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What is quantitative microbial risk
assessment (QMRA)?

Hazard Identification

Exposure Assessment

Dose-Response Assessment

Risk Characterization



Hazard Identification

What is the pathogen of concern?
What health endpoints does it cause?
What do we know about the organism and how it
is spread?



Is the pathogen present and at what magnitude?
How is it spread from the source to a susceptible
person?
At what rate does it decay in the environment?
How do people behave in this environment that
could result in a dose?
How big do we think that dose is given what we
know about the system?

Exposure Assessment



Various
mathematical

approaches for
modeling viral

dispersion,
including

computational
fluid dynamics

Wilson et al. (2021)



Quantitative relationship between dose and
probability of a health endpoint, usually
infection with the pathogen of interest
Considerations about which dose-response
curve(s) may be best for our scenario in question

Dose-Response Assessment

Van Abel et al. (2017)



It can be hard to
know which one

to choose!

...and we don’t
have to choose

just one.

Van Abel et al. (2017)

Dose-Response Assessment



Risk Characterization

We bring the pieces together to yield a
quantitative probability of the health end point
given what we know about the pathogen and the
enviornmental conditions



May compare the risk to
thresholds we deem
acceptable
Inform what concentrations
would be needed to achieve
the risk target
Explore how interventions
change the predicted risk
Perform sensitivity analyses

What happens next?



Comparing different mask
materials for COVID-19 risk
reduction
Explore different outcomes
based on exposure
duration and assumptions
about relationship between
genome copies and
infectious virus

Wilson et al. 2020. PMID:32502581 



Compare relative contributions of
exposure pathways to risk
Relate intervention effectiveness to risk

Jones 2020. PMID: 32643585.



Compare risks or other outcomes
(disability-adjusted life years) to
acceptable thresholds to inform
environmental hygiene standards Hamilton et al. 2019. PMID:30629886.



Partitioning
coefficient
approach

Considers
aerosol size
profile per

fixture type
(i=aerosol size

range)



Hamilton et al. 2019. PMID:30629886.



Engage with communities to build risk tools
for decision-making support



Advantages of QMRA

Useful for estimating the impact of interventions
Can model scenarios that are difficult or unethical
to observe
Insights into how exposures may be occurring
Translating environmental micro data to anticipated
public health burden
Useful for informing policy and economic analyses,
such as cost-benefit analysis
Faster and often cheaper than other means of
evaluating disease risks (i.e., epidemiology)



Disadvantages of QMRA

Risk estimates may be small and, therefore, are
difficult to validate (would have to observe many
many people to see 1 case)
Exposure models can be difficult to validate
Assumptions are necessary in the face of missing
data or lack of knowledge
Uncertainty may be challenging to convey to media
or lay audiences
Usually requires a multidisciplinary team



Modeling Bioaerosol Exposures

Needed parameters include...

Partitioning coefficient
Aerosol size distributions
Viability of pathogen in aerosols
Description deposition and settling
on surfaces
Inhalation rate of workers
Filtration effectiveness if wearing
face covering
Information about droplet spray
Hand-to-surface and -face contact
rates



Accidental Ingestion vs. Dietary Ingestion



Lung Penetration

Cherrie & Aitken (1999)

The fraction of
aerosols that

reach regions of
the lung

depends upon
the aerosol size.



Wastewater Treatment Plant Example







Hazard Identification
Ingestion exposure pathway

Cryptosporidium hominis
Escherichia coli
Giardia duodenalis
Norovirus
Rotavirus

Inhalation exposure pathway
Adenovirus
Rhinovirus
Influenza A virus
Legionella pneumophila



Collection in Canada over four seasons, 2016-2017
Two plants

Small municipality
Serves ~20,000 people
10 MLD

Large/urban
Serves ~1.1 million
310 MLD

Culturable sample collection
SAS Super 100 dual-head, single-stage multi-hole impactor
(pbi International, Rockville, MD, USA)

Molecular analysis sample collection
SASS 3100 high flow dry filter air sampler (Research
International Inc., Monroe, WA, USA)
Electrostatic sampling filter was used

Exposure Assessment: Pathogen
Concentrations





Dose Response



Case studies
Case Study 1: Individual pathogen infection risks given typical
wastewater treatment concentrations
Case 2: C. hominis and L. pneumophila risks for different tasks
Case 3: Gastrointestinal and respiratory infection risks for
exposure during peak vs. non-peak hours
Case 4: Respiratory infection risks for masks, N95 respirators,
and no personal protective equipment (PPE)



G. duodenalis had highest
median risk, while rotavirus had
the lowest
Adenovirus had highest median
risk, while influenza A virus had
the lowest.

Risk Characterization 
(Case 1 Results)



Other Findings
Case 2: C. hominis and L. pneumophila risks for different tasks

Walking the plant posed highest risk

Case 3: Gastrointestinal and respiratory infection risks for
exposure during peak vs. non-peak hours

G. duodenalis highest risk during peak and non-peak hours

Case 4: Respiratory infection risks for masks, N95 respirators,
and no personal protective equipment (PPE)

N95s = 77% reduciton in median infection risks for L.
pneumophila



Respiratory Virus in an Ambulance
Example



Compartment model to describe the
“transition” of virus from one “state” to

another per time step (fractions of a
minute)

Aerosol source is the patient, or even
lingering aerosols from a previous patient



Sequence of Care Scenarios



As expected, paired respirators/masks are the most effective.
Second most effective is respirators used by first responders, even

though source control is typically seen as the most important.



This model approaches a steady state concentration quickly
over the course of simulated care with a patient



Reducing aerosol emissions from the source impacts the
surface transmission pathway



Putting bioaerosol risks in context



Legionella vs. other considerations



Legionella vs. other considerations

Quon et al. in prep



Legionella vs. other considerations



Mechanistic-machine learning testbed



Minimizing a total cost function



How/where to learn more about QMRA?



Opportunity to Learn More about QMRA...

https://camra.msu.edu/ 

https://camra.msu.edu/
https://camra.msu.edu/


QMRA roadmap- bioaerosols and beyond
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