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Setting the stage: definitions

1. Industrial and Occupational Hygiene

2. Biological Safety

3. Occupational Exposure Limits

4. Human Microbiome

5. Total Worker Health and the Exposome

6. Infectious Agent

7. Infectious Dose

8. Pathogenicity: primary pathogen or opportunistic pathogen



Industrial and Occupational Hygiene Defined

ABIH  IH is the science of protecting and enhancing the health and 
safety of people at work and in their communities. Health hazards 
cover biological stressors.

AIHA Core Competencies 2018 : “health hazards arising in or from the 
workplace which affects the well being of workers and members of the 
community.”

“Once identified the IH/OH must be able to evaluate the potential 
exposure to biohazards and recommend controls to reduce or 
eliminate that exposure.” Conclusion: biosafety is part of IH



Biological Safety: Sub-discipline of IH

Definition by ABSA:

“The discipline addressing the safe handling and containment of infectious 
microorganisms… The practice of safe handling of pathogenic 
microorganisms and their toxin in the microbiology laboratory.”

Does Biological Safety only apply to protecting laboratory workers health?
No

American Biological Safety Association (ABSA International) 2020



The Scope of Biological Safety 

Occupational Biosafety includes six types of workers

Healthcare workers

Animal workers

Laboratory workers

Biowarfare and bioterrorism workers

Workers with close contact to the public

Industrial Workers

NOTE: Infection Prevention, Pathogen Safety are synonyms.



Occupational Exposure Limits Defined

USA

OSHA Permissible Exposure Limits

NIOSH Recommended Exposure Limits

ACGIH  Threshold Limit Values

“TLV represents a scientific opinion based on a review of

peer-reviewed literature by a committee of experts.”

That airborne concentration of pathogenic bioaerosol under which it is 
believed nearly all workers can be exposed to daily over a working 
lifetime without adverse health effects.



Human Microbiome

Definition

All of the microbes that reside on the surface, deep layers of the skin, 
saliva and oral mucosa, gastrointestinal tract and conjunctiva.

There are 39 trillion microbial cells in and on  each human while the 
human is made up of 30 trillion cells hence microbe cells outnumber 
human cells 1.3 to 1.

The terms commensal, mutual, altruistic and parasitic are used 
describe human-microbial relationships.



Total Worker Health and the Exposome

Workers may be exposed to the same infectious agent both on and off the 
job: the exposome is the total exposure of workers in all environments 
through which they pass from conception to death.

S.Rappaport

Total Worker Health considers the impact of both sources of exposure on the 
health of the worker

The One Health Initiative: a worldwide strategy for expanding 
interdisciplinary collaborations and communications on all aspects of health 
care for humans, animals and the environment.



Infectious Agent (IA)

NIOSH

An infectious agent is a biological organism that is capable of producing 
infection or infectious disease. These include  bacteria, viruses, fungi 
and parasites ( protozoa and helminthes).

These agents are below 50 microns in size hence are not visible to the 
unaided human eye. 

There are 1400 infectious agents of which 600 are bacteria.



Infectious Dose

Definition

Infectious dose is defined as a dose at which an organism can 
reproduce in a host and cause a measurable effect.

However, ABSA concludes

There is a lack of clear and universally accepted definition of infectious 
dose.

Johnson, Barbara. OSHA Infectious Dose White Paper.Applied Biosafety 8(4): 160-165,2003.



Pathogenicity: primary pathogen vs 
opportunistic pathogen 
Definition

A primary or true pathogen is an infectious agent that can cause an 
infection in any susceptible host.

An opportunistic pathogen is an infectious agent that is usually a 
commensal that colonizes the human but can become parasitic and 
cause disease if normal host resistance is reduced.



The Problem
Are there Occupational Infectious Diseases?
Haagsma, Juanita et. al.

Infectious Disease Risks Associated with Occupational Exposure: 
Systematic Review of the Literature 1999-2008

Occ.Env.Med. 69,2012

Identified 1239 papers and reviewed 242 (world-wide and translated 
into EU languages)



Haagsma: Industries and occupations at 
increased for exposure to infectious agents
“The number of occupational groups for which evidence is available is 
small.  Healthcare workers and animal contact professions are at 
increased risk.”

Others include:

Public contact workers: airline personnel, childcare providers, teachers

Laboratory workers: microbiologists, laboratory technicians

Industrial: waste collectors, forestry workers, archaeologists



Haagsma Findings

“The lack of distinctive characteristics of work-related infectious 
disease(WRID/OID)obscures the link between work and disease. 
Hence, cases of WRID are underreported in surveillance systems.”



The Problem: OID in USA

Su, Chia-ping et. al.

Case Investigations of Infectious Diseases Occurring in Workplaces, US. 
2006-2015. Emerging Infectious Diseases. 25, 2019.

Reviewed 62 papers and 7 NIOSH Health Hazard Evaluations

“work-related infectious diseases are defined as those primarily caused 
by occupational exposure to (infectious) biological agents.”



Su Findings

The papers reported on cases of ID among workers in four occupational 
settings

1. Healthcare

2.Contact with Animals or Animal Products

3.Public Sector Workers: increased close contact with the public

4. Other

Construction: Coccidiomycosis or Valley Fever

Manufacturing: Legionnaire’s Disease

Service: spa maintenance workers



Su Findings

“Outbreaks of coccidiomycosis (CM) have occurred among construction 
workers and outdoor film production workers in California. From 2011 
to 2014, 44 cases of CM were identified among workers constructing 
solar power farms.”



Haagmsa and Su review papers

These two papers are the most current and thorough review of the 
scientific literature world wide in English translation and in the USA on 
the subject of occupational infectious disease (OID).



Is Coccidiomycosis an OID?
Yes
November 2017

California Flats Solar Project

Fine: CALOSHA $240,000

Between July-Dec 2016, 9 of 2400 employees developed CM 
(confirmed); 7 reported infrequent use of respiratory protective devices 
(RPD).

Workplace disease incidence rate: 1095/100,000

Community disease incidence rate:  17.5/100,000



Coccidiomycosis

Fine issued by CalOSHA  based on several failures:

Poor dust control

Poor respiratory protection program

Poor worker training

No procedure for worker to report disease



Another CM incident?

March 2019

“Cal/OSHA has issued serious safety and health citations to 
Underground Construction Co. after 2 of its employee contracted Valley 
Fever.”

Cal/OSHA Chief Juliann Sum, “Without the proper training, protection 
and mitigation procedures, workers are likely to be exposed and get 
sick.”



Cal/OSHA statement implies a Workplace 
Infection Control Plan is needed
Actions in the Plan

Determine if worksite is in an area where fungal spores are present.

Minimize disturbance of soil and maximize ground cover.

Provide air-conditioned cabs for vehicles that generate dust and 
suspend work during heavy winds.

Provide approved respiratory protection to filter particles.

Train supervisors and workers on how to minimize exposure and 
recognize the disease.



Assembly Bill 203(October 2019) adds Section 6709 to the 
Labor Code: Provide  Annual Valley Fever Training to All 
Construction Workers in Endemic Areas- State of California

The training shall include the following topics:

What Valley Fever (CM) is and how it is contracted.

Recognizing signs and symptoms of VF.

Importance of early detection, reporting to employer and seeking 
medical attention.

Personal health risk factors that increase risk of infection.

Understand and implement control methods



Preventing VF among construction workers in 
endemic soil areas of CA (AB202 Oct 2019)

Personal and environmental exposure prevention methods may include 
but re not limited to

Water-based dust suppression

Good hygiene when clothing and skin soiled by dust

Limiting contamination of drinks and food

Working upwind from dusty areas when feasible

Wet clean dusty equipment when feasible

Wear a respirator when exposure to dust cannot be avoided



What is CM aka Valley Fever?

Coccidiomycosis is a disease caused by infection with fungi Coccidioides.
Disease: incubation period 7-21 days; symptoms:
Cough, fever, headache and chest pain (70% of symptomatic patients)
Course of disease: 3-6 weeks with complete recovery in 85-95% of cases
In the human host, the arthroconidia forms a spherule 102 u which contains 
200-300 endospores which continue the infection sometimes leading to a 
disseminated fatal form.

Genus has 2 species: immitis and posadasii. 
In the soil the fungi exist in the hyphal stage and release arthroconidia aka 
fungal spores (2-5 u in diameter). 



What is the Infectious Dose of CM?

Pathogen Safety Data Sheet-Coccidioides (Canada PH)

“infectious dose estimated to be 1-10 arthroconidia.”

What is the origin of this data?

Laboratory-acquired infections: 1930 to 1963: 108 cases

Biosafety in Microbiology and Biomedical Laboratories. 5th edition.HHS 
no.(CDC)21-1112.Rev.2009.

“single spores can produce ambient infections by the respiratory 
route.”



IS THE INFECTIOUS DOSE OF c.i. OR c.p. 
1 arthroconidia or 1 fungal spore?
• What can we learn from laboratory-acquired infection?

• Smith (1950) reported that 90% 28 of lab acquired infections resulted 
in clinical disease but 50% of infections in nature are asymptomatic.

• “Attack rates for laboratory and occupational exposure are higher 
than for ambient exposure when large numbers of spores are 
inhaled.”

Smith, CE. The hazard of acquiring mycotic infections in the 
laboratory.78th Annual meeting APHA  St.Louis MO 1950.



What factors must be considered when 
formulating an OEL from MID?
1.Concentration of particles in source: unit of measurement

2. Volume of source material that become airborne per second/minute

2. Concentration of particles on surface: ability of surface 
contamination to become airborne

4.Type of particles: single spore, aggregated spores, attached to other 
particles

5.Size of particles

6.Breathing rate/inhalation rate

7.Nasal or mouth breathing



Classification of Pathogen Hazard: Risk Group

Pathogens are classified as Risk Group 1 to 4

In 1974, the concept of Risk Group is used to establish ascending levels 
of containment that correspond to risks associated with handling 
infectious microorganisms in the laboratory.

Risk group classification is based on three factors:

1.Pathogenicity: ability of the agent to cause disease in humans based 
on the number of organisms required to cause infection;

2.Medical diagnosis and treatment availability

3. Ability of the disease to spread: highest risk is airborne spread 



IS there an ACGIH TLV for worker exposure to 
Coccidioides sp.?
The ACGIH Bioaerosols Committee has adopted the term:

Biologically-derived airborne contaminants.

This term includes BIOAEROSOLS.

BIOAERSOLS includes microorganisms.

BIOLOGICAL AGENT is a substance of biological origin that is capable of 
producing an adverse (health) effect (on workers) including

Infection

Hypersensitivity

Irritation

Inflammation  or other response e.g. intoxication



ACGIH Bioaerosols Committee

TLV Booklet 2020

“There are no TLVs for interpreting environmental measurements of 
infectious agents.”

1. Human-dose response data are available for only a few infectious 
bioaerosols.

2. Air sampling protocols for infectious agents are limited.

3. Air sampling protocols suitable for research (only).



ACGIH Bioaerosols Committee

Facilities associated with increased risk of transmission of infectious 
diseases:

Healthcare Settings

Animal-Handling Facilities

Microbiology Laboratories

Controls:

Minimize air concentrations of infectious agents: reduce from ? To ?

Use PPE to prevent the exposure of workers to bioaerosols: protection 
factor of ?



OSHA Infectious Dose White Paper (2003)

OSHA- PEL for infectious agents

Charge: “Whether infectious doses for organisms could be defined in 
such a way to develop permissible exposure limits to those infectious 
agents.”

ABSA



ABSA Commentary

ABSA has concluded “that the vast resources needed to develop 
scientifically valid quantitative values for infectious dose, the 
assignment of PEL values and the sampling and analysis that would be 
required would not improve worker protection.”

Why?

1. Lack of clear definition of Infectious Dose.

2. No standard method for testing ID in test animals.

3. Extrapolation of infection data from animals to humans are 
unreliable for biological agents.



ABSA Commentary

4. Inbred animals are a poor surrogate for predicting human response 
as humans are a variable outbred population.

5. Infectious dose is affected by

Condition of the Host

Genetics of Host

Previous exposure to IA

6. Bacteria of single species can vary widely in virulence and infectious 
dose: it is not possible to make a generalized statement about the 
infectious dose of a species of bacteria.



ABSA Commentary

7. Infectious dose depends on route of exposure and current data is 
unavailable 

In summary, “ attempts to develop quantitative values for human 
infectious dose are not currently feasible.”



A Noble Attempt?

National Institute of Environmental Health Science (NIEHS) Worker 
Training Program

PATHOGEN SAFETY DATA GUIDE (2016)

The goal of this Guide is to clarify the use of Pathogen Safety Data 
resources available for development of an INFECTIOUS DISEASE 
EXPOSURE CONTROL PLAN  in a broad spectrum of industries.

NOTE: does not apply to Healthcare workplaces or Laboratory 
workplaces-refer to existing regulations and standards



INFECTIOUS DISEASE EXPOSURE CONTROL 
PLAN

A. Management Commitment and Employee Involvement

B. Hazard Identification and Risk Assessment

C. Hazard Control: hierarchy of controls

Administrative, work practice controls, engineering controls and 

PPE

D.  Preventive Medical Services

E.  Worker Training



Major challenges to occupational infectious 
disease risk assessment (step 2)

Limited or no information about

Occupational Exposure Limit for Infectious Agents

Methods to measure airborne or surface contamination with Infectious 
Agents

Applicable information about infectious dose

Occupational infectious disease surveillance data

Routes of transmission

Virulence of the infectious agent



ACGIH White Paper: Ventilation for Industrial 
Settings during the COVID-19 Pandemic
“There is uncertainty as to how many virions (viruses) are required to 
achieve an infectious dose (i.e. how much virus is necessary to infect 
someone) and about the nature of the droplet, aerosols and airborne 
transmissions including 

Relevant particle sizes

Particle behavior over time

Amount of viable virus in a given aerosol particle

August 14 2020



Conclusions

1. Workers are intentionally and unintentionally exposed to single or 
multiple infectious agents in the workplace routinely or 
sporadically.

2. Workers experience work-related infectious diseases in any 
occupations

3. The lack of Occupational Exposure Limits prevents rational 
implementation of Infectious Disease Exposure Control Plans 
despite CAL OSHA regulations. 

4. The lack of standard sampling and analysis methods prevents 

commercial testing laboratories from supporting  IH/OH



Conclusions

6. Well-meaning scientists associated with ACGIH and ABSA have 
effectively and perhaps unintentionally prevented progress toward 
setting Threshold Limit Values for Pathogenic Bioaerosols both 
infectious and non-infectious  for decades. This needs to change.

7. In order to move ahead in 2020, there are two approaches to 
providing guidance to the occupational hygienist:

Quantitative Microbial Risk Analysis as used to assess infectious disease 
risk in food and water and



Conclusion

• Adopting a semi quantitative approach using

NIOSH Exposure and Control Banding for
Hazard Identification
Hazard Assessment
Hazard Reduction and Control

GOAL:

TLV should be established for Coccidioides in the Industrial Workplace


