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a b s t r a c t

Background: The microbiome of the home is of great interest because of its possible impact on health.
Our goal was to identify some of the factors that determine the richness, evenness and diversity of the
home’s fungal and bacterial microbiomes.
Method: Vacuumed settled dust from homes (n¼35) in Cincinnati, OH, were analyzed by pyrosequen-
cing to determine the fungal and bacterial relative sequence occurrence. The correlation coefficients
between home environmental characteristics, including age of home, Environmental Relative Moldiness
Index (ERMI) values, occupant number, relative humidity and temperature, as well as pets (dog and cat)
were evaluated for their influence on fungal and bacterial communities. In addition, linear discriminant
analysis (LDA) was used for identifying fungal and bacterial genera and species associated with those
housing determinants found to be significant.
Results: The fungal richness was found to be positively correlated with age of home (p¼0.002), ERMI
value (p¼0.003), and relative humidity (p¼0.015) in the home. However, fungal evenness and diversity
were only correlated with the age of home (p¼0.001). Diversity and evenness (not richness) of the
bacterial microbiome in the homes were associated with dog ownership.

Linear discriminant analysis showed total of 39 putative fungal genera/species with significantly
higher LDA scores in high ERMI homes and 47 genera/species with significantly higher LDA scores in
homes with high relative humidity. When categorized according to the age of the home, a total of 67
fungal genera/species had LDA scores above the significance threshold. Dog ownership appeared to have
the most influence on the bacterial microbiome, since a total of 130 bacterial genera/species had sig-
nificantly higher LDA scores in homes with dogs.
Conclusions: Some key determinants of the fungal and bacterial microbiome appear to be excess
moisture, age of the home and dog ownership.

& 2015 Elsevier Inc. All rights reserved.

1. Introduction

The factors that determine the make-up of the home’s fungal
and bacterial microbiomes are of growing interest. However, the
home itself has its own microbiome and this microbiome may also
be important for adverse human health effects such as immune
disorders (Parker et al. 2013) influencing allergy and asthma in-
cidence. Therefore, the factors that determine the make-up of the
home’s fungal and bacterial microbiomes are of growing interest.

Although there have been many studies that have measured
specific fungal species or groups of fungi in homes (e.g., Pitkäranta
et al., 2011), the home’s fungal microbiome has been considered in
only a few studies (Nonnenmann et al., 2012; Adams et al.,
2013a,2013b; Adams et al., 2014). In addition, many studies have
measured specific bacteria or groups of bacteria (e.g. Gram-posi-
tive or negative bacteria) in homes (e.g., Adhikari et al., 2014) but
the home’s (or other indoor environments’) only a few studies
have been conducted on bacterial microbiome (Kembel et al.,
2012; Qian et al., 2012; Kembel. et al. (2014); Adams et al., 2014).

Recently, Adams et al. (2014) showed that outdoor air had a
major input into the richness of the home’s fungal microbiome but
human inputs dominated the home’s bacterial microbiome. This is
consistent with a recent study of the bacterial microbiome that
demonstrated that the bacterial content of the home was linked to
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the human and animal occupants, and components of the occu-
pants’ bacterial microbiome were readily transferred to newly
occupied homes (Lax et al., 2014). However, these studies did not
consider the microbiome in water-damaged versus non-water-
damaged homes as well as other possible environmental de-
terminants of bacteria considered in the present study.

In this study, we examined the bacterial and fungal microbiome
of homes associated with increased-risk of asthma, i.e., homes
with higher Environmental Relative Moldiness Index (ERMI) va-
lues, compared to homes with low ERMI values (Reponen et al.,
2011, 2012). Our goal was to determine the factors associated with
the home that influence the composition of both the bacterial and
fungal microbiome. By examining household factors, such as age of
home, ERMI, occupant number, relative humidity, temperature,
and the presence of pets (dog or cat), we hope to expand our
understanding of factors that create and influence the microbiome
of homes, especially homes that are associated with a higher risk
of asthma.

2. Methods

2.1. Study Homes

The protocols for collection and analysis of household dust
samples previously approved by the Institutional Review Board at
the University of Cincinnati were followed during the home
sampling. The families recruited for this study (n¼35) were a
subset of the cohort participating in the Cincinnati Childhood Al-
lergy and Air Pollution Study (CCAAPS) undertaken in Cincinnati,
Ohio and Northern Kentucky in 2001 (LeMasters et al., 2006). The
ERMI values for these homes were determined previously (Ad-
hikari et al., 2014). Based on the ERMI values, homes were selected
for inclusion in a low ERMI (o2) group (n¼17) or a high ERMI
(Z2) group (n¼18).

2.2. On-site home Visit and sampling

On-site home visits were performed by two-person teams at
child’s age eight. Floor-dust samples were obtained for the as-
sessment of bacteria and fungi by vacuuming the floor in the
child’s primary activity room (Cho et al., 2006). Dust samples for
carpeted floor were collected from an area of 2 m2 at a vacuuming
rate of 2 min/m2. For non-carpeted floor (hard wood, linoleum,
tile, or sheet floor), the sample was collected from the entire room
at a rate of 1 min/m2. Large dust particles were removed by sieving
(355 mm mesh sieve), and the resulting fine dust was stored at –
20 °C before analyses. Temperature (°C) and relative humidity (%)
were recorded in each home by a portable thermo-hygrometer
(Fisher Scientific, Pittsburgh, PA) and data on the number of oc-
cupants, age of the homes, and pet ownership were collected
through a questionnaire survey.

2.3. DNA extraction from environmental samples

DNA was extracted from 50.0þ0.1 mg of the indoor dust
samples into 100 ml solutions, using a protocol developed at the U.
S. EPA for quantitative analysis of DNA from dust. However, we did
not add the external standard (Haugland et al., 2002) because the
addition of a large number of external cells could influence the
results. Extracted DNA samples were shipped to Research and
Testing Laboratories, LLC (Lubbock, TX) for pyrosequencing.

2.4. Pyrosequencing primers

Extracted DNA samples were amplified for pyrosequencing

using forward and reverse fusion primers. For bacteria, the for-
ward primer was constructed with (5ʹ-3ʹ) the Roche A linker
(CCATCTCATCCCTGCGTGTCTCCGACTCAG), an 8–10 bp barcode
(42 nucleotide differences between primers), and the 28F primer
(5ʹ-GAGTTTGATCNTGGCTCAG-3ʹ). The reverse fusion primer was
constructed with (5ʹ–3ʹ) a biotin molecule, the Roche B linker
(CCTATCCCCTGTGTGCCTTGGCAG TCTCAG), and the universal eu-
bacterial 519R primer (5ʹ-GTNTTACNGCGGCKGCTG-3ʹ). For fungal
DNA, the same approach was used, however, the fungal specific
ITS1 primer (CTTGGTCATTTAGAGGAAGTAA) replaced 28F in the
forward primer and the fungal specific ITS4 (TCCTCCGCTTATTGA-
TATGC) replaced the 519R in the reverse primer.

2.5. Amplification

Amplifications were performed in 25 ml reactions with Qiagen
HotStart Taq Master Mix (Qiagen Inc., Valencia, CA), 1 ml of each
5 mM primer, and 1 ml of template on ABI Veriti thermocyclers
(Applied Biosytems, Foster City, CA) under the following thermal
profile: 95 °C for 5 min, then 35 cycles of 94 °C for 30 s, 54 °C for
40 s, 72 °C for 1 min, followed by one cycle of 72 °C for 10 min and
4 °C hold. Amplification products were visualized with eGels (Life
Technologies, Inc., Grand Island, NY) and pooled equimolar. Each
pool was cleaned with Diffinity RapidTip (Diffinity Genomics, West
Henrietta, NY), and size selected using Agencourt AMPure XP
(BeckmanCoulter, Brea, CA) following Roche 454 protocols (454
Life Sciences). Size selected pools were quantified and 150 ng of
DNA hybridized to Dynabeads M-270 (Life Technologies, Inc.,
Grand Island, NY) to create single stranded DNA following Roche
454 protocols (454 Life Sciences, Branford, CT). Single stranded
DNA was diluted and used in emPCR reactions. Sequencing was
accomplished following established manufacturer protocols (454
Life Sciences, Branford, CT) on FLX Sequencers using titanium
chemistry.

2.6. Putative identifications of bacteria and fungi

Operational taxonomic unit (OTU) clusters for the fungi and
bacteria were determined using Kraken as the classifier to assign
taxonomy (Wood and Salzberg, 2014). The sequences were sorted
using FASTA formatted files and then clustered into OTU clusters
with 96.5% identity (3.5% divergence) using USEARCH (Nucleotide,
2011). The file was then queried against a database of high quality
sequences derived from NCBI using a distributed.NET algorithm
that utilizes BLASTNþ version 0.7.4 (KrakenBLAST; www.kraken-
blast.com). The BLASTnþ outputs were compiled using a.NET
4.5 standards and C# 5.0 analysis pipeline.

2.7. Data reduction

The data reduction analysis was performed, as previously de-
scribed (Dowd et al., 2008; Callaway et al., 2009; Callaway et al.,
2010). Based upon the above BLASTnþ derived sequence identity
(percent of total length query sequence which aligns with a given
database sequence) and validation using taxonomic distance
methods, the bacteria and fungi were putatively classified at the
genus and species taxonomic levels. Sequences representing ap-
proximately 82,584 bacterial and 14,438 fungal species were pre-
sent in the database (Nucleotide, 2011). Sequences with identity
scores were compared to known or well-characterized ribosomal
DNA sequences. Sequence identities greater than 97% (o3% di-
vergence) were resolved at the species level and between 95 and
97% at the genus level (Nonnenmann et al., 2012). Any match
below this percent identity was discarded. In addition, the High
Score Pair was at least 75% of the query sequence or it was dis-
carded, regardless of identity (Browning and Browning, 2013).
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After resolution based upon these parameters, the percentage
of each identity was individually analyzed for the sample by pro-
viding relative abundance information based upon relative num-
bers of 16s and ITS DNA sequences within a given sample for
bacteria and fungi, respectively. The putative primary taxonomic
identification of the sample sequences was resolved to its closest
relative or species level, when possible.

2.8. Statistical analysis

Four common diversity measures (richness, evenness, Shan-
non’s Diversity Index, and Simpson’s Diversity Index) were cal-
culated using species relative abundance values with PC-ORD v.
6.0 software (MjM Software, Gleneden Beach, OR). Species rich-
ness (S) is defined as the number of species (non-zero elements)
observed in the sample. Evenness (E) is an estimate of how equi-
tably distributed the species abundances were. Shannon’s index
(H) measures the information content of a sample and accounts for
both abundance and evenness of the species present. The pro-
portion of species i relative to the total number of species (pi) is
calculated, and then multiplied by the logarithm of this proportion
(log pi). The resulting product is summed across species, and
multiplied by –1

H p plog ( )
(1)i

S

i i∑= −

Simpson’s diversity index (Dʹ) for an infinite population, which
is the likelihood that two randomly chosen OTUs will be different
species, was defined as:

D p1
(2)i

s

i
2∑′ = −

Preliminary analyses were conducted using SPSS v. 17.0 soft-
ware (SPSS Inc., Chicago, IL) on the diversity measures to assess
normality as determined by Shapiro–Wilk tests. When possible,
log10 transformation was utilized to achieve normality. Group
means were compared using Student’s t-tests on normally dis-
tributed variables, whereas Mann–Whitney U tests were used to
compare group medians when non-parametric tests were neces-
sary. Correlations (1) between the diversity measures and en-
vironmental variables and (2) among the diversity measures
themselves were assessed using Pearson and Spearman correla-
tions where appropriate.

The linear discriminant analysis (LDA) effect size (LEfSe) (Se-
gata et al., 2011) algorithm was used for putative bacterial and
fungal identification with significant differential relative abun-
dances with respect to ERMI classification of “high” or “low”

(based on sample median value) and dog ownership classification
of “yes” or “no.” A default threshold value of 2.0 on the logarithmic
LDA score was used to identify discriminative features.

3. Results

Table 1 shows the mean and standard deviation for each of the
home factors evaluated in this study as well as the occurrence of
cats or dogs as pets. The various factors were evaluated for their
effect on microbial population richness, which refers to the
number of species present in a particular environment; evenness,
which refers to the uniformity of the populations in the environ-
ment; and diversity, which describes the rarity or commonness of
a particular species in a community.

The richness of the fungal populations in the homes was po-
sitively (po0.05) correlated with the age of the home (Table 2 and

supplementary Fig. S1), the ERMI value (Table 2 and supplemen-
tary Fig. S2), and relative humidity (Table 2 and supplementary
Fig. S3), but not with the number of occupants or temperature
(Table 2) in the home. The fungal evenness and diversity indices
(both Shannon and Simpson) were also significantly correlated
with the age of the home (Table 2 and supplementary Fig. S1). On
the other hand, the bacterial richness, evenness and diversity were
not correlated with the age of the home, ERMI, number of occu-
pants, relative humidity, and temperature (Table 2).

Fig. 1 shows that the bacterial populations’ richness (Fig. 1a)
was not significantly affected by dog ownership, but evenness
(Fig. 1b) and diversity (both Shannon and Simpson- Fig. 1c–d)
were significantly higher in homes with dogs. On the other hand,
dog ownership had no discernible influence on fungal richness,
evenness, and diversity (supplementary Fig. S4). Cat ownership
was not associated with bacterial or fungal richness, evenness or
diversity (data not given). Overall, there was no correlation be-
tween bacterial populations and fungal populations for richness,
evenness, or diversity (Table 3). In terms of magnitude, the bac-
terial population in the house dust had greater richness, evenness,
and diversity than the fungal population (Table 3).

As the ERMI value, relative humidity, and age of home de-
terminants appeared to have the most influence on indoor fungal
microbiome (Table 2), they were each used to categorize the
homes for fungal LDA analysis (Fig. 2). When categorized accord-
ing to ERMI value, a total of 39 fungi had LDA scores above the
significance threshold of 72.0 which indicated statistically sig-
nificant enrichment (Fig. 2a and complete list of 33 putative fungi
in high ERMI conditions and six in low ERMI conditions in the
supplementary Table E1). A total of 47 putative fungi had LDA
scores above the significance threshold of72.0 when categorized
according to relative humidity status (Fig. 2b and complete list of
44 putative fungi in high relative humidity conditions and three in
low relative humidity conditions in the supplementary Table S2).
When categorized according to the age of the home, a total of 67
putative fungi had LDA scores above the significance threshold of
72.0 (Fig. 2c and complete of list of 57 putative fungi in older
homes and ten in younger homes in the supplementary Table S3).

As dog ownership appeared to have the most influence on the
bacterial microbiome in the home (Fig. 1 and supplementary Fig.
S5 and Fig. S6), the homes were divided into dog-present or dog-
absent homes to categorize the homes for bacterial LDA analysis
(Fig. 3). A total of 130 putative bacteria had LDA scores above the
significance threshold of72.0 (complete list of 104 putative bac-
teria in homes with a dog and 26 in homes without a dog in
supplementary Table S4).

Table 1
Descriptive statistics of home characteristics.

Age of home [years] 53.8734.2
ERMI [avg] 2.8975.61
Occupants [#] 4.671.6
Relative humidity [%] 35.678.9
Temperature [°C] 23.173.2

Dog ownership
Yes 14
No 21

Cat Ownership
Yes 8
No 27

Notes: Values are means7standard deviation. Pet
ownership values represent the number of homes
in each category.
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4. Discussion

Fungal growth indoors is known to be enhanced by excess
moisture, either as water-damage or humidity (IOM (Institute of
Medicine) (2004); WHO (World Health Organization) Europe
2009). So it is not surprising that we found excess moisture as
important determinant of the home’s fungal microbiome. The LDA
analysis reinforces this observation. Although the fungal identifi-
cations are only putative, the data do demonstrate that about five

times more specific fungal genera/species were enriched in higher
ERMI homes compared to low ERMI homes and about ten times
more fungal genera/species in high versus low relative humidity
homes. What is relevant for mold investigations is that the ERMI
metric, which is based on only 36 fungi (Vesper et al., 2007),
correctly indicated the enrichment of other fungi, not specifically
quantified by the ERMI analysis, in homes with excess moisture.
Excess moisture may also partially explain why the age of the
home is a significant determinant of the home’s fungal

Table 2
Correlation coefficients (r) and their statistical significance (p) between environmental characteristics of home and four diversity metrics for both bacteria and fungi.

Richness (S) Evenness (E) Shannon diversity (H) Simpson’s diversity (D′)†

r p r p r p r p

Age of Home Bacteria 0.215 0.216 0.123† 0.482 0.214 0.217 0.175 0.315
Fungi 0.497 0.002 0.517 0.001 0.573 o0.001 0.575 o0.001

ERMI† Bacteria 0.297 0.083 -0.059 0.735 0.167 0.336 0.122 0.485
Fungi 0.489 0.003 0.047 0.787 0.250 0.147 0.115 0.509

Occupants Bacteria 0.087 0.618 –0.171† 0.325 -0.029 0.870 –0.196 0.260
Fungi 0.094 0.590 0.148 0.396 0.137 0.433 0.127 0.466

Relative humidity Bacteria 0.156 0.371 –0.134† 0.443 –0.095 0.589 –0.140 0.424
Fungi 0.407 0.015 0.089 0.610 0.206 0.236 0.087 0.620

Temperature Bacteria –0.104 0.551 –0.223† 0.197 –0.263 0.127 –0.288 0.093
Fungi 0.102 0.560 0.155 0.375 0.139 0.426 0.203 0.242

Notes: Values in boldface are considered statistically significant (po0.05). Pearson correlation on log-transformed data was used unless otherwise noted.
† Spearman correlation coefficients are reported for all correlations involving ERMI, Simpson’s diversity, and bacteria evenness.

Fig. 1. Box and whisker plots of the four diversity metrics for bacteria [richness (A), evenness (B), Shannon’s diversity (C), and Simpson’s diversity (D)] with homes
categorized according to dog ownership. Whiskers on box plots are maximum and minimum values. No significant differences were observed for fungi (see Supplementary
Figure IV).
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microbiome.
We have previously shown that older homes are more likely to

be water-damaged (higher ERMI values) than newer homes, pos-
sibly because the typical infrastructure of a home (roof, pipes, etc)
deteriorates with age, resulting in water leaks (Reponen et al.,
2013). However, only fungal richness was enhanced in older, high
ERMI value and high humidity homes. Fungal community even-
ness and diversity were only enhanced in older homes. The LDA
analysis showed that there were about five times more fungi in the
older than in the younger homes. Therefore, it may be that
moisture promotes the number of species, i.e., the richness, in the
fungal microbiome but, in older homes, there has been sufficient
time for the fungal populations to reach population uniformity, i.e.,
evenness. In addition, the diversity of the fungal microbiome may
be greater in older, water-damaged homes compared to younger
homes because of the different rates at which fungi colonize
homes, after a water-damage event (Yang et al. 2007); therefore
providing more time for colonization by additional fungi, i.e., in-
creased diversity.

On the other hand, the bacterial evenness, richness, and di-
versity were not significantly determined by the same factors that
determined the fungal microbiome. Of the factors tested, bacterial
evenness and diversity, but not richness, were significantly in-
creased by the presence of a dog (but not a cat). The LDA analysis
showed that homes with dogs contained four times more putative
bacterial species compared to homes without a dog.

Fujimura et al. (2010) also found that bacterial diversity was
increased in homes with a dog (but not a cat). This diversity might
be the result of a dog being allowed outside (whereas, many cats
are not). Kembel et al. (2012) reported that the diversity of the
outdoor bacterial community was significantly greater than the
indoor bacterial community. So if dogs are an important de-
terminant of the home’s bacterial microbiome, it may be because

dogs are bringing that outdoor bacterial diversity into the home.
The other studies of the bacterial microbiome in homes (Adams

et al., 2013a; Adams et al., 2014), and other indoor environments
like schools (Qian et al., 2012; Adams et al., 2013b) and a health
care facility (Kembel et al., 2012) all demonstrated that the occu-
pants are the most important determinants of the bacterial mi-
crobiome in these built environments. Originally, we suspected
that water-damage might increase the richness, evenness and di-
versity of the bacterial community but we found that bacterial
microbiomes were about the same, whether the homes were
water damaged or not (high vs. low ERMI homes). However, some
specific bacteria have been found in higher numbers in water-
damaged homes (Rintala et al., 2004; Kettleson et al., 2013).
Therefore, although the bacterial microbiome is apparently largely
determined by occupants (humans and dog), there may be other
factors we did not test which are also determinants of the bacterial
microbiome in homes.

In contrast to bacteria, the fungal microbiome is not dominated
by occupants. Excess water, as quantified by high relative humidity
and high ERMI values, and the age of the home were apparently
determinants of the fungal community’s composition (richness,
evenness and diversity). Previous home microbiome studies did
not compare water-damaged and non-water-damaged homes and
buildings (Adams et al., 2013a, 2013b; Adams et al., 2014). In those
studies, the fungal microbiome was dominated by the fungi from

Table 3
Descriptive statistics and Pearson correlation coefficients (r) between fungal and
bacterial diversity metrics.

Bacteria Fungi r p

Richness 394 7 136 146 7 70 0.241 0.164
Evenness 0.81 7 0.05 0.55 7 0.10 0.091† 0.605
Shannon’s diversity 4.81 7 0.41 2.737 0.71 0.131 0.452
Simpson’s diversity 0.97 7 0.02 0.84 7 0.09 0.102† 0.559

Notes: Values are arithmetic means7standard deviation.
† Spearman correlation coefficients are reported for all correlations involving

Simpson’s diversity and evenness.

Fig. 2. Linear discriminant analysis showing putative fungi associated with high (Z2.0) or low (o2) ERMI homes (A), high (Z36.0%) or low (o36%) relative humidity (B),
and older (Z53 years) or younger (o53 years) homes. For the sake of clarity, only putative fungi with LDA scores above 3.5 are shown in panel (A) and above 3.0 in panels
(B) and (C).

Fig. 3. Linear discriminant analysis showing putative bacteria associated with dog
ownership. For the sake of clarity, only putative bacteria with LDA scores above
3.0 are shown.
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the outdoor air. Yet, it is water-damaged built environments that
have been linked to poor respiratory health (IOM, 2004; WHO,
2009; Mendell et al., 2011). Therefore, it appears to be essential to
quantify the water-damage in the home (e.g, by moisture mea-
surements or determining the ERMI), when addressing the ques-
tion of the indoor fungal microbiome and its role in health.

We recognize that our study has limitations beyond just the
small number of samples analyzed. The selection of high vs. low
ERMI homes was somewhat arbitrary because the samples came
from another study; so bias is possible. Also, we only evaluated a
few possible determinants that might influence the home’s mi-
crobiome and certainly there are many other factors that could be
important. In addition, pyrosequencing has many inherent lim-
itations, including its lack of standardization of methods, limita-
tions of quantification, reliance on limited databases, and lack of a
uniform and comprehensive method of interpreting the results.
Despite of these limitations, our study showed that only fungal
and bacterial communities are governed by very different
determinants.

5. Conclusion

Some key determinants of the fungal microbiome in homes
might be excess moisture and age of the home but for the bacterial
microbiome, the only determinant, of those tested, was dog
ownership.
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Table S1. Complete list of the 33 fungi enriched in high ERMI conditions and the 6 fungi enriched in low ERMI
conditions.

Fungi (HIGH ERMI) LDA Score Fungi (Low ERMI) LDA Score
Cyberlindnera jadinii 4.64 Leptosphaerulina chartarum -4.75
Leptosphaeria contecta 3.88 Leptosphaerulina sp -4.71
Phoma sp 3.71 Cryptococcus liquefaciens -3.18
Eurotium sp 3.69 Bipolaris sp -3.14
Devriesia pseudoamericana 3.56 Alternaria citri -2.94
Myrothecium roridum 3.56 Mrakiella sp -2.84
Phaeophyscia ciliata 3.54
Podosphaera fusca 3.49
Cercophora acanthigera 3.38
Bensingtonia yuccicola 3.38
Cylindrium sp 3.37
Septoria passerinii 3.30
Chaetomium globosum 3.29
Candida tropicalis 3.27
Teratosphaeria altensteinii 3.25
Hannaella coprosmaensis 3.24
Lecythophora sp 3.20
Stachybotrys chartarum 3.17
Penicillium commune 3.15
Mycocalicium victoriae 3.13
Leptosphaeria sp 3.12
Teratosphaeria wingfieldii 3.10
Cladosporiumpini ponderosae 3.09
Teratosphaeria agapanthi 3.08
Phaeotheca fissurella 3.05
Teratosphaeria persoonii 3.04
Curreya austroafricana 2.99
Peyronellaea glomerata 2.97
Chalara sp 2.90
Humicola sp 2.80
Knufia chersonesos 2.79
Cryptococcus dimennae 2.77
Phialocephala fluminis 2.67



Table S2. Complete list of the 44 fungi enriched in high relative humidity conditions and the 3 fungi enriched in low
relative humidity conditions.

Fungi (HIGH Relative Humidity) LDA Score Fungi (Low Relative Humidity) LDA Score
Cyberlindnera jadinii 4.60 Epicoccum nigrum -4.57
Minimidochium sp 3.80 Pseudeurotium bakeri -3.03
Candida albicans 3.29 Mastigobasidium intermedium -2.56
Aureobasidium pullulans 3.28
Exophiala placitae 3.19
Exophiala xenobiotica 3.13
Aspergillus sp 3.10
Wallemia sp 3.09
Exophiala sp 3.01
Penicillium sp 2.95
Nigrospora sphaerica 2.95
Peniophora incarnata 2.92
Malassezia restricta 2.90
Diplodia pinea 2.85
Pyrenochaetaunguis hominis 2.84
Gibberella sp 2.79
Sporobolomyces coprosmae 2.76
Cylindrium sp 2.71
Botryotinia fuckeliana 2.70
Sistotremastrum sp 2.67
Ochrocladosporium elatum 2.65
Aureobasidium sp 2.63
Ceratobasidium sp 2.63
Acremonium sp Ascomycota 2.59
Hydropisphaera erubescens 2.59
Hypocrea lixii 2.58
Melampsora medusae 2.57
Fusarium larvarum 2.56
Erythrobasidium clade 2.56
Rhizosphaera kalkhoffii 2.55
Microsphaeropsis proteae 2.54
Fusarium lateritium 2.53
Saccharomyces cerevisiae 2.50
Microdochium bolleyi 2.50
Aspergillus sydowii 2.49
Athelia sp 2.46
Humicola grisea 2.42
Capnobotryella sp 2.42
Aspergillus ochraceus 2.41
Phaeotheca fissurella 2.37
Coprinellus radians 2.34
Ustilago spermophora 2.32



Irpex sp 2.31
Pseudozyma hubeiensis 2.31



Table S3. Complete list of the 57 fungi enriched in older homes and the 10 fungi enriched in younger homes.

Fungi (OLDER Homes) LDA Score Fungi (YOUNGER homes) LDA Score
Fusarium sp 4.45 Leptosphaerulina chartarum -4.53
Cladosporium cladosporioides 4.37 Leptosphaerulina sp -4.48
Rhodotorula mucilaginosa 3.72 Nigrospora sp 4.30
Phoma sp 3.55 Nigrospora sphaerica -3.41
Helicodendron sp 3.48 Ramularia pratensis -3.11
Coniothyrium fuckelii 3.47 Thelebolus sp -2.97
Tetracladium furcatum 3.35 Bipolaris sp -2.96
Candida tropicalis 3.29 Myrothecium verrucaria -2.92
Fusarium oxysporum 3.19 Phaeosphaeria phragmitis -2.79
Coniosporium apollinis 3.14 Sporidiobolus pararoseus -2.75
Coniosporium sp 3.04
Stemphylium solani 3.02
Periconia sp 2.93
Hyalodendron sp 2.93
Cladosporium sp 2.88
Trichosporon sp 2.87
Leptosphaeria sp 2.85
Phaeophyscia ciliata 2.82
Hydropisphaera erubescens 2.80
Puccinia striiformis 2.76
Batcheloromyces leucadendri 2.75
Knufia perforans 2.72
Teratosphaeria altensteinii 2.71
Bipolaris sorokiniana 2.71
Cryptococcus luteolus 2.69
Cladorrhinum samala 2.63
Didymella sp 2.63
Rhodosporidium paludigenum 2.61
Myrothecium masonii 2.60
Schizothecium glutinans 2.59
Cladosporium oxysporum 2.59
Nectria sp 2.58
Myrothecium gramineum 2.55
Cercophora coronata 2.54
Capnobotryella sp 2.53
Ochrocladosporium elatum 2.53
Rhodotorula aurantiaca 2.53
Humicola sp 2.50
Roesleria subterranea 2.50
Coniothyrium sp 2.49
Fusarium equiseti 2.48
Humicola grisea 2.48
Colletotrichum truncatum 2.48



Herpotrichia sp 2.47
Coprinellus radians 2.46
Teratosphaeria wingfieldii 2.45
Microdochium bolleyi 2.43
Podospora pyriformis 2.43
Hyalodendriella sp 2.42
Lophiostoma sp 2.42
Teratosphaeria suberosa 2.40
Mycosphaerella buckinghamiae 2.38
Chalara sp 2.36
Mortierella sp 2.35
Ceratobasidium sp 2.35
Fusarium lateritium 2.33
Fusarium solani 2.28


	2015-138-130-5.pdf
	Key determinants of the fungal and bacterial microbiomes in homes
	Introduction
	Methods
	Study Homes
	On-site home Visit and sampling
	DNA extraction from environmental samples
	Pyrosequencing primers
	Amplification
	Putative identifications of bacteria and fungi
	Data reduction
	Statistical analysis

	Results
	Discussion
	Conclusion
	Notice
	Conflict of interest
	Acknowledgements
	Supplementary material
	References


	mmc1.pdf
	mmc2(2).pdf
	mmc3.pdf
	mmc4.pdf
	mmc5.pdf
	mmc6.pdf
	mmc7.pdf
	mmc8.pdf
	mmc9.pdf

