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Application of linear regression model in predicting drug resistance rate of
Staphylococcus aureus in Xinyang Central Hospital
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Abstract: Objective The correlation between Staphylococcus aureus drug resistance rate and antibiotic use intensity (AUD) was
investigated, and a regression model for predicting staphylococcus aureus drug resistance rate was established. Methods The
monitoring data of Staphylococcus aureus drug resistance rate in Xinyang Central Hospital from the first quarter of 2014 to the fourth
quarter of 2020 and AUD data of antibiotics in the same period were retrospectively analyzed. The data from the first quarter of 2014 to
the fourth quarter of 2019 were used as the test sample data, and the correlation between them was analyzed by linear correlation
analysis. Taking drug resistance rate as dependent variable and antibiotic AUD as independent variable, a linear regression model was
established for variables with significant correlation. Taking the data from the first quarter of 2020 to the fourth quarter of 2020 as the
evaluation sample, the established regression model was used to predict the drug resistance rate of Staphylococcus aureus, and
compared with the actual drug resistance rate of the same period to verify the validity of the model prediction. Results The drug
resistance rates of Staphylococcus aureus to most antibacterial drugs showed a decreasing trend over time (P < 0.05), while the drug
resistance rates to erythromycin and azithromycin showed no significant trend over time. The drug resistance rate of Staphylococcus
aureus to gentamicin was positively correlated with cefazolin AUD (r = 0.431, P = 0.036), azithromycin AUD (r = 0.523, P = 0.009),
levofloxacin AUD (r = 0.606, P = 0.002). The drug resistance rate to levofloxacin was positively correlated with cefazolin AUD (r =
0.447, P =0.029), and with levofloxacin AUD (r = 0.482, P = 0.017). The detection rate of methicillin- resistant Staphylococcus aureus
(MRSA) was positively correlated with levofloxacin AUD (r = 0.639, P = 0.001). Unitary or multiple linear regression models were
established for gentamicin resistance rate, levofloxacin resistance rate, and MRSA detection rate, respectively, and the results showed
that the models passed the significance test (F1 = 7.416, P1 = 0.004; F2 = 6.317, P2 = 0.007; F3 = 11.65, P3 = 0.002). The AUD data of

I#SEHER: 2021-10-11
TEEEN: Me=, FEAIN, H07 RohBuURS IR 2% . E-mail: 978984716@qq.com
HBIEEE: B, FELN, Bid, W5 RINEREZS: . E-mail:911218326@qg.com



+ 302« SEITHBE 2 202424

ARt bl

Drugs & Clinic Vol. 37 No. 2 February 2022

antibiotics from the first quarter of 2020 to the fourth quarter of 2020 were substituted into the corresponding regression model, and the
predicted values of drug resistance rate obtained fluctuated around the actual values, and the actual values of drug resistance rate were

all within the 95% prediction range. Conclusion The drug resistance rate of Staphylococcus aureus in Xinyang Central Hospital was
correlated with AUD. The established linear regression model could preliminarily reflect the quantitative relationship between the two and

effectively predict the drug resistance rate.

Key words: linear regression model; Staphylococcus aureus; resistance rate; antibacterial agents; AUD; gentamicin; levofloxacin; MRSA

ST R % BR 1A Staphylococcus aureus /2 5| i
R e A X SRAS P B G 1 B R R B, AR 2 P
Wk R R, BAZHA. 2 RGN IERGRE
s 20 4 B 00 7 4 BRI AN RE 5| AR TR R AR K JEk
FARALEG,, dbn] 51O B R A BE R S G
J A A e R G Bl B E B 252 A8 A
ANEEAEH, HBEEIN 2 R R, 2 E 25 R 1
PSR I RV T MERE G N o B BB B 25 M R B
THEEIRCNG, ek ) 2 R T 24 s IR 2R SR I | i 245
R A 3B I SE G I S fr . BFST SR B, P 259180
P8t i £k 77 & FEA B I 25 1) R E I &R 2
—M, RN, MR ARSI E A EAEE
FFEIEMR K R, HBFFE R ASZHIX BL AR FEX)
FAER BT HBY . AR 40 TR T 24 28 5 0 B 25715 FH 1)
ST R AR AT B T PP P 2 T B R OG R, T
TEPU IR 24 W10 F A 15 g R o 42 o 4 R T 24 R 2 it
BERTEARYE . 2 U FUAiE 1 o Tl i P 245
WD) FH SR o AT 20 B i 24 22 B 0t 90 1S o AH A T T
AR XS e MR B R e e, NOHHIE 17 BEAE AT
FR, ArHHBRER . A RSB T
OrEERE 2014 4 1 H—2020 4 12 A 5 25418 F 1%
{0 RT A0 R T 24 20 ) 2= FE BUR AR oA, IRk
(AR ST 2V [l AR, DR A 0T 24570 1) B4
R 4 0 8] 2 TR T T 245 2 U 2 (1 22 KR
1 &REREE
1.1 EHRKIR

JIT A B AR 350 SR R T 4 60 4 3R B AR
5= R AEM) 2014 4F 1 H—2020 4 12 A (P 38 ik
REFRAS R 73 B (1) G D R I BB, ISR AR A SRR T
BERW R MR RIS SRR — B
[ A7) B A5 3 1 B S bk
12 REEEERAGEAE

ZI (EEIEREIRERENE) G8 3 o 6
FERL T RS B R TR A . R A H B %
A GEEAYMRE AR SEwfh, H K-B
P BUEAT ARSI A 26 I R 506 =
FRiEA 2 (CLSD FRiEHISE 2zt R . s itk

NETFEFEEERE (ATCC 25923).
1.3 mMEAYEAREE (AUD)

iz FHER A B2 I 248 (PASS) $2lLHiE
ZHYIHFE R ZE AL AR, SR A AR 2L (WHO)
HEFE IR 2 H 7 (DDD) iR & AP E 259
(1) AUD, KA FLEMZPmFhr) DDD Z/ CGhrd
2y (5 18 FiO TVRIZG S i B 15

AUD=DDDs X 100/ CF-#5){E Rt RE X [F1HH B AHO
1.4 ZeMEElIRBE RIS

DL 2014 4E55 1 Z & 2019 4E56 4 FEHIE N
EEEAREIE . HAEREMAMEKREN RS
AUD AHME . DU 253 9 KA &, AUD NEZE
&, WAHGPEEE R E R A, M2
A E AR 5 R AR A7 TE R A OGP, X A
AR Z MR, T7E NI G B A
i, ARRAHMSTERHRHIEE. —uk
PEENA T FERIA R w2 (D For, 2okt
HETTRERIE U (2) Frs. Hr Yy ARAEE, X
NEBE, o NFEEIN. v fiv Por P NKIAEEXT

N HARER EIE R, cABENRZED
Y=po+pX+¢ D)
Y=po+p1X1+fXo+ -+ X+ & (2

141 [RNEBERIE) FRGLS 8 7 Z o ks S a1
TTRRREMN. BREHEFRE He: =0, B AUD
& W AR EREN 2R M PLERRAEE; &
PR Hi: p20 B p A48 0, B AUD 5& 3
B BRI I 24 R A BB ML R, Uit E F
AR B H B R RIS 7 FOAR 25 051 F 204, Ho
FOL, 2 Hi AL, R Y g ok Tk 2 1)
77, B EAR S S0 R AR R A DT . A
JKUEBEE N 0=0.05, P<<0.05 I, FEA 52T,
142 BIEHREW AR FH t AR EIE R
B . T Ho: f=0, B 488 (07 % BRI i
2R Y5 AUD MMAERREANFIELER R &8
i Hi: p20, BD& & IKEMNZ XS AUD
[ A7 R 2R 1 50 2R o AL 36 /K HE 2 A @=0.05, P<<0.05
W, R .



EITRE 28 2022424

ARt bl

Drugs & Clinic Vol. 37 No. 2 February 2022 « 393 -

143 [FIEABEMEGHERE A RERR R
FART U 28 R? N A, Fo O 408 (B 2 B
B i 24 28 A 38 50 P RE T AUD AR 1 o L SR (.
O<<R?<1, HfEHBRKFRIE .
1.5 EAERFEETNESECEBEKANZAE

PL 2020 4E55 1 ZEE & 2020 4E55 4 FJF AUD
N SESS IR N [V 7 R, 43 B i 24 2 SR AR R0 T
WX ], R TR 5 R AN 2 2% e PR eV E X b
1.6 FitEAE

12 | Shapiro-Wilk i34 W7 4 3 (5758 %) 3K B i 24
FA AUD Hdf 2 B IRMIES Ao IR IES A5
(%5 K F Pearson G+ 43 MTifi 25 %5 AUD IfIHH
Ko, FEIEA ALK Spearman Stilvk50 4T
K HH SCHR T EBIE SR 2%/ AUD ARt s . i
P RS TR IS  ASAE 35 3 B FIAH O 23 A H SPSS
25.0 FAFTE R, B[R RY (174 2 B Eviews 10.0

e, R KIERA 0=0.05,
2 #R
21 ¢HREHFEHKENAMTTE

2014 fE45 1 ZE & 2020 4E55 4 ZEASFH AT
o5 Bt 4 5 €00 78] 6 BR TR 0) 41 B 2R R B 75 B R 24
R, bR 2014 4E5S 1 FIEAN, KM%Y
BT 50%, FfRAIAR AR R . X IUER &t
Z4RAE 50% N AI, H 2017 £ 1 FERKT
50%, HEARBEET 2T B (P<0.05). ME
it e HR SR (R i 24 2R AE 2016 55 2 FE L E
100%, {H [ 2016 27 4 ZEFEFFUGTE 30% LA T K3,
FEARRBE F] 2R % (P<0.05). WK KEFR.
Fe AR B 253 [ 2016 4E55 2 ZEFEERAE 50% LA
VRS, WE AN YRR (P<0.05).
X AR TS B 245 R AE 50% b FIRE), ik R T
B (P<0.05), W% 1.

®1 2014 FE 1FEE 2020 F5 4 FEER R CABTKEMNAEKRGH KRR THES
Table1 Changing trend of resistance rate of Staphylococcus aureus in hospital from first quarter of 2014 to fourth quarter of 2020

SHOMEIRE M AR e G

T bt

2014Q1 28 53.57 21.43
2014Q2 18 27.78 44.44
2014Q3 28 57.14 64.29
2014Q4 19 47.37 31.58
2015Q1 19 4211 52.63
2015Q2 20 55.00 35.00
2015Q3 34 44.12 58.82
2015Q4 44 40.91 40.91
2016Q1 30 56.67 63.33
2016Q2 30 53.33 33.33
2016Q3 40 42.50 47.50
2016Q4 38 31.58 31.58
2017Q1 35 51.43 25.71
2017Q2 27 33.33 29.63
2017Q3 29 37.93 37.93
2017Q4 39 38.46 28.21
2018Q1 25 24.00 20.00
2018Q2 26 19.23 23.08
2018Q3 39 25.64 23.08
2018Q4 47 25.53 12.77
2019Q1 42 23.81 11.90
2019Q2 4 34.15 12.20
2019Q3 45 40.00 11.11
2019Q4 43 37.21 16.28
2020Q1 32 21.88 9.38
2020Q2 42 11.90 9.52
2020Q3 39 20.51 0.00
2020Q4 53 2453 15.09
R? — 0.515 0.618
p — 0.000 0.000

il 25 281%

MERER L R% OREER AEGRYE BRI EN IEE A5 E mhEE IR
17.86 39.29 2500 6071 3214 4286
27.78 22.22 66.67  66.67 5556 44.44
46.43 46.43 82.14 8214 5357 57.14
26.32 89.47 57.89 5789 4737 26.32
36.84 84.21 52,63 5263 5263 47.37
35.00 90.00 60.00 60.00 6500 35.00
55.88 97.06 61.76 6176  58.82 52.94
50.00 90.91 50.00 5227 2955 56.82
50.00 93.33 56.67 53.33  50.00 73.33
43.33 100.00 76.67 7667 7667 63.33
47.50 77.50 7500 80.00 55.00 45.00
34.21 21.05 68.42 6842  57.89 57.89
37.14 20.00 57.14 6000  37.14  40.00
18.52 25.93 62.96 6296  40.74 33.33
31.03 37.93 75.86 7586  62.07 31.03
33.33 20.51 58.97 5897  38.46 3590
24.00 20.00 48.00 5200  40.00 40.00
11.54 23.08 53.85 5769  30.77 23.08
15.38 17.95 4359 4359 3846 2051
10.64 10.64 4468 4468 2766 27.66
11.90 11.90 5238 5476 2857 30.95
24.39 14.63 60.98 6098 5122 3171
13.33 31.11 64.44 6444 3556 31.11
20.93 9.30 69.77  69.77 4419 34.88
1250 6.25 6250 6250  46.88 31.25

9.50 23.81 57.14 4762 2619 2143
15.38 38.46 5641 4872 2820 2821
24.53 28.30 7358 7170 4151 16.98

0.397 0.382 0.004 0053 0215 0.399

0.000 0.000 0749 0237  0.013 0.000

Q RRFE, —RRIZIL T T
Q indicates a quarter, — indicates that trend analysis is not required
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Table 2 Variation trend of AUD of antibacterial drugs in common use in hospital from first quarter of 2014 to fourth quarter

of 2020
i} ] ‘ ‘ AUD ‘
Sofmbk Sk AEEIDE EPE RKER whER MamR whisnx KA0hER FRmiE

2014Q1 0.80 3.04 4.19 0.00 0.07 0.09 0.21 0.10 0.08 0.00
2014Q2 0.86 2.76 4.37 0.00 0.10 0.08 0.32 0.11 0.09 0.00
2014Q3 1.13 2.65 4.04 0.01 0.18 0.09 0.26 0.13 0.08 0.00
201404 171 2.06 3.21 0.27 0.11 0.05 0.14 0.13 0.10 0.01
2015Q1 1.83 1.77 3.96 0.35 0.08 0.08 0.16 0.15 0.08 0.00
2015Q2 1.73 151 3.50 0.35 0.12 0.05 0.22 0.17 0.10 0.00
2015Q3 1.72 1.84 3.43 0.85 0.10 0.09 0.19 0.19 0.15 0.00
2015Q4 1.59 1.55 2.53 0.51 0.09 0.05 0.19 0.10 0.13 0.02
2016Q1 1.72 1.83 3.50 0.91 0.15 0.09 0.20 0.12 0.12 0.00
2016Q2 1.29 1.95 3.68 0.62 0.10 0.09 0.18 0.11 0.23 0.00
2016Q3 1.42 2.32 3.43 0.89 0.09 0.09 0.29 0.10 0.11 0.03
2016Q4 151 3.40 3.44 0.77 0.12 0.13 0.21 0.13 0.14 0.05
2017Q1 1.38 3.43 3.35 1.20 0.07 0.13 0.05 0.14 0.13 0.13
2017Q2 1.42 3.69 3.03 1.04 0.09 0.17 0.03 0.25 0.11 0.14
2017Q3 1.30 4.55 2.27 1.33 0.07 0.22 0.07 0.27 0.11 0.11
2017Q4 1.24 4.75 2.10 1.64 0.10 0.08 0.11 0.14 0.16 0.14
2018Q1 1.69 6.46 2.48 1.97 0.08 0.02 0.16 0.15 0.11 0.16
2018Q2 1.32 6.04 1.68 1.74 0.08 0.08 0.17 0.20 0.10 0.17
2018Q3 1.23 6.39 1.82 181 0.11 0.22 0.19 0.39 0.10 0.20
2018Q4 1.48 6.56 2.52 2.10 0.16 0.10 0.15 0.28 0.21 0.30
2019Q1 1.20 7.63 2.68 3.94 0.12 0.15 0.15 0.39 0.20 0.22
2019Q2 1.10 6.66 1.98 3.48 0.15 0.21 0.09 0.42 0.18 0.18
2019Q3 0.84 7.38 2.32 3.48 0.15 0.18 0.08 0.26 0.17 0.23
201904 0.57 6.82 2.06 3.32 0.16 0.18 0.06 0.36 0.18 0.15
2020Q1 0.52 6.71 2.48 5.15 0.12 0.19 0.13 0.26 0.31 0.37
2020Q2 0.27 5.93 1.48 3.38 0.04 0.19 0.16 0.23 0.10 0.20
2020Q3 0.22 5.88 2.01 3.24 0.05 0.15 0.05 0.24 0.18 0.23
2020Q4 0.34 6.88 2.52 1.35 0.06 0.24 0.05 0.24 0.24 0.21

R? 0.383 0.776 0.703 0.736 0.007 0.483 0.402 0.490 0.380 0.790

P 0.000 0.000 0.000 0.000 0.664 0.000 0.000 0.000 0.000 0.000
Q R

Q indicates a quarter
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0.009), SEHEHIE AUD £I1EMIE (r=0.606,
P=0.002). X/ 5D RN 2% 5 Sk flmedk AUD
BEIEMX (r=0.447, P=0.029), S5LE8RDE
AUD 2 IFH2% (r=0.482, P=0.017). fif & Pk
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AUD ZIEMZ% (r=0.639, P=0.001),
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(12 e Pk AR, F AR [FH REOYIEIT t KL
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0.05), WAL R2=0.414, [H]JHEEA )y Y=18.061
X1+104.560 Xo—8.681. X /& &b B 25,
32T DAk fl e pRORN 22 SRR D B SR D B R
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PG R2=0.376, AN Y=15.732 Xi+
7.313 Xp—12.703. XFT MRSA i, 1537 L

e SR ERD AT B D AR R — e 2 M [l U A
A, [FEIEBEAED F K (P<<0.05), AR
R2=0.346, 1%}y Y=8.466 X+14.035, ZkE#
BERE WK 3.

*3 HUeROEEHKEMAEANERTENLMERIMRECLEESR
Table 3 Summary information of linear regression model which taking resistance rate of Staphylococcus aureus as dependent

variable
t K56 F R e
LAY [R5 H AR & R2
B (se) t P F P

1 KB R 2% Sk f Ak 18.061 (8.12) 2.220 0.037
7.416 0.004 0.414

[OESE=S N 1045604 (36.55)  2.860 0.009

2 e SR D B 25 % Sk f Ak 15.732 (7.172) 2.193 0.040
X 6.317 0.007 0.376

SR 2 7.313 (3.007) 2.432 0.024
3 MRSA # H} % KSR 2 8.466 (2.480) 3.413 0.003  11.650 0.002 0.346

25 SEBEEHIKEMZHRATUNFIEE

1 2020 4E55 1 FJE S 2020 5 4 FJF S fomk
W AR R BIER T AUD RN FTE L)
FHRLA [l =ABE AR, 45 1) [R] HH 4 B 66 70 A BR B PROK
BRM AR I E I B 25 % A MRSA & H % (1)
TRIAE AT 95%THM [X ] . 45 B 7R, SERRELE T
B EFEs), B 5% HMIX A (CD W, W#E
4, TP A R R L 1.
3 e

BT EHT R OLERES 7 F38 28 NFEK
TRy 243 M 0 5O T 2R, [ I T AT A R B ) K
7. LAEHEE. I REeE, kR 1Y
RIS 25 % 2 F ks (P<0.05). &3 EmH%E

BR A XoF B A B R RN 418 R 29 R AN R FRAE B R K
e, 3K 5 4 (R A BR B KA P B 2R LB 2 A7
TERFEIRAR . AW K B AMRNLII A O, TR
8 F 5 AS BRI H BT 24 2R 12 i T s a4 e, {15
TR, (5 BH T H O B BT 4 2 6070 46 BR T 1T 2 %
BT RS, H 55 4 FE 20 T TR 24 W) 9 120 i )
AL, AR ZE S . BERE MRSA fa Hh R
2018 A T2 [E 3K, HARFAR T2 E 1
BIKF o deAbh, A A0 T I 25 I R B R
MRSA fi Hh 26 IR N EES, TEREE 2018 4
FREZE 24.09%LL )5, X T 2019 4 _EFHZ 33.92%,
IR R AT E M. XFATR S IR IE R N 43K
R A BRE N LSRR B OE R U R E R

R4 2020 FF1FEEE 2020 FE 4 FTHESRBEHBREWHETNES 95%ClI
Table 4 Predicted value and 95% prediction interval of resistance rate of Staphylococcus aureus from first quarter of 2020 to

fourth quarter of 2020

P 2020Q1 2020Q2 202003 2020Q4
FEFIIN ———— —— ——— —

o &by oo SE R T SE bR T AT T

AR 95%Cl 95%Cl 95%Cl 95%Cl
5 A i A el el

Rk & 038 14303 -14653~43260 952 12925 -18045~43805 000 052 -31382~32423 15090 2687 —28250~33624
it 252 1%
LA E 1250 13617 -11854~39088 950 237 -25586~3032%5 1538 546 -22298~33217 2453 11078 —15580~37.736
MNZi2R1%
MRSA #2188 35032 15867~54197 1190 26566 6202~46930 2051 31053 11465~50641 2453 35371 16230~54512
H /%
Q KT

Q indicates a quarter
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Fig. 1 Fitting effect and extrapolation prediction effect of

2018 ' 2019 = 2020

linear regression model on gentamicin drug
resistance rate (A), levofloxacin drug resistance rate
(B), and MRSA detection rate (C)
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T —FO, HHRIERR T B R R BTN 25 G
1 ) TR RT3 o B 2R TP A T 24 < 6 7 ) R R A
AR IEIZEW BT, SRR B A S T R
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