characterized strains of viable microorganisms of no known or of minimal potential hazard to laboratory personnel or the environment.

-
BSL-2

Used for work with many moderate-risk agents present in the community (indigenous) and associated with human disease of varying degrees of severity.

Agents are usually of moderate potential hazard to personnel and the environment.

-
BSL-3

Used for work with indigenous or exotic agents where the potential for infection by aerosols is real and the disease may have serious or fatal consequences.

-
BSL-4

Used for work with dangerous and exotic agents that pose a high individual risk of life-threatening disease; no vaccines available.
Agents have a low infectious dose and pose a danger for the community from person-to-person spread.

Note:
Because of the stringent requirements associated with BSL-4 containment, only a few facilities that meet this standard have been built and are operational.

The main hazard to laboratory or animal care personnel working with agents requiring such extreme caution and containment is respiratory exposure to infectious aerosols.
animal biosafety levels
Other specific biosafety precautions apply to the use of naturally or experimentally infected animals.

-
intrinsic hazards

Associated with the use of certain animals, which harbor microorganisms that could infect the worker or contaminate the work being conducted.

-
extrinsic hazards

Occur when infectious agents are purposely used to infect animals and vector-host interactions are being studied (in vivo) as opposed to the controlled work in culture media (in vitro).


facility design
The laboratory facility provides the shell, or barrier, necessary to protect those outside the immediate work area and the community from exposure to hazardous materials.

When agents of increasing hazard are manipulated, facility design plays a more important role for dissemination of the agent, particularly when an accidental release within the laboratory occurs.

-
BSL-1

No special design features beyond a laboratory bench and sink.

Doors should be present for access control, and windows opening to the exterior must have fly screens.
-
BSL-2

BSL-1 requirements plus limited access (doors may require locks for certain agents), and directional air flow into the laboratory is encouraged.

-
BSL-3

BSL-2 requirements plus it must be separated from areas of unrestricted traffic flow within the building.

Must have controlled access (double-door entry), a specialized ventilation system that creates a directional flow from clean areas to dirty areas.

Means to decontaminate biological waste and laboratory clothing (autoclave).
-
BSL-4

BSL-3 requirements plus housed in a separate building or in isolated zones that have dedicated ventilation.
Stringent access requirements and decontamination systems.

safety equipment

Because most experimental procedures are recognized as having the potential to generate aerosols, safety equipment designed to reduce the likelihood of worker and environmental exposure has become standards in biological laboratories during the last decade.
biological safety cabinets (BSCs)

The most frequently used and effective example of laboratory containments equipment.

Provides a primary barrier to prevent escape of infectious aerosols into the work environment.

When used and maintained properly, these cabinets provide a combination of worker, environmental, and product protection that varies according to the class and type of cabinet selected.

All three classes of biological safety cabinets (Class I, II, and III) have high-efficiency particulate air (HEPA) filters for exhaust air.

-
Class I

Provide personnel and environmental protection, but not product protection.

Un-recirculated inward airflow away from the operator.

Functions in a manner similar to a chemical fume hood, except for the additional HEPA filtration of exhaust air.

Not very common.

-
Class II

Provide personnel, environmental, and product protection.

Easily accessed through a front work opening.

Very common.

-
Class III

Provides maximum personnel, environmental, and product protection.

Totally enclosed, ventilated, negative-pressure cabinet of gas-tight construction.

Used for work requiring the highest level of containment.

Note:
Selection of the class and type of cabinet must be based on the hazard level of the microorganism to be manipulated, the nature of the work activity (potential to produce aerosols), and the need to protect the worker or the work environment from airborne contamination.


work practices
How a worker actually performs the tasks associated with their job are the most important component in preventing occupational exposure.
Understanding the concepts of transmission, infectious dose, and route of entry, as well as the potential for various procedures to release infectious materials, is critical to the implementation of appropriate containment practiced.

It becomes straightforward to identify the potential hazard and implement the safeguards necessary to protect workers, when a risk assessment is performed on work activities in advance.

seven basic rules of biosafety 

-
do not mouth pipette

-
manipulate infectious fluids carefully

(to avoid spills, aerosols, and droplets)
-
restrict the use of needles and syringes

-
use protective laboratory coats and gloves

-
wash hands after all laboratory activities

(immediately after contact with infectious materials)

-
decontaminate work surfaces before and after use

(immediately after spills)

-
do not eat, drink, store food, apply cosmetics, or smoke in the laboratory


decontamination
Decontamination is the use of physical or chemical means to render materials safe for further handling by reducing the number of organisms present.
-
disinfection

Refers to process that kills infectious agents outside the body.

Chemical disinfectants inactivate microorganisms by one or ore of a number of chemical reactions.

The level of effectiveness of chemical disinfectants is altered by changes in the concentration of the active ingredient, contact duration, temperature, humidity, the concentration of organic matter, and the pH of the material being disinfected.

It is essential when choosing a disinfectant to review the manufacturer’s literature to determine the disinfectant’s efficacy (what microorganisms the disinfectant inactivates) and the recommended application.

Note:
By definition, chemical disinfectants are toxic to living cells, so it is important that users be familiar with the hazard potential and take necessary precautions to prevent workplace exposure.

-
sterilization

Implies the complete elimination/destruction of all forms of microbial life.

Steam at 250°F under pressure in an autoclave is the most widely used method of achieving sterilization.


infectious waste

Historically, infectious wastes were treated by autoclaving before disposal into a sanitary landfill, by incineration, or by chemical disinfection.
During the past two decades, the management of such waste has come under scrutiny from regulatory agencies.
Public fears of exposure to AIDS and hepatitis viruses has prompted demands for implementation of rigorous controls for infectious hospital and medical wastes.

Local regulations should be consulted for individual state requirements.


spill management

The management of spills in the laboratory usually consists of an immediate evacuation of the area until any aerosols have settled.

Cleanup of spills typically consists of:

-
donning of PPE;

-
flooding the contaminated areas with liquid ;

-
allowing adequate contact time with the disinfectant;

-
cleaning up the spill;

-
reapplying fresh disinfectant; and

-
final cleanup.

Assessing Performance

Although there is often urgency to develop and implement programs and controls, the need to assess their efficacy following implementation is sometimes overlooked.
Such a review is imperative to be assured that the safety practices have been incorporated into work activities and that they are performing as designed to reduce the risks to an acceptable level.

Use of Audits to Identify Problem Areas

Self-audits of required safety practices provide a measure of compliance achievement.
In work environments where hazardous aerosols are generated (e.g., agricultural processing facilities), one would begin by monitoring for compliance with PPE requirements.

Routine operating procedures should include a safety check (e.g., to determine if equipment is functioning properly).

Ventilation system function must be checked and actual work practices and techniques reviewed to ensure containment.

Regular safety audits should be carried out at least annually (quarterly or semiannually is preferred), by designated safety specialists.

Deficiencies can be pointed out and abated during the inspection.

A written report, suggesting corrective actions, can be developed.

A supervisor should report on progress on remediation within a designated time period.

Annual Biorisk Review

Requiring each responsible supervisor to undergo an annual renewal of their registration to do their specific biohazard work is one tool to help remind the m to review the work in progress and keep the information updated.

Incident/Accident Statistics

The positive changes brought about through education and training in preventative methods can be measured with specific outcome audits.
Current Topics in Biosafety

Bloodborne Pathogens

Bloodborne pathogens are defined as microorganisms that may be present in human blood and body fluids that are capable of causing disease in human beings.
OSHA Bloodborne Pathogen Standard (29 CFR 1910.1030)

In 1991, OSHA pioneered the regulation of work environment associated with potentially infectious microorganisms with publication of a standard regulated occupational exposure to bloodborne pathogens.

The standard applies to all occupations in which there is a potential for exposure to human blood.

The intent of the standard is to prevent or minimize worker exposure to human blood and other bodily fluids through injection, non-intact skin, and mucous membrane routes.

The standard requires employers to implement an administrative mechanism for compliance and a series of workplace controls to prevent or minimize exposure.

Employers must:

-
develop an exposure determination plan;
-
develop an exposure control plan;
-
implement engineering controls (e.g., sharps containers);

-
implement work practice controls (e.g., emphasis on PPE);

-
implement sharps management procedures;

-
adhere to culture and specimen labeling and transport requirements;

-
implement housekeeping protocols (e.g., disinfection, waste disposal);

-
implement laundry handling procedures;
-
communicate hazards to employees (e.g., training); and

-
implement general workplace practices and procedures.

Two key elements:

vaccination program

Immunization is a critical component of the bloodborne pathogen hazard control.

Employers must offer the hepatitis B vaccine to employees as well as document their refusal to be immunized.

universal precaution

The infection control concept of universal precaution, treating all human blood and bodily fluids as if known to be infectious, is a key component in prevention of work-related exposure.


viral agents

hepatitis A (HepA or HVA)

Enters the mouth (fecal contamination) as a result of improper hand washing or improperly treated sewage.

-
Symptoms appear in 2–6 weeks after infection.
(fatigue, fever, vomiting, poor appetite, jaundice)

-
Infected people are contagious for 1 week before symptoms appear.

-
A vaccine is available.

hepatitis B (HepB or HVB)

Spread by blood and possibly some other body fluids; needle-stick or sexual contact appear to spread the infection (not spread by casual contact).

-
Symptoms appear 2–6 months after infection.
(similar to HepA – fatigue, fever, vomiting, poor appetite, jaundice)

-
Infected people are contagious for a longer period, may become a carrier.
- 
A vaccine is available.
hepatitis C (HepC or HVC)

Spread by blood transfusion or sharing needles, not by sexual contact.

-
Infection often asymptomatic, or symptoms appear two weeks to six months after infection.
(similar to HepA – fatigue, fever, vomiting, poor appetite, jaundice)

-
85% of infected people suffer chronic infection, can become carriers.
-
Treatment is available, but no vaccine.
human immunodeficiency virus (HIV)
Spread by needle-stick and sexual contact.

-
Reproduces in immune system cells (macrophages and T4 lymphocytes).

Becomes full-blown acquired immune deficiency syndrome (AIDS).

-
Predisposes infected person to tuberculosis and unusual illnesses.

-
Some treatments available, but no cure or vaccine.

bacterial agents

Legionnaires’ disease (L. pneumophila)

Spread through inhalation of contaminated aerosols, no evidence of person-to-person transmission.

-
Reproduces in macrophages and lung epithelial cells.

Grows in warm (77–115°F), stagnant water (cooling towers, whirlpool spas, evaporative condensers).

-
Symptoms appear 2–10 days after infection

Symptoms include fevers, chills, muscle aches, fatigue, and cough with pneumonia.

-
Treatment is through antibiotics

Fatality rate from 5–30%, especially if no treatment early on.

Pontiac fever (L. longbeachae, feeleii, micdadei, anisa)

-
Milder version of Legionnaires’ disease.

-
Symptoms appear hours to 2 days after infection

Symptoms include fevers, chills, muscle aches, fatigue, and cough.

-
Infected individuals generally recover in 2–5 days without treatment.

tuberculosis (TB – M. tuberculosis complex))

Transmitted by inhalation of infectious droplet nuclei from coughing, sneezing, singing, or talking.

Prolonged close contact with an infectious person increases exposure.

-
Symptoms generally appear from one to four months after infection

Progression to active disease is most likely in first two years following infection, but can occur any time throughout life.

(why most infections occur prior to diagnosis and treatment)

-
Early stage symptoms include fatigue, fever, and weight loss.

Late stage symptoms include hoarseness, cough, and blood-tinged sputum.

-
With effective treatment, communicability can be eliminated in several days or a few weeks.

Note:
TB is estimated to affect one-third of global population.

Emergence of drug-resistant strains have been reported worldwide.


fungal agents

Aspergillosis (A. fuigatus, flavus)

-
Spread through inhalation of spores (estimated that most humans inhale thousands of spores daily).

Most at risk are those with underlying conditions (TB, COPD), immunosuppressed (AIDS, corticosteroid treatment), and allergic sensitivity.

-
No set time for symptoms to appear; may be asymptomatic, major problems arise if fungus enters the bloodstream.
Symptoms include sinusitis, fever, chest pain, cough w/ blood.

Infected person may develop kidney or liver failure and breathing difficulties.

Death can occur quickly.

- 
Treatments with antifungals are available, typically long-term course.
Building-Related Bio-Aerosol Problems

The phrases indoor air quality (IAQ) and sick building syndrome have made it into the news over the last decade.

Recognition is increasing of the potental adverse health effects of inhaling particles, gases, and vapors from plants, animals, and microorganisms.
Human reactions to the indoor environment fall into one of three main categories:

subjective complaints

Many relate to inadequacies in a building’s heating/ventilation/air conditioning (HVAC) system.


poorly controlled temperature (e.g., thermal discomfort)


poorly controlled humidity (e.g., dry, stuffy air)


inadequate delivery of outside air (e.g., stale air, malodors)

building-related illnesses (BRIs)

Diagnosable conditions whose causes can be attributed to indoor exposure to a chemical, physical, or biological agent.

-
physical agents (e.g., carbon monoxide, formaldehyde, glass fibers)


carbon monoxide (e.g., exhaust vent leaks)


off-gassing (e.g., adhesives, paints, treatments)


lighting systems (subliminal flickering)

-
biological agents 

infections (Legionnaires’ disease)


immunologically mediated diseases (e.g., allergic rhinitis, asthma)


inhalation fevers (e.g., Pontiac fever)


non-specific building-related symptoms (BRSs)
Linked with time spent in a building but cannot be associated with a well-defined agent.

May have physical, chemical, biological, and/or psychosocial causes.

Bioterrorism

Biological terrorism (bioterrorism) has been defined as the deliberate use of a biological agent to harm civilian populations.
This is in contrast to biological warfare, which is the deliberate introduction of disease in humans, animals, or plants as a hostile act with the context of war.

The inclusion of biological agents with chemicals, nuclear materials, and high explosives as weapons of mass destruction emphasizes the potential catastrophic effects of biological attacks.

Biological agents of potential use in bioterrorism include certain bacteria, viruses, and toxins of microbial, plant, or animal origin.

Common characteristics of most such agents are that they can be used directly as weapons or readily adapted (weaponized) to forms that are easy to disseminate.

Effective biological weapons are also easy to conceal and the diseases they cause have rapid onset and severe morbidity.

The ideal biological weapon is:

-
easily obtainable;

-
easily produced;

-
is highly infectious; and

-
has a high kill-rate;

-
is stable during storage;

-
can be delivered by aerosol.

Note:
Agents that fit these requirements include anthrax, bubonic plague, tularemia, smallpox, and botulism.

Note:
Not all biological agents can cause disease through the inhalation route.

Other agents require ingestion or percutaneous exposure, but these are believed to be less efficient than the respiratory route.

categories of biological agents
The CDC has defined three categories of biological agents with the potential to be used as weapons based on their:

-
ease of dissemination or transmission;

-
potential for major public heal impact (e.g., high mortality);

-
potential for disrupting health care delivery;

-
potential for causing public panic and social disruption; and

-
requirements for public health preparedness.

Category A

Includes agents that could be easily transmitted among people and cause serious disease with high mortality rates.

(e.g., anthrax, botulism, smallpox)

Category B

Includes agents that are moderately easy to transmit and resulting in high morbidity but low mortality rates

(e.g., brucellosis, glanders, viral encephalitis agents)
Category C

Includes emerging disease agents that may be easy to adapt to weapons use.

(e.g., hantavirus)

Note:
Following the 2001 anthrax attacks, Congress empowered the CDC to regulate the possession, use, and transfer of select agents and toxins.

Biological Hazards Associated with Non-Infectious Agents

organic dust toxic syndrome
Dusts of vegetable, animal, or microbial origin are often referred to as organic dusts.

High organic dust exposures are common in agricultural occupations involving work with confined animals and the handling of grains or wood products.

However, workers in industrial and manufacturing processes and those in office and commercial settings can also be exposed.

Organic dust toxic syndrome (ODTS), is a poorly characterized condition that appears to result from inhaling microbiological particles and toxins.

It is a non-allergic, acute illness, characterized by fever, muscle pain, chest tightness, cough, headache, and shortness of breath.

ODTS is not an immune-mediated disease and does not require repeated exposures.

The hypothesis that ODTS is toxic is supported by:

-
a delay between exposure and symptom onset too short for an infectious process;

-
a lack of necessity for prior exposure or sensitization;

-
absence of serum antibodies in the exposed persons blood;

-
susceptibility of all similarly exposed persons; and

-
spontaneous recovery within 24 hours following withdrawal from exposure.

Note:
ODTS can be prevented through engineering and administrative controls and through the use of respiratory protection.
mycotoxins

Mycotoxins are natural products produced by fungi that evoke a toxic response when introduced in low concentrations to higher vertebrates by natural route.
Not all strains of potentially toxigenic fungi produce mycotoxins in nature or under laboratory conditions.

The kinds and amounts of toxin a fungus produces depend on complex and poorly understood interactions of factors.

Humans may be exposed via ingestion of contaminated food, skin contact, or inhalation.

Exposure route affects toxic effect because poisons entering the lung pass directly into the bloodstream, unlike those ingested which can be detoxified in the mouth, stomach, or liver before entering general circulation.

Mycotoxins have been detected in building materials and dust from moldy buildings even when the toxin-producing fungi were not found.

Spores have been considered to the most common vehicle for inhalation exposure.

However, mycotoxins have been found in spore fragments and dust, so reliance on spore counts to determine acceptable exposure levels is unreliable.

endotoxins

Endotoxins are present in whole gram-negative bacteria cells and fragments of cell membranes.

Gram-negative bacteria and endotoxins are found widely in soil and water, ambient air, dust, and on animals and plants.

Subjects exposed to endotoxins have experienced fever, shivering, influenza-like symptoms, airway inflammation, asthma symptoms, and bronchial obstruction.
However, the overall health effects of endotoxin exposure are mixed.

Occupational studies have shown that exposure increases the likelihood of ODTS, chronic bronchitis, and asthma-like symptoms, but can also protect workers from respiratory allergies and allergen sensitization.

Regulations and Guidelines

There are few specific regulations that target work environments where employees might be exposed to infectious microorganisms or other biological agents.
A wide range of agencies have promulgated regulations regarding specific aspects of biological agents:


ACGIH

Threshold Limit Values (TLVs) for several biological agents:
-
cellulose

-
some wood, cotton, and grain dusts;

-
nicotine;

-
pyrethrum (organic pesticide);

-
subtilisns (protein-digesting enzymes);

-
starch;

-
sucrose; and

-
vegetable oil mist.

OSHA

-
General Duty Clause (an early, non-specific standard)
-
bloodborne pathogens standard
-
PPE including eye and face protection standards
-
respiratory protection standard

National Institute on Health, National Cancer Institute, Centers for Disease Control
-
published guidelines for microbiological safety

While guidelines do not have the same impact as regulations, conducting activities in a manner contrary to published guidelines is generally considered unacceptable.


EPA

-
genetically engineered organisms
-
registration of disinfectants

DOT

-
packaging and transport of hazardous substances, including infectious waste

Public Health Service
-
interstate transportation of etiological agents
-
foreign quarantine, etiologic agents, hosts, and vectors
-
transfer of select biological agents on human disease


Dept. of Commerce

-
export of infectious agents of humans, animals, plants, and related materials


Postal Service

-
mailability of etiologic agents


Dept. of Agriculture

-
importation of infectious agents of livestock, poultry and other animal diseases, and importation of plant pests

P.L. 107-188
-
Public Health Security and Bioterrorism Preparedness Response Act of 2002

Tables 14-C (Infectious Agents) and 14-D (Experimentally/Naturally Infected Invertebrates) summarize the recommended biosafety levels for handling different categories of infectious agents and experimentally or naturally infected animals.

These levels are not means to replace the risk assessment as the basis for selecting the appropriate mitigation measures; rather, they should be viewed as starting points.

BSL-1

agents

-
not known to consistently cause diseases in healthy adults

practices

-
standard microbiological practices


primary barriers

-
no primary barriers required

-
PPE:  lab coats, gloves, face and eye protection as needed


secondary barriers

-
laboratory bench and sink

BSL-2


agents

agents associated with human disease

routes of transmission included percutaneous, ingestion, and mucous membrane


practices

BSL-1 practices, plus

-
limited access

-
biohazard warning signs

-
sharps precautions

-
biosafety manual (waste decontamination and medical surveillance policies)


primary barriers

-
biological safety cabinets for all manipulations that cause splashes or aerosols
-
PPE:  lab coats, gloves, face and eye protection as needed


secondary barriers

BSL-1 plus
-
autoclave

BSL-3


agents

-
indigenous or exotic agents that may cause serious or potentially lethal disease

-
route of transmission includes inhalation


practices

BSL-2 practices, plus

-
controlled access

-
decontamination of all waste

-
decontamination of laboratory clothing


primary barriers

-
biological safety cabinets for all open manipulations of agents

-
PPE:  protective laboratory clothing, gloves, face, eye, and respiratory protection as needed


secondary barriers

BSL-2 plus

-
physical separation from access corridors

-
self-closing, double-door access

-
exhausted air not recirculated

-
negative airflow into laboratory

-
entry through airlock or anteroom

-
hand-washing sink at exit

BSL-4


 agents

-
agents with high aerosol transmission risks, frequently fatal, no vaccines or treatments

-
agents with a close or identical antigenic relationship to a listed BSL-4 agent

-
related agents with unknown risk of transmission


practices

BSL-3 practices, plus

-
clothing change before entering

-
shower on exit

-
all material decontaminated on exit


primary barriers

-
biological safety cabinets for all open manipulations of agents
-
PPE:  full-body, air-supplied, positive-pressure suit


secondary barriers

BSL-3 plus
-
separate building or isolated zone

-
dedicated supply and exhaust, vacuum, and decontamination systems

-
other requirements
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