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Abstract: Objective To analyze the drug resistance of Staphylococcus aureus in blood samples of children and adults
from 50 hospitals in Shandong Province, and to understand the drug sensitivity characteristics of Staphylococcus aureus
bloodstream infection (BSI), so as to provide reference for clinical experience. Methods The distribution and drug resistance
of Staphylococcus aureus isolated from blood samples from 50 hospitals in Shandong province from 2017 to 2020 were analyzed
based on the Cooperative Research Network of Pediatric Bacterial and Fungal Resistance Monitoring in Shandong Province.

Meanwhile, the drug sensitivity characteristics of Staphylococcus aureus were divided into children group (<14 years old) and

adult group (=14 years old). The data were analyzed by Whonet 5.6 and SPSS 22.0 with reference to CLSI 2021 M100 document

standard judgment results. Results A total of 3 661 Staphylococcus aureus sirains were collected from 50 medical institutions
in Shandong Province, including 675 in 2017, 870 in 2018, 1 080 in 2019, and 1 036 in 2020. The drug resistance rates of
multiple antibiotics in blood culture methicillin-resistant Staphylococcus aureus (MRSA) group and methicillin-sensitive

Staphylococcus aureus (MSSA) group were significantly different (P<0.05). There were significant differences in antibiotic

resistance rates between adult group and children group (P<0.05). The overall detection rate of MRSA was 27.5%, and no

staphylococcus aureus strains resistant to vancomycin, linezolid and tigecycline were found. Conclusion The detection rate of

MRSA strains decreased continuously and increased by 2020. The detection rate of MRSA in adult group was lower than that in

children group, suggesting that we should pay attention to the monitoring of bacterial resistance in children group, to the

management of multiple resistant bacteria and rational use of antibacterial drugs.
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I 377 8L (bloodstream infection, BSI) & Hi & Fivrs
JE A R 2R AR A L3 T 5 | Il VR 4, mT
5 | i S 3R A vy 1) 1 ) 4 SR R . — TR
Gk R1JES 53 AT 870 1 U R g £ — AR SR T 3 h 8%~
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LIZRAS LB 40 T & EL T M 24 e ATF 5 DA R0 (i
PR SPARSS ) H LU AS Ko7 Bt I LB IR e 2% Sk ) L AR
A 50 0 LA R, L =R e 45 5K R BE
5% INARAE 16 DT o BB AL o0 A LL By
A7, W s BAT XA, T SO L 2R 45 40 T T
2RI, ASOW I AR A 50 R Be JLEE 5 N I 1 7%
HRORGE T F <6 B C0 R 4 BRI EA T AT, L b JLEE A
BN B DA bR 8] 19 22 S M DA S ST 245 B SG 2R Al
RIZIEHRBES 5 W
1 MEITTE
L1 EHRRR A KIET SPARSS RIX 2017—
2020 4F LA 50 ZK BRI i L5 57 23 15 10 48 1 (570 %
BT o341 AN 25 PEEAT 0 M. I3 214 2 8 O
N, <14 %5 LR LEH .
1.2 BE LA 4 A SHREY S E 2 iSO i
B R, A A B A 4B B (A % BR TR ATCC25923 (4
O] A BRI ATCC29213,
13 AXENHHRALETAGHHLR KA
T 0 M 2 S A T 46 e 00 70 2 R AT 48 7 S 24
RGN, 245 A0 DRI s v 25 1R S [t PR R 512 35 28 s AL
12 (Clinical and Laboratory Standards Institute, CLSI)
2021 AR HfERE Y 25 ORI IR EA T RE 2 O
B8 2R G B 10 4 1K RT3 g Y ARG AR 24 < B 00 R 4
BX W (Methicillin resistant Staphylococcus —aureus,
MRSA) 415 FH 4 P MR f 4 9 €03 % BK BT (Meethiicil-
lin susceptible Staphylococcus aureus, MSSA) . MRSA

) T s 0 - 4 0 ) 25 K Sk A P T e /N T AR B
(minimum inhibitory concentration, MIC) >8 mg/L 5 &
WM PG K MIC>4 mg/L.

1.4 %it3 5% WHONET 5.6 51480 25 8 i
7 I SPSS 22.0 8 g L 5 A ML IR g 4 1
B ER T MRSA K 3014 22 5 Kt 251 22 5% R &
K, LA P<0.05 22 5 A geit i Lo

2 # R

2.1 2017200 hizirb e HHEldE E
S I3 [vi] — R84 198 O T e B A R A R e 7 R 24 ik
B TR AR , 2017—2020 4 i 35 57 253 25 1 AF 5 52w i
JUTR 57 370 Bk, v 4 B (0,3 4 BR A P 3 661 R (5
L 6.38%) o £ 53 B3 T A5 4 0 (0 4 BRI v 81.15%
(2971/3 661) FKVE T A4, 18.85%(690/3 661) KI5
FILEEH 558.75% (2 151/3 661 £k ) K T Bk
41.25%(1 510/3 661 ) KI5 T ot 3 o BN I
Br AR 4 W A A BR A 5 B AR RS o, LA I R 4
B A BRI 07 LU ET 3 AR B4R RS R, 2020 4F IS AT [
ik W1,

=1 20017202054 OHHRERHER %

Table 1 Percentage of Staphylococcus aureus, 2017-2020 %

20174F  20184F 2019 4F 2020 4F

20 51 411 Total
Year(n= Year(n= Year(n=15 Year(n=14

Group (n=57370)
12529) 14 025) 974) 842)

YN 4.25(532) 5.02(704) 5.43(867) 5.85(868) 5.18(2971)

Adult

JLE 1.14(143) 1.18(166) 1.33(213)  1.13(168)  1.20(690)

Children

&it 5.39(675) 6.20(870) 6.76(1080) 6.98(1036) 6.38(3 661)
Total

HOWNNEEOHEERERK %, Note: () is the number of

Staphylococcus aureus detected .

2.2 2017—2020 4 MRSA # & MRSA # H
2017 4E 31 2019 4F 2 B i T B a4, 2020 45 A fir 7t
=5 JL 20 MRSA K 1 263 = F i\ 2 MRSA £ 1
R, WEk2,

2.3 MRSA 2815 MSSA 283t 7 [ 4% i 25 4 o ot 35 5

£2 2017—20204EMRSA K HE %
Table 2 MRSA detection rate, 2017-2020 %

ZH 5] Group 2017 4 Year 2018 4F Year 2019 4F Year 20204 Year A1t Total
S Overall (n=3 661) 29.63(200/675) 27.93(243/870) 24.72(267/1080)  28.57(296/1 036)  27.48(1 006/3 661)
A4 Adult group (n=2 971) 28.20(150/532) 27.70(195/704) 22.95(199/867) 26.84(233/868) 26.15(777/12971)
JL#E4 Children group (n=690) 34.96(50/143) 28.92(48/166) 31.92(68/213) 37.50(63/168) 33.19(229/690)

T8 O MASA f6 804 78 (0 T SRS K

Note: () is the number of MASA detected divided by the number of Staphylococcus aureus detected.
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Wi MRSA X FIFEF- ANV R ZERD R 5 R it 258 5 T LE MSSA A, Z» A

PUVb AL SRR LR UK 2555 T MSSA
4, 2508512 L (P<0.05) ; {H MRSA £ % F Jk
REGERNE T #ve U 25 248 T MSSA 4, 2 R A 4
P2 X (P<0.05), W3,

24 BRAMSSA L5 )LF MSSA LA R F L H 2h W
a2 F kg N MSSA 4 X B 2R KRR E A
R RM R T ILEMSSA A, 2R H G #m X
(P<0.05) s X IR RER ANV A ALARDE B0

Giitapm L (P<0.05) . WL X FIART- L DU BR i 24 5%
ZERTGIE X (P>0.05), L4,

2.5 MRAMRSAZLE ILE MRSA X RERE 4
w2 AR A MRSA 41 % Z R Az K1 25 %5
T LFE MRSA 41, 22 74 Gt X (P<0.05) ; A XF
SUMEE R ZLEE R 25 M MRSA 415 )L # MRSA
AH2ZE R TG R X (P>0.05), W3S,

2.6 20172020 F)L& B RALTRERE 24

=3 MRSA 5 MSSA XA FBLE YA 25 3R Lh i

Table 3 Comparison of resistance rates of MRSA and MSSA to different antibiotics

MRSA MSSA
B2 —— " — "
Antibiotics K6 BREL De- [ET7344 KR AY De- i 25 AL X p
tected strains Resistance strains tected strains Resistance strains
%5 % Benzylpenicillin 981 981(100.0) 2669 2397(89.8) 108.025 <0.05
FEI P K Oxacillin 1006 1 006(100.0) 2655 0(0.0) - -
PR K% Z Gentamicin 980 130(13.3) 2653 423(16.0) 4.087 <0.05
4 Rifampicin 968 69(7.1) 2 646 13(0.5) 140.778 <0.05
VS A Ciprofloxacin 844 219(25.9) 2332 291(12.5) 82.747 <0.05
LA AL Levofloxacin 907 223(24.6) 2391 299(12.5) 72.040 <0.05
BELPGY) B Moxifloxacin 894 208(23.3) 2370 249(10.5) 87.775 <0.05
5 77 W Trimethoprim—sulfamethoxazole 958 86(9.0) 2611 626(24.0) 99.344 <0.05
i B 2 Clindamycin 903 704(78.0) 2324 1227(52.8) 171.374 <0.05
2] % 2 Erythromycin 910 750(82.4) 2342 1414(60.4) 142.529 <0.05
FIZ5 e Linezolid 981 0(0.0) 2 660 0(0.0) - -
Ji % % Vancomycin 979 0(0.0) 2653 0(0.0) - -
PUFF 2 Tetracycline 806 320(39.7) 2242 273(12.2) 285.358 <0.05
FEINFRE Tigecycline 744 0(0.0) 1940 0(0.0) - -

T O PN 255 /% . Note: Resistance rate in brackets/% .

%4 A MSSA L5 JLE MSSA X R RITTEZS Y I i 25 38 L4

Table 4 Comparison of drug resistance rates of adult MSSA group and children MSSA group to different antibiotics

WA Adult group

JL3E2H Children group

T‘f‘ff% KBRS De AWK WS WZH X P
tected strains Resistance strains tected strains Resistance strains
%5 % Benzylpenicillin 2200 1953(88.8) 469 443(94.5) 13.427 <0.05
FIEPEHK Oxacillin 2194 0(0.0) 461 0(0.0) - -
PR KB Z Gentamicin 2185 369(16.9) 468 54(11.5) 8.230 <0.05
FIEF- Rifampicin 2178 11(0.5) 468 4(0.9) 0.836 >0.05
IRRTP £ Ciprofloxacin 1919 284(14.8) 413 23(5.6) 25.330 <0.05
T4 FRUD B Levofloxacin 1962 284(14.5) 429 20(4.7) 30.545 <0.05
B VPR Moxifloxacin 1947 234(12.0) 423 14(3.3) 28.130 <0.05
& J5 4 Trimethoprim—sulfamethoxazole 2154 558(25.9) 457 70(15.3) 23.137 <0.05
FEMEE E Clindamycin 1920 973(50.7) 404 254(62.9) 8.737 <0.05
2% 2 Erythromycin 1936 1 123(58.0) 406 292(71.9) 27.174 <0.05
F 251 Linezolid 2190 0(0.0) 470 0(0.0) - -
Ji 1t # Z Vancomycin 2184 0(0.0) 469 0(0.0) - -
PUIRZ Tetracycline 1 844 234(12.7) 398 40(10.1) 2.126 >0.05
B INFFZE Tigecycline 1659 0(0.0) 281 0(0.0) - -

T O W NTH 253 /% ., Note: Resistance rate in brackets/% .
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w2 A 2017-2020 )L E A T R 2 R L MRSA K R AR A a4 . N Z Mt 259
337 95.00%. JL# 4 MRSA # i 2 58 9SG R G 1 it 25 T 4 4 45 22 BRI, (B X 75 8 R A A 3 i 24
MR ORI KRERI, ZMITE LAY N ARYS &K, WLEe,

%5 MAMRSAZ 5 )LE MRSA EX R RIHT 25 W T 25 2% [ i

Table 5 Comparison of antibiotic resistance rates between adult MRSA group and children MRSA group

biiziw JEAZ Adult group JLEZ Children group
N Es e " o " 7
Antibioti For MRKEL De- [EL7 58 T MAREEL De- ifit 24 k5L X P

ntibiotics

tected strains Resistance strains tected strains Resistance strains

5 Z Benzylpenicillin 761 761(100.0) 220 220(100.0) - -
R PR Oxacillin 777 777(100.0) 229 229(100.0) - -
KK FEZ Gentamicin 761 123(16.2) 219 7(3.2) 24.851 <0.05
FIFEF- Rifampicin 753 68(9.0) 215 11(0.5) 18.535  <0.05
RNV B Ciprofloxacin 663 209(31.5) 181 10(5.5) 50.016  <0.05
e AP B Levofloxacin 705 215(30.5) 202 8(4.0) 59.629 <0.05
PGV B Moxifloxacin 697 203(29.1) 197 5(2.5) 60.811 <0.05
BT HE M Trimethoprim—sulfamethoxazole 746 75(10.1) 212 11(5.2) 5.768 <0.05
TAKTF % Clindamycin 701 549(78.3) 202 155(76.7) 0.229 >0.05
217 % Erythromycin 708 588(83.1) 202 162(80.2) 0.883 >0.05
FIZE R Linezolid 761 0(0.0) 220 0(0.0) - -
J7 i % % Vancomycin 761 0(0.0) 218 0(0.0) - -
PUFFZ Tetracycline 633 280(44.2) 173 40(23.1) 25.297  <0.05
BN ZE Tigeeycline 590 0(0.0) 154 0(0.0) - -

O N 253 /% . Note: Resistance rate in brackets/% .

%6 BAA5ILEMH 20172020 RFARELWEAEMLER %

Table 6 Drug resistance rates of different antibiotics in adults and children, 2017-2020 %

B T Adult group JL##H Children group
Antibiotics 20174 Year 20184F Year 20194F Year 20204F Year 20174F Year 20184F Year 20194F Year 20204F Year
%5 % Benzylpenicillin 92.1 90.0 92.7 91.7 95.8 96.3 96.7 96.4
AW TEHK Oxacillin 28.4 27.7 23.0 26.8 34.3 28.9 31.9 37.5
KK 5 2 Gentamicin 233 19.7 14.7 12.3 12.6 12.9 6.2 5.4
HFI48F Rifampicin 5.1 3.0 1.7 1.7 1.4 0.6 0.5 0.6
VS & Ciprofloxacin 222 20.6 16.5 15.0 7.9 3.4 4.5 7.2
2 BRI A Levofloxacin 21.5 21.0 17.1 16.2 5.8 2.6 42 5.3
LG V) B Moxifloxacin 19.5 18.5 15.5 13.5 3.0 2.7 2.7 4.0
2 J5 34 W Trimethoprim—sul- 26.6 23.0 21.3 18.3 12.0 14.5 12.9 9.0
famethoxazole
iR 2 Clindamycin 64.2 62.0 56.9 52.6 73.4 68.1 71.4 58.4
£1.45 % Erythromycin 69.8 64.7 57.6 67.6 78.9 75.2 72.0 73.8
FIZS M Linezolid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
73 % % Vancomycin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PUR K Tetracycline 26.5 20.9 185 18.0 22.0 16.5 8.8 9.3
BNFAZ Tigecycline 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3 it it 4[] 40 T T 25 1 00 ) 2014—2019 47 854 8 4

AR SCEAE R 1L AR A 2017—2020 AR IR AS 4 8 (A i A 3K AT o I bR AS 0 s B RS L 7Y 6.70% , MRSA
ORA R RN I Z s JLEAR KRR 31.20%", ARG s 4 o 0 8 A Bk 5
HR 2017—2019 4E 19 %2, 2020 4F F [, ] RE 5 2020 IMUBRASHS: H % IR 6.38% , 10 T4 =1 i 24 Wi i) ko) 5
AEAZPEN s, LA B R A P s MRSA K5 H R 27.48% , fI% T4 [ 40 B 1 24 Wa )
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WA %5 17 L B MRSA A H 3k 33.19%, B2 i T 42
EE 4K, 5 2016—2018 4F 11 T B B )L 75 1L 15 55
31.60% MRSA Fi H 4238, 1L AR g MRSA
i H R 2017 4F 31 2019 4F 2 BLE T N REkash, 54
] 401 R i 245 W 0 ) I 3 8% 4 MIRSA K6 H3 %6 2014 4F %]
2019 432 A5 FEAIK S BUM [R) R 340, 2020 4F MRSA 65 H
RIF I E T, RS JL#E 40 MRSA B 2R | TH45
P, T 5l R ATREZE X . 2017—2020 4F 11 R4
MRSA K5 Hi 2R hy 27.48%, AR = F Rk Y B A6 R
25.60% , i i T4t 38 [ K 45.60% W6 H 02, @A
FFEARIE 7, [ 2000 4F LAk MRSA 7 |6 1 1 7 2% 4y
IEFE R /D, MSSA 5 RS Y 1l it B G b T A RS
H B,

MSSA 215 MRSA 21 2 Fh 47T b4 25 W) i 24 2 53 1 B
it (P<0.05) ,MRSA ZH X FH 8 &R L1 8 R R R
2R I>T70% , B ANE A 4 0 PE R FH T il IR BTG R
J7o JLEMSSAHX BFRHR AN ER HLUHEERMZ
e TN MSSA 4 X al fig 5 )L Al L £ P 25
PR AR, LA R T B 528 O N R 2840
B 25 JLEE R Tz N A G . LB AL PR R B R T
2 RAFE AR, P RE S LB R A N PR 25
Ko JLEE MRSA 1 25 4 4F Kt 235 = F A4, L
T 2 T 5 R R e B E L, N Jn i LR} B2 A T b
25465 BN, ISR, 9% 52 1 e B e By 2 1 i, LA D /b
W% L 245 P Ak

P L ARG T T o R R R A e e RN ER R
BRI AELIEL AN A Tty 5 22T 24 4 0 60 0 4 BR AT 1 4R
B LA T B R IR MRSA 2K A B, 45275 11
PRI G 7 vty 8 2R 6 ST A okt i 24 71 i ™ A=, 1
I A B3 A TG 24 R S B 35 b o

G 00 7 2 K P R M O R G i kg B Y
J B 2 U1 A 2 1 | R I 3 SR ) B > B
R & MRSA Bt , BT H T Z R U 259t 245, 36
J7 I R 52 2%, T LR SR A BE R AR A B 2
BN KR — T 22 T AF 5 S B MRSA I 3 2% e
[ 95 A8 28 K A Be B[R] /s T MSSA L I /8% By 2™
MRSA K5 2 8 2 B 34, {H 4 2 €0 A 2 3K DA 1y
B AR S G R B FE IR RAS R A 1 o
JLEEZH MRSA K 258 8 T RN, JURH B IR g ™ 4%
AR LU 25N R A, U 258 S A F
25 5 T ol o Y 22 E M 2 TR AR e TR 2R IS W R
SEIBR YR BRRE T2 T 10 O , T 3h A S BT
JE AT 1) 24 SIS 0 B 45 R A A R IR B0, 7T Ay i DR 4
LRGSR UL S 00 AR (R ST 25 & B
FH 08D VSR TR 245 B 1 K A

FlRMSRAER A EE A AR 5 i
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