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Contamination of Air Conditioners by Thermophilic Fungi

Nobuo HAMADA** | Niichiro ABE?

' Osaka Museum of Natural History. 1-23 Nagai Park, Higashi-Sumiyoshi, Osaka 546-0034, Japan
£ Osaka City Institute of Public Health and Environmental Sciences. 8-34 Tajo-cho, Ten-noji, Osaka 543-0026, Japan

Fungal contamination in air conditioners (ACs) in homes was studied in the autumn of 2015. Fungi
collected from the dust accumulated on the filters of 122 ACs were examined. All collected dust samples
were cultured, respectively, at 25C and at 40C. Colony numbers of fungi from dust when cultured at 25C
were larger by about 100 times than when cultured at 40C. At 25C, Cladosporium and Toxicocladosporium
were predominant among the fungi in the AC filter dust. At 40°C, Aspergillus niger, A. fumigatus, A. flavus, A.
terreus, Rhizomucor, and Rhizopus, which are known as thermophilic and opportunistic pathogens, were
detected. A major pathogen in filter dust, A. fumigatus, was found in about 16% of ACs examined. The
distribution of fungi in 8 parts of 12 ACs was examined using the swabbing method. Hydrophilic fungi,
Cladosporium and Toxicocladosporium, were found abundantly on internal AC parts. Those numbers were
largest at the fan and air outlet, when cultured at 25°C. Some thermophilic fungi were also found in all 8 parts
of ACs that were examined. Those fungi are apparently common among AC internal parts. However, the
thermophilic fungi were fewer by about 1/1000 than hydrophilic fungi in internal parts. Correlation of fungal
numbers on filters and on AC internal parts was found. Results show that the humidity inside the ACs affects
the fungal contamination of their various components. For the growth of thermophilic fungi, A. fumigatus,
filter dust is apparently a more suitable environment than AC internal parts. (Accepted 24 March 2016)
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Table 1. Distribution of fungal numbers in the filter dust of air conditioners

Culture at 25C

Culture at 40T

Fungal number (cfu/mg) Sample # Fungal number (cfu/mg) Sample #
N.D. 47
ND. 15 01-09 19
1-99 1 10-99 42
10-99 18 10-99 i1
100-999 36 100 - 3
1.000-9,999 34
10,000 - 8
Total number 122 122
Avg + se. (log) 245+0.09 042+005
Average 284.1 262

Fungal number was calculated as cfu per mg of filter dust.
Sample numbers in the table are counts of samples for each fungal number range.

N.D means not detected.
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Fig.1. Relationship of fungi growing at 25C and 40C
Fungal numbers detected in 122 samples of filter dust when
cultured at different temperatures were plotted.
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Table 2. Fungal flora cultured at 25C in the filter dust of 122
air conditioners

Genus Avg * se. (log) Average (cfu/mg)
Alternaria 101 + 001 10.2
Aspergillus 151 £ 007 32.3
A. restrictus 128 + 0.06 190
Aureobasidium 101 = 001 102
Cladosporium 158 = 008 379
Paecilomyces 103 = 001 10.8
Penicillium 155 £ 007 355
Toxicocladosporium 155 = 008 355
Wallemia 109 = 004 12.3
Unknown 118 £ 0.05 151
Other 101 = 001 102
Total 245 = 0.09 2841

Aspergillus denotes species other than A. restrictus.
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Table 3. Thermophilic fungi in the filter dust of air conditioners
(ACs)

Fungal flora

Number of AC

Aspergilus sp. 2
A. flavus™ 4
A. fumigatus® 20
A. niger* 58
A. terreus” 3
A. unguis 2
Rhizomucor” 2
Paecilomyces 17
Rhizopus™ 2
Penicillium sp. 1
Total number of ACs detected 111
Number of ACs detected 75
Number of ACs examined 122

Numbers of air conditioners in which each fungal species was detected
when cultured at 40C.
Asterisk denotes opportunistic pathogenic fungi.

Table 4. Relationship between fungal contamination and smell of mold during operation

Culture at 25C

Culture at 40C

Sample # Avg * se.(log) Avg(cfuw/mg) Avg * se.(log) Avg(cfu/mg)
Yes 39 273 £ 016 *533.2 048 = 0.09 3.05
No 83 233 = 011 2114 0.38 = 0.06 240

Fungal contamination was expressed as fungal number (cfu) per mg of filter dust.

Asterisk denotes a significantly elevated value.

Table 5. Relationship between fungal contamination and symptoms of allergic bronchitis and asthma

Culture at 25C

Culture at 40C

Symptoms ~ Sample # Avg = se.(log) Avglcfu/mg) Avg + se.(log) Avglcfu/mg)
Yes 18 271 £ 027 5129 041 + 012 26
No 104 241 = 0.09 2565 041 = 0.04 26

These symptoms were newly or previously diagnosed.

Fungal contamination was expressed as the fungal number (cfu) per mg of filter dust.
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Table 6. List of the parts of the air conditioner
body examined by swab sampling

Part#
1 Back side of the body cover

Sampling part

Upper part of the filter

Lower part of the filter

Top of the compressor

Lateral part of the compressor
Bottom part of the compressor
Fan blades

Air outlet

00 ~1 O U W N
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Fig.2. Fungal contamination in the fan and outlet of the air
conditioner
Fungal colonies were found on fan blades (central) and on the
air outlet (lower).

Table 8. Fungal flora in the internal parts of air conditioners

Genus Avg * se.(log) Avg. (cfu/cm?)
Alternaria 0.00 = 0.00 N.D.
Aspergillus 044 = 0.12 2.7
A. restrictus 000 = 0.00 N.D.
Aureobasidium 0.15 = 0.03 14
Cladosporium 150 = 0.23 313
Paecilomyces 0.00 = 0.00 N.D.
Penicillium 039 = 013 25
Phoma 021 = 015 1.6
Toxicocladosporium 154 + 018 350
Wallemia 0.00 * 0.00 ND.
unknown 064 = 0.07 43
Other 0.27 + 0.09 1.9
Total 254 + 017 346.0

Data of fungi detected in five internal parts (#4 to #8) of air
conditioners were used.

Aspergillus denotes species other than A. restrictus.

N.D. means not detected.

Table 7. Distribution of fungal contamination in various parts of 12 air conditioners

Cultured at 25C Cultured at 40C
Part# Avg = se.(log)  Avg(cfu/cm®) Avg + se.(log)  Avglcfu/cm®)
1 122 = 022 165 0.10 + 0.09 127
2 125 = 029 176 0.09 = 0.05 122
3 147 = 037 29.4 0.12 = 007 1.30
4 246 * 037 289.0 0.14 = 0.08 1.39
5 162 + 042 419 0.15 + 0.06 140
6 214 * 044 1394 0.23 = 011 1.69
7 353 £ 031 33655 056 = 0.19 365
8 293 = 035 860.2 021 + 010 161

Average numbers of fungi per cm® of 8 parts shown in Table 7 was calculated.
Five parts (#4 to #8) were designated as the internal parts of air conditioners.
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Table 9. Detection of thermophilic fungi in various parts of 12 air conditioners

Part#  Detected parts  Aspergilus  A. fumigatus®™ A. niger®  A. terreus™ Paectlomyces

1 2 0 0 2 0 0

2 3 1 0 2 0 0

3 3 1 1 3 0 0

4 4 0 0 4 0 0

5 5 0 0 5 0 0

6 6 0 1 5 0 1

7 8 0 3 6 2 2

8 6 1 2 4 0 0
Total 11 3 5 10 2 3

Asterisk denotes opportunistic pathogenic fungi.
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Fig.3. Relationship of fungi in the filter dust and on the fan{Part
#7) when cultured at 40C
Data for 11 samples, except for one dust sample that was too
light for examining fungi, are shown.
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