SHEAAE S| K|, |28 H|45(2018) ISSN 2384-132X(Print) ISSN 2289-0564(Online)

Original Article

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(4): 382-392

https://doi.org/10.15269/JKSOEH.2018.28.4.382

kv ! o SOl =X ra kv = A X IL
DNA 7|8t Z&o| EIP7[HE &86t FEQ| ALl ZEO| =&5+& HII
goM . MME - oY - BRT - A - Fai0| - Z8OP - O|FA
ZPe At A ALT, ' SA S BASE IS, (F) At E e AT a

Evaluation of Indoor Mold Exposure Level in dwelling Using
DNA-Based Mold Assessment Method

Eun-Seol Hwang - Sung Chul Seo'

- Ju-Yeong Lee - Jung-min Ryu - Myung-Hee Kwon -
Hyen-Mi Chung - Yong-Min Cho?

- Jung-Sub Lee’

Indoor Environment and Noise Research Division, National Institute of Environmental Research
'Department of Environmental Health and Safety, College of Health Industry, Eulji University
’Institute for Life and Environment Technology, Smartive Corporation

ABSTRACT

Objective: Allergic diseases such as asthma due to fungal exposure in houses have increased, and proper management is urgent.
Mold can grow in the air, floor, walls, and other areas according to environmental conditions, and there are many limitations to
the conventional methodology for examining fungal exposure. For this reason, the degree of fungal contamination is being
evaluated by ERMI (Environmental Relative Moldiness Index), a quantitative analysis method proposed by the EPA. In this
study, we compared ERMI values between water-damaged dwellings and non-damaged ones to evaluate the effectiveness of
Korean ERMI values. We also explored the association of ERMI values with the level of airborne mold and characteristics of
dwellings.

Methods: Floor dust was collected after installing a Dustream collector on the suction port of a vacuum cleaner. The collected
samples were filtered to remove only 5 mg of dust, and DNA was extracted using the FastDNA SPIN KIT protocol.

Results: The ERMI values were found to be 19.6 (-6.9-58.8) for flooded houses, 7.5 (-29.2-48.3) for leaks/condensation, and 0.8
(-29.2-37.9) for non-damaged dwellings. The airborne concentration of mold for flooded, leakage or condensed, and
non-damaged houses were 684 CFU/m’, 566 CFU/m’, and 378 CFU/m’, respectively. The correlation between ERMI values and
the levels of airborne mold was low (R = 0.038), but a weakly significant association of the ERMI values with the concentration
of particulate matter (PM,,) was observed as well(R=0.231,P<0.05).

Conclusions: Our findings show that the reference value using ERMI can be used to distinguish water-damaged and non-damaged
dwellings. It is believed that ERMI values could be a promising tool for assessing long-term fungal exposure in dwellings.
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Figure 2. The levels of ERMI by each dwelling type: (a) Flooded, leaked, and non-damaged dwellings, respectively (b) Water-
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Figure 3. The levels of airborne mold by each dwelling type: (a) Flooded, leaked, and non-damaged dwellings, respectively (b)
Water-damaged and non-damaged dwellings, respectively
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Table 1. Mold cell amount of ERMI species by dwelling type

Dwelling type

Cell/mg dust

Species Flooded %?)trf(rlelrf:;[?fr? Waterfizrrlnaged
GroupI (26 Species)
Aspergillus flavus 473.4 4.8 142.9
Aspergillus fumigatus 0.3 0.3 0.3
Aspergillus niger 7,201.3 97.0 1,471.0
Aspergillus ochraceus 1,004.4 69.2 9.7
Aspergillus penicillioides 170.4 55.7 53.7
Aspergillus restrictus 558,315.5 4,452.0 3,055.5
Aspergillus sclerotiorum 5,931.5 8.7 0.1
Aspergillus sydowii 36,807.3 3334 512.2
Aspergillus unguis 627,960.7 77.5 10.9
Aspergillus versicolor 2,212,500.4 93,909.8 2,566.4
Aureobasidium pullulans 0.2 0.8 0.9
Chaetomium globosum 2,404.3 343.2 1.7
Cladosporium sphaerospermum 5,500,216.6 1,897.9 227.8
Eurotium group 40,738.8 3,124.1 506.7
Paecilomyces variotii 8.4 6.2 3,393.2
Penicillium brevicompactum 742.8 8,797.0 2,256.7
Penicillium corylophilum 2.9 3.8 0.0
Penicillium spinulosum 0.6 1.7 1.5
Penicillium crustosum 17,332.0 325.2 56.8
Penicillium purpurogenum 435.0 839.4 0.8
Penicillium variabile 58,141.4 3,570.7 2.5
Scopulariopsis brevicaulis 745.2 83.6 12,152.3
Scopulariopsis chartarum 56,309.1 3,224.7 2,799.0
Stachybotrys chlorohalonata 507.6 52 1.4
Trichoderma viride 0.0 0.0 0.0
Wallemia sebi 2,045,748.2 213,566.0 142.7
GroupIl (10 Species)
Acremonium strictum 434.9 0.5 0.1
Alternaria alternata 90.3 16.9 69.7
Aspergillus ustus 365.9 1.4 0.5
Cladosporium cladosporioides type 1 719.0 202.2 138.9
Cladosporium cladosporioides type 2 23,391.8 445.7 20.1
Cladosporium herbarum 28.7 0.6 1.5
Epicoccum nigrum 0.0 0.1 0.6
Mucor amphibiorum 253.8 59 1.8
Penicillium chrysogenum type 2 436,480.2 36,655.7 125.2
Rhizopus stolonifer 3.7 0.0 1.1
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Table 2. Correlation between environmental factors
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ERMI Airborne mold PM10 Temperature Humidity
ERMI 1 3
Airborne mold 0.038 1 w . - -
PM10 0.231" 0.062 1
Temperature -0.018 0.153 0.006
Humidity 0.103 0.2347 0.368" 0.536" 1

"p-value<0.05; “p-value<0.01 by Pearsons correlation test
v.on #
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Species

Table 3. Primers and probes for target species
Aspergillus flavus
Forward primer

Sequence

= .
5'-CGAGTGTAGGGTTCCTAGCGA-3'

5'-CCGGCGGCCATGAAT-3'
5'-TCCCACCCGTGTTTACTGTACCTTAGTTGCT-3'

5'-GCCCGCCGTTTCGAC-3'
5'-CCGTTGTTGAAAGTTTTAACTGATTAC-3'

1
Reverse primer

Probe
Aspergillus fumigatus

5'-CCCGCCGAAGACCCCAACATG-3'

2
Forward primer
Reverse primer

Probe

5'-GCCGGAGACCCCAACAC-3'
5-TGTTGAAAGTTTTAACTGATTGCATT-3'
5'-AATCAACTCAGACTGCACGCTTTCAGACAG-3'

Aspergillus niger
Forward primer

5'-AACCTCCCACCCGTGTATACC-3'

5'-CCGGCGAGCGCTGTG-3'
5-ACCTTGTTGCTTCGGCGAGCCC-3'

3
Reverse primer
Probe
Aspergillus ochraceus
5'-CGCCGGAGACCTCAACC-3'
5-TCCGTTGTTGAAAGTTTTAACGA-3'
5'-TGAACACTGTCTGAAGGTTGCAGTCTGAGTATG-3'

4
Forward primer
Reverse primer

Probe
5 Aspergillus penicillioides
Forward primer
Reverse primer
Probe
6 Aspergillus restrictus
Forward primer 5'-GGGCCCGCCTTCAT-3'
Reverse primer 5-GTTGTTGAAAGTTTTAACGATTTTTCT-3'
Probe 5'-CCCGCCGGAGACTCCAACATTG-3'
Aspergillus sclerotiorum
5'-ATTACTGAGTGAGGGTCCCTCG-3'
5'-CCTAGGGAGGGGGGTTTGA-3'
5'-CCCGCCGAAGCAACAAGGTACG-3'
5'-CAACCTCCCACCCGAGAA-3'
5-CCATTGTTGAAAGTTTTGACTGATCTTA-3'
5'-AGACTGCATCACTCTCAGGCATGAAGTTCAG-3'

7
Forward primer
Reverse primer
5'-CAACCTCCCACCCTTGAATACT-3'

Probe

Aspergillus sydowii
5'-TCACTCTCAGGCATGAAGTTCAG-3'

5'-CACTGTTGCTTCGGCGAGGAGCC-3'

Group I
Forward primer

8
Reverse primer

Probe
9 Aspergillus unguis
Forward primer
Reverse primer
5'-GATCATTAAAGAGTAAGGGTGCTCA-3'

Probe

Aspergillus versicolor
5'-GCTCGCCTGGGACGAATC-3'

5'-CGCCCGACCTCCAACCCTTTG-3'

5'-CCGCAGGCCCTGAAAAG-3'
5'-AGATGTATGCTACTACGCTCGGTGCGACAG-3'

5'-CGGCGGGGAGCCCT-3'
5-CCATTGTTGAAAGTTTTGACTGATCTTA-3'
5'-AGACTGCATCACTCTCAGGCATGAAGTTCAG-3'

10
Forward primer
Reverse primer

Probe
Aureobasidium pullulans

11
Forward primer
Reverse primer
5'-CGCGGCGCGACCA-3'
5'-ACCGGCTGGGTCTTTCG-3'
5-GGGGTTGTTTTACGGCGTG-3'
: 382-392

Probe
Chaetomium globosum
5'-CCCGCGGCACCCTTTAGCGA-3'

12
Forward primer
Reverse primer

Probe
Cladosporium sphaerospermum

13
Reverse primer

Forward primer
Probe
Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(4):
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14 Eurotium group
Forward primer 5'-GTGGCGGCACCATGTCT-3'
Reverse primer 5'-CTGGTTAAAAAGATTGGTTGCGA-3'
Probe 5'-CAGCTGGACCTACGGGAGCGGG-3'
15 Paecilomyces variotii
Forward primer 5'-CGAAGACCCCTGGAACG-3'
Reverse primer 5-GTTGTTGAAAGTTTTAATTGATTGATTGT-3'
5'-CTCAGACGGCAACCTTCCAGGCA-3'
5'-GGCGAGCCTGCCTTTTG-3'
5'-GATCCGTTGTTGAAAGTTTTAAATAATTTATA-3'
5'-CTCGCCGAAGACACCTTAGAACTCTGTCTGA-3'

Probe
16 Penicillium brevicompactum
Forward primer
Reverse primer
5'-GTCCAACCTCCCACCCA-3'
5'-GCTCAGACTGCAATCTTCAGACTGT-3'
5'-CTGCCCTCTGGCCCGCG-3'

5'-CGGGCCCGCCTTAAC-3'

17
Forward primer
5'-CGCGCCCGCCGAAGACA-3'

Probe

Penicillium corylophilum
Reverse primer
5-GAAAGTTTTAAATAATTTATATTTTCACTCAGAGTT-3'

Probe
Penicillium crustosum
Probe
Penicillium purpurogenum
5'-AGGATCATTACTGAGTGCGGA-3'
5'-GCCAAAGCAACAGGGTATTC-3'
Probe 5'-CCCTCGCGGGTCCAACCTCC-3'
Penicillium spinulosum
5'-CATTACTGAGTGAGGGCCCTCT-3'
5'-CGTGAGGCGGGaGCA-3'
5'-CCAACCTCCCACCCGTG-3'
5-TTACCGAGTGCGGGTTCtAA-3'
5'-CGAGGCAACGCGGTAAC-3'

Forward primer

18
Reverse primer

Forward primer

19
Reverse primer

Forward primer
Reverse primer
5'-CCAACCTCCCACCCGTG-3'

Probe

Penicillium variabile
5'-CCCCTGCGTAGTAGATCCTACAT-3'

5'-TCCGAGGTCAAACCATGAAATA-3'

5'-TCGCATCGGGTCCCGGCG-3'

20

Group I
Forward primer

21
Reverse primer

Probe
Scopulariopsis brevicaulis
Forward primer
5'-CCCCCTGCGTAGTAGTAAAGC-3'
5'-TCCGAGGTCAAACCATCAAG-3'
5'-TCGCATCGGGTCCCGGCG-3'

22
Reverse primer

Forward primer

Reverse primer

Probe
23 Scopulariopsis chartarum
5'-TCCCAAACCCTTATGTGAACC-3'
5-GTTTGCCACTCAGAGAATACTGAAA-3'

5'-CTGCGCCCGGATCCAGGC-3'

Probe

Stachybotrys chartarum
5'-CCCAAACCCAATGTGAACCA-3'

5'-TCCGCGAGGGGACTACAG-3'

Forward primer
5'-CCAAACTGTTGCCTCGGCGGG-3'

24
Reverse primer

Probe
Trichoderma viride

25
Forward primer
Reverse primer
5'-GGCTTAGTGAATCCTTCGGAG-3'
5-GTTTACCCAACTTTGCAGTCCA-3'
5'-TGTGCCGTTGCCGGCTCAAATAG-3'

Probe

http://www.kiha.kr/

Wallemia seb
Forward primer

26
Reverse primer

Probe
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27 Acremonium strictum
Forward primer 5'-CAACCCATTGTGAACTTACCAAAC-3'
Reverse primer 5'-CGCCCCTCAGAGAAATACGATT-3'
Probe 5'-TCAGCGCGCGGTGGCCTC-3'
28 Alternaria alternata
Forward primer 5'-GGCGGGCTGGAACCTC-3'
Reverse primer 5'-GCAATTACAAAAGGTTTATGTTTGTCGTA-3'
Probe 5'-TTACAGCCTTGCTGAATTATTCACCCTTGTCTTT-3'
29 Aspergillus ustus
Forward primer 5'-AAGGATCATTACCGAGTGCAtGT-3'
Reverse primer 5'-GCCGAAGCAACGTTGGTC-3'
Probe 5'-CCCCCGGGCAGGCCTAACC-3'
30 Cladosporium cladosporioides type
1
Forward primer 5-CATTACAAGTGACCCCGGTCTAAC-3'
Reverse primer 5'-CCCCGGAGGCAACAGAG-3
Probe 5'-CCGGGATGTTCATAACCCTTTGTTGTCC-3'
31 Cladosporium cladosporioides type
2
Forward primer 5'-TACAAGTGACCCCGGCTACG-3'
Reverse primer 5'-CCCCGGAGGCAACAGAG-3
Group 11 Probe 5'-CCGGGATGTTCATAACCCTTTGTTGTCC-3'
32 Cladosporium herbarum
Forward primer 5'-AAGAACGCCCGGGCTT-3'
Reverse primer 5'-CGCAAGAGTTTGAAGTGTCCAC-3'
Probe 5'-CTGGTTATTCATAACCCTTTGTTGTCCGACTCTG-3'
33 Epicoccum nigrum
Forward primer 5-TTGTAGACTTCGGTCTGCTACCTCTT-3'
Reverse primer 5'-TGCAACTGCAAAGGGTTTGAAT-3'
Probe 5'-CATGTCTTTTGAGTACCTTCGTTTCCTCGGC-3'
34 Mucor amphibiorum
Forward primer 5'-CACCGCCCGTCGCTAC-3'
Reverse primer 5'-CCTAGTTTGCCATAGTTCTCAGCAG-3'
Probe 5'-CCGATTGAATGGTTATAGTGAGCATATGGGATC-3'
35 Penicillium chrysogenum type 2
Forward primer 5'-GCCTGTCCGAGCGTCACTT-3'
Reverse primer 5'-CCCCCGGGATCGGAG-3'
Probe 5'-CCAACACACAAGCCGTGCTTGAGG-3'
36 Rhizopus stolonifer
Forward primer 5'-CACCGCCCGTCGCTAC-3'
Reverse primer
Probe

5-GCTTAGTTTGCCATAGTTCTCTAACAA-3'

5'-CCGATTGAATGGTTATAGTGAGCATATGGGATC-3'
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