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A Study on Microbial Contamination according to Effective Management Strategies

of Indoor Climbing Gym Holds
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ABSTRACT

Background: Despite the rise in the number of domestic indoor climbing gyms, there is a lack of specific
hygiene standards and research on the holds installed in them. Holds can act as vectors for microbial
transmission through the hands, posing a risk of infectious diseases, especially with damaged skin.
Objectives: The aim of this study is to investigate the contamination level and species of microorganisms
on holds according to the management methods practiced in indoor climbing gyms and identify effective
strategies for reducing microbial contamination.

Methods: We investigated factors that may influence microbial contamination of holds, including hold
management methods, user information, and hygiene management at three climbing gyms in Seoul. A total
of 72 holds were sampled, 18 for each management method of brushing, high-pressure washing, and ethanol
disinfection. Samples were cultured on LB and blood agar at 37°C for 48 hours to calculate CFUs. PCR assay
targeting 16S rRNA was carried out to identify microorganisms. Dunn-Bonferroni was employed to see the
microbial reduction effect of the management method and the difference in microbial contamination by
management method and climbing gym.

Results: As a result of microbial identification, microorganisms such as Bacillus, Staphylococcus, and
Micrococcus, which were derived from various environments such as skin and soil, were discovered on the
surface of the climbing hold. Among the discovered microorganisms, some species had potential pathogenic
properties that could cause food poisoning, gastrointestinal disease, bacteremia, and sepsis. All hold
management methods were effective in reducing microorganisms (p<0.05), with ethanol disinfection being
the most effective (p<0.001).

Conclusions: Our results indicate that there are potential pathogens on holds that demand thorough
management for microbial prevention. Proposed methods include regular brushing and ethanol disinfection
in addition to high-pressure washing with long cycles, which are the existing forms of hold management.

Further studies on shoe management are advised to curb soil-derived microorganisms.
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Highlights:

- Indoor climbing gym holds lack
sufficient hygiene standards and
microbiological studies.

- Discovered potential pathogens like
Bacillus and Staphylococcus derived
from skin and soil sources.

- Ethanol disinfection proved most
effective in reducing microorganisms
on climbing holds.

- We suggest regular brush use and
ethanol disinfection, complementing
current cleaning methods.

- Additional studies are needed on shoe
management to reduce soil-derived

microorganisms.
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Table 1. Investigation of characteristics for each climbing gym
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Items Gym A Gym B Gym C
Environment variables  Date 2023-07-26 2023-07-27 2023-07-29
Temperature 23.2°C 21.1°C 27.0°C
Humidity 64% 70% 72%
Ventilation cycle 5 minutes, Natural ventilation and air 20~30 minutes,
1 time/2~3 hours conditioning operation 3 times/day
Height 3.6m 6.7m 39~4.0m
Area 478.6m’ 628.3m’ 513.4m’
Hold management How to manage holds High pressure water, Brush High pressure water, Brush  High pressure water, Brush
Hold management cycle 1 time/month 1 time/month 1 time/4 weeks
User information Number of daily users Weekday: 40 Weekday: 70~80 50
Weekend: 80~90 Weekend: 100~120
Major user age 20~30 20~30 20~30
Gender ratio 7 (male):3 (female) 5 (male):5 (female) Male>female
Hygiene management  Floor cleaning cycle Every day Every day Every day
Shoes washing cycle Odor removal only Unknown 1 time/year
Number and location of 5, foot-washing station 5, foot-washing station
sinks nearby nearby
Soap/antibacterial hand Liquid soap Antibacterial hand Liquid soap
sanitizer sanitizer
Food available Food available Only food available at Simple food available
2nd floor lounge, drink (drinks, kimbap, bread)
available
Etc Chalk usage status Mostly personal liquid Mostly personal liquid Mostly personal liquid
chalk is used chalk is used chalk is used
Common powdered chalk  Common powdered chalk  Common powdered chalk
can be used can be used can be used
Factors that affect holds A lot of jumping Blood stains Sweat, shoe sole
cleanliness Mainly used holds underneath
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Fig. 1. How to manage holds. (A) How to remove magnesium carbonate powder with a brush. (B) Washing method with high pressure water. (C)

Disinfection method with 70% ethanol.
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Table 2. Number of CFUs according to climbing gym, medium, management method

No. Gym Medium Before (control) Brush High pressure Ethanol
1 A LB Agar 8,000 (TNTC) 64 104 8
2 536 96 80 136
3 5,632 336 152 48
4 120 160 NA
5 2,440 96 NA
6 296 96 NA
7 Blood Agar 8,000 (TNTC) 152 432 NA
8 640 5,824 80 NA
9 7,072 5,120 1,392 1,504
10 12,224 1,520 NA NA
11 3,520 2,200 NA 1,128
12 688 256 NA 48
13 B LB Agar 336 24 176 32
14 784 0 244
15 152 88 196
16 968 48 128
17 968 64 96 72
18 3,512 448 348
19 Blood Agar 472 56 156
20 992 72 292 16
21 552 136 680 0
22 912 112 84 8
23 1,408 80 68 136
24 320 128 796 88
25 C LB Agar 536 16 728 112
26 8,000 (TNTC) 336 152 0
27 784 0 152 24
28 1,760 392 424 72
29 136 264 120 32
30 1,096 104 176 96
31 Blood Agar 616 64 496 192
32 5,440 384 80 32
33 968 0 48 8
34 3,176 248 376 104
35 536 376 48 32
36 1,288 104 72 56
Sum 84,880 19,464 8,376 4,008
Mean 2,358 541 279 121
Microbial removal rate 77.1% 88.2% 94.8%

Unit: CFU/50 cm”, Microbial removal rate=[1-(Number of CFUs after management/Number of CFUs before management)]x100.
Before: before management, TNTC: too numerous to count, NA: not available.
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Table 3. Number, source and pathogenicity of microorganisms identified through 16S rRNA base sequence analysis

Genus Species Number Source Pathogenicity
Bacillus Bacillus stercoris 10 Soil"”
Bacillus toyonensis 5 Soil® Gastrointestinal diseases"
Bacillus paramycoides 4 Soil'”
Bacillus subtilis 2 Soil, marine, food"”
Bacillus tropicus 2 Marine"
Bacillus zanthoxyli 2 Soil'”
Bacillus velezensis 2 Soil™”
Bacillus safensis 2 Spacecraft and
assembly-facility surfaces™
Bacillus proteolyticus 2 Soil*
Bacillus tequilensis 2 Soil™
Bacillus rugosus 1 Marine™”
Bacillus licheniformis 1 Wide range” Spondylitis and bacteremia®
Bacillus thuringiensis 1 Soil™”
Bacillus paralicheniformis 1 Food™
Bacillus clarus 1 Soil™®
Bacillus cereus 1 Food, soil” Gastrointestinal (GI) syndromezg)
Staphylococcus Staphylococcus epidermidis 5 Skin™ Infectious pathogen™
Staphylococcus argenteus 3 Food™ Foodborne diseases™
Staphylococcus equorum 3 Food™ Enterotoxin production®
Staphylococcus taiwanensis 3 Human blood™ Bacteraemia™
Staphylococcus edaphicus 2 Soil™
Staphylococcus 2 Skin® Meningitis, endocarditis, prosthetic
haemolyticus joint infections™
Staphylococcus warneri 2 Skin™ Bacteremia™
Staphylococcus capitis 1 Skin® Sepsis””’
Staphylococcus sp 1 Food™ Food poisoning™
Micrococcus MIcrococcus yunnanensis 5 Roots of Polyspora axillaris™  Pneumonia®
Micrococcus aloeverae 4 Aloeverae™” Peritonitis*”
Micrococcus luteus 1 Skin*" Hepatic and brain abscess, native
valve endocarditis*”
Corynebacterium  Corynebacterium fournieri Genital tract” Bacterial vaginosis*”
Corynebacterium Blood"” Septicaemia””
ureicelerivorans
Paenibacillus Paenibacillus provencensis 2 Human cerebrospinalfluid*?
Paenibacillus 1 Sediment™
naphthalenovorans
Paracoccus Paracoccus yeei Environmental” Peritoneal dialysis peritonitis*®
Calidifontibacillus  Calidifontibacillus Hot spring®”’
erzurumensis
Cytobacillus Cytobacillus 2
purgationiresistens
Peribacillus Peribacillus acanthi 2
Virgibacillus Virgibacillus subterraneus 1 Soil*¥
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Fig. 2. Total number of microbial colonies (Log, (CFU/50 cm®)) by management method. (A) On LB agar. (B) On Blood agar (Dunn-Bonferroni,
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