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[Abstract] Objective To study the characteristics of antimicrobial resistance and molecular epidemiology of
Staphylococcus aureus (S. aureus) in the intensive care units (ICUs) of a hospital. Methods Clinical isolates of
S. aureus collected from ICUs between January and December 2014 were identified and performed antimicrobial
susceptibility testing, then typed by staphylococcal protein A (spa) typing and multilocus sequence typing (MLST)
methods. Results Of 160 isolates of S. awureus, 120 (75. 00%) were methicillin-resistant S. awureus (MRSA).
Resistance rates of MRSA to erythromycin, clindamycin, and levofloxacin were all > 80% ; methicillin-sensitive
S. aureus(MSSA) were sensitive to cefazolin, resistance rates to erythromycin, clindamycin, and levofloxacin were
62.50%,35.00%, and 10. 00% respectively. spa typing and MLST results showed that the main types of 120
isolates of MRSA were ST239-t030,ST239-t037, and ST5-t2460, the major epidemic strains were ST239-t030 (n =
105,87.50%) . and were isolated from 8 ICUs; MSSA had more types, ST59-t437 were detected only from depart-
ment of neurology(n = 8) and department of digestive diseases(n=2), ST6-t701,ST398-t3625, ST398-t1793. and
ST121-t2092 were isolated from departments of neurology(n=7), anesthesiology(n=5), neurosurgery(n =4),and
cardiac surgery(n = 4)respectively. Conclusion Isolation rate of MRSA in ICUs in this hospital is high, ST239-t030

is the main type, which prevailed in hospital; different types of MSSA have epidemic trends in various departments.
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AU Rl iR AT 2 A0 5 % 31 43 B (multilocus sequence
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11 A g 2014 £ 24 TCU I K 43 25 /4 3E
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Table 1 Resistance of S. aureus to commonly used antimi-

crobial agents in ICUs

MRSA (n=120) MSSA (n=40)
LR
MZERREC T2 MW W2R OO

. g b 120 100. 00 0 0. 00
KA T 120 100. 00 0 0. 00
BT 0 0. 00 0 0. 00
THER 0 0. 00 0 0. 00
I 75 s g 0 0.00 0 0. 00
KR 20 16. 67 0 0.00
NEH 11 92. 50 25 62. 50
TR 96 80. 00 14 35. 00
E= Y IEZ 0 0.00 0 0. 00
AR R 109 90. 83 4 10. 00
ki 2% 5 4.17 0 0. 00

2.2 spa oA MLST &% spa /i BM¥4&EM
% BK B AR 43 o 10 AR g L1030 R 3
(105 Bk, 65. 63%), H kS 1037 (12 #k. 7. 50%) .
t437 (10 ¥k, 6. 25%), t701 (7 #k. 4. 38%) . t002
(6 #+3.75%),13625(5 #f,3. 12%), 12092, 1091 Fl
t1793(H4 N 4 ¥k, 7. 50%), 12460 (3 ¥k, 1. 87%) .
PCR ¥4y ¥ # 4% 300 bp 247, PCR ¥ W& 1.
Xf 7 A E F AR BT PCR §7315 . PCR 72 ¥ 4> 1 &
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6.25%),ST5,ST398 (¥l 9 ¥k, 11. 25%), ST6
(7 ¥k+4.38%),ST121.ST7 (¥ M 4 #.,5. 00%) .
XoF 45 VR 00 ) BR TR 2 B 45 R R L 120 B MRSA &
Bl ST239-1030, ST239-1037, ST5-12460 3 Fh #l
S, Lh ST239 3, 117 #k (117/120, 97. 50%) .
ST239 iz B¢ MRSA F % 3 17 A 5, 45 9 2
ST239-t030(105/120,87. 50%) 5 1fii MSSA £ #l £
Py R0, R kB E 2R, HARS LK 2,

2.3 HHBARAERES>HAHAZES>HA XK
MEGA #%F #E 47 2 % 0 & 43 .t BR8] AT %0
MRSA B #k ST239-t030 F1 ST239-1037 3£ % % &
AZIT .1 MRSA 51 5 MSSA Bl 5] 22 8] 55 2 % &
B, I B IR — PR E Wk Z AR % R R KU 2
—H, ST239-1030 734 |71z AL RE L APRE Bl 22
HABE A2 N BE B R RRBREE LI R LEE 8 A4S
ICU ¥4 Kt . ST239-t030 MRSA B # % b
AT R HAFTEBE BE N AT . MSSA AN [ 71 5]
AR E R AR OR 25 55 4 ST59-1437 {UAE fff &
B (8D F1TH AL BE (28 K H 5 1 18 Ak ST6-1701

ST398-13625,ST398-t1793 il ST121-t2092 43 B
TEMZE BT BRO IR (5 R LA 225 BE (4 B
FLCANRE 4 B . WL 3.5 3,

bp M 1 2 3 4 5

M: DNA 4y 74 Marker; 1—10 ¥k i 43 5l 4 spa-t030, spa-
12092, spa-t1793, spa-t037, spa-t3625, spa-t437, spa-t091, spa-t00,
spa-12460 ,spa-t701
B 1 ICU 43 {04 % SR A A spa 2451 PCR 7 49 f 3K 5]
Figure 1  Electrophoresis of PCR products of different S.

aureus spa types in ICUs
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1 200

60!
301
15

M:DNA 4 T # marker; 1—7 JKif 42 3 N gmk. glpF .aroE,
tpi.yqil .arcC, pta FH
B2 ICU 4 (%% Bk td MLST PCR ;4 i1 ik 5]
Figure 2 Electrophoresis of PCR products of S. aureus
MLST in ICUs

F 2 ICU 160 P4 @A 2 ERFE spa 40 B Jx MLST 24 11
Table 2 Typing of spa and MLST of 160 S. aureus isolates

in ICUs
43 D5 MRSA MSSA

spa t030.,t037,12460 t437, t701, t3625, t2092,
t1793.,t091,t002

MLST ST239.ST5 ST59, ST6, ST398, ST121,
ST7.ST5

MLST-spa ST239-t030, ST59-t437.ST6-t701 .

ST239-1037 ST398-t3625,ST398-11793

ST121-t12092
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ek 01 isolates ST239 t037.seq
sn 04 isolates ST239 1037.seq
xh 07 isolates ST239 t037.seq
sn 08 isolates ST59 t437.seq
xh 02 isolates ST59 t437.seq
sn 04 isolates STS t002.seq

xw 04 isolates ST121 12092.seq
sw 01 isolates ST5 t002.seq

= xh 01 isolates ST5 t002.seq

sn 07 isolates ST6 t701.seq

—: sw 03 isolates ST5 12460.seq

sw 04 isolates ST398 t1793.seq

mz 05 isolates ST398 t3625.seq
xh 17 isolates ST239 1030.seq
xw 04 isolates ST239 t030.seq
sw 40 isolates ST239 t030.seq
sn 19 isolates ST239 t030.seq
ss 09 isolates ST239 1030.seq
mz 13 isolates ST239 1030.seq

| hx 03 isolates ST239 t030.seq
ek 02 isolates ST239 t030.seq

260.3

sw 04 isolates ST7 t091.seq

250 200 150 100

Nucleotide Substitutions (x100)

50 0

xh: H LR, xw o D AMEE swe M Z SRR, sn: M Z N RE, ss: B iR, mz RIEERL , hx IFIRERL , ek LB}
W sw 04 isolates ST7 t091 FIR , WA HMRFor BT 4 #REL Ry ST7 1091 (1) 4 #6075 4 B3k 18

&3

ICU 160 Hh < 9 (03 % BR B 2K 2% 5 R AR 1]

Figure 3 Phylogenetic tree of 160 S. aureus isolates in ICUs

F 3 ICU 160 Fhk 4 8 005 % BR A A (7] B 50 B % 43 A1 15 00
Table 3 Distribution of different types of 160 S. aureus isolates in various ICUs
03] [EAY VS iz R AR JRR R BefiFl AN I A JLE
(n=52) (n=42) (n=27) (n=18) (n=9) (n=16) (n=23) (n=3)
MRSA ST239-t030 40 19 17 13 9 2 3 2
ST239-t037 0 4 7 0 0 0 0 1
ST5-12460 3 0 0 0 0 0 0 0
MSSA ST59-1437 0 8 2 0 0 0 0 0
ST6-t701 0 7 0 0 0 0 0 0
ST398-t3625 0 0 0 5 0 0 0 0
ST398-t1793 4 0 0 0 0 0 0 0
ST121-t2092 0 0 0 0 0 4 0 0
ST7-t091 4 0 0 0 0 0 0 0
ST5-t002 1 4 1 0 0 0 0 0
VTS 245 1 Tl % 2R v A 1Y) 7 g 1R R AN B 5] R
RO It R R 2 1) e J3 AL 5 5 A 3 b T I R 2

ZBE ICU 2014 4 112 ] Hh 43 86 4 v (5 4 2
BRE 160 B, Hidr MRSA B#E 120 k(5 75.00%),
MSSA itk 40 ¥k (5 25.00%), 7] W, MRSA )4y
BRVLE T MSSA, Hm T2 ES RS . MR-
SA Xf Z R YL 259, I R RN B
A7 3R 2 R A A I RS A A R T 2 L 4 im R AL
JEIIRIT A R BE KR AE . H AT % B 4 B T R R
XTI RE R R A W e R in B 3R e 24 5 A
R S TR B2 9 I (i B SN < I - 1= 0 71| P

Yy 5 B RGATA A T 24 55 H A 114 8 25 1R B A0 B AR
X HL R e LA A5 Ay PR A 70 TR I A

ICU w8 MRSA J s, 75 2 S0 25 7 5K
FBL R IA T S MU AT LA A0 B b 2 o 155 % 8
R AE ., PRI, B B0 AN [R) 5 g B X 4 o 0 4 2
BRE 4T B3 0] LR I R S A 45 T 30 IR T
PR TR AT FIRAET . spa SP RUEIET spa
FE x X 2 M8 1 43 B 7 . MLST & B F
7 XA S R 0 0 A o M T R S B Ay R B R AR
W Bt & spa 43 W5 MLST J7 ik Xt 160 #k 4 # {a
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BRSO L, ST239-1030 B Bk 19 B2 B 75 47 - 3% 5L
IO 24 5| A P o SR e A B DRI DR R v R A
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