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1  | INTRODUC TION

Microorganisms, mites, insects, pets, and humans live in the same 
habitats, with the same range of temperature and relative humidity. 
This biological presence can affect human health.1 A sterile indoor 
environment is not possible, nor perhaps desirable.

Musty odors and mold development on walls disturb and so-
cially downgrade inhabitants. Dampness or mold in the home was 
associated with depression.2 Moisture in dwellings has indoor 
(bathing, cooking, condensation due to high relative humidity, and 
cold walls, etc) or outdoor sources (flooding, water leakage, etc).3 
Observation of moisture and the presence of mold in dwellings have 

been associated with respiratory disorders,4,5 such as wheezing6 or 
asthma.7 However, due to insufficient measurement, no causality 
has yet been clearly demonstrated between indoor exposure and 
allergenic diseases.

Respiratory difficulties, cough, rhinitis, and conjunctivitis are the 
main reasons for medical consultation. Now, people associate their 
degraded dwelling with their clinical symptoms and ask for the mold 
risk to be evaluated. Consequently, inhabitants seek administrative, ju-
dicial, or medical means to improve their dwelling condition. In France, 
since 1991, Medical Indoor Environment Counselors (MIEC) have been 
recruited by various structures to lead investigations in patients’ dwell-
ing to help them to improve their living conditions and their health.8
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Abstract
Different countries have tried to define guidelines to quantify what levels of fungi are 
considered as inappropriate for housing. This retrospective study analyzes indoor 
fungi by cultures of airborne samples from 1012 dwellings. Altogether, 908 patients 
suffering from rhinitis, conjunctivitis, and asthma were compared to 104 controls 
free	of	 allergies.	Portuguese	decree	 law	no	118/2013	 (PDL118),	ANSES	 (a	French	
environmental and health agency) recommendations, and health regulations of 
Besançon University Hospital were applied to determine the rates of non- conforming 
dwellings, which were respectively 55.2%, 5.2%, and 19%. Environmental microbio-
logical results and medical data were compared. The whole number of colonies per 
cubic meter of air was correlated with asthma (P < 0.001) and rhinitis (P = 0.002). 
Sixty-	seven	genera	and	species	were	detected	in	bedrooms.	Asthma	was	correlated	
to Aspergillus versicolor (P = 0.004) and Cladosporium spp. (P = 0.02). Thresholds of 
300 cfu/m3 for A. versicolor or 495 cfu/m3 for Cladosporium spp. are able to discrimi-
nate 90% of the asthmatic dwellings. We propose a new protocol to obtain an opti-
mal cost for indoor fungi surveys, excluding surface analyses, and a new guideline to 
interpret the results based on >1000 cfu/m3 of whole colonies and/or above thresh-
old levels for A. versicolor or Cladosporium spp.
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No threshold limit values for mold (TLVs) have been given by 
the World Health Organization (WHO) indoor air quality guideline.9 
Currently,	 there	 are	 no	 United	 States	 of	 America-	Environmental	
Protection	Agency	(USA-	EPA)	regulations	or	standards	for	airborne	
mold contaminants.10 Different countries (Finland, Belgium, Brazil) 
have tried to define guidelines to quantify what levels of fungi are 
considered as inappropriate for dwellings for various kinds of pa-
tients	compared	to	the	healthy	population.	Some	countries	such	as	
Finland have described the measurement protocol but have not de-
fined a threshold.11,12 In 2017, the Belgian Ministry of Health noticed 
that for each of its three regions (Flanders, Wallonia, Brussels) there 
were different criteria to characterize dwellings at risk, but none of 
them had been chosen as a reference because they were consid-
ered unusable (www.health.belgium.be).13 However, in Brazil,14,15 
two	 texts	 from	 the	 Brazilian	 Health	 Surveillance	 Agency	 (Anvisa)	
from 200016 and from 200317 were published establishing referen-
tial standards for indoor air conditioning with a maximum limit of 
750 cfu/m3 for mold. In France, debate on measurement and mold 
thresholds began in 2004- 2006 with the working group of the 
French	Superior	Council	of	Public	Health	 (CSHPF)	which	provided	
rules for dwelling environmental analysis. They were essentially 
based on classifying moldy surface areas (>3 m² required remedia-
tion) and listing at- risk fungi, but no threshold was defined for cul-
ture analysis at that time.18

At the Besançon University Hospital ((UHB) Besançon, France) 
we developed our own interpretation reading grid.19 The cultures 
of air results are subdivided into four classes and the surface results 
are summarized in compliance with the same rules as those imple-
mented	by	the	CSHPF.

In 2013, Portuguese decree law no 118 (PDL 118) introduced 
new criteria concerning the interpretation of air cultures, including 
the whole fungi count, but the PDL 118 also added specifying limits 
for every potentially allergenic or toxic species (ie, Aspergillus versi-
color or Stachybotrys chartarum).20 These criteria provided the most 
ambitious grid in Europe for interpreting culture results.

In 2016, the French National Agency for Environment Health 
(ANSES)	 recommended	 that	 the	CSHPF	 list	 of	 at-	risk	 fungi	 be	 re-
vised and fixed an “abnormal” threshold for culture at >1000 cfu 
of total fungi/m3 and/or moldy area surfaces of more than 3 m² as 
indicating insalubrity for which health authorities should rehouse 
inhabitants.21

The aim of this retrospective study, analyzing 1012 dwellings, 
was to evaluate the usefulness of measuring the concentration 
of indoor fungi by culture to advise patients suffering from rhini-
tis, conjunctivitis, and asthma who are exposed to unhealthy living 
conditions.

First, our protocol was evaluated from a microbiological point 
of view.

Second,	PDL	118,	ANSES	recommendations,	and	our	UHB	self-	
guide for air analysis interpretation were used to determine the rate 
of non- conforming dwellings.

Third, the environmental microbiological results and medical 
data for each kind of disease were compared.

Finally, a new guideline was proposed to interpret the results and 
to obtain an optimal cost for this kind of survey.

2  | METHODS

2.1 | Subjects

Patients suffering from various respiratory diseases (n = 908) seen 
in private allergology offices and several allergology and pneumol-
ogy units of Besançon and Dijon University Hospitals (“Bourgogne- 
Franche- Comté” region) were referred to the “Réseau d’Allergologie 
de Franche- Comté” (RAFT) (n = 491) and to the “Mutualité Française 
Bourgogne” (MFB) (n = 417). The RAFT is a structure organized by the 
regional	agency	of	health	(“Agence	Régionale	de	Santé”—ARS)	to	help	
in the management of allergic patients by proposing the advice of a di-
etitian for food allergies or an MIEC to evaluate the sanitary conditions 
of dwellings and to suggest improvement. In the western part of the 
“Bourgogne- Franche- Comté” region, the MFB assumed this role for the 
members of one of the numerous mutual health insurance companies 
available.	The	MFB	staff	includes	two	MIEC.	(See	map	Figure	1.)

The allergic patients’ homes included in the study were inspected 
and managed by these two networks, and fungi samples were taken 
by	MIEC.	Subjects	 free	of	allergic	 respiratory	symptoms	from	two	
previous studies were used as the control groups ((Hematologic 
Group (HG) n = 56)22 and (Composting Group (CG) n = 48)).23

2.2 | Environmental survey procedure

The medical and environmental questionnaires, protocol visits, sam-
pling, and analyses were the same throughout the study for all par-
ticipants. The MIEC went to dwellings and took on average of four 

Practical implications

• Dwellings with >1000 cfu/m3 in whole molds, either 
300 cfu/m3 of Aspergillus versicolor or 495 cfu/m3 for 
Cladosporium spp. must be considered as dwellings at 
risk for allergic patients.

• The Portuguese-decree law no 118/2013 could be mod-
ified by raising the thresholds of A. versicolor from 12 to 
300 cfu/m3 thus lowering the rate of non-standard 
dwellings from 55.2% to 23.3%.

• Four species out of 67 isolated from dwellings are cor-
related to asthma: A. versicolor (P = 0.004), Cladosporium 
(P = 0.02), Aspergillus niger (P = 0.03), Alternaria alternata 
(P = 0.05).

• Bedroom airborne samples indicate the best level of in-
door	fungi	pollution	of	a	dwelling.	Surface	analyses	are	
too dependent on sampling practice and should not be 
used systematically, except for large contaminated 
 surfaces (>3 m²).
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air samples (100 L each) by impaction (100 L/min) using Mas- 100TM 
device (Merck®, Darmstadt, Germany), a single- stage multi- holed 
impactor (400 holes/90 mm). At each sampled dwelling, the sam-
pling grid was disinfected beforehand using a 70% alcohol solution 
and rinsed with sterile water under a class II microbiological security 
station. For sampling, the device was deposited at a level of 0.8 m on 
a tripod. The four surface samples (100 cm² each) were taken with 
wet swabs on surface moisture if present, or 10 cm below the middle 
of the window (often a damp area) if no surface moisture was visible. 
Rooms systematically sampled were as follows: bedroom, bathroom, 
kitchen,	and	living	room.	Sampling	was	carried	out	with	closed	win-
dows from 1st October to 30 April, so as to avoid the summer pe-
riod. Inquiries (visits and questionnaires on flooding, water leakage, 
aerating, room ventilation habits, etc) were supplemented with dif-
ferent measurements (temperature, relative humidity, mite detection, 
and gas). In cases where the CO or CO2 rate was too high, the health 
authority	(ARS)	was	immediately	informed.	If	the	measured	tempera-
ture was below 18°C and the relative humidity (RH) was higher than 
60%, the MIEC advised the inhabitants on how to obtain a tempera-
ture between 18 to 22°C with a humidity rate below 40% RH. They 
also provided other advice in a report on aerating, ventilation, and 
remediation work necessary to resolve flooding and water leakage. 
This report was sent to each patient and his medical practitioner.

2.3 | Microbiology lab procedures

Dichloran Glucose 18 (Oxoid®, Basingstoke, UK) with 0.1% chloram-
phenicol	(Sigma-	Aldrich®,	Steinheim,	Germany)	was	used	for	each	sam-
ple and incubated at 20°C for seven days for mold growth. All fungal 
colonies were identified by macro-  and microscopic observation and 
numbered on each Petri dish.24-26 The definitive count was obtained 

by using the “positive hole conversion table” provided by the manufac-
turer. Results were given in cfu/m3 of air and in cfu/100 cm² of surface. 
Mycological results were added to the MIEC recommendations and 
were sent to both the patient and his/her doctor.

2.4 | Interpretation criteria and thresholds

2.4.1 | UHB criteria

Total fungi air concentrations are respectively considered as low, 
middle, high, and very high for the contamination classes of 0 to 
170 cfu/m3; 170 to 560 cfu/m3; 560 to 1000 cfu/m3; and >1000 cfu/
m3.19 Interpretations are modulated if high concentrations of any in-
fectious,	allergenic	or	toxic	undesirable	species	(according	to	CSPHF	
2006) are present in relatively high concentrations (up to 50% of the 
total isolated mold).

Surface	concentration	is	taken	into	consideration	only	if	the	re-
sult is >150 cfu/100 cm² in total molds, sampled by wet swab. The 
culture result is only qualitative and interpreted with the moldy area 
criteria	as	proposed	by	CSHPF.	Four	classes	of	moldy	surface	(called	
S0,	 S1,	 S2,	 and	 S3)	 are	 defined:	 S0	 no	 visible	mold,	 S1	<	300	cm²,	
300	cm²	≤S2	≤	3	m²,	and	S3	>	3	m².18

2.4.2 | Portuguese decree law no 118/2013 
(PDL118)

PDL 118 makes a clear distinction between the various species 
based on their potential impact on human health.20 Three conditions 
are cumulative for considering dwellings at risk for human health:

Seven	mold	concentrations	 (Cladosporium spp., Penicillium spp., 
Aspergillus spp., Alternaria spp., Eurotium spp., Paecilomyces spp., 

F IGURE  1 Rainfall in sampling area 
(Burgundy- Franche- Comté)
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and Wallemia spp.)	 ≤500	cfu/m3 correspond to healthy dwellings, 
and higher concentrations in the dwelling are considered at risk for 
human health.

Five more rare genera (including Acremonium spp., Chrysonilia 
spp., Trichothecium spp., Curvularia spp., and Nigrospora spp.) 
<50 cfu/m3 (if alone) or <150 cfu/m3 (if many rare species are mixed) 
are considered compliant. However, above this level, dwellings are 
classified at risk.

Nine toxic species (S. chartarum, A. fumigatus, A. versicolor, 
Aspergillus flavus, Aspergillus ochraceus, Aspergillus terreus, Fusarium 
moniliforme, F. culmorum, Trichoderma viride) >12 cfu/m3 are consid-
ered dangerous.

A fourth condition regarding three tropical highly pathogenic 
fungi (class III biohazard) is not applicable in metropolitan France. 
Only Cryptococcus neoformans, a class II b that has been found in 
Europe, is considered dangerous.

2.4.3 | ANSES recommendations

ANSES	states	three	recommendations21:
A culture presenting a concentration in total molds >1000 cfu/

m3 is considered “abnormal” and requires professional intervention 
for remediation.

The	list	of	the	undesirable	species	is	similar	to	that	of	the	CSPHF	
2006: Acremonium spp., Alternaria alternata, A. flavus, A. fumiga-
tus, A. versicolor, Aspergillus niger, Aureobasidium spp., Chaetomium 
spp., Cladosporium sphaerospermum, Epicoccum spp., Fusarium spp., 
Mucorales (Mucor spp., Absidia spp., Rhizopus spp.), Penicillium spp., 
S. chartarum, Trichoderma spp., Trichothecium spp.. Only Ulocladium 
spp.	was	also	added	by	ANSES.

A moldy area is classified according to its size: low level of con-
tamination if the surface is <0.2 m², average level between 0.2 and 
3 m² and high level (substandard home insalubrity) if the surface 
>3 m².

2.5 | Statistics

Rstudio	software	(3.2.2	version,	Boston,	USA)	was	used	for	the	sta-
tistical analyses. A logarithmic conversion was applied to the results 
obtained by culture after air impaction. A multiple comparison test 
(after the Kruskal- Wallis test)27 was used to compare total fungi con-
centrations between the different groups of dwellings and indoor 
factors influencing fungal contamination. A linear mixed- effects 
model incorporating a random effect to overcome the dwelling ef-
fect was used to compare total fungi concentrations between the 
four kinds of rooms.

Logistic regressions were used to explore associations between 
health data (asthma, rhinitis, and conjunctivitis) and exposure met-
rics at two levels: in global bedroom contamination and by quan-
tification of different species. For this last part of the analysis, 
we kept only species present in at least 5% of dwellings. Thus, 12 
mold genera and species were included in the model and a step-
wise backward selection process was used to find the optimal 

model. Adjusted odds ratios (aOR) were adjusted on the other spe-
cies included in the model and calculated using the “odds ratio” 
package.28

3  | RESULTS AND DISCUSSION

3.1 | Description of recruited dwellings

Dwellings situated on the first floor represent <5% and under the 
roof <2%. Comparisons between the two groups (908 allergic and 
104 controls) show no difference based on the kind of dwellings 
(50% houses, 50% apartments), on the surface area (mean 115 m²), 
on the flooding and water leakage incidents (around 16%), on ven-
tilation systems (50% active controlled mechanical ventilation 
(CMV)), on the temperature (a third below 20°C), and on pets (dogs, 
cats or rodents) equally present in the two groups (around 55%). 
However, control dwellings were less humid than patient homes 
(respectively 59% and 12% for the class below 40% RH), contained 
fewer plants (60% vs 76%), and fewer inhabitants were smokers 
(17% vs 37%).

3.2 | Sampling and microbiological methods used

MIEC visits are very important for patient management, but some-
times all mold sources cannot be discovered by visual inspection 
(behind the wallpaper, linoleum or furnishings, carpet, inside interior 
or exterior walls, in attics, in subflooring).29 Consequently, a more 
objective measurement of airborne fungi is needed.

3.2.1 | Swab sampling

Culture swab was systematically lower for MFB than for RAFT 
(Figure 2A) due to a sampler effect (swab, medium furnished by our 
lab). Therefore, we decided to stop using this method systematically 
to evaluate home contamination. In the future, surface sampling by 
swabbing in an intensive manner will be used only for surfaces >3 m².

3.2.2 | Indoor air sampling

Unlike culture after swabbing, air impaction culture did not differ be-
tween MFB and RAFT (Figure 2B). In fact, multiple comparison tests 
(performed after the Kruskal- Wallis test (P < 0.001)) between the 
different groups (RAFT, MFB, HG, and CG) showed that there were 
no statistical differences in air culture between dwellings recruited 
by RAFT or by MFB. Nor were there statistical differences between 
the HG or CG studies. However, homes with allergenic patients 
(RAFT and MFB) showed different concentration ranges from those 
without allergenic people (HG and CG). Thus, as no geographical dif-
ferences were shown between the two areas of the Franche- Comté 
region (RAFT: to the east and higher, near the Jura Mountains) and 
Bourgogne (MFB: to the west and drier plains) (see map Figure 1), we 
did not take geographical recruitment into account in the analyses 
presented in the following paragraphs.
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3.2.3 | Outdoor factors influencing fungal 
contamination

Climatic and geographical position can influence fungal concen-
trations in indoor air.30 This is especially the case in subtropi-
cal and tropical areas where other species more specific to the 
tropical zones are isolated in high concentrations (Curvularia spp., 
Exophiala spp., Dreschlera spp., and Penicillium decaturense) in ad-
dition to more common species that are also found in continen-
tal climates (Aspergillus spp., Penicillium spp., and Cladosporium 
spp.).31 Moreover, concentrations of whole fungi in indoor and 
outdoor air are higher in subtropical and tropical areas than in 
Europe.15,32,33

From a practical point of view, in Europe, the climatic differ-
ences between Portugal, France, and Finland are not so import-
ant in terms of temperature range, sunshine, and rainy periods34 
(Table 1).35 In addition, indoor lifestyle (regarding temperature 
and relative humidity) does not differ in European dwellings very 
much in winter months. However, indoor fungal contamination 
can vary greatly for Mediterranean, arid, subtropical, and tropi-
cal climates where inhabitants keep their windows open all year 
round.

It is indisputable that outdoor air influences fungal concen-
trations in indoor air, more than bacterial communities strongly 
influenced by the number and the type of occupants living in the 
home.36 To avoid this seasonal effect, some authors compare in-
door results to outdoor results.1,30,37,38 It is also true that certain 
weather conditions, such as snow, can reduce fungi concentra-
tions in outdoor air.39 Indoor air investigators should interpret 
indoor / outdoor fungal ratios carefully in case of snow39 or low 
winter temperatures in subarctic areas.30 All in all, the most im-
portant factor influencing fungi measurement is whether or not 
windows are closed. Therefore, like other authors, we take sam-
ples only from October 1st to April 30th19,40-43 so as to avoid 
outdoor air influence as much as possible. Indeed, it can mask 
the indoor fungal pollution, in particular that of slow- growing 
species such as Cladosporium spp.44 To report indoor air pollution 
and eliminate the season effect, we do not think it is enough to 
simply subtract outdoor air concentrations species by species29 
or use a ratio of outdoor air to indoor air (I/O) >1 that would 
be linked to unhealthy dwellings.39 When interpreting indoor 
results during the winter, we do not consider outdoor measure-
ments of great significance. Consequently, despite practitioners’ 
insistence, we prefer not to take samples during the summer.

F IGURE  2 Comparison of total fungi concentrations on surfaces and in the air between the MFB and RAFT dwellings and for the 4 kinds 
of rooms. Boxplot (or box- and- whisker plot) show the distribution of observations. The center value of the graph is the median. The upper 
and lower sides of the rectangle are the quartiles (first quartile for the lower and third quartile for the upper). The ends of whiskers are 
greatest and least values excluding outliers which are outside the whiskers and represented by dots
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3.2.4 | Indoor factors influencing fungal 
contamination

The development factors of molds growing indoors are numerous 
and have been thoroughly listed by Nevalainen et al..1 Concerning 
dwellings of our region, we previously described some general dwell-
ings variables associated with an increase in total concentration of 
fungi in airborne samples.45 Factors correlated to mold growth were 
as follows: fewer rooms, high occupant- surface ratio, high number 
of inhabitants per cubic meter, lack of ventilation, electric heating, 
apartments located on the ground floor and water damage. Water 
damage was correlated with an increase in Penicillium (P = 0.03). 
However, the following characteristics were not associated with 
a significant change in the total concentration of fungi: the nature 
of the sampled room, volume, used to dry washing, presence of a 
washing machine, presence of windows, air vents in windows, airing 
time per day, floor covering, presence of plants, outdoor and indoor 
temperature, indoor hygrometry, geographic zone (urban/rural), age 
of the house, smoking habits in the dwelling, and presence of pets.45

The main causes of increased mold growth in the present study 
were humidity and water damage, but no statistical difference in air 
fungal concentration was detected. There was only a statistical dif-
ference between the types of dwellings (P- value <0.01), with apart-
ments located on the ground floor being more contaminated than 
others. The discrepancy with regard to the analysis of the previous 
study45 is probably due to the more restricted questionnaire on the 
environmental description of dwellings in the present study.

3.2.5 | Air sampling and room choice

A small but not significant difference in total fungi was observed 
between rooms of a given dwelling, with higher mold concentra-
tions found in bathrooms (Figure 2B). Bathroom measurements 
alone appear to be indicative of the contamination level of a dwell-
ing. However, some qualitative differences on isolated genera be-
tween a dry room (ie, more Penicillium spp.) and a wet room (ie, more 
Rhodotorula spp.) should influence the choice of which room(s) to 
be sampled. On the other hand, the bathroom is used by each fam-
ily member only a few minutes per day, whereas the bedrooms are 
occupied 7 h by adults and up to 10 h by children. Paradoxically, the 
bedroom is often closed, less ventilated, and cleaned less often than 

other rooms. It is probably a good idea to continue sampling two 
rooms (bedroom and bathroom); and if only one is chosen, we be-
lieve that the bedroom is the best choice. Beguin and Nolard have 
suggested investigating the bedroom first and foremost.46

3.3 | Comparison of thresholds and guidelines

The distribution into four classes (UHB criteria) of the airborne 
concentrations in total molds of 1012 dwellings is as follows: low 
(40.2%), moderate (34.2%), high 6.6%, and very high (19%). Only the 
last class is considered as not compliant with the UHB criteria.

3.3.1 | PDL 118 vs UHB criteria

Five hundred and fifty- eight rooms (55.2%) do not respect one or sev-
eral conditions of the PDL 118 (Table 2) against 19% using the UHB 
criteria. From an institutional point of view, it is not socially manage-
able to classify more than 50% of dwellings in non- compliance. The 
high number of non- compliant rooms declared by the PDL 118 is due 
to the cumulative effect of several conditions: low level needed for 
A. versicolor concentration (12 cfu/m3) (399 rooms), the whole num-
ber of colonies of non- toxic species (>500 cfu/m3) (268 rooms) (easy 
to find in 25% of the dwellings), and to a lesser degree the low level 
needed for A. fumigatus concentration (12 cfu/m3) (72 rooms).

3.3.2 | ANSES recommendations vs UHB criteria

In the present study, only 5.2% of dwellings did not comply with 
both	 ANSES	 recommendations,	 leading	 to	 the	 rehousing	 of	 some	
inhabitants: >1000 cfu/m3 (21.5% n = 152/707) and >3 m² of moldy 
surfaces (8.3% n = 59/707) (Table 3).

A discrepancy between visible molds and the low concentration 
of airborne molds was described in two previous studies.45,47 This 
discrepancy analyzed by culture was estimated at 16%, and on the 
contrary, the presence of a strong airborne concentration with no 
visible moldy surfaces represented 18% of the samples.45

Hidden sources of molds were described by measuring mVOC 
(microbial volatile organic compounds).48 In fact, criteria based on 
simply observing the extent of moldy surfaces in a given dwelling 
are less reliable and less accurate than measuring concentrations 
of airborne fungi. Consequently, more objective measures must be 

TABLE  1 Climate data from Helsinki to Lisbon

Town
Min tempera-
ture (°C)

Max tempera-
ture (°C)

Mean tempera-
ture (°C) Rain/year (mm/year) Sun/year (h/year) Kind of climate

Helsinki (Finland) −10 +21 10.5 650 1600- 1800 Continental

Lille (France) +2 +23 10 673 1200- 1600 Oceanic

Besançon (France) 0 +25 10.5 992 1600- 1800 Continental

Dijon (France) +2 +23 10.5 768 1600- 1800 Continental

Bordeaux (France) +4 +27 12.7 931 1800- 2000 Tempered hot

Lisbon (Portugal) +8 +27 16.9 691 >2500 Mediterranean
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developed and implemented to replace subjective considerations 
such as odors and the amount of moldy surface area. It seems that 
ANSES	 recommendations	 are	excessively	high	 to	manage	patients	
with asthma and are more adapted to managing people living in sub-
standard dwellings.

3.3.3 | Culture investigations and guideline 
applicability in France

In the past, French research teams published data on fungi exposure 
in French dwellings using air cultures (Marseille n = 65, Paris n = 32, 
Strasbourg	n	=	61,	Nancy	n	=	90,	Paris	 n	=	190,	Besançon	n	=	118,	
Rennes n = 20, Rennes n = 150).19,49-55 Most of them were limited 
to describing essentially four major fungal genera and their species 
found in dwellings (Cladosporium spp., Penicillium spp., Aspergillus 
spp., and Alternaria spp.).

In Marseille (southern France, Mediterranean climate), 
Cladosporium spp., Penicillium spp., Aspergillus spp., and Alternaria 
spp. were detected most often,49 at an order of frequency quite 
similar to that of Paris (continental climate)53 and Rennes (western 
France, oceanic climate).54	 In	 Strasbourg	 (eastern	 France,	 conti-
nental climate), the most common fungi were Cladosporium spp., 
Aspergillus spp., and Penicillium spp..51 The only change was in the 
order of frequency of each of the four most common genera iso-
lated	 in	 Nancy	 (110	km	 west	 of	 Strasbourg),52 and in Besançon 
(170	km	 south-	east	 of	 Nancy,	 210	km	 south	 of	 Strasbourg).19 
The main findings of these previous papers were descriptions of 
the fungi species present in French dwellings, similar from one 
area to another, the only change being the order of frequency. 
Consequently, guidelines determined in one region could be use-
ful in another.

3.3.4 | Other indoor fungi measurements in France

French home investigations were not limited to culture means. 
QPCR,54-56 mVOC,57 and metabarcoding58 were also used.

We do not believe that it is possible to use the mVOCs measure. 
Molds do not produce VOC continuously but rather according to 
their stage of development. The nature and quantity released are 
also dependent on the nature of the substrate. Another point is that 
VOC emitted by sources other than mold (up to 100- 1000 higher 
concentrations) are detected in the indoor environment (furniture, 
paint, wallpaper, etc) thus skewing the analysis.59

QPCR requires a prior choice of targeted species. It can quantify 
both live spores and dead ones, allowing a better estimation of the 
specific fungal load to which allergic subjects may be exposed.60

Although metabarcoding detects all the fungal species present 
in a given area, systematic quantification at the species level is not 
possible. The quantification obtained is generally a relative quantifi-
cation between species. For example, some genera belonging to the 
mucorales are poorly amplified and thus underestimated. Except for 
the genus Epicoccum spp., the main genera identified in dwellings 
are the same as in culture. Numerous other rare species have also 
been identified, including uncultivated species,58 but time is needed 
to obtain significantly new results with molecular tools.61

3.4 | Correlation between diseases and fungal 
concentrations in dwellings

We compared the results obtained from 908 patient dwellings 
and those of 104 non- allergic controls to seek a link between 
home fungal concentrations and the diseases developed by the 
patients. Fungi air concentrations were higher for allergenic than 

TABLE  2 Comparison of classification of dwellings according to Portuguese decree law no 118 (PDL 118) and University hospital 
Besançon (UHB) classes (n = 1012)

Airborne concentrations in total molds: UHB classes

Low (<170 cfu/m3)
Moderate 170 to 560 cfu/
m3

High 560 to 
1000 cfu/m3

Very high 
>1000 cfu/m3

PDL 118 Compliant 29.4% 14.8% 0.2% 0.4%

Not compliant 10.8% 19.4% 6.4% 18.6%

TABLE  3 Comparison	of	two	regulations	on	dwellings	in	non-	compliance,	University	hospital	Besançon	(UHB)	classes	vs	ANSES	
recommendations (n = 707)

Airborne concentrations in total molds : UHB classes

Low (<170 cfu/m3)
Moderate 170 to 
560 cfu/m3

High 560 to 
1000 cfu/m3

Very high > 
1000 cfu/m3

Size	of	moisture	surface 0 22% 20.7% 3.4% 7%

<0.2 m² 8.1% 10.5% 2.7% 4.6%

0.2 to 3 m² 1.9% 4.3% 1.2% 4.9%

>3 m² 0.7% 2.4% 0.4% 5.2%
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for non- allergenic people (logistic regression, P < 0.001), and 
the median values were respectively 285 cfu/m3 and 89 cfu/m3 
(Figure 3).

Medical diagnoses were established and the disease distribu-
tion was as follows: conjunctivitis 101 (11.2%), rhinitis 237 (26.1%), 
asthma 170 (18.7%), asthma associated with rhinitis 306 (33.7%), 
and other diseases 100 (11.0%) (nausea, fatigue, hypersensitivity 
pneumonitis (HP)).

The whole number of colonies per cubic meter of air was cor-
related with asthma (P < 0.001) and rhinitis (P = 0.002), but not with 
conjunctivitis (P = 0.14) nor with HP (P = 0.3) (Table 4).

In total, 67 genera and species were detected in bedrooms. For 
species analysis with health data, rare fungi, defined as present in 
<5% of dwellings, were not added to the analysis. Thus, only 12 spe-
cies were included in the logistic regression analysis. Asthma was 
correlated to A. versicolor (P = 0.004), Cladosporium spp. (P = 0.02), 

A. niger (P = 0.03), and A. alternata (P = 0.05) (Table 5).
For each of the significantly correlated species, the value 

thresholds which allowed us to discriminate 90% of the asthmat-
ics were 300 cfu/m3 for A. versicolor, 495 cfu/m3 for Cladosporium 
spp., and 10 cfu/m3 for A. alternata or for A. niger. These values 
could suggest modifying the recommendations of the PDL 118 
on the basis of the observed correlations. Instead of 12 cfu/m3 
of A. versicolor, the threshold should be 300 cfu/m3, 495 cfu/m3 
for Cladosporium spp. (included in the non- toxic species), 10 cfu/
m3 for A. alternata, and 10 cfu/m3 for A. niger (last two species not 
included in the PDL 118).

Nevertheless, the number of dwellings concerned by the iso-
lation of A. alternata and A. niger is not high enough to serve as 
an indicator of risk. The Mas- 100 impactor is incompatible with 
an optimal sampling of species with large macroconidies (up to 
60 μm) and does not allow the systematic isolation of A. alternata. 
The weak frequency of A. niger isolation is probably due to the 

fact that the microconidies are totally smooth (with no ornamenta-
tion). This prevents them from remaining airborne for a long time. 
Aspergillus fumigatus should be excluded from the criteria as fungi 
with mainly an infectious role in immunocompromised patients.

Some	studies	did	not	find	any	relation	between	isolated	molds	
and respiratory disease. Although Cladosporium spp. and Penicillium 
spp. were the most prevalent fungi in homes of asthmatic and 
	non	asthmatic	Swedish	children	(n	=	400),	there	were	no	significant	

F IGURE  3 Comparison of total fungi 
concentrations in bedroom air between 
the four categories of dwellings. Kruskal- 
Wallis test between the different groups 
(RAFT, MFB, HG, CG): P < 0.001. * Homes 
with allergenic patients (RAFT and MFB) 
showed significant differences from those 
without allergenic people (HG and CG) 
(multiple	comparison	test).	See	Figure	2	
for box-plot explanations

TABLE  4 Logistic regression models of the association between 
health data (asthma, rhinitis, conjunctivitis, and hypersensitivity 
pneumonitis) and global bedroom contamination

Asthma Yes No

Global bedroom contamination : 
mean cfu/m3	(SD)

1830 (3479) 1019 (2549)

Logistic regression : P- value <0.001

OR (95% CI) 1.09 (1.05- 1.15)

Rhinitis Yes No

Global bedroom contamination : 
mean cfu/m3	(SD)

1706 (3349) 1058 (2638)

Logistic regression : P- value 0.002

OR (95% CI) 1.08 (1.03- 1.13)

Conjunctivitis Yes No

Global bedroom contamination : 
mean cfu/m3	(SD)

1731 (3383) 1357 (3001)

Logistic regression : P- value 0.14

OR (95% CI) 1.04 (0.99- 1.09)

Hypersensitivity pneumonitis Yes No

Global bedroom contamination : 
mean cfu/m3	(SD)

790 (2015) 1454 (3111)

Logistic regression : P- value 0.3

OR (95% CI) 0.91 (0.71- 1.06)
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differences in the mean fungal concentrations of indoor air be-
tween the two groups.47 Moreover, no association could be found 
between the spore concentrations of five genera and unidentified 
yeasts in indoor dust (Penicillium spp., Aspergillus spp., Alternaria 
spp., Rhodotorula spp., Trichoderma spp., and yeast) and asthma in 
children.62	Similar	results	were	reported	in	floors,	mattresses,	dust	
and the bedroom air of German children’s dwellings (n = 397).43

On the other hand, Cladosporium spp. and Aspergillus spp., cul-
tivated from 272 house dust samples, were associated with an 
increased risk of allergic sensitization in German children.63 In 
France, using five qPCR (n = 220 surface samples), quantification 
of Cladosporium sphaerospermum can help to better target social 
service intervention in moisture- damaged homes (MDH) (MDH vs 
controls, P < 0.001) and quantifying A. versicolor DNA could be use-
ful to characterize allergic patient homes (APH) (APH vs controls, 
P < 0.05).56 Nevertheless, on the same recruitment using air culture 
in patient homes, our team found significantly higher concentrations 
of only Penicillium spp.19 Others studies demonstrate that levels of 
Penicillium spp. were a significant risk factor for wheeze in the first 
year of life64 and were associated with increased peak expiratory 
flow variability in asthmatic children.65 However, serological but not 
environmental evidence, given in favor of the probable role of A. ver-
sicolor antigens as major antigens, might enable a species- specific di-
agnosis of allergic reactions.66 In a meta- analysis, Cladosporium spp., 
Alternaria spp., Aspergillus spp., and Penicillium spp. were found to 
be present in higher concentrations in homes of asthmatic patients, 
exacerbating asthma symptoms in children and adults.67 In the same 
way, and with a molecular tool, Reponen and colleagues observed 
that the sum of three mold species Aspergillus ochraceus, Aspergillus 
inguis, and Penicillium variabile measured in dust by qPCR for one- 
year- old children significantly predicted the presence of asthma at 
seven years of age.68

Mendell and colleagues concluded in a meta- analysis that indoor 
mold was consistently associated with increased asthma develop-
ment and exacerbation, but specific causative agents have not yet 
been established.69 Observed synergistic interactions between nu-
merous microorganisms and insects (fungi, bacteria, and mites) or 
animal allergens (dogs and cats), and geographical specificity prob-
ably explain the difficulties in identifying specific causes affecting 
health in indoor environments.70

While awaiting new data concerning the role of some species in 
the development of allergic diseases, it is necessary to define new 
thresholds.	So,	the	results	of	our	study	(for	Cladoporium spp. and A. 
versicolor) could be added to the criteria of 1000 cfu/m3 of whole 
molds	retained	by	UHB	and	ANSES	and	to	the	PDL	118	thresholds	
(for Acremonium spp., Stachybotrys spp., A. flavus, and A. ochraceus) 
to create a new key to interpret the results of air cultures sampled 
by impaction. Dwellings with more than 1000 cfu/m3 in whole 
molds and/or up to 300 cfu/m3 A. versicolor, and/or 495 cfu/m3 for 
Cladosporium spp., and/or 50 cfu/m3 for Acremonium spp., and/or 
12 cfu/m3 for Stachybotrys spp., A. flavus, A. ochraceus should then 
be considered at- risk dwellings for hypersensitive inhabitants who 
could develop asthma or whose already existing asthmatic condition 
could worsen. With these conditions, 23.3% of dwellings would be 
considered at risk.

4  | CONCLUSIONS

Asthma is caused by a combination of multiple individual and envi-
ronmental factors. Its development cannot be explained solely by 
the presence of one or several specific allergens from fungi, mites, 
pets, and bacteria. On the other hand, the species of fungi that we 
described as correlated to asthmatic dwellings are probably markers 
of particular environmental situations favoring the disease or its ex-
acerbation. As such, they present a risk for patients and require the 
implementation of measures to protect them (cleaning or rehousing).

Short-	term	 sampling,	 variable	 mycological	 expertise,	 competi-
tion between species on Petri dishes, absence of consideration of 
the uncultivable species are some of the numerous imperfections of 
air impaction sampling and culture analyses. Despite their imperfec-
tions, these sampling and measurement methods are still commonly 
used to monitor fungi in indoor air.

Without thresholds and interpretation guidelines, analyzing the 
domestic environment is a pure waste of time and money. Therefore, 
we propose a new grid for conducting routine surveys of dwellings 
fungal contamination. On a European scale, the proposed thresholds 
can serve as early warnings in continental and subarctic regions, rep-
resented in our series by samples taken in Burgundy and in Franche- 
Comté including the cold Jura mountains.

TABLE  5 Logistic regression model, adjusted odds ratios (aOR), and 95% confidence intervals (95% CIs) between asthma and microbial 
genera and species concentrations

Genera and species selected by model 
selection processa

Asthmatic dwelling: mean 
cfu/m3 (SD)

Non asthmatic dwellings : mean 
cfu/m3 (SD) P- value aOR (95% CIs)

Cladosporium spp. 517 (1843) 224 (1029) 0.020 1.12 (1.02- 1.2)

Aspergillus versicolor 190 (551) 99 (355) 0.004 1.10 (1.03- 1.19)

Alternaria alternata 3 (12) 2 (6) 0.046 1.21 (1.03- 1.47)

Aspergillus niger 3 (10) 1 (7) 0.033 1.48 (1.03- 2.21)

aThe other genera and species included in the model before the stepwise backward selection process were Aspergillus fumigatus, Aspergillus glaucus, 
Aspergillus nidulans, Aspergillus ochraceus, Penicillium spp., Wallemia sebi, Rhodotorula spp., and white yeasts. OR were adjusted on the other species 
included in the model. 
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With regard to couple sampling of air by impaction/culture on 
DG18, in the present study, we determine which dwelling is at risk 
by using limited sampling (four air and four surface samples). These 
indicators on whole fungi concentrations and some specific fungi 
species are probably more efficient than using chemical compound 
measurement. Using only one air sample in bedrooms will consider-
ably reduce the survey cost.

Obviously, in the near future, sensors such as the electrostatic 
dust fall collector (EDC)71 will make it possible to carry out longer 
time samples, and molecular tools (qPCR and metabarcoding) to de-
tect and quantify target species.58,70,72

ACKNOWLEDG EMENTS

We thank the health agency of Franche- Comté (Agence Régionale 
de	 Santé	 de	 Franche-	Comté)	 and	 the	 French	mutual	 insurance	 of	
Bourgogne (Mutualité Française de Bourgogne) for their funding 
contribution. We thank Laure Blanchon, Mallory Vacheyrou, Isabelle 
Vieille, and Colette Melet for their technical assistance and Pamela 
Albert (CLA, Besançon) for her editorial assistance.

ORCID

Gabriel Reboux  http://orcid.org/0000-0002-7923-0858 

R E FE R E N C E S

 1. Nevalainen A, Täubel M, Hyvärinen A. Indoor fungi: companions 
and contaminants. Indoor Air. 2015;25:125-156.

	 2.	 Shenassa	ED,	Daskalakis	C,	 Liebhaber	A,	Braubach	M,	Brown	M.	
Dampness and mold in the home and depression: an examination of 
mold- related illness and perceived control of one’s home as possible 
depression pathways. Am J Public Health. 2007;97(10):1893-1899.

	 3.	 Bornehag	 CG,	 Sundell	 J,	 Sigsgaard	 T.	Dampness	 in	 buildings	 and	
health (DBH): report from an ongoing epidemiological investiga-
tion on the association between indoor environmental factors and 
health	effects	among	children	in	Sweden.	Indoor Air.	2004;14(Suppl	
7):59-66.

	 4.	 Jaakkola	JJ,	Hwang	BF,	Jaakkola	MS.	Home	dampness	and	molds	as	
determinants of allergic rhinitis in childhood: a 6- year, population- 
based cohort study. Am J Epidemiol. 2010;172(4):451-459.

 5. Karvonen AM, Hyvärinen A, Roponen M, et al. Confirmed moisture 
damage at home, respiratory symptoms and atopy in early life: a 
birth- cohort study. Pediatrics. 2009;124(2):e329-e338.

	 6.	 Shorter	C,	Crane	 J,	 Pierse	N,	 et	 al.	 Indoor	 visible	mold	 and	mold	
odor are associated with new- onset childhood wheeze in a dose- 
dependent manner. Indoor Air. 2018;28(1):6-15.

 7. Kanchongkittiphon W, Mendell MJ, Gaffin JM, Wang G, 
Phipatanakul W. Indoor environmental exposures and exacerba-
tion of asthma: an update to the 2000 review by the Institute of 
Medicine. Environ Health Perspect. 2015;123(1):6-20.

 8. de Blay F, Fourgaut G, Hedelin G, et al. Medical Indoor Environment 
Counselor (MIEC): role in compliance with advice on mite allergen 
avoidance and on mite allergen exposure. Allergy. 2003;58(1):27-33.

 9. WHO. WHO Guideline Indoor Air Quality: Dampness and Mould. 
Geneva: World Health Organization; 2009.

 10. EPA. Guide indoor quality. Care of your air. Molds. FAQ. [GOOGLE]. 
January 16, 2018. http://www.epa.gov/indoor-air-quality-iaq/pub-
lications-about-indoor-air-quality. Accessed February 20, 2018.

 11. Husman TM. The Health Protection Act, national guidelines for 
indoor air quality and development of the national indoor air 
programs in Finland. Environ Health Perspect.	 1999;107(Suppl	
3):515-517.

	12.	 Ministry	 of	 Social	 Affairs	 and	 Health.	 Finland.	 Decree	 of	 the	
Ministry	of	Social	Affairs	and	Health	on	Health-related	Conditions	
of Housing and Other Residential Buildings and Qualification 
Requirements for Third-party Experts (545/2015). [GOOGLE] 
https://www.finlex.fi/en/laki/kaannokset/2015/en20150545.pdf 
Accessed June 28, 2018.

	13.	 Belgian	Ministry	 of	 Health.	 Indoor	 quality	 in	 Belgium	 Sept	 2017	
SHC	 no	 8794.	 [GOOGLE].	 https://www.health.belgium.be/sites/
default/files/uploads/fields/fpshealth_theme_file/shc_8794_ad-
vice_iaq.pdf Access July 5, 2018.

	14.	 Nunes	ZG,	Martins	AS,	Altoe	AL,	et	al.	 Indoor	air	microbiological	
evaluation of offices, hospitals, industries, and shopping centers. 
Mem Inst Oswaldo Cruz. 2005;100(4):351-357.

	15.	 Ross	C,	de	Menezes	JR,	Estivalet	Svidzinski	TI,	Albino	U,	Andrade	G.	
Studies	on	fungal	and	bacterial	population	of	air-	conditioned	envi-
ronments. Brazil Arch Biol Technol. 2004;47(5):827-835.

	16.	 Brazilian	 Health	 Surveillance	 Agency	 (Anvisa).	 Resoluçao	 RE/
Anvisa no 176, de 24 de outubro de 2000. [GOOGLE]. http://www.
saude.mg.gov.br/index.php?option=com_gmg&controller=docu-
ment&id=893 Accessed May 31, 2018.

	17.	 Brazilian	 Health	 Surveillance	 Agency	 (Anvisa).	 Instruçao	 nor-
mativa no 2 de 16 de janeiro de 2003. [GOOGLE]. http://www.
portal.anvisa.gov.br/documents/33880/2568070/RE_09_2003.
pdf/4af80d4-8516-4f9c-a745-cc8b4dc15727. Accessed May 31, 
2018.

	18.	 CSPHF.	 Network	 «	 Moisissures	 dans	 l’habitat	 »	 CSHPF.	
Contaminations fongiques en milieux intérieurs. Effets sur la santé 
respiratoire,	conduite	à	tenir.	Septembre	2006.	http://www.sante.
gouv.fr/IMG/pdf/Contaminations_fongiques_en_milieux_inter-
ieurs.pdf. Accessed February 20, 2018.

	19.	 Reboux	G,	Bellanger	AP,	Roussel	S,	et	al.	Indoor	mold	concentration	
in Eastern France. Indoor Air. 2009;19:446-453.

 20. Anonymous. Ministério do ambiente, ordenamento do territo-
rio e energia, da saude e da solidariedade, emprego e segurança 
social. Portaria 353-A/2013. Lisboa: Diario da Republica, 1.a se-
rie-N.°235-4 dezembro 2013.

	21.	 ANSES.	Avis et rapport de l’Anses relatif aux moisissures dans le bâti.
[GOOGLE] November 7, 2016. https://www.anses.fr/fr/content/
avis-et-rapport-de-lanses-relatif-aux-moisissures-dans-le-bâti. 
Accessed February 20, 2018.

	22.	 Rocchi	S,	Reboux	G,	Larosa	F,	 et	 al.	Evaluation	of	 invasive	asper-
gillosis risk of immunocompromised patients alternatively hospi-
talized in hematology intensive care unit and at home. Indoor Air. 
2014;24(6):652-661.

	23.	 Naegele	A,	Reboux	G,	Vacheyrou	M,	Valot	B,	Millon	L,	Roussel	S.	
Microbiological consequences of indoor composting. Indoor Air. 
2016;26(4):605-613.

	24.	 deHoog	GS,	Guarro	J,	Géné	J,	Figueras	MJ.	Atlas	of	Clinical	fungi:	
the	 ultimate	 benchtool	 for	 diagnostic.	 Ed.	 CBS-KNAW	 fungal	
Biodiversity	Centre.	2016.	Utrecht.	USB	version	4.1.

	25.	 Samson	RA,	Houdbraken	J,	Thrane	U,	Frisvad	JC,	Andersen	B.	Food	
and	indoor	fungi.	2010	Ed.	CBS-KNAW	fungal	Biodiversity	Centre.	
Utrecht. 390 pp.

	26.	 Klich	MA.	 Identification	of	common	Aspergillus	species.	Ed.	CBS-
KNAW fungal Biodiversity Centre. 2002 Utrecht.116 pp.

 27. Giraudoux P. pgirmess: Data Analysis in Ecology. R package version 
1.6.7. [CRAN] March 27, 2017. https://CRAN.R-project.org/pack-
age=pgirmess. Accessed February 20, 2018.

	28.	 Schratz	 P.	 R	 package	 ‘oddsratio’:	Odds	 ratio	 calculation	 for	GAM(M)s	 
& GLM(M)s, version: 1.0.2, 2017 https://doi.org/10.5281/zenodo. 
1095472



     |  15REBOUX Et al.

	29.	 Thrasher	 JD,	 Crawley	 S.	 The	 biocontaminants	 and	 complexity	 of	
damp indoor spaces: more than what meets the eyes. Toxicol Ind 
Health. 2009;25(9-10):583-615.

	30.	 Salonen	H,	Duchaine	C,	Mazaheri	M,	 et	 al.	Airborne	 viable	 fungi	
in school environments in different climatic regions – A review. 
Athmosp Environ. 2015;104:186-194.

	31.	 Reboux	G,	Grenouillet	F,	Skana	F,	et	al.	Etude	microbiologique	de	
la bagasse et risque de bagassose. Journal de Mycologie Médicale. 
2010;20(2):155-156.

	32.	 Roussel	S,	Reboux	G,	Millon	L,	et	al.	Microbiological	evaluation	of	
ten French archives and link to occupational symptoms. Indoor Air. 
2012;22(6):514-522.

 33. Desbois N, Beguin H, Ruck G, Nere J, Nolard N. Annual varia-
tion of fungal spores in atmosphere of Martinique. J Mycol Med. 
2006;16:189-196.

	34.	 Reboux	G,	Reiman	M,	Roussel	S,	et	al.	Impact	of	agricultural	prac-
tices on microbiology of hay, silage and flour in Finnish and French 
farms. Ann Agric Environ Med. 2006;13:267-273.

 35. Climate-Model by Climate-Data.org. https://fr.climate-data.org/ 
[GOOGLE] Accessed July 11, 2018.

 36. Barberán A, Dunn RR, Reich BJ, et al. The ecology of microscopic 
life in household dust. Proc Biol Sci. 2015;7:282.

	37.	 Mahooti-Brooks	N,	Storey	E,	Yang	C,	Simcox	NJ,	Turner	W,	Hodgson	
M. Characterization of mold and moisture indicators in the home. J 
Occup Environ Hyg. 2004;1(12):826-839.

	38.	 Cooley	JD,	Wong	WC,	Jumper	CA,	Straus	DC.	Correlation	between	
the prevalence of certain fungi and sick building syndrome. Occup 
Environ Med. 1998;55(9):579-584.

	39.	 Crawford	 JA,	Rosenbaum	PF,	Anagnost	 SE,	Hunt	A,	Abraham	 JL.	
Indicators of airborne fungal concentrations in urban homes: un-
derstanding the conditions that affect indoor fungal exposures. Sci 
Total Environ. 2015;517:113-124.

	40.	 de	Ana	SG,	Torres-Rodríguez	JM,	Ramírez	EA,	García	SM,	Belmonte-
Soler	J.	Seasonal	distribution	of	Alternaria, Aspergillus, Cladosporium 
and Penicillium species isolated in homes of fungal allergic patients. 
J Investig Allergol Clin Immunol. 2006;16(6):357-363.

 41. Ren P, Jankun TM, Belanger K, Bracken MB, Leaderer BP. The rela-
tion between fungal propagules in indoor air and home characteris-
tics. Allergy. 2001;56(5):419-424.

 42. Koch A, Heilemann KJ, Bischof W, Heinrich J, Wichmann HE. 
Indoor viable mold spores- a comparison between two cities, 
Erfurt (eastern Germany) and Hamburg (western Germany). Allergy. 
2000;55(2):176-180.

	43.	 Jovanovic	S,	Felder-Kennel	A,	Gabrio	T,	et	al.	Indoor	fungi	levels	in	
homes of children with and without allergy history. Int J Hyg Environ 
Health. 2004;207(4):369-378.

 44. Beguin H, Nolard N. Mould biodiversity in homes I. Air and surface 
analysis of 130 dwellings. Aerobiologia. 1994;10:157-162.

	45.	 Roussel	S,	Reboux	G,	Bellanger	AP,	et	al.	Characteristics	of	dwell-
ings contaminated by moulds. J Environ Monit. 2008;10(6):724-729.

 46. Beguin H, Nolard N. Prevalence of fungi in carpeted floor environ-
ment: analysis of dust samples from living- rooms, bedrooms, of-
fices and school classrooms. Aerobiologia. 1996;12:113-120.

	47.	 Holme	J,	Hägerhed-Engman	L,	Mattsson	J,	Sundell	J,	Bornehag	CG.	
Culturable mold in indoor air and its association with moisture- 
related	problems	and	asthma	and	allergy	among	Swedish	children.	
Indoor Air. 2010;20(4):329-340.

	48.	 Moularat	 S,	 Hulin	 M,	 Robine	 E,	 Annesi-Maesano	 I,	 Caillaud	 D.	
Airborne fungal volatile organic compounds in rural and urban 
dwellings: detection of mould contamination in 94 homes deter-
mined by visual inspection and airborne fungal volatile organic 
compounds method. Sci Total Environ. 2011;409(11):2005-2009.

 49. Mallea M, Renard M, Charpin J. Fungal flora in houses. Rev Fr Mal 
Respir. 1982;10:121-130.

	50.	 Bex	V,	Mouilleseaux	A,	Bordenave	L,	Squinazi	F.	Environmental	audits	
in Ile- de- France. Eur Ann Allergy Clin Immunol. 2003;35(7):259-263.

	51.	 Santucci	 R,	Meunier	O,	Ott	M,	Herrmann	 F,	 Freyd	A,	De	Blay	 F.	
Fungic contamination of residence: 10 years assessment of analy-
ses. Rev Fr Allergologie et immunologie Clinique. 2007;47:402-408.

 52. Rivier A, Guillaso M, Flabbée JA. Indoor mould contamination in 
homes in Lorrain: preliminary investigation in patients’ homes. Rev 
Fr Allergologie. 2014;54:44-50.

	53.	 Dassonville	 C,	 Demattei	 C,	 Detaint	 B,	 Barral	 S,	 Bex-Capelle	 V,	
Momas I. Assessment and predictors determination of indoor 
airborne fungal concentrations in Paris newborn babies’ homes. 
Environ Res. 2008;108(1):80-85.

	54.	 Méheust	D,	Gangneux	JP,	Reponen	T,	Wymer	L,	Vesper	S,	Le	Cann	
P. Correlation between Environmental Relative Moldiness Index 
(ERMI) values in French dwellings and other measures of fungal 
contamination. Sci Total Environ. 2012;438:319-324.

 55. Dallongeville A, Le Cann P, Zmirou-Navier D, et al. Concentration 
and determinants of molds and allergens in indoor air and house 
dust of French dwellings. Sc Total Environ. 2015;536:964-972.

	56.	 Bellanger	AP,	 Reboux	G,	 Roussel	 S,	 et	 al.	 Indoor	 fungal	 contami-
nation of moisture- damaged and allergic patient housing analysed 
using real- time PCR. Lett Appl Microbiol. 2009;49(2):260-266.

	57.	 Hulin	 M,	 Moularat	 S,	 Kirchner	 S,	 Robine	 E,	 Mandin	 C,	 Annesi-
Maesano I. Positive associations between respiratory outcomes 
and fungal index in rural inhabitants of a representative sample of 
French dwellings. Int J Hyg Environ Health. 2013;216(2):155-162.

	58.	 Rocchi	S,	Valot	B,	Reboux	G,	Millon	L.	DNA	metabarcoding	to	as-
sess indoor fungal contamination: electrostatic dust collectors and 
Illumina sequencing. J Microbiol Methods. 2017;139:107-112.

 59. Reboux G, Bellanger AP, Dalphin JC. Against: volatil organic com-
pounds of fungal origin have an impact on health. Rev Fr d’Allergolo-
gie. 2011;51:350-353.

	60.	 Fréalle	E,	Bex	V,	Reboux	G,	Roussel	S,	Bretagne	S.	Classical	and	mo-
lecular methods for identification and quantification of domestic 
moulds. Rev Mal Respir. 2017;34(10):1124-1137.

 61. Dannemiller KC, Mendell MJ, Macher JM, et al. Next- generation 
DNA sequencing reveals that low fungal diversity in house dust 
is associated with childhood asthma development. Indoor Air. 
2014;24(3):236-247.

	62.	 Choi	H,	Byrne	S,	Larsen	LS,	et	al.	Residential	culturable	fungi,	(1-	3,	
1- 6)- β- d- glucan, and ergosterol concentrations in dust are not asso-
ciated with asthma, rhinitis, or eczema diagnoses in children. Indoor 
Air. 2014;24(2):158-170.

 63. Jacob B, Ritz B, Gehring U, et al. Indoor exposure to molds and al-
lergic sensitization. Environ Health Perspect. 2002;110(7):647-653.

	64.	 Rosenbaum	PF,	Crawford	JA,	Anagnost	SE,	et	al.	 Indoor	airborne	
fungi and wheeze in the first year of life among a cohort of infants 
at risk for asthma. J Expo Sci Environ Epidemiol. 2010;20(6):503-515.

 65. Bundy KW, Gent JF, Beckett W, et al. Household airborne 
Penicillium associated with peak expiratory flow variability in asth-
matic children. Ann Allergy Asthma Immunol. 2009;103(1):26-30.

 66. Benndorf D, Müller A, Bock K, Manuwald O, Herbarth O, von 
Bergen M. Identification of spore allergens from the indoor mould 
Aspergillus versicolor. Allergy. 2008;63(4):454-460.

	67.	 Sharpe	RA,	Bearman	N,	Thornton	CR,	Husk	K,	Osborne	NJ.	Indoor	
fungal diversity and asthma: a meta- analysis and systematic review 
of risk factors. J Allergy Clin Immunol. 2015;135(1):110-122.

 68. Reponen T, Lockey J, Bernstein DI, et al. Infant origins of child-
hood asthma associated with specific molds. J Allergy Clin Immunol. 
2012;130(3):639-644. e5.

 69. Mendell MJ, Mirer AG, Cheung K, Tong M, Douwes J. Respiratory 
and allergic health effects of dampness, mold, and dampness- 
related agents: a review of the epidemiologic evidence. Environ 
Health Perspect. 2011;119(6):748-756.



16  |     REBOUX Et al.

	70.	 Rocchi	 S,	 Reboux	G,	 Frossard	V,	 et	 al.	Microbiological	 character-
ization of 3193 French dwellings of Elfe cohort children. Sci Total 
Environ. 2015;505:1026-1035.

 71. Noss I, Wouters IM, Visser M, et al. Evaluation of a low- cost elec-
trostatic dust fall collector for indoor air endotoxin exposure as-
sessment. Appl Environ Microbiol. 2008;74(18):5621-5627.

 72. Dannemiller KC, Gent JF, Leaderer BP, Peccia J. Influence of hous-
ing characteristics on bacterial and fungal communities in homes of 
asthmatic children. Indoor Air. 2016;26(2):179-192.

How to cite this article:	Reboux	G,	Rocchi	S,	Laboissière	A,	
et	al.	Survey	of	1012	moldy	dwellings	by	culture	fungal	
analysis: Threshold proposal for asthmatic patient 
management. Indoor Air. 2019;29:5–16. https://doi.
org/10.1111/ina.12516


