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Water quality of swimming pools and prevalence of antibiotic resistance genes in Haikou in
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Abstract:

[Background] Water environment is a reservoir of antibiotic resistance genes. It may pose a risk
of horizontal transfer of antibiotic resistance genes due to its close contact with human body in
swimming pools.

[Objective] This study investigates the types and spatial distributions of antibiotic resistance
genes, and the correlations between antibiotic resistance genes and the bacteriological or
disinfection indicators of water in swimming pools in Haikou.

[Methods] A total of 96 samples of water and wall swabs were collected in 16 swimming pools
by multi-stage stratified random sampling methods in Haikou from January to June 2019. The
aerobic bacterial count, free chlorine residual, and combined chlorine residual were tested in
accordance with the Test methods for hygienic standards for public places (GB/T 18204.6—2013),
and E. coli was detected in chromogenic medium. The DNA extracted from drug-resistant genes
were amplified by PCR and confirmed by sequencing. Correlation analysis of drug-resistant genes
and water quality indicators was performed.

[Results] The qualified rates of aerobic bacterial count, free chlorine residual, combined chlorine
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residual, and E. coli were 77.08% (37/48), 79.17% (38/48), 85.42% (41/48), and 97.92% (47/48), respectively. Eight antibiotic resistance
genes such as mcr-1, mecA, floR, sul |, sul Il, aadA, strA, and tetS were found, and the overall positive rate was 25.00% (24/96); the
frequency of floR was the highest (7.29%, 7/96), and the frequencies of tetS and strA were both the lowest (1.04%, 1/96). The positive
rates of antibiotic resistance genes in swimming pools were different in the four districts of the city (y*=12.178, P=0.007). The positive rate
of swimming pool walls was higher than that of swimming pool water (35.42% vs 14.58%; x*=5.556, P=0.018), and mcr-1 were detected
in both kinds of samples. There were negative correlations of free chlorine residual with aerobic bacterial count and the positive rate of
antibiotic resistance genes (r=-0.395, P=0.005; r=-0.434, P=0.002).

[Conclusion] The detection frequency of antibiotic resistance genes, such as mcr-1, is high in the swimming pools of Haikou. Free chlorine

residual in swimming pool water affects aerobic bacterial count and antibiotic resistance genes.

Keywords: swimming pool; antibiotic resistance gene; health risk; E. coli; aerobic bacterial count
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FiB RENFRRAKREXRIBLITINE, 4°CHRTE, 4h
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FIREEBAFAEEINT, FAFESEARAETD RS,
FIRfE R E BB T 37°CiEFr 48 h ; EHEAY T IR
ik, EREREREER 240 ABMNE ; DC-
1400 BY 5kt 7K @ MY (LaMotte 1908-CPO) #& k%
BEMREMELEERS ULIERRESREKtK
AR CI/T 244—2016 CREik K BRATR ) B2 2016 5
FINA T ok Bt (KEAAFE) ©s
1.5 DNARIREN R THZ5EE /I 15

PREN A o R E T 5 mL TSB AR IEFR, BAK
ERIRENE DNA, 38 PCR Y 1% B F /K B A # 1T,
MBS A S B R L, EEFEN EZ KAME SN
AR = Re 33 AR 25 MBS K B9+ 8 Fh B A #1710
Mo FEERREYH AEEH O (National Center
for Biotechnology Information, NCBI) &1 35| %) % 5,
HESEMIERODERATEM. MAERMAE
MR Lo T IBHZM : H25uL; RIAZR © 2xTaq PCR
MasterMix 12.5 L, 10 umol-L* IE[El. & [A5 4% 0.5 uL,
FoE 7K 10.5uL, DNATRIR 1 ule ¥ IBFERE @ 94°CTN LS
M 5min, 94°CT % 155, IR AR 56°C 30s, 72°CHE
8 1min, 30 MEIF ; 2 ERYIEERN~=YTF
1.5% IRAEAE ER AR P 1T ER K, H AP U=120V, /=100 mA,
t=40min, G RREEGERAMEB L. PCRY 1EFH
MNEGRE ST TIREATNE, IFEREERE
NCBIIHITEEXT, K FZHAM TN FERERNE
PRI NEE PR M4 R ko

xR1 MERMARRT BN IMETIS=MKE
Table 1 Primer sequences and product lengths of
antibiotic-resistant gene amplification

R7/IN
FE /bp

THEREAMEEEZEE R mecA 1E[@ TAATAG TTIGTAG TTGTCGGGTTIG 733
[ TAA CCT AAT AGA TGT GAA GTC GCT

BHER 514 514F5 (5->3)

SHEEMZAER mer-1 1EM CGG TCA GTC CGT TTG TTC 309
[[A CTTGGT CGG TCT GTA GGG

SEEMAER floR 1EMB CGC CGT CAT TCC TCA CCT TC 215
R [E GAT CAC GGG CCA CGC TGT GTC

| KRR 2B sul | TEM CGCACC GGA AAC ATC GCT GCA C 163
[R[A TGA AGT TCC GCC GCA AGG CTC G

11 ST R TR 2 B sul 1l 1EM TCC GGT GGA GGC CGG TAT CTG G 191
[R[A CGG GAA TGC CAT CTG CCT TGA G

PO3R 2R EMIZEA tetS 1E[A GAA AGC TTA CTA TAC AGT AGC 169
[R[A AGG AGT ATC TAC AAT ATT TAC

B R LM ZHER strA 1E[A CTT GGT GAT AAC GGC AAT TC 548
[R[A CCA ATC GCA GAT AGA AGG C

SEEE LM ZAERE aadA 1E[A) ATCCTT CGG CGCGATTTTG 283

[ GCA GCG CAA TGA CAT TCT TG

1.6 FitF9F

3K A Excel 2010 SR N#U3E, SPSS 22.0 #1744k
1T, B 2 RS ARENHARRERER, £
WCHMEUNT 5 B91E L T A Fisher $5H85% 5 RIEIRAAR
MIETSHE, BUARAIEM BB D (P.s~Prs) 1R,
K Spearman BB X H#H 1T KR EMAERREN XE D
Mo H2B27K/E 2=0.05,

2 2
2.1 —fRIER

AORLIHHE 16 K A Tk, BFIBHRHIM
(Ps~Pss) « BIEE (BIEER/HNED) DEIWT : AEE
& B H 9115 (3.25~92.50) cfu-mL?. 77.08% (37/48) ;
TR MRS 1.0 (0.21~2.48) mgL. 79.17% (38/48) ;
hEMSESE70.1 (0.0570.26) mg-L™ 85.42% (41/48) ;
KFEE 1R E, 518K 97.92% (47/48), £H
20 3R MG ER, ERBELEHEREE (mer-1) .
M ERE PR (mecA) . RBERAE (floR) « BERZE (sul I
sul I« REVEEZE (aadA) . BB ERE (stra) . IIFR
2K (tets) ; AP HMERSNARIERAMAERA,
&5 7.29% (7/96) , SRARBIAIUIRE A (tets B A) Mk
BERE (straEH) , 945 1.04% (1/96) o
2.2 FMTAERETE S AR

BRITHKFET A RMARRGEE, cCKIG
HEREE N 41.67% (10/24) , HRIEAKIY 3.33% (1/30) ,
B X /9 33.33% (10/30) , DX} 25.00% (3/12) , %A
FiTFE X (=12.178, P=0.007) ., ¥ & XI5 #{TH
MELER, RIBAEERIEKE a=0.007, AR5 CX
BEFRERITER N (¥*=12.079, P=0.001) , TE it
XL RERTAITFER X, BIE K HREMARRE
K HZE A 23.33% (7/30),, /NX BATTAE R G H =
7925.76% (17/66) , MEERTFHITFENX (¥*=0.065,
P=0.799), MEEFRARE SAMARREKHEN
35.42% (17/48) , KK EAE 2AMARR @ HE
7914.58% (7/48) , MEBEZRBRITFERNX (¥*=5.556,
P=0.018), Fisher {FH/Z I NERETR | FMAER
EREITHKX. BES/NX. MEESHKEpe =
EFBHTHEITFRN (P>0.05), WK 2,
2.3 MABERENFERLITRHHIA

BELXERRRENY E=YiTNE, BlF
ZRF NCBIHITRYILEY, MEBFFINREEEY
KF 97%, ERINEK 3,
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Table 2 Comparison of positive antibiotic resistance genes in swimming pools in Haikou, 2019
. TERX KR g
£2E al AKX (n=30) B (n=30) CKX (n=24) D[ (n=12) JBE (n=30)  /hX (n=66) HEE (n=48) Stk (n=48) ,
n % n % n % n % n % n % n % n % n % g
mer-1 2 208 0 0.0 0 o0 2 833 0 000 0075 2 667 0 000 0095 1 208 1 208 1.000
floR 7 729 1 333 4 1333 1 417 1 833 0440 2 667 5 758 1000 5 1042 2 417 0435
Sul I 4 417 0 0.0 1 33 2 833 1 833 0286 0 000 4 606 0306 2 417 2 417 1.000
Sul Il 3 313 0 0.00 2 667 1 417 0 000 0.591 1 333 2 303 1.000 3 625 0 000 0242
StrA 1 104 0 000 0 o 0 000 1 833 0125 0 000 1 152 1.000 1 208 0 000 1.000
mecA 2 208 0 0.0 2 667 0 000 O 000 0487 0 000 2 303 1000 1 208 1 208 1.000
gadA 4 417 0  0.00 1 333 3 1250 0 000 0.168 1 333 3 455 1000 3 6.25 1 208 0617
tetS 1 104 0 000 0 o0 1 417 0 000 0375 1 333 0 000 0312 1 208 0 000 1.000
&3 24 2500 1 333 10 3333 10 4167 3 25.00 7 2333 17 2576 — 17 3542 7 1458

[E] FEITEX LR @ x°=12.178, P=0.007 ; FEIFRELE: © 42=0.065, P=0

&3 2019 FEAOM KB ERNFEXTER
Table 3 Sequencing of antibiotic resistance genes in swimming
pools in Haikou, 2019

THAER KR NCBI LbXT 5 FIRZE /%
mer-1 TSR AMRKX CP047877.1 100.00
TBIE B AR K K EE CP047664.1 99.64
StrA X LEEE CP047577.1 99.24
mecA INKBEA MR KX CP047577.1 99.72
N LEE Dt EE CP047321.1 99.86
tetS IS LE e CP046123.1 98.53
aadA TN R AR K Bt EE JF806491.1 99.20
X LEEHIK MN256779.1 99.59
TN R AR K Bt EE MK962306.2 99.59
sul | TN B AR K X EE CP026937.1 100.00
N LEE K CP026937.1 100.00
TN R AR K Bt EE CP047662.1 100.00
sulll INX AR K X B CP041749.1 100.00
TBIE B AR K B EE CP047877.1 100.00
TN B AR K X EE CP047877.1 98.04
floR INX ) LE MR Bt EE MK962306.2 98.91
INK R AKX MK962306.2 100.00
INK R A %7K Kt EE CP041631.1 99.45
TBIERLAMRK X MK962306.2 99.46

(] 3R BIBNE B AR K BB EEHE W aadA EIAK 1 4K, /NX ) LE 7K
S sul | BYBEITR 1 1k /DR AR K BOGHEE 2 #R, TS LE it
B 1 BRIETS floR VMR FRIXE R NFAME, BIFRS RAEMTY,
HERFINERH,

2.4 HREIEGSRERARSHAERE R XEE

Spearman X D ITER KR . FEMERR K
FTHARESZ DN MARERKEEZEEHEX
(r=-0.395, P=0.005 ; r.=-0.434, P=0.002) ; Kt &M&
. BEEHEMAERRHERXYTHRITERNX
(r=-0.096, P=0.514 ; r,=0.277, P=0.057)o

3 itie
BRIt FSEERX ko R HE QA H K FYIRE

799 ; REMIEELIR © ¥=5.556, P=0.018, * : Fisher ¥5HEF1S P1E,

TEEBFREANNSTHAR, FHien 7 iE KK
R R IEKE SRR BB N 7, EEZHRIAES
FUNDER T T2 BRI R AR E ARV R IR, H
XS E ZH7E FFEK AR RERIML X,

AR HTREAME. BERE ZHER
K BZRL ERE ERETE OFEENER.
XEMERPNKISER. BEREENER. OFERSFE
EXRBEEW. AEFTUNASEFR, SEEEM
MIARLEWEEAMERFRATSEREX, BINLE
HETWEKURA. B BEBMEDREZEE
BHREFRRA, FrEdEMERCRTIXHERK, T
MERERERRENMEZAT 2 REDFHEN
BIKE, M SHHAARENERK. EHNWAREA
BEH A BREE AR, BEETNNA R AT AER
BREZEKIMEEZEAGPLETY, AMEBEM
TENBERE. AMEESEHHMNEE @k
GBI Nk M. XKMARER, HERMEKIE, T
BAge], &EERZESRBESHE G, K
REMERFMAE MM AEREX MAKEERES
Zro RIAFEAMAGH T BRHETRY mer-1 R, FRY
BERZE (sul Iy sul ) e ED, XE5XEBRESE Y AR
KR TERR LT A B AR RER . HPREBI1ER
ERRREBRE N S = KM, mer-1 BEREN S ZH
HENMZ, I RENMAER T REFEMNRE
MEIMSHEMIFERME, ZEXREKRETEEZNME
RS, A<H R HIRAY mer-1 A RTESR B AKCRE B AT
BERBIFANGE, FEH—FHRRERR,

KARERAEITHXMAERNCLHFEE
5, AR CXTAERCHEEFEENER T E AN
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FMER, BRE—RNE, AARIBRMERFAM
HERALLMIKS, AIREXN RENES ERIREFE
BX, FERFAIMMXE,

KARLERER 2019 F B OHKMHAREEE S
HERE N 77.08%, MEIRXMHBERTEL, 15
BTRERHE 3 EEARK KRS 2B
RER, MEFRCHE W INERE A LikitK
RERDHMMRE R, RESEEETKNELERE
BE7, BEAEdEaTHESEITY, BEAKREE,
AORBI DB RM R EBIN, XUIBERHI
FErNBKAIAES (HBIRER N 46%, SEEENRN
23%) W, BRFAARFAEKPZ RN, HFEE
RFKMEBENER, KARIBTESERIKF
SHRER SN MARERKGHBERENEX, HiE
MAlge 5AREZ SV SBMARRDEX,
FEF SRR ESTIXITHAE R mAE],

ZE, AR EBEOTXMEIMAZGE R ME
BE, MEZMHARRARN SLHBERMANEN
CER, KPRHFEMERAFEFXNHAREZ DK
HAEMAER, FEMEKHIESEE, THES
FIKFE, HFERK FEREMAER ; KothEE oy H b
BRI A FEEENRERE,
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