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The presence of microorganisms, and more specifically

fungal contamination, may result from (Oplliger, 2014):

▪ Natural colonization of organic material present at

the site

▪ Intentional addition (e.g., in the food industry)

1.1 – Introduction
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▪ Each collected sample is unique: its composition

varies over time and space (in terms of species

abundance and diversity) (Oppliger, 2014; Viegas et al., 2021a).

▪ Assessing exposure to microbiological agents

(including fungi) is a challenging task.
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▪ Exposure can be estimated using a variety of sampling methods; however, each is

unique and requires a specific methodology (Oppliger, 2014; Viegas et al., 2015a; Viegas, 2018).
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Sampling is done to (Viegas and Pinheiro, 2015; Reponen, 2017):

▪ To verify and quantify the presence of microorganisms in the air or

contamination of materials

▪ To identify sources of contamination

▪ To monitor the effectiveness of implemented control measures

▪ To assess human exposure
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Sampling can provide useful information to:

▪ To characterize exposure conditions

▪ To determine whether the contamination represents a potential health risk

▪ To establish the need for control measures

▪ Sampling may not be necessary if there is

substantial evidence of visible contamination (Viegas e

Pinheiro, 2015; Reponen, 2017).
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▪ Exposure assessment of microorganisms can be carried out using qualitative or

quantitative methods, or a combination of both.

▪ Qualitative assessment includes visual and olfactory observations resulting from

damage in indoor environments, such as damage caused by water infiltration (Mendell e

Kumagai, 2016).
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• Quantitative assessment requires two distinct steps: sample collection

and analysis.

Samples Assays
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▪ There is still a lack of consensus on the

sampling methods to be used in a specific

context or environment.

▪ Difficulty in comparing results and in

establishing exposure limit values by

regulators (Ferguson et al. 2019; Whitby et al., 2022).

1.2 – Sampling strategy
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What is the
assessment

goal?

What is the
kind of

environment?

What is the
agent to 
target?

What is the
type of

exposure?

What is the
sampling
method?

What are the
assays to be
employed?

Is there a 
need of

results in 
real time?

What level of 
detail do we 

need?

It is 
necessary to 

know the 
health 

effects? Adopted from Whitby et al., 2022. 
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▪ Should sampling focus on individual exposure or on the

workplace/indoor environment?

▪ What are the research targets? (Microorganisms, their

metabolites, or specific genes related to pathogenicity or resistance)

▪ Which analytical methods should be applied? (Culture-based

methods and/or molecular tools)

▪ What constraints exist? (Access to the site, costs, sampling

methods, and analytical methods)

▪ What sample volume/quantity is needed? (To apply the

analytical methods we intend to use)

(Whitby et al., 2022) 
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Persistent challenges influence the selection of sampling methods:

▪ Low microbial contamination in some environments (clinical

settings and viral contamination)

▪ The sampling methods to be applied are dependent the

analytical methods

▪ Legal framework in place only considers results obtained from

culture based-methods (CFU·m⁻³)

(Viegas et al. 2017; Viegas 2018; Whitby et al., 2022)
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Two different sampling methods: active and passive

▪ Active samplers collect and draw a volume of air into a particle collection device

▪ The air inlet should be designed so as not to disturb the airflow (Delort e Amato 2018).

▪ The results are generally expressed in CFU·m⁻³.

▪ These methods allow the determination of the load of the targeted microorganisms (Mainelis 2020).

1.3 – Sampling methods
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The general principles of sampling using active methods are the same as those

used for other airborne particles (Viegas e Pinheiro, 2015; Reponen, 2017):

▪ impactation

▪ impingement

▪ filtration

Impactation mechanism and active sampling device (Andersen one stage)
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Impinger device (SKC)
Filtration device (SKC Button Sampler)
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Features and constrains of active methods

Features (Cox et al. 2020; Whitby et al., 2022)

▪ They can be used in combination with classical microbiology and molecular tools.

▪ They can collect large volumes of air in a short time.

▪ They can operate for hours or days.

▪ They are more suitable for low-contamination environments (e.g., hospitals).

Constrains

▪ The sampling is dependent on the selectivity of each device (particle size)

▪ Expensive
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▪ Passive methods are the easiest to use, more cost-effective, and do not cause

disturbances during sampling (Haig et al. 2016).

▪ They rely on the deposition of particles, due to gravity, onto a surface or medium (Haig et al. 2016).

▪ They provide quantifiable results (CFU/m²/h) (Haig et al. 2016).

▪ The deposition velocity of particles depends on their size and density (Hinds 1998).

▪ These methods allow the assessment of contamination by the targeted microorganisms (Mainelis

2020).

▪ Examples: Rodac plates, surface swabs and Electrostatic Dust cloths.
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Rodac plates
Electrostatic dust cloth

Surfaces swabs
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Advantages and disadvantages of passive methods
Features (Cox et al. 2020; Whitby et al., 2022)

▪ They can be used in combination with classical microbiology and molecular tools.

▪ They can be used over extended sampling periods.

▪ They do not disturb ongoing activities.

▪ They are cost-effective.

▪ They do not require a power source.

Constrains

▪ They may cause loss of microbial viability due to desiccation of the medium.

▪ When settle plates with a selective medium are used, the investigation is limited.

▪ The particle deposition rate is low (< 5 m³/day).
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The sampling campaign is carried out through air sampling (active methods) and

passive methods, as well as through the collection of materials that allow the direct

assessment of indoor contamination sources (Viegas et al., 2018; 2019c; 2020a,b; 2022b).
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▪ Aspergillus spp. case…

An association was observed between the

Fumigati section and:

▪ Certain workplaces (waste sorting

stations, veterinary clinics, and dairy

farms)

▪ Respiratory protective masks (FRPD) as

a sampling method

▪ MEA
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▪ Results obtained from active and passive methods represent different types of

microbial exposure, and it may be advantageous to use a combination of both (Viegas et

al., 2021b).

▪ Sampling strategy needs to consider (Reponen, 2017; Whitby et al., 2022):

- The key decision-making aspects and the 20 key questions

- The microorganisms to be investigated

- The variables that may contribute to their proliferation

Sampling strategy to applied
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1.4 – From sampling to analysis: Key considerations

Assays to employ

▪ Active methods (Impaction, Filtration and Impingment) can

be applied for culture-based and molecular methods

(Ferguson et al., 2019).

▪ Impingers and impaction devices are commonly used with

culture based-methods (Lindsey et al., 2017).

▪ Filters have been widely used for both types of analysis, but

the type of filter may favour either culture-based

methods or molecular analyses (Whitby et al., 2022).

Whitby et al., 2022. 
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Representativeness of the sample (Ferguson et al., 2019)

▪ Sampling duration and air volume depend on the type of study or assessment.

▪ Microbial counts obtained using an impinger are not real.

▪ Sampling 300 L over 10 minutes is not = to 300 L over 2 hours (different microbial

communities).

▪ Less abundant microorganisms may not be detected in high air-volume samples

▪ Molecular tools: Filters (3.36 m³ of air); impingers (6 m³ of air).
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Other influencing factors

▪ Microorganism concentrations vary over time and space (Lindsley et al., 2010)

▪ Contamination sources are seasonal (Emerson et al. 2017)

▪ For long-term exposure assessment, ventilation and air conditioning system filters can be

used (Hurley et al., 2019; Viegas et al., 2018)

▪ Impingers are suitable for snapshot sampling

(100 L·min⁻¹), but they do not allow

assessment of potential effects related to

exposure duration (Ferguson et al. 2019; Cox et al. 2020)
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1.5 – Protocols to assess exposure

For each study or assessment, there is an appropriate protocol, which depends on

(Whitby et al., 2022):

▪ the environment (indoor or outdoor)

▪ the relevant legal frameworks (e.g. hospital settings or poultry farms)

▪ the questions we aim to answer (quantification, characterization through identification, or

detection of pathogens)
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In conclusion (Whitby et al., 2022):

▪ The sample should be representative of the environment and of what is intended to be

investigated.

▪ It should also ensure sample suitability for the respective analysis.

Combine different appropriate sampling and assays methods

▪ to the questions we aim to answer

▪ to each type of environment
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2.1 – Waste collection - Canada

SASS air 3100 air sampler

CIP10-M

Sampling

Analyses
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Publication highlights

▪ Waste collection activities influence

workers exposure to biological agents.

▪ Garbage collector’s exposure to

bioaerosols may represent a health risk.

▪ Microbial exposure assessment is improved

by the DD-PCR absolute quantification.

▪ Cytotoxic testing enables the overall toxicity

of the air inhaled by workers.
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Waste colection - Portugal

Coriolis Air sampler Swab surface
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Publication highlights

▪ Comprehensive sampling and analyses approach is

needed for microbial exposure assessments

▪ Aspergillus section Fumigati was suggested an

indicator of occupational health risk.

▪ Waste collection might be a hotspot for the

development of azole resistance.

▪ Mycotoxins were detected in the waste collection trucks
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Waste sorting - Portugal

FRPD Interior 
Layer

FRPD 
Exhalation

Valves

▪ Bacteria quantification

▪ Fungal quantification and identification

▪ Azole resistance profile

▪ Fungal biomass and toxigenic strains detection

▪ Mycotoxins detection

▪ Cytotoxicity analyses
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Publication highlights

▪ Filtering Respiratory Protective Devices (FRPD)

presented high levels of microbial contamination.

▪ FRPD can be used as passive sampling methods to

assess occupational exposure.

▪ Waste sorting is a hot spot for azole resistance

▪ Interior layers exhibited higher cytotoxicity effect

than exhalation valves.
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Fitness centers

Publication highlights

▪ Passive sampling can be useful in identifying the most

contaminated areas.

▪ Having a swimming pool in the facilities increases

microbial contamination.

▪ Widespread of Aspergillus section Fumigati and

species with toxigenic potential was observed.

▪ Mops may boost cross-contamination including

mycotoxins dissemination.

▪ Frequent and effective cleaning procedures should be

implemented.
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Clinical environment - Ambulances
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Publication highlights

▪ Toxigenic fungi with clinical relevance were found on

ambulance´s air.

▪ Surfaces contamination increased after cleaning.

▪ Mycotoxins were detected in the mops and EDC

▪ MRSA and fungi azole resistant were detected in the

ambulances.

▪ Ambulances crew presented colonization with MSSA and MRSA.
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Clinical environment – Health care centers

Coriolis Air samplerMillipore Air sampler

Surface swabs
HVAC filters EDC Settled dust
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Publication highlights

▪ Portuguese legal criteria for bacteriota was not complied

in all PHCC and for fungal load 60% did not comply.

▪ The presence of mycotoxins was found both in air and

HVAC filter samples.

▪ Fungal biomass results have shown to be good predictors

for bacterial and fungal counts in HVAC filters.

▪ The multi-approach sampling protocol used allowed to

unveil a more real scenario regarding exposure to

bioburden.

HVAC filters
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Clinical environment – Central hospital

MAS-100 air sampler

Button aerosol sampler
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Publication highlights

▪ Portuguese legislation was not effective to

assess IAQ.

▪ Toxigenic fungal species were identified by

culture based-methods and detected by

qPCR.

▪ Low levels of endotoxins were observed in

the environmental matrices.

▪ …
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▪ Fast, reliable, and cost-effective methods are needed to characterize

microbiological contamination, identify occupational risk factors, and, in the

future, establish exposure limit values.

▪ Both sampling methods (active and passive) and the associated assays have

advantages and disadvantages.

▪ It is necessary to understand the limitations underlying each method in order to

properly interpret the results.
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▪ There is an urgent need to establish a consensus to be applied in each specific

situation, in order to contribute to accurate exposure assessment and to the

characterization and risk control.

▪ Sampling methods and assays play a decisive role in the field of Public Health

and, more specifically, in Occupational Health.
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