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Abstract

With the growing popularity of nationwide fitness activities, microbial contamination and associated
health risks in public fitness environments have received increasing attention. This review systemat-
ically summarizes current research on the microbial community characteristics, influencing factors,
and potential health risks of fitness environments. Evidence indicates that particulate matter concen-
trations in indoor fitness facilities often exceed recommended limits, posing significant health risks
to exercisers. Complex microbial communities dominated by Firmicutes, Proteobacteria, and Actino-
bacteria have been detected on equipment surfaces and the air, with frequent identification of op-
portunistic pathogens such as Staphylococcus aureus, Escherichia coli, and Acinetobacter. The pres-
ence of antimicrobial resistance further suggests that fitness environments may serve as potential
reservoirs and transmission sources of pathogens. The structure of fitness environment microbial
community is jointly shaped by multiple factors, including equipment type, patterns of human con-
tact, indoor-outdoor environment, and environmental variables. Although progress has been made
in characterizing indoor fitness microbiomes, our understanding of microbial exposure risks asso-
ciated with outdoor fitness facilities remains limited. Future research should focus more on outdoor
fitness environments, quantify key environmental drivers, elucidate antimicrobial resistance gene
transmission, and provide scientific basis for targeted cleaning and disinfection strategies as well
as public health risk management.
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1. 518

IR NRTES ) R, RSB RS, AP %R NG B s 5i[1] [2].
DA FLRN], AR A 120 B 55900 NS R S AR Al 0 BB IR 2 AR, IF AT REINRIIA S
AR PEZIR IR E[3] o FEIX — T T, 1A T BBk 320 P K Tl A 00 2 e DR AL A5 R o 4 i i [ 20307
MBIAED) 5 IR WA REIRD FEFXBORMBRRIEZ T, ERESGSE5EEHFRT. “A
WHEIZE” « @SR . ¢TI EUER” DUk XA E I A S S B, e
IRl A N S 28 N AAEAT U 40K 1) 2 2% ) S AR R 4]

SR, SR AR B G SR TR AR AL A Sk DA . A WU AR SE i IR i A A 1
By IR ) 2 A R TS 2 R TR AR B A T < e ) R T (B 5 i P S P PR < € ] 2 B R
MRSA) KIAT B A R 55 [5] [6]. T3 T it &0 5 R TE st — 0457 148 5 8 h e E Ve vs i 24
FREERY S 22 FEVE[T], JFAE A S A B B R FAt IS Bt v R A A DX SRS 20 G S e O v AE AL AR TR 8]
U, ARG IR I E 2 PR, A BT HES ] E B A BV S A VRIS i SR, TR
TR A 18 DS SEAR R B it (R BE MR BT ¥e, SRTHERAR AL RADK . SR, A I REAE T
FZ L EA RS ORI AL M, X7 S A 5T A IS BAR S M R 3 AT R I S LA e XS
MIFRIEA L - AL EAAEERIR H AT e AT Ui . ZEVIREE AL B &R B A3k A
RS IR R TR, DAUAIZ SR AR R IR S5 .
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2. BEMENESRE
2.1, REFEFAMRE

FEAR BB, NAK L ELE I PR, Seid 1 G A 3L 8 Th BE (U8 B R 0RE R vl 3 1k U I
TR Z IS R EEGENPIRIE . SUEEI, BN IR AR 2 R BRI . A NI SR AL
MR 8 Bl 254 B S 25 f R IS [9] o ik U3 WY 5 PN fie 55 10 S DR 09K 241 T+ 0.0445 mg/m® 2 0.0841
mg/m? Z 8], HUL PMs di EF[10]. FRFEARME SHE P LORELR, £ N @S mgn B, 2
ARG T A A PM2s Al PMao IR EE 22 B H 5 A AL SV IAREEAE,  FLIR]I (] £E SRRk AN
FBERER, T B PMos MBI 7 e VFIIPRME, 9 0.06 mg/m? [9]. IXLERURIY) E R T i shid
FEP RS S (k).  HR S I T 5 2 J 2 SR s R IL B DA G

22. BEIFESSHEYA

N[5 A5 00 i B Vit S P AR IR IR AR 2 R . 2 ORI TR GG 7Bt e s,
18 5 B A S SUMZE Mk S I AE 2,49 x 102~8.12 x 102 CFU/MB 2 ] [11]; FEK2EAA B N =
P B RS 3508 38~1036 CFU/M® [12]; HAA & At P9 28 S AIB A FE 4 5.80 x 101~2.00 x 10* CFU/m3
[9]s 25— P TP AR B TR 040 B IR FE AT A 4.20 x 10%~8.75 x 102 CFU/m?® [13]; i E R i —%
e SRR A E ) S RS e B v, LA AR B Y I AE 7.17 % 10%~1.68 x 10° CFU/m® [10]. itb4h, H
WEFCUE B T = AR A Wit 1 S SRR EE & T P AhE g5 [12]. X7 e n] Re S A AR
W RTT AR BRI MR T P AP R 3 B DA O [14] o SR, A B mvaC pAY 308 11 4 R AR FEE AN 52 30
BB I, 5 NS I OC . ARG IE M, URIAIE 40 B A T3k D (4.20
x 102 £ 49.19) CFU/m3, i 7E i3] U 7 45(8.75 x 102 + 121.39) CFU/m3 [13]. X —A8{k ik Wi FEE A
Boghn, e AEYRIERIREEE B, ZIMAR 5 Marta 558 A\ [12] ¢ T8 5 37 Bt W SE IR s 2 R AL IR A
FEER—F, B ENE T ANRIEZR A S R e I B TTi . (BRI, EFARKRS
for H <5 3 0% %) BRI (S. aureus),  HLURFEAETFPK I BE A 55 R AR I B =i (6.1 x 10%~2.4 x 10° CFU/m3), 2%
IR (3.8 x 101~3.1 x 102 CFU/m®) [9]. LbAk, % FE7E FAME B 3% B v 35 73 25 H 1 45 BR 18 (Staphy-
lococcus), At AR 3 7 0 Hb 1) 8 26T BR B IR P e e, TV DK I AN R AhIg 3 i IS, HAX S 53 59 L )
EJBRBEOT VUPR R AN LL 57 2 R I H A 251, T 24 28 =ik 40%.

BTl w0 P AR A = N AR SIS I I AE R TR LG AT 0, RIAE T TKF B DU 2R R
["J(Actinobacteria) F17% JE£ 14 | ] (Proteobacteria) & 325 J& 7K1 W DL ZF- 4 454 4 J& (Cellulosimicrobium) . S£7% 5.
0 1% J& (Stenotrophomonas) « A~ 2l #F 1 J& (Acinetobacter) . 3% % [K #F 1 J& (Escherichia) f1 7 B2 A+ & J&
(Lactobacillus) Ay Z3#E . M, Stenotrophomonas. Acinetobacter & # i\ & & FBUR B, Hm HAERr
EINEE T AT e HL A W A A .

3. ESH/MREHOMENE
3.1 EER/MRENEEREY RS

f B 2 M R T 5 2 RN Z RIAEAE ) IZ B E M Scte, AT RE SO 22 R SR AR R T FE AR SR I
Boonrattanakij 55 A [111% 706 B @841 (00 E AT 48T MERS AAMENE AL 38) R IIREAT T ZEMR I, 4551
R R AR ECEE R 3.9 x 102~3.7 x 10° CFU/M2. 5 — Tt e J8 22 s i fi B 0o 354 1T
RS FPR D (FIBIE TE R B 240 1 75 e di ™ (1) [X 3t A M AR XRS5 N B3 A5 P 4 25 77(3.8 CFU/MY),
T B 2 A SRATAE TR N0 st P A 2R D00 AR A H 40 787 [10]
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BT AL GR AN B R IR TR B e M R A A, F B X) S, aureus RS HY S 245 53
Mo ZIUFFLRIR, 1200 EARTEAE S AT S fA e, (HA H R A eI ZE . B, ket = K fi
S5 73.81% M FEAK I S. aureus; 3% [ HP AR B 7 BT 92% 4 T A A R I - Staphylococcus,
FLTE A B O 0 IR B AR A K3 4G HE S, aureus [8]; EEZRALES 16 K F 37711 288 MEAH, S.
aureus & H % 38%, H i 36.3%1 7 Bk R L EIZG, H 11%M AR H MRSA [5]; Markley %5 A
[ISIEREAR B ERE 1 16 FRAFRAREAEA, KL 10%HIFEAH, S. aureus 5 54, X L6257 7] GE 5 {i
SRR AT AR S A OC. A, 7EJE HURIE A £ Ao iR 28R TR A tH T 22 o SR
4, fU3E S. aureus (38.7%). Zff1FT i (Bacillus spp., 35.5%). b 1f i (Klebsiella spp., 12.9%), KzHFi#
(Escherichia coli, 6.45%)+ J& 4 % %) BRI (Staphylococcus saprophyticus, 6.45%) A X i ER B (Enterococcus spp.,
3.23%), FITAA 43 B AR S50 X0T B0 B TG MR ] B P AR vy AE R T 245 [6] o 3 B SR AE 2 A FRAT A Y 22 EE i
24132 1 J& (Pantoea), M N S 454 BALH 4 Pk Eii 2411 Staphylococcus [7]. DA 25 REH, i
WM RMANAFAEZ FIBESORE, HIL 250 @, mlReild T - R g 12 14 f v Ak .
I, R A 3L G B b iR T AR (2w AT R T T), RIS ST e 0 B R BT R, D
BRI 7 TR G0 A P P A 8 RS

AR, Rl E I PR R A A G B T H N N AT A T8 7 Ag B rh O R R A P 1 2H R A1
PRHt THORSCHE . 20U FAEA R XA B B g S g b R T RGOS, ARENH —Emits
ZEt . (ESRE VU S Z A O IR E D REVE AT o, AR T DUEBE R [T (Firmicutes) A, H k2
Proteobacteria 1 Actinobacteria. - %4 [ J& £ 45 5.2 7% J& (Pseudomonas) . Pantoea. {3k i J& (Micro-
coccus). 7 % B i# J& (Staphylococcus) . 74T 1% J& (Enterobacter) . 7 & 1H 1 J& (Klebsiella) 1 2 1 fitd 1% J& (Ba-
cillus) [16]. H:H Staphylococcus 7£ /) %47 4% LAT % %, 1 S. aureus F1 Staphylococcus epidermidis
WATAE T FrA MR I . 20 aFh X =B K22 5 b5 AT W 78 30, Pseudomonas (9.6%)F1 Acinetobac-
ter (9.3%) N LA & . H X Staphylococcus. #{RAT B (Corynebacterium) i1 Micrococcus [17]. Zhang
HEN[THEET EF BIRERFNEINEEI 5 ENEEIERFELEE K, E1TKFE, RSB ORE
Proteobacteria. Actinobacteria. Firmicutes. %% [ ](Oxyphotobacteria). 5171 - #4BK % [ J(Deinococcus-
Thermus). L4 5 [ J(Bacteroidetes). 5= 4has AL, = P 3544 Proteobacteria A1 Firmicutes ffIAH %}
FEREIGIN, 1M Proteobacteria MIAHX =5 5l 25 A . W70 & HEM 25 40 R R A EE R R AT Re gD 7 A6
TE BT AE A R . FE @K b, AR ERES A R A 2 I EORIEA R, AP ETEE
(Methylbacillum). #5%2 EZAF B J& (Sphingobacterium). 7K 2E B J& (Hydrophilus) #11% 7 J& (Cynobacterium), LA
e S A 2505 i 1 Acinetobacter.  Staphylococcus 1 Enterobacter .

SR, FFAERT AT RS — 2. B, ik 22 EE AR SR R TR AR A I B SR [10] Cy-
anobacteria 5 32 FHu7 (46%) . HE— Pt NCBI AZ T B EHE AT P FI LE X R B, 3X 287 51) 32 BRI T
FARE IS5k DNA, $27RFE AT Be 32 BIMER 15 Gy o R ZH St oA T 800 W& , (H AR =F BERAIK .
bR, Turkskani &5 A [L81XF VD4Rl Fir A1 8 P £ o5 7 70 25 tH AR B HEAT T R & 04T, e ko Hh B 40 iR
F 28 T : Bacillus. 2R 54 J& (Brachybacterium) . 1 2 J AT 1 J& (Geobacillus) . 414 B J& (Microbacterium) .
Micrococcus F1 Staphylococcus.

Lie Z WA W, A S I A S AR 2R, IR AF/ELL Firmicutes. Proteobacteria F/1
Actinobacteria N E % OB EE, HEARFMIX . =N REMBHNER —g E5, HAFEUEE
EZ MBS PR . KRR AT S PSSR RS E RSN R, A& RS
T 5 55 1 AL, P LA
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3.2. FutEEE R INEEFM

Liang %5 A\ [19]4# ] FaproTax % {g & sl A Vv AT 7 DhRe fiill . &5 o, fhRemds. s fbie
FFE. REEA . BEM. M SRRFE DT R SR b0 JFE 2 A B TR Al B () 2 EL )R8 . BT Bugbase 1)
F TR 33E— 500 S A B s A7 ARV AE N i AA,  ELIX a4 s nl R sh it L oo, mlRes 52t
BCEE IR T 7K 58 o A, DhRE T 43 Bt A 30 A B B2l B J& (Comamonas) . Klebsiella, 27 [X B J& (Rothia) «
Acinetobacter. Micrococcus 59 i (1) 5 A2 Fl i Je BAT ¥ E R IG

VAL AR 2 TR AR R 2 AL IR (038 ), — T FE[ 715 DU B EAT 18 B4 A 16SDNA
FER (IR BHME K T) . BEBEER intll, S 25555 sull [20]0A &% p- Wi 25 55 5] bla TEM
[21]o S5 EoR, XAL. MERRFIATAL RIS EEILE intll B350, sull BEREXLRTRE 4, M
blaTEM f=FBEAEHAT . WEES . AL FIMEM AL BER I 2 18 0. DL B 45K, 188hdst ] DL 25 4
M 25508, (Rt AL g, I AT e 3 3mt 25 1 )9 1k

4. BEFEFEPHEVE RSN

Bt e ORI R, i SIS R R E M 2 B BT UG T R R . DU TR T
By S SRR Gl R IREE 2 FETE[L7] . S R B rpo BN R BE 4 R T IR M P = 3 FEAR O - [ 5E
7% > W > BEERBL > Tl > BOPHL > HREIIZGE > slRB4[16]. 7 — 7R i 2IE ALK
TERE R A LA SRR T A b i dee s, T AT U R AR [ 7]

B T fk B s bR SRR [7], N SRH i 2 S i AR PR v S5 4 (K B IR 3K . Wood S5 A [1714R ¥ 22
N7 2R A B a5 bR 72O “ TR (RIS T B R EEAICFE) M R (oA
BTYPIR BT R RN, IRPIRR T R E IR S AR B2 22 5, JF 2RI, Horh,
“REREAR” RIMINA ERIIOMAEY, AR S YT PR R, A, HRENEE
S B SR I U I [7], PIE R I A MR B B2 X . X KBRS NS
MR E DI FU S RASRE BN B ARG, AR i 7 A 25 SRS I 75 X0 g o TS,
BT S E R SR S AR SRR N AR Al Ty S B A AR B E 2 B R R . RORWE T Mt —
AR IR LN R 2 (A S TN, DAHESN S BB PR A LA B (1 5, AT A R DR I2 Zh A 5 Y
MEM %4

5. REMFHRNEMEHERIER

W 50 R 2T M ER AR W 2 300 H B0 2 251 SourceTracker TR, X fi B b 2% I i AE M R SR YR IR
BT T8 AT 25BN, (5 250 2 1 40 B RE VA B n] REkUE T N AR IR [17]: A5 =AM & 31
BMAMB RSN E R — DR T — 40 [7]. @e g RERTSHRENRRE. BiZls
MR, LRI EA RS R R FI T AT, BRI AE ) R A K 54 RR[10], MEA
RV B 2 BRI A S AT AR VR VR 45 A0 ) SRR IR BN R 2R

ST AT PRI R 0 i By PRI AR A R ) S e R = A, AR IR R R A B A R R A
INEERZMA R 3%, b T S A R ) W] e 206 =3 A M S AR (1 QB IR B R 1o R SRR B8 1) B A It R L
TAPAEE Z MBS EIL IR /), XL E IR RIS G T A YRR (2540 5 2 FEIE . A BIFFTIESE, @30
WA VIRV 2 P R L A 20, FEMEE X Ar[22] @it SA 23], X sEAE24]. AR
[RIZ[25] 8 F I 1) Je N 2RE sl oK1 [26] [27]5%5 2 R R LR 31k [14] [28]. w6k, @IFAL(nBE et
WERE. ROLES . TR ARG ANRTITE &) A RO bR, 2 PR T S AN EE S A (i
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B SRR Z RV = N IBIE[3], TERBUMRRT) RS MIBRRERN” o — TR T ¥ i
SUAE R BORF AL F I A2 P R VR EVE (FIB BRI SR BA[29], NS HIXHBEER CO, /K-F-5 41 B
EEE MR R E M. MAERNE, EEFEHE, SNMEEENEEEMZ S
I RS, X — GBS = (A R R TE L 2 R B RN B2 R DL R A PR R R
AR T HEIMUAEMREE BT, KERF TR AT 25797 5 B0 AR Ve v S A AN AL R i) 2 i . 491
un, Bl A T A R T R R SUAE FR AT IR AR B 22 5, JRE ST H o (R 2R 26 R A B
TENMER SR EAE SN R B VI DL[30]. PUHEA — UM 4E AR 25 A 25 T A R 0, 4l
RN EE B EEFATREMTWKEE S, HRNXFHE &R0 e BN R 2R,
FLVRE 23 S P BRI (PM 1) T F5E AP 25 XU [31]

gi b, BEF R A IR T AT A Y PR A AE VDRI T RE S N SRIE B IAEEIR T 2 R R E K
Bl. —J51H, G F 5 AM R I Bk TTRR 1 #8 A R  f E EEBAE MSRIRE \A B BB ), HiZB)
WP AR PRI AT . 2 DL R R S M it — S sk T AR R IR R . 5 H, B E S
Rt (s P BT T OB “BRBRRLN Y, B R B EANAEIE = A AE AL R . (R
i, SIASRAMIAEE S E(WIRIEEE . COx LI PMyo 2553335 Y)Y B B2 =5 PN AMMAE W10 o A
FRIE, SEREMRREILZEATMER R, [Nk, AR B PR E TLAE AR,  ROKE R BSR4 Ve F (RS
i FATHE ) S CA NI SR A VPN, AT APRS R (R PR 55 T 1905k s B2 (13 V0 it

6. Lit5RE

1 B IR E IR EVE 0 A R AL S R R KR I BE T C S — @ BOR, HRUEM A R AR B 1S &
JRYEANI (B 351, NJGEEN . MBI 7 A s AL R G 1 R E R 4 . B 200 R R E Y i e
B LR PR RFAE K AL, (R T SRS AR IR SR A i (B AR U B4, @ S BRI A R RE
AR E RN E A, T2 SREA R M. SR, Ao AW R R R YE, A B A
BEHE FOR R Z IR 2R o ARBFFC TG R GG, At f 40 e B vl (Wnak X3 i B % 42) (K R GE i
=, PRI, BB T (RIEEE . UV B S REMRRE SIS KR, 456 R AL b
SR DMEAR AR, @S L e E S e RS A AR SEMRIA SR, B R B

&5k
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