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Aerobiology is a branch of biology that 
studies the passive transport of airborne

organic particles, such as bacteria, fungal 
spores, very small insects, pollen grains and 
viruses (= bioaerosol) and their impact on 

human and plant health.
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Why to detect fungal spores?

 Pathogenic spores can be detected in 
the very early stage of introduction, even
before the symptoms occurr.

 To discover the biology of the pathogen
= spread in the environment and during a 
season (life cycle)



How it helps in Sentinel experiments‘ 
monitoring?

It monitors the space between planted and native trees
= between source of infection and symptoms.

 Sentinel plantations: 
 Are the symptoms a consequence of present airborne pathogens?

 Are the airborne pathogens present, but the syptomless plants are resistant?

 Sentinel nurseries:
Monitoring of airborne pathogens spreading from the seedlings



How to do it? With spore traps!

 Passive: particles are naturally landing on an adhesive
surface (microscopic slides, glass rod, filter paper, tape)

 Active: active mechanism to increase the capture
(rotorods, columetric, cyclon and others)



Passive spore traps



Passive spore traps

Burgdorf et al. (2022)

BioScout



Passive spore traps

+
Cheap

Light
Independent on electricity

All sizes of spores
Easily homemade

Exhibit natural mechanism of spore deposition
Rather easily microscoped

DNA extraction easy
Low risk of overloading = long sampling periods

-
Lack of the dimension of time

Low sensitivity
Unknown spore concentrations



Active: slit sampler



Slit sampler

+
Cheap

Light
Fair sampling rate
All sizes of spores

Easily microscoped
DNA extraction easy

Low consumption

-
Lack of the dimension of time

Sensitive to wind (in-doors)
High risk of overload = short sampling periods

Electricity dependent



Active: Andersen sampler



Andersen sampler

+
Fair sampling rate
All sizes of spores

Spores asorted = no overload -
Rather expensive

Lack of the dimension of time
Sensitive to wind

High el. Consumption
Designed for in-doors



Active: rotorods/rotoslides



Active: rotorods



Rotorods

+
Cheap

Light
High sampling rate (over 50l/min)

High sensitivity
Rather easily homemade

No wind sensitivity

-
Lack of the dimension of time

Not suitable for small spores (bellow 8 µm)
Higher el. consumption

Fragile
Risk of overload

Maintenance needs practice



Active: rotoneedles



Rotoneedles

+
Cheap

Light
High sampling rate (over 50 l/min)

High sensitivity
Rather easily homemade

No wind sensitivity
Easy to maintain

-
Lack of the dimension of time

Not suitable for small spores (bellow 8 µm)
Higher el. consumption

Risk of overload
Not exact spore concentrations



Stanovení vzorkovací rychlosti a min. velikosti spór pro 
ROTTRAP 104



Active: Seven-day automatic volumetric sampler

Burkard Manufacturing, Ltd. (UK)

AMET (CZ)

Lanzoni VPPS 2000 (I)



7-day automatic volumetric sampler

+
Dimension of time
Spores of all sizes

Fair sampling rate (10 l/min)
High sensitivity

No risk of overload
No wind sensitivity

-
Expensive

Heavy
Higher el. Consumption

DNA extraction - intercontamination



Active: cyclon sampler



Cyclon sampler

+
DNA methods friendly – eppendorf tube mounted

Spores of all sizes
Fair sampling rate (10 l/min)

High sensitivity
No wind sensitivity

-
Expensive

Heavy
Higher el. consumption
No dimension of time



Active: impinger



Impinger

+
Cheap
Small

Better for waterborne spores?
DNA methods friendly

No overload
Special buffers

-
Higher el. consumption
No dimension of time

Spores diluted in bigger volume
Risk of evaporation

Wind sensitivity



Active: Ionic Spore Trap

Maverick PDM
SEM stub



Ionic spore trap

+
DNA methods friendly

SEM friendly (stub inserted)
Spores of all sizes + very small

particles

-
Expensive

Higher el. consumption
No dimension of time
Selection of spores?

Wind sensitive
Risk of overload



Virtual impactor



Virtual impactor

+
Spores asorted = two groups

of sizes with different
sampling rate

DNA methods friendly
Low risk of overload

-
Expensive

Higher el. consumption
No dimension of time

Selection of spores
Wind sensitive



How to identify and quantify the
samples? 
 Microscopically

 DNA based methods

 Image analysis

 HPLC (High Performance Liquid Chromatography – chemical substances)

 FCM (Flow CytoMetry)



Microscopic identification/counting

• Transsect/whole sample (tape from volumetric ST, 
glass from slit trap)

• Haemocytometer (Bürker chambre) – exact volume
(impinger)

• SEM (Ionic spore trap, slit sampler)



DNA based methods for target
pathogens
First step = DNA extraction with proper 
spore disruption (mechanical, chemical). 
Then:

 PCR (lower sensitivity)
 Quantitative real-time PCR with absolute quantification (highest sensitivity)
 Isothermal amplification (high sensitivity, no need of thermocycler): 

a) LAMP (Loop mediated isothermal amplification)
b) RPA (Recombinase polymerase amplification)
c) HDA (Helicase-dependent amplification)
d) SDA (Strand displacement amplification)



DNA based methods to detect
„everything“

First step = DNA extraction with proper spore disruption
(mechanical, chemical). Then:

METABARCODING:
• Amplicon-based metagenomics = targeted sequencing

(Illumina, Oxford Nanopore) to e.g. ITS1/ITS2 region
• Long read metagenomics (PacBio, Oxford Nanopore) = 

targeted sequencing of whole gene regions – more specific
DATA ANALYSIS: 
Identification of sequences in nucleotide databases (GenBank, 
UNITE)



Image analysis

BioScout



Image analysis

1. Volumetric spore trap sampling on a sticky tape
2. Exposed tape shotted by a camera via automatic microscope
3. Hundreds of images sent via 4G cellular network technology to a 

data centre
4. In the data centre, images are automatically compared with a 

database of determined microscopic images of spores via 
machine learning and counted.

5. Spore numbers together with weather data are available to 
customers via app.

6. Next step: disease and weather data integration into a next-
generation disease model and forecast.





Pathogens air-sampled by Mendelu team
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Dothistroma septosporum
Lecanosticta acicola
Hymenoscyphus fraxineus
Fusarium circinatum
Caliciopsis pinea
Heterobasidion annosum
Cryptostroma corticale
Lichenes

Application


List1

				2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026

		Dothistroma septosporum

		Lecanosticta acicola

		Hymenoscyphus fraxineus

		Fusarium circinatum

		Caliciopsis pinea

		Heterobasidion annosum

		Cryptostroma corticale

		Lichenes





List2

				Volumetrický lapač		Rotační lapač

		Odchyt v reálném čase		ano		ne

		Poř. cena (Kč)		18 000		1 800

		Min. velikost spór (μm)		1		7

		Hmotnost (kg)		5		0,5

		Ovlivnění větrem		neg. při slabém větru		žádné

		Periodicita obsluhy		7 dní		48 h

		Riziko přehlcení		velmi malé		hrozí

		Rychlost vzorkování (l/min)		10 - 35		52 - 104

		Určení rychlosti vzorkování		přesné		teoretické























































7-day automatic volumetric spore trap

 AMET (Velké Bílovice)

Technika pro odchyt spór



Rotorods (ROTTRAP 120, 52)

Miloň Dvořák (Boršov nad Vltavou)

Technika pro odchyt spór

• Miloň Dvořák (Boršov nad Vltavou)



Hymenoscyphus fraxineus – Ash dieback



Hymenoscyphus fraxineus – Ash dieback

Vertical pattern of spread

• 11 samplings per 48h during 2020 season
(July and August),

• Sampling at 48, 37, 26, 14 m above and
on the ground

• Rotating arm spore trap ROTTRAP 52,
• qPCR detection (Chandelier et al., 2010)



Fusarium circinatum – Pine pitch canker



Cryptostroma corticale – Sooty bark disease of sycamore



Thanks for attention!

Miloň Dvořák (milon.dvorak@mendelu.cz)
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