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Abstract The more the mold species isolated on a
culture medium, the more the sampling environment is
represented accurately. According to the sampling
purpose, it is crucial to use the best culture medium for
mold. However, no study is available regarding the
comparison of dichloran rose bengal chloramphenicol
(DRBC) and Sabouraud dextrose agar with cyclohex-
imide and chloramphenicol (SDA-CHX-CHL) culture
media in terms of their application for airborne
sampling, isolation, and identification of fungi. Air-
borne mold samples were impacted onto both DRBC
and SDA-CHX-CHL, simultaneously using single-
stage Andersen sampler. The limit of detection (LOD)
value for airborne mold count was 7 CFU m~> (1
colony growth on the Petri dish). The total mold
counts (TMC) ranged between <7 and 504 CFU m>
(med 56 CFU m ) and <7 and 1218 CFU m > (med
259 CFU m ), collected on SDA-CHX-CHL and
DRBC, respectively. Significantly higher TMC were
observed on DRBC than on SDA regardless of the
sampling environment (i.e, indoor or outdoor)
(» <0.05). Among the most predominant mold
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genera, observation frequencies of Penicillium spp.
and Aspergillus spp. on both culture media were found
to be more than 70%. Observation frequencies of
Cladosporium spp., Alternaria spp., and yeast were
found to be higher in samples collected on DRBC than
those on SDA-CHX-CHL. Finally, DRBC was found
to be superior to SDA in terms of both number of
colonies and number of genera isolated from the air.

Keywords Airborne mold sampling -
Chloramphenicol (CHL) - Culture medium - Dichloran
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1 Introduction

Scientists and several governmental and private orga-
nizations have been working to determine ‘“safe”
indoor/outdoor airborne mold levels particularly since
the 1980s. Additionally, new green/sustainable build-
ing rating systems promote lower indoor mold levels
to gain sufficient credits to receive a “green” certifi-
cate. However, critical debates on setting accept-
able and safe concentration limits to airborne mold
exposure have still been continuing due to the lack of
information regarding human dose-response and
different susceptibility/sensitivity levels of individuals
to airborne mold (Bascom et al. 1994; Rao et al. 1996).
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The use of standard sampling, enumeration, and
identification techniques is crucial to obtain represen-
tative and accurate results. Many studies are available
in the literature investigating indoor, outdoor, or
occupational mold exposure levels where different
culture media have been used. Numerous culture
media have been used to cultivate airborne mold to
date. The most popular culture media for airborne
sampling are malt extract agar (MEA), dichloran
glycerol (DG18) agar, rose bengal agar (RBA), rose
bengal chloramphenicol (RBC) agar, dichloran rose
bengal chloramphenicol (DRBC) agar, and Sabouraud
dextrose agar (SDA). One of the most preferred
bioaerosol sampling methods, NIOSH method 0800
(1998), recommends MEA for fungi and other culture
media for specific target fungi. A limited number of
studies have been carried out in different environ-
ments by using more than one culture media to
compare the performance of the culture medium in
terms of airborne mold sampling (e.g., Burge et al.
1977; Morring et al. 1983; Sunesson et al. 1995; Dilon
et al. 1996; Wu et al. 2000; Ren et al. 2001; Duchaine
et al. 2002; Godish and Godish 2007; Nieguitsila et al.
2011). These studies indicate that selection of culture
medium is crucial for isolation, enumeration, and
identification of mold species collected from the air.

Airborne molds can be found ubiquitously in the
environment due to the abundance of substrate avail-
ability, such as plants, foods, human and pet activities
and favorable environmental conditions such as tem-
perature and relative humidity for mold propagation
(Morring et al. 1983). Choosing the best culture
medium for this purpose is important. The more the
mold species isolated on a culture medium, the more
the sampling environment is represented accurately.
Sabouraud agar was found just before the 1900s to
culture pathogenic molds and yeasts that cause skin
lesions (Sabouraud 1896). The reason why DRBC and
SDA were chosen in this study is DRBC and SDA are
widely used culture media recommended for both
molds and yeasts and considered to be satisfactory as
general purpose enumeration media (Rosenthal and
Furnari 1957; King et al. 1979; Pitt and Hocking 1997,
Pitt et al. 2009; Mentese et al. 2009, 2012a, b, 2015).
However, no study is available regarding the compar-
ison of DRBC and SDA-CHX-CHL culture media in
terms of their airborne sampling, isolation, and
identification performances. This study would be
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beneficial to determine the choice of culture medium
for airborne mold sampling purposes.

2 Material and method
2.1 Sample collection and analysis

Airborne mold samples were collected daily from
indoor (n = 88) and outdoor environments (n = 26)
in Canakkale, Turkey, from August 13 to August 27,
2013 within the context of Canakkale Health Air Study
(Mentese et al. 2015). Canakkale is a small college
city, located on the farthermost west coast of Turkey.
Its climate has a transient character between the
Mediterranean and Black Sea regions. All indoor
environments were selected randomly, and any known
dampness in the indoor sampling sites was not
recorded prior to the study.

Indoor airborne mold samples were collected
during the daytime at 1.5 m height in the center of
the living room of the private homes, and outdoor
samples were collected minimum 2 m away outside
the buildings and any potential source as described in
NIOSH (1998) and Mentese et al.
(2009, 2012a, b, 2015). Airborne mold samples were
impacted onto both DRBC and SDA-CHX-CHL
culture media, simultaneously by a single-stage
Andersen sampler (SKC Inc., USA). Sampling flow
rate was 28.3 mL min~' and sampling time was
5 min. Airborne mold samples were incubated at
25 °C for 4-10 days. After the incubation period,
enumeration of mold colonies’ grown on the plate was
carried out by using a light microscope (10x and 40x
magnification, Primo Star, Zeiss, Germany). Mold
counts were calculated in colony forming unit per
drawn air in m®> (CFU m™?). The limit of detection
(LOD) value for airborne mold count was 7 CFU m>
(1 colony growth on the Petri dish). Additionally, both
field and laboratory blanks for both SDA-CHX-CHL
and DRBC culture media were kept for each sampling
day. No contamination was observed on the culture
media. Also, exact values of temperature and relative
humidity (RH) were monitored online (435-2, Testo
Inc., Germany). Airborne molds were identified under
the light microscope on the level of genus. Each
isolated mold sample was identified according to their
shape by using morphological atlases under the
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microscope (Sutton et al. 1998; Barnett and Hunter
2003; Samson et al. 2010; Larone 2011).

All agar plates were ready to use and sterile
(Salubris Co., Turkey). SDA-CHX-CHL contains (in
1 L) peptic digest of meat (5 g), glucose (40 g),
pancreatic digest of casein (5 g), cycloheximide
(0.05 g), chloramphenicol (0.04 g), and agar (15 g)
with a final pH of 6.8 + 0.2 at 25 °C. DRBC contains
(in 1 L) peptic digest of animal tissue (5 g), glucose
(10 g), monopotassium phosphate (1 g), magnesium
sulfate (0.5 g), rose bengal (0.0025 g), dichloran
(0.002 g), chloramphenicol (0.1 g), and agar (15 g)
with a final pH of 5.6 & 0.2 at 25 °C. Both culture
media were tested for quality control purposes by
E. coli ATCC 25922 as a negative control and with C.
albicans ATCC 10231 as a positive control.

Before choosing the culture medium of SDA-CHX-
CHL for this study, SDA with and without CHX-CHL
was used to sample airborne mold in parallel for
comparison. Since it was not possible to identify and/
or count the mold growth on SDA due to excessive and
very rapidly growing bacteria and/or mold species on
the SDA plate, mold species could not be identified or
counted thoroughly. Thus, SDA-CHX-CHL was used
in this study instead of SDA.

2.2 Statistical analyses

Statistical analyses were performed using SPSS 19.0
software. Distribution of mold counts was investigated
using the Kolmogorov—Smirnov test. Correlations
between the mold counts collected with DRBC and
SDA-CHX-CHL media were examined by analysis of
variance (ANOVA) tests. Paired ¢ test and Wilcoxon
signed-rank test were applied to mold count pairs to
test the statistically significant differences between the
pairs in terms of their mean and median values,
respectively. Values with p < 0.05 were considered
statistically significant for all tests.

3 Results

3.1 Temperature and humidity

Median (med) values of both indoor and outdoor
temperature and RH were around 29 °C and 50%,

respectively. Temperature values were in the range of
mesophilic conditions (i.e., 20-35 °C), differences in

temperature between outdoor and indoor sampling
sites were noticeably low (med Afyyi, = 0.8 °C), and
humidity levels were considered to be moderate and
acceptable for human comfort (ASHRAE 2013).

3.2 Mold counts collected on DRBC and SDA-
CHX-CHL media

Distribution of mold counts of SDA-CHX-CHL and
DRBC was found to be lognormally distributed with
95% confidence by Kolmogorov—Smirnov test. Since
no statistically significant difference between indoor
and outdoor mold samples was found (p > 0.05) and
climatic conditions (i.e., temperature and RH) were
similar in both indoor and outdoor air throughout the
study, all airborne mold samples were analyzed
statistically without a categorization. As shown in
Table 1, TMC levels ranged between <7 and
504 CFU m ™ and <7 and 1218 CFU m > collected
by SDA-CHX-CHL and DRBC, respectively. Median
values of all samples were 56 and 259 CFU m ™
collected by SDA-CHX-CHL and DRBC, respec-
tively. Thus, it can be said that TMC levels were
observed to be markedly higher on DRBC than on
SDA, regardless of the environment (i.e., indoor or
outdoor).

3.3 Mold growth on DRBC and SDA-CHX-CHL
media according to mold genus

Total number of observed mold genera (n = 114) was
calculated by summing up the number of observed
mold genera in each sample (see Table 1). Accord-
ingly, a total of 281 and 523 mold colonies were
isolated from SDA-CHX-CHL and DRBC culture
media, respectively. Similar to TMC levels, total
number of mold genera observed on DRBC was found
to be higher than those on SDA-CHX-CHL (i.e, with
twofolds higher median value). Some of the sample
pairs were selected to show the visual comparison of
mold growth on DRBC and SDA-CHX-CHL culture
media collected from parallel samplings (Fig. 1). As
shown in Fig. 1, both the number of mold genera and
number of mold colonies grown on DRBC were higher
than those grown on SDA-CHX-CHL.

Table 2 shows whether any mold genus was
observed (1) only on SDA-CHX-CHL or (2) only on
DRBC or (3) on both culture media at the same time,
from each parallel sample regardless of the colony
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Table 1 Total number of isolated colonies and TMC levels (CFU m ™) collected simultaneously by SDA-CHX-CHL and DRBC
culture media

Parameter Sum Min Max Med Mean SD

Number of isolated genera®

SDA-CHX-CHL - <14 6 3.00 2.93 1.20
DRBC - <14 8 6.00 5.57 1.32
Total number of isolated colonies from all samplesb

SDA-CHX-CHL 281 - - - - -
DRBC 523

Number of isolated genera ratio®

NpPRBC/MSDA-CHX-CHL - 0 6.0 2.0 2.14 1.18
TMC (CFU m™3)

SDA-CHX-CHL - <74 504 56 70 10.6
DRBC - <7 1218 259 315 29.7

N = 114 for each culture medium

? n; = number of isolated genera on a plate
114

b Zni
i=1

¢ Calculated from each parallel sample pair

9 No colony growth was observed on the culture medium

Fig. 1 Typical views of airborne mold sample pairs collected by DRBC (a, ¢, e, g) and SDA-CHX-CHL (b, d, f, h)
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Table 2 Relative
observational frequencies of
individual mold genus
collected simultaneously by
SDA-CHX-CHL and/or
DRBC media

> ni/n%, where n;
observation number of each
mold genus among the all
samples; n = 114;
predominant mold genera
were shown in bold

Mold genus Relative observation frequency (%)
Only SDA-CHX-CHL Only DRBC SDA-CHX-CHL
and DRBC

Penicillium spp. 6.1 16.7 74.6
Aspergillus spp. 6.1 16.7 73.7
Cladosporium spp. 0.0 63.2 325
Alternaria spp. 6.1 57.0 21.1
Sterile hyphae + NI* 7.0 36.0 9.6
Yeast 0.0 33.3 7.0
Acremonium spp. 0.0 28.9 35
Mucor spp. 9.6 9.6 0.0
Rhizopus spp. 1.8 4.4 3.5
Chaetomium spp. 0.9 0.9 0.0
Fusarium spp. 0.0 3.5 0.0
Scopulariopsis spp. 0.0 2.6 0.0
Drechslera spp. 0.0 1.8 0.0
Geotrichum spp. 0.0 0.9 0.0
Cunninghamella spp. 0.0 0.9 0.0
Trichoderma spp. 0.0 0.9 0.0

% NI not identified

counts of each mold genus on the samples. Among the
most predominant mold genera, observation frequen-
cies of Penicillium spp. and Aspergillus spp. on both
culture media were found to be more than 70%.
Cladosporium spp., Alternaria spp., and yeast were
observed in 95.7, 78.1, and 40.0% of the samples
collected on DRBC media, respectively, and in 32.5,
27.2, and 7% of the samples collected on SDA-CHX-
CHL medium, respectively. Also, Penicillium spp.,
Aspergillus spp., Alternaria spp., yeast, and Acremo-
nium spp. occurred more frequently on DRBC than on
SDA-CHX-CHL. No mold genus was found to be
more frequent on SDA-CHX-CHL than on DRBC
medium. Moreover, once mold growth was observed
on DRBC medium for Cladosporium spp., yeast, and
Acremonium spp., no colony growth was observed on
SDA-CHX-CHL culture medium at the same time.
Total colony counts (CFU m73) of individual mold
genus collected simultaneously by SDA-CHX-CHL
and DRBC culture media from all samples (n = 114)
together with the colony count ratios of the observed
individual mold genus on both media are given in
Table 3. When we compared the concentrations of
individual mold genus, mold concentrations were
always found to be higher for all mold genera on
samples collected with DRBC than on those with

SDA-CHX-CHL medium. The ratios of colony counts
of the individual mold genus on DRBC compared to
SDA-CHX-CHL varied between 1.23 and 25.5. The
highest ratios were found for Acremonium spp. (25.50)
and Cladosporium spp. (22.38), while the lowest ratio
was observed for Penicillium spp. (1.23) among the
most predominant mold genera. As shown in Table 2,
among the least frequent mold genera (relative
frequency <5%), Fusarium spp., Scopulariopsis
spp., Drechslera spp., Geotrichum spp., Cunning-
hamella spp., and Trichoderma spp. occurred only on
DRBC.

3.4 Associations between the mold counts
collected by DRBC and SDA-CHX-CHL

Neither TMC levels nor concentrations of the most
prevalent mold genera collected by both culture media
had normal distribution. To find the associations
between the mold counts collected by DRBC and
SDA-CHX-CHL culture media, paired sample tests
were applied at 95% confidence level (see Table 4).
Paired 7 test and Wilcoxon signed-rank tests showed
that individual concentrations of Alternaria spp.,
Aspergillus spp., Cladosporium spp., Penicillium
spp., and yeast and TMC observed on DRBC were
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Table 3 Total numbers of
colony counts (CFU m_3)
of each individual mold
genus collected

simultaneously by SDA-
CHX-CHL and DRBC from
all samples

n = 114; predominant mold
genera were shown in bold

Genus Total colony counts (CFU m_3)
SDA-CHX-CHL DRBC [DRBCJ/[SDA-CHX-CHL]
ratio
Aspergillus spp. 3318 6055 1.83
Penicillium spp. 2772 3409 1.23
Cladosporium spp. 931 20,832 22.38
Alternaria spp. 406 2723 6.71
Yeast 273 1449 5.31
Sterile hyphae + NI* 189 805 4.26
Acremonium spp. 28 714 25.5
Mucor spp. 77 105 1.36
Rhizopus spp. 42 77 1.83
Fusarium spp. 0 42 -
Scopulariopsis spp. 0 35 -
Drechslera spp. 0 14 -
Cunninghamella spp. 0 -
Geotrichum spp. 0 -
Trichoderma spp. 0 -

% NI not identified

Table 4 Paired sample comparison at 95% confidence levels
of the most prevalent mold genera counts and TMC between
DRBC and SDA-CHX-CHL

Variable Mean diff. £ SD* ¢ P’
Alternaria spp. —2.90 £ 2.97 —17.86 0.00
Aspergillus spp. —3.43 £+ 10.66 —5.34 0.00
Cladosporium spp. —24.94 £ 21.22 —9.04 0.00
Penicillium spp. —0.87 + 3.64 —3.01 0.03
T™C —35.21 £ 24.86 -9.20 0.00
n=114

# Paried ¢ test was applied
> Wilcoxon signed-rank test was applied

¢ z value based on possible negative ranks

found to be statistically significantly different than
those observed on SDA-CHX-CHL (p < 0.03).

4 Discussion

Many studies are available in the literature focusing on
indoor, outdoor, or occupational exposure levels to
airborne mold where different culture media have
been used. When studies conducted with different
culture media in different countries in last decade were
considered, it can be seen that different culture media
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such as SDA, DRBC, PeDA, MEA, RBA, DG18, and
PDA are more common for airborne mold sampling
(e.g., Mentese et al. 2009, 2012a, b, 2015; Hoppe et al.
2012; Madureira et al. 2014; Ponce-Caballero et al.
2013; Rosenbaum et al. 2010; Gent et al. 2012;
Kawasaki et al. 2010; Kim et al. 2011; Hoseinzadeh
et al. 2013). There is no clear consistency in the type of
culture medium used, even in the studies conducted in
the same or close geographical regions in the
literature.

Most of the studies which compare culture media in
terms of mold isolation efficiency are based on food
samples. However, it is crucial to use standard
sampling, enumeration, and identification techniques
to obtain accurate results in terms of representing the
sampled environmental conditions for airborne mold.
No study was found investigating the efficiency for
airborne mold using DRBC and SDA-CHX-CHL
together. Thus, only studies which compare the
airborne mold sampling efficiency of culture media
other than DRBC versus SDA-CHX-CHL are dis-
cussed here.

Few studies are available in the literature in which
multiple culture media have been used for airborne
mold sampling, yet some of them did not compare the
performances of the culture media. Table 5 shows the
studies found worldwide investigating the mold iso-
lation performances of culture media for samples
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Table 5 Selected studies conducted worldwide by using different culture media

City, country

Sampling environment

Culture media

Remarks

Reference

Canakkale,
Turkey (this
study)

Homes and outdoors

DRBC versus SDA with CHX and

CHL

Manisa, Ambient air RBA with CHL versus MEA
Turkey

Burgundy, Poultry farmhouse MEA versus DG18
French

Viarmland, Children’s homes MEA versus DG18
Sweden®

Styria, Homes MEA versus DG18 with CHL
Austria®

El-Beida, Homes and outdoors PDA versus MEA with CHL
Libya

Isfahan, Iran

Ambient air

SDA versus PDA

Higher mold counts on DRBC

No comparison

More species were observed on
DG18

No difference in mold spore
counts
Higher mold counts on MEA

No comparison

No comparison

No comparison

Higher mold counts and more
species on DG18

Authors chose RB

Mentese et al.
(2015)

Kalyoncu (2010)

Nieguitsila et al.
(2011)

Holme et al.
(2010)

Haas et al.
(2014)

El-Gali and
Abdullrahman
(2014)

Chadeganipour
et al. (2010)

Li et al. (2010)

Wau et al. (2000)

Morring et al.

Shenzhen, Technological building PeDA, PDA versus Czapek Dox

China in Shenzhen Agar
University

Taiwan Hospital MEA versus DG18

Minnesota, Hospital Inhibitory mold agar, Littman
USA oxgall agar, RB streptomycin

versus SDA

Northeast USA  Infant bedrooms MEA versus DG18

USA Living rooms MEA-DG18

Canada Sawmills SDA, RBA versus CZA with CHL

(1983)

streptomycin

Higher mold levels on DG18

No difference for 1-10-min
sampling

Ren et al. (2001)

Godish and
Godish (2007)

Duchaine et al.
(2002)

No significant effect of media
and SDA showed invalid
results

CHL chloramphenicol, DG18 dichloran glycerol, MEA malt extract agar, PDA potato dextrose agar, PeDA peptone dextrose agar,

RBA rose bengal agar, SDA Sabouraud dextrose agar

# Only fungal spore concentrations were measured

collected from the air. Li et al. (2010) collected air
samples on PDA, PeDA, and Czapek agar using the
open-plate method at different altitudes in Shenzen
University, China. However, the authors did not
compare the airborne mold sampling performances
of those three culture media. Holme et al. (2010)
collected air samples from the kitchen, living room,
and bedrooms in Virmland, Sweden, using MEA and
DG18. However, the authors mentioned only the mold
spore concentrations and found no large difference in
spore concentrations between the two culture media.
There are a few more studies which have been
conducted with more than one culture media without
any comparison of the culture media (Chadeganipour
et al. 2010; Kalyoncu 2010; EI-Gali and

Abdullrahman 2014). Mold recovery from 3 different
culture media (i.e, SDA, RBA, and Czapek solution
(CZA)) with CHL was researched in 17 sawmills in
Canada. There was no significant effect of culture
media in terms of concentration and the mold species
recovered, and also SDA was found to have nonusable
enumeration (i.e., invalid results) (Duchaine et al.
2002), similar to our findings.

Also antimicrobial agents (e.g., chloramphenicol)
have not been used in all of the studies, which could
have influenced both identification and counting
efficiency of airborne mold due to rapid bacteria/mold
growth on the culture medium. Adding antibiotics
(chloramphenicol and cycloheximide here) to the agar
plate increased the enumeration and identification
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performances of the SDA culture medium. Chloram-
phenicol and cycloheximide are antibiotics which
inhibit the growth of some bacteria as well as some
pathogenic fungi (Ajello 1957; MacFaddin 1985;
Mentese et al. 2009). Chloramphenicol and cyclohex-
imide are used due to in vivo inhibitory effects on the
synthesis of mitochondrial enzymes. Chlorampheni-
col causes a significant decrease in the activity of
enzymes which are “markers” of all submitochondrial
structures, while the effect of cycloheximide depends
on the amount of the inhibitor and the time (Turska
et al. 1976). Similar to our preliminary study results,
SDA agar with and without cycloheximide—chloram-
phenicol was used for isolates of dermatophytes in
parallel (Rosenthal and Furnari 1957) and it was found
that SDA-CHX-CHL was much superior to SDA and
SDA-CHX-CHL is recommended for routine diag-
nostic mycology.

5 Conclusion

Choosing the best culture medium in terms of
performance for airborne mold sampling, isolation,
enumeration, and identification is crucial to reach the
best representative results for the sampled environ-
ment. In this study, two culture media (DRBC vs.
SDA-CHX-CHL) which have been commonly used
for airborne mold sampling were compared. It was
found that both mold counts and the number of mold
genera isolated from the air were found to be higher in
samples collected on DRBC culture medium than
those on SDA-CHX-CHL culture medium, regardless
of the environment (i.e., indoor air or outdoor air),
indicating that DRBC was found to be superior to SDA
in terms of both number of colony and number of
species isolated from the air. Moreover, some of the
mold genera commonly found in the air samples, such
as Cladosporium spp., yeast, and Acremonium spp., as
well as less frequent mold genera such as Fusarium
spp., Scopulariopsis spp., Drechslera spp., Geotri-
chum spp., Cunninghamella spp., and Trichoderma
spp. did not occur on SDA-CHX-CHL, while they
occurred on DRBC. Finally, adding an antibiotic agent
to SDA enabled better counting and identification of
mold species.
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