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Meta-analysis on the features of disinfectant-resistant genes in methicillin-

resistant Staphylococcus aureus in China

NI Jun, XU Xian-rong , CHEN Rui-cai ( 85th Hospital of People’s Liberation Army, Shang-
hai 200052, China)

[Abstract] Objective To evaluate the features of disinfectant-resistant genes in methicillin-resistant Sta phylococ-
cus aureus (MRSA) in China through Meta-analysis. Methods Literatures about features of disinfectant-resistant
genes in MRSA were searched from China National Knowledge Infrastructure (CNKI), Wanfang Med Online,
PubMed, and Excerpta Medica Database (EMbase) through computerized retrieval system, literatures were selected
according to standard inclusion and exclusion criteria, Meta-analysis was performed using R3. 1. 1 software and Rev-
Man 5. 3 software. Results A total of 42 literatures were included, involving disinfectant-resistant genes of 2 671
strains of MRSA from 16 provinces (municipalities) in China. The overall detection rate of gacA/B, gacC, gac] and
norA was 28.03% (950 CI: 20.03% = 36.48%%) , 8.94%6 (956 CI: 1.27% = 22.4904), 17.74% (95 CI: 2.25%
—43.39%), and 17. 90% (95% CI. 0. 00% — 76. 38 %) respectively. The detection rates of gacEA1, qacG, and

gacH were 0. 00%. The overall detection rate of gacA/B of the southern and northern China areas was 27. 12%
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(95%CI: 19.03% = 36. 06%) and 30.14% (95%CI: 13.11% — 50. 63%) respectively, there was no statistical
difference between two areas (Z=10.59, P>>0.05). The overall detection rate of gqacA/B in the eastern, central and
western economic region was 29.95% (95%CI: 21.85% —38.73%), 22.65% (95%CI; 10.08% — 38.47%), and
26.94% (95%CI: 3.78% — 60.95%) respectively, there was no statistical difference among these regions (P>
0.05). The detection rates of gacA/B in hospital-acquired (HA)-MRSA and community-acquired (CA)-MRSA
were not statistically different (OR and 95%CI=0.69[0. 14 —3.31], P=0.64). The detection rate of gqacA/B in
MRSA was higher than those in methicillin-sensitive Sta phylococcus aureus (MSSA) (OR and 95%CI = 4. 99[3. 53
—7.06],P<C0.01). Conclusion Detection rate of disinfectant-resistant genes in MRSA is high in China, which is
common and serious , monitoring on disinfectant-resistant genes should be enhanced, disinfectants should be used
rationally.

[Key words] disinfectant; Staphylococcus aureus; methicillin-resistant Staphylococcus aureus; methicillin-sensi-

tive Staphylococcus aureus; disinfectant-resistant gene; gacA/Bj; qacC; qac); qacEA1; qacG; qacH

norA ; Meta-analysis
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Table 1 Basic information of the included literatures
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ofi g = 113 VLI % = # (b 7R 16 1 - - - - - -
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F ZELs WiiL (R - Z338) 102 3 - - - - - -
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T AR i RIRG: I D) 24 10 - - - - - -
il AN 9] 221 101 - - - - - -
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Meta-analysis forest plot of detection rates of qacA/B genes in MRSA

Table 2 Meta-analysis on the detection rates of different
Xﬂﬁ(ﬂ‘ﬂ%‘#/ %#ﬁfﬁﬁf)@,qac'A/B £33 H/‘]% disinfectant-resistance genes in MRSA
% 0 0/~ %) s gac &k ! PR 3
FEAS R A i . 35 28, 0396 (20. 30 % ~36. 48 %) 5gacC P RN TR o
FEFR A K B R 8. 94 % (1. 27% ~22. 49%) , D Q P
e A S e B gacA/B 46 28.03 20.03~36.48 971.41 <0.01
qaCA/B FIGH G IR F R T qacC(Z=6.05, P< qacC 7 8.94 1.27~22.49 92.74 <0.01
0.0, AWM E R LS ITFE XL (P>0.05), & qac] 3 17.74  2.25~43.39 20.23  <0.01
FNS Eager K210 5% qacA/B 51 430K % T norA 3 17.90  0.00~76.38 107.25  <<0.01
Study Events Total Proportion 95%.Cl W(fixed) Wirandom)
il
i
EhEs] 29 80 TH— 0.3625 [0.2579;0.4776]  3.0% 23%
E0E12 10 64 { 0.1562 [0.0776:0.2686)  2.4% 23%
HEX 37 y 0.1111 [0.0235,0.2916]  1.0% 21%
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=) 8 20 — 0.4000 [0.1912;0.6395)  0.7% 21%
HEmI0] 18 45 T 0.4000 [0.2570;0.5567]  1.7% 2.2%
FE[1] 19080 0.2375 [0.1495;0.3458]  3.0% 2.3%
RRTAE12] 1430 —— 0.4667 [0.2834;0.6567]  1.1% 2.2%
e gk 1 16 H 0.0625 [0.0016;0.3023]  06% 2.0%
SR 14) 09— 0.0000 [0.0000:0.3363]  0.3% 1.8%
BEIEE] 32 69 H—a— 04638 [0.3428; 05880]  26% 2.3%
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R 45[12] 12 3 ——— 0.3871 [0.2185,0.5781]  12% 22%
T 12 31 i 0.3871 [0.2185, 05781  12% 2.2%
EH[18] 1 3/ —H— 0.3056 [0.1635;0.4811]  1.3% 22%
FA[19] 16 25 o 0.6400 [0.4252;0.8203)  0.9% 21%
tFRETEI20] B o7 = 0.0825 [0.0363;0.1561)  3.6% 2.3%
BAEER1 66 66 il — 1.0000 [0.9456;1.0000] 25% 2.3%
DHi[22] 1 56 o 0.5536 [0.4147;0.6866]  2.1% 2.3%
THED] 149 295 R 0.5051 [0.4465;0.5635) 11.0% 2.3%
ZEp[24] 11 162 =+ I 0.0724 [0.0367;0.1258]  57% 23%
2kEHA[25] 7 56 —s—i 0.1250 [0.051%;0.2407)  2.1% 23%
BEiTH26] 8 B ——r 0.2105 [0.0955;0.3732)  1.4% 2.2%
#2207 2 M- i 0.0588 [0.0072;0.1968]  1.3% 2.7%
Fe49[28] 21 60 —— 0.3500 [0.2313;0.48400  2.2% 2.3%
2E[2] 9 37— 0.2432 [0.1177:0.4120]  1.4% 2.2%
SREE0] 10 24 —H——— 04167 [0.2211:0.6336)  0.9% 21%
BREZR] 19 47 —— 0.4043 [0.2637:0.5573  1.8% 2.2%
FI$32] 31— 0.2308 [0.0504;0.5381]  05% 1.9%
PRIIEE(33] 5 59 —— il 0.0847 [0.0281:0.1868]  2.2% 23%
ELE4) 4550 i —— 00200 [0.8077;09778]  1.9% 2.2%
£E[36] o 0.1972 [0.1122;0.3086)  27% 23%
EH[36] 4 20 ——r 0.2000 [0.0573;0.4366]  0.7% 21%
TR 18 40 il 0.4500 [0.2926;0.6151]  15% 2.2%
RRTEE12] 1430 e 04667 [0.2834;0.6567)  1.1% 22%
T34 32 i 0.0294 [0.0061;0.0836]  3.8% 2.3%
T[T 2 42 j— 0.5238 [0.3642;0.6800]  1.6% 2.2%
T P39 10 24 A — 0.4167 [0.2211:0.6336]  0.9% 21%
HfRbg40] 101 221 e 0.4570 [0.3900;0.5252]  8.3% 2.3%
T 4 84 == i 0.0476 [0.0131:0.1175]  3.1% 23%
BRE 2] g 52 T 01731 [0.0823;0.3033]  1.9% 2.2%
i
Fixed effect model 2671 i 0.3137 [0.2962;0.3314]  100% -
Random effects model <3 0.2803 [0.2030; 0.3648] - 100%
Heterogeneity: Fsquared=35.4%, rawsquareldﬂ‘lﬂ.‘?lail 'p<CI‘ 0001 : :
0 02 04 06 08 1



o E R ] e 7 2015 4F 3 A48 14 %45 3 ] Chin J Infect Control Vol 14 No 3 Mar 2015 e 153 -

Study Events Total . Proportion 95%-Cl Wifixed) Wirandom)
iVl
) 0 27—+ 0.0000 [0.0000;04277]  48%  148%
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Random effects model = 0.0894 [0.0127;0.2249] - 100%
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Figure 2 Meta-analysis forest plot of detection rates of gacC gene in MRSA
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¢ 'l
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Random effects model s 04774 (0022504338 - 100%

Heterogeneity: l-squared=30.1%, tau-squared=0. 04551 pe0.0001
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Figure 3 Meta-analysis forest plot of detection rates of qac] gene in MRSA
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|
BRI 54 80 : | —— 06750 [0.5611,0.7755] G54.4%  337%
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1 |
|

gy 0 40— 00000 [0.0000;00881) 27.2%  333%
i |
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Heterogeneity: -squared=98.1%, !au-squared=ﬂ..'iﬂds E:QMEH

0 01020304050607
B 4 MRSA H norA FEHE K H Z 1) Meta 73 #7 7 A&

Figure 4 Meta-analysis forest plot of detection rates of norA gene in MRSA

2.3 MRSA qacA/B % Bt X %5 WAL HLIX gacA/B JE P I 45 546 2 5 W LA
231 mHAF MK gacA/BEER B HFIL LA X AH L, 22 5 T8 122 1 L (Z = 0.59, P>>0.05),
T — Z2 W Sy BN v [ 4 S w5 b XA AR O X B KR Egger K56 /R, P X gacA/B A I
BT P X I gac A/B K 3R A I Hr R B0, 1 WMBRENFERFR MR . W3R 3K 5~6,

£33 AKX gacA/B HF K H AR H Meta 43 H7 45

Table 3 Meta-analysis on detection rates of qacA/B gene from different regions

5 A 5 Egger 5
M X W% FIRR RN 95% CICH)
Hh LRI & It (N 0 0 Q P p P R
e LA 33 27.12 19.03~36. 06 508. 67 <0. 01 -1.03 0.31 0.72

HEW LA 13 30. 14 13.11~50. 63 457.37 <0. 01 -0.03 0.74 0.70
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BT[] 0 12— 0.0000 [0.0000;0.2648]  0.7% 26%
=EE )] 8 20 — 0.4000 [0.1912;06395]  1.2% 2.8%
FEI11] 19 80 @ — 0.2375 [0.1495;0.3458]  4.6% 1.9%
RETRAE[12] 1430 e 0.4667 [0.2834;06567] 17% 3.0%
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FERNEME] 32 A9 f—t— 0.4638 [0.3428;0.5880]  4.0% 3.2%
EAEH[16] 0 50— b 0.0000 [0.0000;0.0711]  29% 3.1%
RETESE[12] 12 AN —H—— 0.3871 [0.2185,05781]  18% 2.0%
FiH[17] 12 A = 0.2871 [0.2185,05781]  18% 2.0%
=g[18] 11 3 —— 0.3056 (01635 0.4811]  21% 2.0%
7 H26] 8| ——r 0.2105 [0.0955;03732]  22% 31%
&2 =27 23— 0.0588 [0.0072;0.1968] 2.0% 2.0%
28 21 60 —— 0.3500 [0.23130.4840] 25% 31%
2829 9o —— 0.2432 [01177;0.4120]  21% 3.0%
S0 0 24 I na— 0.4167 [0.2211;0.6336]  1.4% 2.9%
BAER[31] 19 47 —— 0.4043 [0.2637,05573] 27% 3.1%
E37] 3 13— 0.2308 [0.0504;05381]  0.8% 2 6%
R3] 5 &85 —— i 0.0847 [0.0281;0.1868]  2.4% 21%
B[] 4 50 H —— 09200 [0.8077;0.9778] 2.9% 3.1%
£EH[39] w71 0.1972 [0.1122;0.3086]  4.1% 3.2%
EH[36] 42— 0.2000 [0.057%0.4366]  1.2% 2.8%
FhGERT] 18 40 —— 0.4500 [0.2926;06151]  23% 3.1%
RETpAE[12] 1430 e 0.4667 [0.2834;0.6567] 1.7% 3.0%
FE[1 2102~ 0.0294 [0.0061;0.0836 59% 3.2%
FiE[17] 22 42 H—— 0.5238 [0.3642;0.6800] 2.4% 3.1%
F P[] 10 24 ——— 0.4167 [0.2211;0.6336]  1.4% 2.0%
aefg;g[m] 101 221 ho—— 0.4570 [0.3900;05252] 12.8% 3.3%
Fikfg[4] 4 84— i 0.0476 [0.0131;0.1175]  4.9% 3.9%
HERE2] g 5 —1 01731 [0.0823;0.3033]  3.0% 31%
H]
Fixed effect model 1724 3 0.2984 [0.2770;0.3202]  100% -
Random effects model 4?? 0,2712 [0.1803; 0.3606] 100%
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Figure 5 Meta-analysis forest plot of detection rates of gacA/B gene from south China areas
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fsERR[25] 7 s —— ! 01250 [0.0518;0.2407] 5.09% 8.0%
]
Fixed effect model 947 §<3> 03421 [0.3122; 0.3726]  100% -
Random effects model — 0.3014 [0.1311; 0.5063] 100%

Heterogeneity: -squared=57.4%, rau-sqluared=0.f393,5d<0.0001‘
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Figure 6 Meta-analysis forest plot of detection rates of gacA/B gene from north China areas

2.3.2 FEZF KB qacA/B EHABREFI 7K.
H P9 A & T X B qacA/B & IRl 3 5 B R
29.95%(21. 85% ~38. 73%).22. 65% (10. 08 % ~
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X3 qacA/B G IFR 2, 2R LRI # B X

(K vs FEf:Z2=1.35,P=>0.05; & vs PH#E Z =
—0.67,P>0.05; /¥ vs Fi#: Z = 0. 59, P>
0.05), Wk 4,8 7~9, Kk F£wf Egger £ 50 2
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TR IRV KR gacA/B & K R AETE K AW R4 ARFEGF X gacA/B I F K H ) Meta 53 Hr 2
(P =0.04), VL& 10, 3% F o0 #p 24 1 . B0 9 Table 4 Meta-analysis on detection rates of gacA/B gene

FIEHEIT RN 12, {@}IEE % Ik %’:j‘j 47.30% from different economic regions
(37.21%~57.49%) , H . PHFHZH XA gacA/B WX PR i’ﬂf)& 95% CI(%) %
B IR S AR R RBAHFHX 32 29.95 21.85~38.73 445.94  <C0. 01

R 4 v X 7 22.65 10.08~38.47 67.20 <<0.01
PEHEB A TF X 7 26.94  3.78~60.95 383.72  <<0.01

Study Events Total . Proportion 85%.C1 Wifixed) W{random)
|
ifEn(3) 3 77— 01111 [0.0235,02916]  15% 31%
E3=10] 12 46 — 02609 [0.1477,04113]  26% 3.3%
TG 0 2 = 0.0000 [0.0000;05418)  0.1% 1.2%
g ) B4 ——i 01250 [0.0418;02680)  23% 3.2%
=R IE] 1284 —— 01875 [0.1008;0.3046]  36% 34%
Bz 86 124 . —— 06935 [0.604407732] 7.0% 35%
THET B 0 12— 0.0000 [0.0000;02646] 07% 27%
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Figure 7 Meta-analysis forest plot of detection rates of gacA/B gene from eastern economic regions

Study Events Total ] Proportion 95%-Cl Wifixed) W{random)
i
Sk 29 80 P — 0.3625 [0.2579,04776] 215% 14.9%
ZHE2] 10 64 —— 01562 [0.0776;0.2686] 17.2% 14.7%
FaI 19 80 @ 0.2375 [0.1495,0.3458] 215% 14.9%
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I
Fixed effect model 372 ﬁﬁ? 0.2189 [0.1784;0.2623] 100% -
Random effects model — 0.2265 [0.1008; 0.3847] - 100%

Heterogeneity: I-squared=51.1%, tau-squared=0.0492 gljb.oaa-r
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Figure 8 Meta-analysis forest plot of detection rates of gacA/B gene from central economic regions
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Study Events Total . Proportion 95%-Cl W(fixed) W{random)
[
) 8 20 e 0.4000 [0.1912, 06395  3.8% 13.8%
e [20] 8 97 & 0.0825 [0.0363;0.1561] 18.4% 14.4%
BEE21] G666 ! : = 1.0000 [0.9456;1.0000] 12.5% 14.3%
ZE[24] 11 152 = 1} 0.0724 [0.0367,01258] 23.8% 14.5%
aERA2A] 7 5B _'_;'. 01250 [0.0518,;0.2407] 10.6% 14.3%
A1) 4 g4 | 0.0476 [0.0131,0.1175] 15.9% 14.4%
FERER 42] 9 52 —#— 01731 [0.0823;0.3033]  9.9% 14.3%
(1
Fixed effect model 527 <f>§ 0.2057 [0.1723;0.2412]  100% -
Random effects model =l E——— 0.2694 [0.0378; 0.6095] = 100%

Heterogeneity: squared=98.4%, tau—squaned=ﬂ.218'7 p=0.0001
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Figure 9 Meta-analysis forest plot of detection rates of gacA/B gene from western economic regions

2.4  E R A (hospital-acquired, HA) 54K 3K {87 S}oIR  JEAKT AR 58 78 SCHR & 2% O far A KL 45 21
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PORTEAEZE S (P =0.09, 1> =54 %) , % I Kl HL AL 0.05 . .
BORSEAT Meta 43 7. 25 92 OR J% 95% CI %5 0. 69 _o10] = 3 . ’
(0.14~3.31). HA-MRSA 5 CA-MRSA qacA/B Eousl » T e

SEP K 3% B 25 5 RS B (P = 0. 64), EN “‘

WL 11, g 0.25

2.5 MRSA 5 MSSA qacA/B A B # oL L4l 0304
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BORAMFAELESE (P =0.36. 1" = 906 . 3 I 52 401 00 02 04 06 08 10 12 14
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(3.53~7.06), MRSA qacA/B 3 K ¥ H & & F
MSSA, K2 A Ge it L (P<<0. 01, i3k B

10 RIEFAETFX qacA/B HH K &R Meta 53 H7 i 2} B
Figure 10 Metafanalysis funnel plot of detection rates of

qacA/B gene from eastern economic regions

CA-MRSA HA-MRSA Odlds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random. 95% Cl M-H. Random. 95% CI
Eea il 2 19 40 326% 0120003 0.60 -
99 4 18 00N 3T 1.07[0.23 4.84 - &
ERE 1 7 17 18 4 33[0.24, 7950 "
FIHH39) I T 17 155% 1.18[0.04, 31.89 .
Tota {95% CI) 50 15 100.0% 0.69[0.14,3.31) o
Total events T P . .

Heterogeneity: Tau®=1.31; Chi*= 645 df = 3 (F = 0.09); I*= 54%

Test for averall effect 7 =0.46 (F = 0 64) Y i 1 i 1o

Favours [experimenta]  Favours [contral]

11 HA-MRSA 5 CA-MRSA qgacA/B & K #; 5 50 LL 89 Meta 534 ZR AR &
Figure 11 Meta-analysis forest plot of gacA/B detection results of HA-MRSA and CA-MRSA
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