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I. Defining the risks

• The environmental fungal risk : the identified and quantified 

presence and persistence of potentially harmful filamentous fungi, 

likely to be transferred to a patient during treatment 

= biocontamination or pollution

Aspergillus



Molds present in the environment and involved in infections:

Aspergillus
Fusarium

Penicillium
Scedosporium
Scopulariopsis 

Lichtemia
Mucor

Rhizopus
Rhizomucor 
Alternaria

Cladosporium
Exophiala etc…



How to avoid biocontamination or pollution ?



I. Defining the risks

• The risk of infection : results from exposure of the host 

to a microorganism. It can be defined as the likelihood of 

infection following exposure to a potentially pathogenic 

microorganism

Risk of infection = Inoculum x microorganism's virulence

host's resistance

• Risk of nosocomial fungal infection associated

with fungi during hospitalisation



The relationship between Aspergillus exposure and the risk of 

infection  is well established,

- qualitatively 

- and descriptively

II. Analysis of the relationship between the environmental 

fungal pollution and the risk of fungal infection

⇒ However, it is difficult to establish it in quantifiable terms 

- highly fluctuating nature of fungal contamination

- influence of measurement uncertainties

- statistical demonstration (low incidence/rare events of invasive 

aspergillosis)

- etc… Risk threshold : a hard question ?



1. COMPREHENSIVE STUDY OF EPIDEMICS

2. STUDY OF THE IMPACT OF AIR TREATMENT MEASURES

3. A PROSPECTIVE APPROACH 

II. Analysis of the relationship between the environmental 

fungal pollution and the risk of fungal infection

=> 3 approaches could help characterize this relationship and 

attempt to define a level of contamination above which the risk 

of aspergillosis would be increased



Both clinical and mycological data obtained on a continuous 
basis are needed

- 24 outbreaks 
- during which measurements were made of airborne 
contamination

=> measured values varied significantly 0 -> 235 CFU/m3

depending on the outbreak and the sampled sites 

[VONBERG 2006]

1. COMPREHENSIVE STUDY OF EPIDEMICS



1. COMPREHENSIVE STUDY OF EPIDEMICS

ARNOW et al. [JID 1991]
⇒ a six-year clinical and mycological follow-up
⇒ during which one aspergillosis outbreak occurred 
during the epidemic outbreak

Airborne concentration of Aspergillus 

Pre- and post-epidemic periods Epidemic outbreak

< 0.2 CFU/m3 1.1 to 2.2 CFU/m3 

Risk threshold : 1-2 CFU/m3 ?



2. STUDY OF THE IMPACT OF AIR TREATMENT MEASURES

Nb IFI/Nb high 

risk patients

Before laminar 

air flow

After laminar air flow Threshold proposed

RHAME 1984 12/67 9/167 A. fumigatus is <0.9 CFU/m3

SHERERTZ 1987 14/73 0/40 Aspergillus < 0.009 CFU/m3

BARNES 1989 6/19 0/19 -

ARAUJO 2008 6/198 0/205 -



3. A PROSPECTIVE APPROACH 

Risk threshold : 2 CFU/m3



III. Monitoring of environmental fungal contamination in 

hospitals





1. Why monitoring the environmental fungal 
contamination in hospitals?

2. When/where ?

3. How ?



1. Why monitoring the environmental fungal 
contamination in hospitals?

• to detect increases in conidia density 
• to assess air filtration efficiency 

2. When/where ?
• in hospital units which benefit from air control 

measures
• in case of Aspergillus infection
• In case of construction and renovation works

3. How ?
• Air and surface sampling



Comparison of biocollectors for air sampling

Methods : impaction, filtration, centrifugation
Reference impactor : Andersen device 

Sampl ’air MK2
(AES Laboratories)

Air Ideal
(BioMérieux)

Air Sampler Mas 100
(Merck)

New generation impactors : > Andersen / other methods

Gangneux, ICHE 2006

Nesa, JHI 2001



Sampl’Air 
(AES Chemunex)

Air Ideal 
(bioMérieux)

BACTair - Airport MD8 
(Sartorius)

Classical Petri 
dish(90 mm)

Special 
BACTairTM 

dish and 
sieve

(110 mm)

100 L/min

125 L/min

Méheust et al., J Occup Environ Hyg. 2013;10(8):455-9



Culture vs. cytometry for fungal quantification in hospitals

Combination of two technologies

Liquid cyclone high-volume   
air sampler

- Air flow rate: 100 to 300L/min

- Sampling time: 1 to 10 min

- Particle size: > 0.5µm

Coriolis (Bertin Technologies)

Liquid sample

Esterase =

= Fluorescein

ChemScan system (AES Chemunex)

Solid-phase cytometry

Enzymatic ‘viability’ staining procedure

A double discrimination key : 

viability and cell membrane integrity



Comparison of 2 samplers

Sampl’Air (AES)

Cultural 
analysis

Coriolis (Bertin 
Technologies)

1



Comparison of 2 analytical methods

Cultural 
analysis

Coriolis (Bertin 
Technologies)

Solid-
phase 

cytometry

2



Cultural analyses

Solid-phase cytometry

- Sampl’Air: incubation of MEA plates at 25°C

- Coriolis:    1/3 liquid volume (~ 1m3 air)
spread plate method on MEA dishes at 25°C

Fungal enumeration at days 3 and 5

4. Microscopic 
validation

1. Filtration

2. Pre-Labeling (3h)

3. Labeling (1h) 3. ChemScan analysis

- Coriolis:    1/3 liquid volume (~ 1m3 air)



Presumed level of 
fungal contamination

Site sampled 
(hospital)

No. of samples per sampler

Coriolis Sampl’Air

High Office 10 20

Medium Conventional room 10 20

Low Corridor in 
hematology unit

10 20

Negative Room with laminar 
air flowa

10 20

a Provided with high efficiency particulate air filtration

Air sampling protocol in the Teaching Hospital of R ennes (France)

Air sampling conditions

Sampl’Air: 2 * 500L on Malt Extract Agar plates – 100L/min  → 10min

Coriolis:    3m3 in 15mL liquid sample – 300L/min  → 10min



Quantification of viable fungi

One-way ANOVA on the fungal concentrations obtained after air samplings with Coriolis

bar heights represent mean of 10 samples ± 1 standard deviation. * indicates a statistically
significant difference between the measurements by the two analytical methods (p <0.05).
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Days

Culture plate 
seeding

Sampling

< 1 day

First 
counting

Microscopic 
identification

t = 5 daysIncubation 
at 25 °C

Final 
counting

Action Decision
- Cleaning measures

- Reopening of high risk areas

- Patients’ return to their room

Culture-based method

Solid-phase cytometry

D1 D2 D3 D40

Hours

Filtration + 
Activation medium

Fluorescent 
viability stain

Laser 
scanning

Microscopic 
validation

Pre-Labeling 
at 30 °C – 3 h

Labeling at 
37 °C - 1 h

t < 5 h

< 3 h

Sampling

H4H3H2H10

Méheust et al., J Hosp Infect. 2013 Feb;83(2):122-6

… but requiring complementary methods for identifica tion
Culture-based methods : a non-costly and easy identification of 

the cultivable fungal diversity

A rapid quantification of viable fungi…



Surface sampling

Contact Petri dishes

Humidified and non-humidified swabs



Fungal counts on Malt and Tryptic Soy Agar
(mean + sd of 12 measures)
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Gangneux, ICHE 2006,
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Rythm of the surveillance (French study Group, Presse Med 2002)

- Rooms equipped with LAF system :1X/trimestre

- Shared rooms of the ward / corridors : 1X/month

Under the air flow
-1 air sample
-Surface samples : bedside 
table, telephone, television, 
technical block…

Outside the air flow
-1 air sample
-Surface samples : floor, 
extraction grid, window sill…

1-2 air samples +  5-10 surface samples



Mycological analysis

- Aspergillus sp.

- Total fungal flora ++

⇒marker of risk for the presence of Aspergillus sp.

Alberti, J Hosp Infect 
2000

- Phenotyping and genotyping of human/environmental isolates ?
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Risk of fungal infections, and 
construction work in 

hospitals 
Identification of risks and 

implementation of 
management precautions





IV. Risk characterization during construction and renovation works

⇒ Combination of 3 risk analysis

2. Identification and quantification of 
populations at risk of invasive fungal 

infection

3. Identification and quantification of 
hospital wards or units at risk of 

fungal infection

1. Identification of the environmental 
fungal risk according to the type of 

construction work





2. Identification and quantification of populations at risk of invasive 
fungal infection

Very high-risk populations High-risk populations Lower-risk populations

- Allograft of hematopoietic stem cells, 

especially in the case of old age, disease 

relapse, second allograft, pheno-versus geno-

identical graft, HLA incompatibility, total body 

irradiation (TBI) during conditioning, 

according to the type of graft (placental blood 

versus other cellular sources, T-depleted 

graft), presence of a graft versus host disease, 

of a cytomegalovirus (CMV) disease, of iron 

overload;

- autografting of hematopoietic medullary 

stem cells;

- severe combined immunodeficiencies;

- post-chemotherapy neutropenia (with 

neutrophil counts [ANC] of < 500/mm3 > 14 d 

or < 100/mm3 regardless of duration;

- Severe bone marrow failure

- High-dose corticosteroid therapy in the 

treatment of acute lymphoblastic leukemia;

- post-chemotherapy neutropenia (with an 

ANC of < 500/mm3) lasting less than fourteen 

days;

- solid organ transplant:

pulmonary, liver kidney, heart, pancreas, 

intestine;

- chronic pulmonary diseases treated with 

corticosteroids or other immunosuppressants: 

obstructive pulmonary disease, emphysema, 

bronchiectasis, uncontrolled asthma, cystic 

fibrosis;

- chronic granulomatous septic disease ;

- newborns in neonatal resuscitation;

relapsed or refractory acute myeloblastic 

leukemia

- Repeated and/or prolonged high-dose 

corticosteroid therapy;

- HIV positive patients with AIDS, with CD4 T 

lymphocytes + of <50/mm3;

- patients on mechanical ventilation;

- patients on dialysis;

- patients on chemotherapy;

- diabetic ketoacidosis;

- burned persons (> 50% body surface area);

- systemic disease.





V. Implementation of management precautions

1. Implementation of an impact study 

2. Identification of risk management precautions

3. Indicators for the determination of the impact of management 

precautions on the risk of fungal infection

4. Areas of responsibility for the fungal risk management

⇒ 4 steps











VI. Proposed indicators for the determination of the impact 

of management precautions on the risk of fungal infection 

1. Visual checks

• doors tightly sealed (using adhesive tape for example)

• windows closed

• ground dust collection mat checked and replaced (at 

least daily, and whenever it is clearly saturated)

• obvious presence of dust (clouds, footprints, dusty 

surfaces ...)





3. Particulate checks

2. Checking the negative pressure in the construction zone



4. Fungal biocontamination checks of the air and surfaces

• in protected areas where immunosuppressed patients reside for 

prolonged periods

• in other areas under construction, at least at the end of the 

construction work, following bio-cleaning of the premises



Gangneux et al., J Mycol Med. 2012 ;22(1):64-71



Monitoring and areas of responsability

Gangneux et al., J Mycol Med. 2012 ;22(1):64-71



5. Epidemiological surveillance of invasive fungal infections

⇒ The final indicator for the beneficial effects of preventive 

measures

⇒ a tool for the detection of grouped cases and/or epidemics, 

allowing corrective measures to be considered

a/ Creation of a local structure for epidemiological surveillance

b/ The investigation of clusters of cases or epidemics





Websites :
Société Française de 
Mycologie médicale

Société Française 
d’Hygiène Hospitalière



Jean-pierre.gangneux@chu-rennes.fr
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