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Molecular biological characteristics and antimicrobial resistance of Staphy-

lococcus aureus contaminated on hands of medical staff in Shanghai City
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genic Identi fication; 2. Department of Acute Communicable Disease Control and Prevention ,

Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)

[Abstract] Objective To analyze the molecular biological characteristics and antimicrobial resistance of Sta phylo-
coccus aureus (SA) isolated from hands of medical staff in Shanghai City. Methods From 2018 to 2020, medical
staff of 16 different levels of hospitals in Shanghai were selected as the research objects, hands of medical staff in
key departments of medical institutions were sampled, SA was isolated, identified and performed antimicrobial sus-
ceptibility testing, pulsed-field gel electrophoresis (PFGE) and whole genome sequencing, the whole genome data
were assembled by BioNumerics software, the assembled genomes were conducted multilocus sequence typing
(MLST), core genome multilocus sequence typing (cgMLST), virulence genes, drug resistance genes and disinfec-
tant resistance genes analysis. Results The isolation rate of SA from hands of medical staff in Shanghai from 2018
to 2020 was 2.9%. Methicillin-resistant SA (MRSA) accounted for 13. 6% (3/22), methicillin-susceptible SA
(MSSA) accounted for 86. 4% (19/22). Three MRSA strains were from doctors, nurses and carers respectively,

and 1 MRSA strain from doctors carried qacB gene. MSSA has different resistance to erythromycin, ciprofloxacin,
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tetracycline and levofloxacin; PFGE and cgMLST showed the genetic diversity of SA, PFGE bands of 2 strains of

ST72 SA from the same source were highly similar, and there were only 10 differential genes, suggesting that they

were clonal strains. Conclusion Hands of medical staff in medical institutions can be used as a carrier for the trans-

mission of SA, there is transmission of SA through hands as a carrier in medical institutions.
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AT BRI TH R L S AN HE AR G T A N R R
R AR R EE TR R . R R B T
& A& K gacA/B. qacC. gacD. qacG. gacH.
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R 2 #R (9.1 %0) . A P B g5 N B 1 T T A
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Table 1 Sources of 22 strains of SA from hands of medical staff
T P G H 8L 5 5t 4 7 = 5t %5 9% KR INZE L] 8 P 7459 2 A i 4 4F 1y
SAHO1 A LR EARFE 1t 1248 1 75 511 2019
SAH03 B ECEiE %4 ICU L B2 1 7 71 2019
SAH18 B =& ekt b P 8 1 72 71 2018
SAH10 B =ik peti kL it 45 7 7 7 2019
SAH06 B S Lk W% P e BE B2 1 74 ) 2019
SAHO4 C ECEIE %4 1ICU B2k B IS 3 2 71 2019
SAHO05 D it LHE 0 P A & A P2 7 7 2019
SAHO8 D L EAEF B A28 i 75 511 2019
SAH09 D TR ZEFR LA FE 24 7 771 2019
SAH22 D e [UE= BEA: 5248 i 7 571 2018
SAH23 D it LR Pz SR it 245 7 7 A1) 2018
SAHO07 E LR 58 SR it i 2 7 22 711 2019
SAH11 F =R L4y ICU Eaw 2 28 8 4 571 2018
SAH19 F =R% %4 ICU [ A 288 i 75511 2018
SAH12 G St/ GRS o SR i+ EE R 2018
SAH13 H T EAHEF T 524 1 7 571 2018
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%% 1 (Table 1, Continued)
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SAH26 I =R Ziqy ICU b AWM + FERE TS 2020
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PR 19 Hk Sy H 4R 7 AROBHURR 6 BT 65 4 7 BR 7R (methi-
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22 R4 B (0 A 4 BT 1 K 2 A TR O 7 R Sk
qacB, LB AR 5 i MRSA (SAH20) , [A] B #

i o Rt 24 B A # Z2 R 8 ) &R A (LukF-PV,
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2.4 BB FEAERRAWEI BT 22 BRG B AR AR
W (ukF-PV csst-1 Mg R EE W IEN . #55
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R824 BR) s IR R IEH sea Ry 13,60 (3 #R) 5
seb R 13, 6% (3 ¥k ssec g 18. 2% (4 Bk ) ;5 selk K
45.5% (10 k) 5sell iy 22. 7% (5 #f) sselqg S 9.1%
Q¥ , Hrp 4 B (SAH19,SAH21,SAH25 Fi
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Table 2 Resistance of SA from hands of medical staff to 16

kinds of antimicrobial agents (%)

HLE 25 [ESES rhi A R R
I T R 13.6 0.0 86. 4
KALVET 13.6 0.0 86. 4
RKRE#H 4.5 0.0 95.5
Al ER 0.0 0.0 100. 0
FE ST BT 18.2 0.0 81.2
I 75 e Jrie 0.0 0.0 100. 0
U2y 18.2 4.5 77.3
FAR: 5 36.3 0.0 63.6
BN E 0.0 0.0 100. 0
KGR 9.1 4.5 86. 4
SRR 13.6 0.0 86. 4
LR R 18.2 0.0 81.2
WNT R 22.7 0.0 77.3
I VG Hh R 4.5 0.0 95.5
527 Tk i PR R e 4.5 0.0 95.5
48 0.0 4.5 95.5
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Table 3 Antimicrobial resistance, resistance genes, virulence genes, disinfectant resistance genes and ST type of SA from

hands of medical staff

/\
e J Nk
W@ ST i 25 4 2L 25 i BB RO AR
HLE Y
SAHO1 ST2631 blaZ WK 2 [ 5% 74l R - lukF-PV ,selk -
SAH03 NA blaZ, fusB,Inu(A) - - - -
SAH04 ST398 erm(T), FARES S - - -
SAH05 ST15 blaZ - - - -
SAHO06 ST6 - - - lukF-PV ,sea -
SAH07 ST188 = HHW R ZEARY R - lukF-PV =
SAHO08 NA blaZ ,msr(A) , Inu(A) A% - lukF-PV -
SAH09 ST188 = = = lukF-PV =
SAH10 ST15 blaZ - - lukF-PV -
SAH11 ST59 ant(6)-la,aph(3°)-111,blaZ.erm £15% % HKHE = seb,selk ,selq =
(B) .tet (K)
SAH12 ST59 blaZ,mecA,tet(K) P ER R - -
SAH13 NA blaZ - - lukF-PV -
SAH18 ST239 ant(9)-la,aac(6”)-aph(2”) vant  PRKREFZ K ALVG T, 4 08 P4 bk | 4 lukF-PV ,sea, -
(6)-la,aph(3°)-111,blaZ, mecA, HZ . WHERX. KNV E.E TPV R selk ,selq
erm(A) tet (M) .d frG g R e | DU B 2R A TR
VR EPEET /IR ETT
SAH19 ST965 blaZ = - lukF-PV ,sec, -
sell,selk  tsst-1
SAH20 ST764 ant (9)-la, aac (6 )-aph (27). SLHVET FEBE PG 218 R % - LukF-PV ,seb, qacB
mecA,erm(A) ,tet(M) ,tet (K) MEZ BN E UK E. LA selk
B R CKEARZ EPE T/
FREAT
SAH21 NA ant (9)-la, mecA, erm (A), tet AP T ASMEPY AR, 20 % &K L 00 HEY R lukF-PV, sec, =
(M) MER AN E . NHE. LA selk,sell tsst-1
B R ORI R &S T/
AT
SAH22 ST59 - - - sea,seb,selk, -
sell
SAH23 ST630 blaZ,tet(K) ILEZ-S - lukF-PV =
SAH24 STS8 - - lukF-PV -
SAH25 ST72 blaZ,erm(C) /R EWET /IBHEET KGR E  wkF-PV,sec, =
selk,sellstsst-1
SAH26 ST72 blaZ,erm(C) 1IHR - lukF-PV,sec, -
selkysell tsst-1
SAH28 ST72 - - - lukF-PV ,selk -

2.5 aweHARA L T oA IE MLST 458 PEL UL 1, PT3 Fi1 PTS Hr 4 v (a4 45 BR 14 1) PFGE
WR .22 MR A WA A KA P 18 Bk 12 4 ST A R RLEE ¥ 96. 620, 78 SAHO5 Il SAH10 LA
BLEA 4 Bk A ST A1, 12 4~ ST A, ST72, S SAH25 Fll SAH26 [tk ] fig by s AR . SAHO5 Fi
ST59 %4 3 #,ST15.ST188 %A 2 P, HAth 7 5 SAH10 4331k A B e D B A B Be B 40 1,3
BA 1 KR, 4k ST2631, ST398, ST6., ST239, o ST15, SAH25 F1 SAH26 # % ST72,F 2020 44y
ST965.ST764.ST630,STS, 22 kk4: # €0 7 4 Bk 4 B B T LT,

B 1 Bk ST398 4b, H A W bR AT 3 47 PFGE 433, cgMLST 43 Hr&h 3 o, 22 Kk 4 (0,75 % BR &
430 20 4~ PFGE #7 #1 (PT1-PT20) , 2 & & £ 4 il SAH25 Fil SAH26 ZHF 1 MESFIEE . H4e
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O A BRI T AR Z A 22 AR NN B > 145, Z52R 5 PFGE 45 3R — B, ik — 2D HiE 52 SAH25
i)

PER XL TR AR Z I R E LR, WK 2. cgMLST SAH26 i FERK .
PFGE-Smal PFGE-Smal
s g 8 T BB AR B ST PT
SAHI9 F EA 2018 ST965  PTI
SAH24 1 BT 2020 STS PT2
SAHO5 D BEf: 2019 STIS T3
55, SAH10 B 11 2019 STIS
SAHI1 F Pl 2018 SISO pra
444 SAHI2 G $+ 2018 STS9  PTS
SAHO1 A P4 2019 ST2631  PT6
| SAH06 B B 2019 ST6 PT7
425 ' SAH25 I gl 200 ST
SAH26 I Pt 2020 STT2
SAH28 H Ed: 2020 ST72 PT9
SAH09 D BT 2019 STISS  PTIO0
SAH13 H PT 2018 N/A Pr11
34.5 SAHO7 E it 2019 STISS  PTI2
| SAHO08 D B4 2019 N/A PT13
| SAH23 D P+ 2018 ST630  PTI4
s SAH20 I B 2018 ST764  PTIS
4 SAH21 H T 2018 N/A PT16
SAHI8 B P+ 2018 ST239  PTI7
SAHO3 B BT 2019 N/A PTIS
SAHO4 C B 2019 ST398
SAH22 D B 2018 STS9  PT20

T N/A RIRARRIT AL,
1 22 BREEST AL AR A BT 20 2 6 o (0 3 4 B3R ) PEGE 204
Figure 1 PFGE profiles of 22 strains of SA from hands of medical staff

wgMLST (wgMLST loci)

(=3 (=3

2 =2 B o %ifg I ¢ A B I} 1] ST
191— SAHO5 D P 2019 ST15
[ SAHI0 B it 2019 ST15
SAHO06 B BE A 2019 ST6
15.5— SAHO09 D 1L 2019 ST188
30.2 E SAH13 H P 2018 N/A
SAHO7 E il 2019 ST188
i 01 SAH25 I Pt 2020 ST72
1451 SAH26 I it 2020 ST72
SAH28 H PRk 2020 ST72
L SAHOL A Pt 2019 ST2631
I 26.8— SAHO8 D B A 2019 N/A
SAH23 D it 2018 ST630
72.0 SAH24 I P 2020 STS
100.0 SAHO03 B T 2019 N/A
SAHIS B it 2018 ST239
21 SAH20 I PE 2018 ST764
54.9‘E SAH21 H P 2018 N/A
L SAHI9 F PR/ 2018 ST965
19— SAHII F it 2018 ST59
39.0 E SAHI12 G it 2018 ST59
SAH22 D BE 2018 ST59
SAHO4 C PRk 2019 ST398

T« AR AL L TR 22 5 A O TR P R BUF R 10 A s N/A R A REN L.
B2 22 BREESF LM AR N 5 T2 88 4 38 (A A IR cgMLST R2E K|
Figure 2 ¢gMLST clusters of 22 strains of SA from hands of medical staff
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BEIT LR TAE N 5L T 4 o8 €5 5 %5 3K 0 43 B8 R
2.9%, A TFEHET AERERES AT
) MRSA ¥ %8 37.5% . L4 ICU M 4ERHE
A 2 4 0 ) 7 3K T S R A s XL R 55 N D hy
B PAT IR AR AT R BE 55 N T TS e
M B H A B 5 A F#EF MRSA I 53¢
ICU B /E BBl Ye 2 R i, AR 8
N BELR G ICU A A RHIG R AT B i85 4 2 (7
2] BR 10 70 15 3R L A v o R OGS B0 BN B kT
MR I . EAMIF R & B 4 T AR R AR
AT AR B Be o e 0 2, DR A0 T TAE L s T 0
T THBE - AT LA A5 B 7 4 B €0, 3 2 3K 1R 1% 5% TR

S A i 245 P R 24 PR 48 A 1 0 L 3 bR T R AR
K MRSA, 735112k B AR B Be AN R B 3 4
PR A R B 485 A 22 i 24 5 DX RN 22 b a3
L 5 EJ7 LM b MRSA (i 25 ¢ — 25, (545
EERZ . Hd 1 %k MRSA #47 gacB.gacB & 2=k
RIS OBUIRZE T B 700 0 i 24 AL ) A 2 200 7 0 AR
i S B | NN TR S v I o 7S i n s DA R O 2]
SNHES B 25 . BT qacA Tl gacB B 7~9 4
B 7 51 A [] o 3R G il i S by (PCRO AR MEHS HE X 3
PRI AR 22 BF 58 413 P 25 02 qac A qacB AE Ky it 1
BEAHER . gacA|qacB JLHAE MRSA B k] 71z
AT S E AT T R L B R BE R gacA.
qacB 7£ MRSA Hr i H 2%y 17,150 5 [ Py o Ath b X
gacA .gacB 7E MRSA [ #6 H4 % 38 %0 ~92 %117,
2011 AERRYPNHRIE 1Y qacAqacB 7E MRSA i i H 58
o 4400~63007" s5qac A qacB K tE R 1 2 R AT RE Y
b8 N N G E S 3 | I TR N I 1 B2 NI i S S
gacA .qacB i T JFiki pSK23 |, K-S X W FE 28
(it 245 8 R A 40 B 10) % 328 (o Uk AR Al 2
Kt gac FEPR BT T IEAATEM .. X EITFHLE
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