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Environmental hygiene and healthcare-associated infection: a time-series

study based on generalized additive model

LIN Kai'?, CHEN Kun', WANG Jian-bing', FAN Fang-hua’, LIANG Hui', CHEN
Fang?, JIN Kai-ling*, CHU Wen-jie*, CHEN Wei-guo>, SHAN Huan? (1. School of Public
Health . Zhejiang University » Hangzhou 310058, China; 2. Department of Healthcare-associa-
ted Infection Management , Zhejiang Hospital, Hangzhou 310058, China; 3. Microbiology
Laboratory , Zhejiang Hospital , Hangzhou 310058, China; 4. Immunization Program Institu-
te, Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou 310052, China)

[Abstract] Objective To quantitatively analyze the impact of environmental hygiene on the occurrence of health-
care-associated infections ( HAI). Methods Monitoring data of HAI and environmental hygiene from a tertiary
first-class hospital from January 2018 to December 2022 were collected, and the impact of environmental bacterial
colony forming unit (CFU) on the occurrence of HAI was analyzed by a time-series generalized additive model.
Results The single-contamination model showed a significant positive correlation between HAI and staff’s hand
bacterial CFU (8, =0.009, P=0.012). For an increase of 1 interquartile range (IQR) in the monthly mean CFU
per dish (MCFU/Dish) of staffs’ hand, the incidence of HAI increased by 13.28% (95%CI: 2.82% — 24.81%).
Subgroup and lag effect analysis showed that when the monthly MCFU/Dish (after hand disinfection) of staffs’ hand in-
creased by one IQR, the excess risk (ER) of HAI for the month (lag0) was 16.26% (95%CI: 15.45% —17.09%).
In the multi-contamination model, the correlation between surface contamination and HAI was also statistically sig-
nificant. Conclusion There is a significant correlation between hospital environmental hygiene and the occurrence of HAL
[Key words | healthcare-associated infection; time-series analysis; generalized additive model; environmental hy-

giene; hand hygiene
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EE Bt J3% Y% (healthcare-associated infection,
HAD J& H iy B 57 ALAG T il f) 8 028 3 A= R) il 2
— R AR R A B AR T S R S BT
U 583 DA RGER E R E S . MR T
EHA(WHO) B e 5 » B 100 BiAE B 8 & H A 7~
15 {1 JB 2 7 3 Be 0 1) 8 /0 & AE —Fp HATL 1 4 10
152 3 W 1 £ OB AT 1 BIBE T HATY s
R EBEN 2 R RS R G AR AN SR T
B 2 f ) 1 2% 1 Chigh-touch surface, HTS) | &
ST L Rk 2R 8 45, 8 AT RE Ly 22 i D A4 1Y
VELEI A . I ESKAPE g J5 065 e X vk 4
(Clostridioides di f ficile) ) RE W T R y7 IR 85 p K
R[] 7 3 - — EL X 265 J5 A JE il A W) 8 O Ok o 4
S REE— 5l & HAT B & . BEARE N A SCHR
SRR AR TR 5 4 0 AR A L DA B R
S LA TR HATLAH B2 30 45 v 52 B 69 02 ) 4 A
IO, A I R Y T 5 HAT R KRR
W 5 12 FUE 48 A 65 O B PRt 3 ) R 22 58
SE 3BT AR 7 1206 P O AR LA
ST IREEUE W B X HATL B 800 A7 75 5 2%
AYARZRAE OG22 AT R T SCAR AR B (genera-
lized additive model, GAM) 7 @& . GAM
=% i Hastie T. il Tibshirani R. 7 &>, & —Fh
FAG I AE S0 A J5 v AT A RO PR 2tk R AR Lk
M sh 253t Ha . Har GAM 5 Z W F K05 4
Pk A ARG 5 5% 1 B F 5 L AR B 5 1 VOB i A
SIABIFH A R 5 HAT A 5 . |
e B PR 9 7 PR35 ) A8 R 0 o X HAT J& A XU 19 52
Wi o AT S AT R 5 42 i 7 58 $ B804 3 s i )

1 XKRE5FE

L1 AR & MR 2008 421 1 H—
2022 4F 12 J1 31 H AL i 25 M = 1 BE Bt 42 5
265 616 filfE e B # A HF I S . I3 Il U AR W)
BFHATZ G 15 401 4y BREE 1L A % I I b A< Oy BF 55 %o
Z AR TAEA BT VHTS 23K BT 5 B
M.

1.2 BRsirix

L2 ol &k HAT M2 7 b i K 48 T2
AR 2001 AEAR K 1 BE B 2% e 12 87 A o GRAT) )
AT, ZEERE E 2018 4E 1 1 H S B B Rk g

S W 35 &R 4t (nosocomial infection surveillance

system, NISS), DhSC %) £ Be /5 HAT % &0 /9 1
BEMENEI . NISS A gl g fid st HAT CHE4h 1k
s ATE HAT B0 N 22 R AR R B0 AL L R e
J I ] R R A B R B A O L R A
] A5 o B K HALL &8 T AR ER AL B4 DL
S A A R i I T AL Ah . NISS i A T
HAT Bl 17 52 BETH E » 24 &R G R BE A 2l i A5 1 7%
1E HAT g 0l 50 IR B2 2R £ 34 1 &R G2 AR AR
HUAT 55 Bl B 15k 25 %€ fRL 1) 4 piy & 300 HHAT W A
Btk — B W A AN . NISS i i £ B 8 & 1) HAL
It PR R #1378 A5 B £ 48 2 (nosocomial infec-
tion surveillance database, NISD). 7 #ff 5% i 1
NISD 2k Bt HAT i 1] 45 14 AL B » 0 56 HAT B
B AT AR BE BT DL AT 5

ABIFGE I 30 1L 1% B PR BE TR 2R KRG (envi-
ronmental hygiene expert system, EHES) # lt 3
B DA W DR o 0 Ei e S LB O B BT
AR b7 B £5 A EE MR R B (ICUD L R
A B L A 28 A EYFHIT. RN A TR
s LR A G A B PO L KO 24 R I PO
(pharmacy intravenous admixture service, PIV-
AS) | JH T At B o0 (central sterile supply depart-
ment, CSSD) % 17 4~ HAI & 5 Wil B o0, Hi%
WK AE 0 28 B A EE : TAE N BT (CFU/em?®)
HTS(CFU/em?) . 255 (CFU/90 mm [l X 5 min) ,
K(CFU/mL) (BT 48 ik (CFU/ ) LK B2 A
(CFU/100 em®) ¥ K. LA BT e D0 Bicdhs b i B
SR T 5 4 il (TPC) %l 141 B i 4 » %5 9 i 48 5
A% A DR 2% S U ) Ay 58 U & N B 5T B
S A
1.2.2 HEmAXE BREEEITHT E K
F 5 I AT 30 558 B5 AR SR K J7 06 T 4% A0 IS B TH
1A bR fE ) (GB 15982—2012) #1047 (LI T f# Fx
GB 15982)8" iy iZ Bt 1PC H B\ il iF EHES #57
FT GB 15982 1 & B A #5558 T0 A = i I AR 42, O
oA W I 3 | I A R T AR
PR de GBS R e . R AE N DL 4l EHES
PR SG 15E E  M0  a) Cfd R H 5 E ATL il
Ko s 7 I TR R R AR A . EHES 2 i@ i
ST A B4R R AR ST AT 55 B AR AT:
S AT RAT . kSR T A st T L B D AR AR i
R G4 ME— AR IR L I A8 A 5L 7E EHES B9 bR
A PR D FEAT A S0
12,201 TAEANRFARA AR ERSE IR, ok
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FEN BB H RGEEWCE TEAN R T YhnA . F
L N e AR R R e PR S R NESNE | R RE s B
ARE LG ICUL N BHE B A FHR B3 4 30 4>
R BERRAS SR 40 6y . BEMLAAS SR S O B H 1E
PLE MR S b BE AL B, SR AR 1~ 10 AR A AT K
o REENA T REEX G F DA G HEATAR A R EE .
REEX G AR A P BN B DL R BB R
PAERFEREMAR. FDABREM™ KR BES A
BT T A (WS/T 313—2019) $i47 (DL & R
WS/T 3137, 43§ . (1) T4 F 74 #% (antiseptic
handrubbing, AH), SRHEXTLAHE H BT & Bk T (bt
M B 2R BE T B8 00 A R\ 4% B 28 Uk TR T e
T ARG T DA T . (2 4R T H 5 (sur-
gical hand antisepsis, SHA), S (1) FH £ )5
ARLEAT IR 0P e TIH D IR . RAFARAE A 4%
TR GB 15982 Hiff 5t A. 4 $47.

1.2.2.2 HTS A HTS b B w80 i1
R 5 TR E R TR E VLG ICUL R
I b BRI B IV A Pl L CSSD 4L 3 17 A4S
W A A BERRA SBCH 35 . Bl AL A ARG SR et ) T
TENTFARA . SRAEXT QARG KA RS AR T4
T HLTE B A B A AR KO SR T O R Bl B
BT S A P AR T AT X 5T R X
1) HTS PR A7 TH B8 5 R 5 . 16 It DX o 430 422 fi
PRA BRI i 5 R AR R IR AT W5 4% . RAEHRAE
FEA%HE IR GB 15982 Hiff 5 AL 3 $UAT .

1.2.2.3 =R K BESFSRWEENSWRA (D
23 ) RE R R I ) TR 5 v TR E IRV T
AR LW G AL 0 L PIVAS, CSSD, 45 4 ICUL Y
BER G5 ANBHR B A5, 38 40 AN WEI s H B AR AR BB
80 iy BEMLANAL WS W] TAE N 01 Fhrg ., =5
P A% 38 28 8% Bl 7 1 (UTRE 105 R AR o SR A H A 7™ 4
HEGB 15982 Hrfff 5 AL 2 $hdT. (207K H 2R M
NN I R S NI SIPTIN 1117 RE  E TN AN e ST
CSSD.Zi 4 ICU 4§ 10 A Wl 550, 7 BE AR A4S S50k
40 £ o REALA0AS SRS [F] TAE N FhRA . RAEXS
SALHE R 7K PR 2 Ak K P50, TR 2K A T M I
K 1512 o N A R 7 NI S DI 117 R 1 s RRTINN
WO 5 CSSD, SRAE AR ™ #% 1% I GB 15982
RS AT AT (3D BT AR AR TR R R S
R 75 N BE 0 (CSSD L2 G TICU 4§ 11 A4S Wil £
HBEFRASSECH 30 £y, B ALF0AS 56 0% W] A A 5
FhRA . RAEXS R ALHE, O — B EST bl W i2 4 .
I H T PR BRAE W WAL 0] 8% | ok il B T B

AL E., QB FH 28R T k.
HEE S e, BT 4 WA T 5 s KA AL RS L 78
R A R N R T R R B R AR AR A R AT 12
PE™ % Z IR GB 15982 Wi 3¢ AL 5 $hdr. (O BEH]
LU < ) R R I T ) e S B M T T R T
T LR ICUN B b7 J Sh B B - 36 5 A
Wi s A BEARA SR 5 . Bl AL A 58w W] AR
NBCFARA . SRAE XS G A0 45 15 VR I B J5 1 B8 3 Ik
IREL BB RAT T AR A . SR AR A% S ]
GB 15982 Hi[ff 5% A. 3 47 .

DL A RAE R R v SRAE N G234 7 4 3 57 T T
ARG S TR RFEROR . A AR AE (36 £ 1) C
TSR 48 h g, H1 2 AL UE Y R T R TR
M T8 MR8 Brugger 557 1907, % T i
300 CFU #~F-Ai o 1 BORE 7 A 45 6 7 A o A 55 1Y)
B X OO 1/2 28 1/8) 5 X B AN B IX BEAT 35805 - i i
VLT L R DX 5o ok W7 2 1T 55, DT Ay 1 AR
M) B TR 5 E . Y 2 ST A U E S B AR
UK TR I T B4 B s A EHES, Jf ik 1738 XA X
AHIESE RN BT A R IE AR A 2 AR HEBR T 15 AR A
5% B BA PR AR
1.3 SitFak AURCRH T & EMAEY Y
B i 2 4 SR 4 B0 1% 77 T0L P A6z 00 3] 1) 1 9 5
oo oA B F 1 9% 8 SR (72 (mean colony-
forming unit per dish, MCFU/Dish), ## — &%
MCFU/Dish # 4ty 6 2857 & 685 B & 00 T 1Y 76
VER A CFU/ e’ (TAE AR F5 HTS) . CFU/
90 mm [l X 5 min(zs <) .CFU/mL(7K).CFU/{4
(BEST 80O LK CFU/100 em?® (B S » B4R
FAXS I GB 15982 $i 7. iR tEg it 8 br i 4&
B FR U 22 v 2 B RAA B /MBS Y 433 B )
fH (inter-quartile range, IQR) ., T ik H & MC-
FU/Dish 5 JH B HAT & A48 46 hofa 9 5 B i
# #, E H Kolmogorov-Smirnov Test *%f A J&
HAT % 4 15y o A ATl k. R ] Spearman
FHR A% MCEFU/Dish 5 H B HAT & 4= fil %z
] A AE DG PR BEAT R 30 . 7. GAM 8 LLVF Al R 5
o th B YR O HAT 52 m . 1645 Log B H1E R 4
PEoR B, 8RR 4% R 20 (P-splines) ' ok f2 il B[]
J 510 v R A 2= 7 800 K HG Al T RE 5 I Ta) A
KR S B R o A i o 7 A [ 4 DA R IS
0~6 A H (lag0 ~ lag6) [ ¥ 5 K00 » 3 £ Foe K AL
B 5 H B 1 5 8 4 KUBS: (excess risk, ER),
BRI BEA LN



RGP i 24 7 2024 4E 7 A A5 23 %5 7 Chin J Infect Control Vol 23 No 7 Jul 2024 ¢ 801 -

Log[E(Y,))] =R + B X, tsCmonth, df) te

Logl ECY) I B4R R B ECY D A5 « JTBE B
G R AR W R AE B e Al T R G X, SRR
AW s Gmonth , d ) FRam KW EH Y
V- R R s month S S B d f J& H R 5 B 2B
PRI e J2 R 2200, ABRLIE 8 ) A8 K IE (gene-
ralized cross-validation, GCV) R SL AL B B &
R R 4 (version 4. 3. 1) #4740+ 24 5 50 4E
M. P<<0.05 AZERAALGEIFE L.

2.1 HAIZAWBAUS5ZRE@ME A4 201841 H
1 H-—2022 4 12 H 31 HI%EE 265 616 B4 5 B &
Hrdt e 3 097 i) HAL Y488 H 52 491, 311 8] 8 %
RN 1. 17% ., KB 60, 19%  E R =65 %
ti 67,94 % AEFEIT K <30 d 5 58.85% , AfENFH
W35 1 58,90 % . HAT H B & A 08 1) 36 28 R AiF L
1,

] s 309 4t SR B2 3% B 15 592 4y 3R 85 bR A HEBR
131 1375 Jebm A% 55 5% BEAL BH M AR AR (0. 8420) , e &
AR A SN 15 461 iy, HARMEE . T/EA
B2 748 43 (17. 77 %), Hotp TUAE T 7 )5 (post-
antiseptic handrubbing, P-AH)2 201 3. M} F1H
)5 (post-surgical hand antisepsis, P-SHA) 547 {53
HTS 2 519 £33 (16.29%) , 2575, 5 283 443 (34. 17 %) . K
2601 3 (16. 82%0) , EIF 48 M 1 916 15 (12.39%0) , [&
4 394 £3(2.55%0) . ik MCFU/Dish 4351 4y : T
EN B F15.15 CFU/em? ,P-AH 16. 65 CFU/cm? .

F 1 HATH BEREBE ARG (FD
Descriptive statistics of monthly occurrence fre-

quency of HAI (Case)

Table 1

Zht(n=060) B EbRfEx  RME B RORE IQR

HAI 52+13 22 54 79 19
P51
L] 31£7 11 33 44 11
1 217 5 21 38 10
AR ()
<65 175 6 17 28 7
=65 35110 15 36 60 12
1 % B K (dD
<30 30+13 7 31 60 21
=30 - 13 19 39 10
LI B
224 ICU - 1 7 20 7
PR 30+9 11 31 47 13
SR 13+6 1 13 25 9

T« BRI D GG O LA R VR B T AL IR B R R
T S BERE T AR L IV R B R R R LRE R SR
BB R 2R R B AR R s SR B LA O K i 4 A
Bb L SN E R ANRE B SNRE  FLBR MR SR B IR AP L
RLR AR I 7 B VRO SRR VIR R S0 B 5 — U0 B B A4 5 IR
B AU e /ME R R E P AR TQR.

P-SHA 7.63 CFU/cm?,HTS 4. 34 CFU/cm’, %55,
0.37 CFU/90 mm IM. X 5 min, /K 41. 50 CFU/mL,
BEy7 e bl 85. 41 CFU/ 4, = FH 4 ¥ 140. 10 CFU/
100 em®, ZBEIELE 60 S H W 6 RIABEhRAH H B
MCFU/Dish i — e ge itk W3 2.

=2 RFEFEEFRA A B MCFU/Dish (43 1 4511

Table 2 Descriptive statistics of monthly MCFU/Dish for different environmental specimens

A (n = 60) BB £ bR 22 H/ME LREA e PN IQR
HTS(CFU/cm?) 3.78%2.69 0.01 3. 41 13.84 3. 42
255, (CFU/90 mm [l X 5 min) = 0.03 0.17 2.56 0.22
7K (CFU/mL) 39.01 % 28. 30 1.14 31.66 122,77 36.58
TAE N5 F (logiy CFU/cm?) * 1.11£0.27 0.50 1. 14 1.54 0. 44
AH(CFU/cm?) * 1.15+0.28 0.57 1.22 1.58 0.51
SHA(CFU/cm?) * 0.58%0.53 0 0.54 1.63 0.50
[ J7 24 (CFU /¢ 87.46 213,90 0 12. 19 1024.17 26. 46
& F 414 (CFU/100 cm?) 111. 64+ 187. 69 0 4.72 717.29 156. 61

- Fana A E MCFU/Dish 0 E IEZS . AR E S5 AR #2238 A 5 « Fm T H B MCFU/Dish 28 5% 805 6 J5 Il IE 78 53 A o
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2.2 MMXHESH
ZhEEE A HAT KA AT S IA FA 40 A (Z = 1. 350,
P=0.052), TAEAG P-AH,[E% A5 P-SHA L)
K BES7 gl iy A B MCFU/Dish 5 HAI 4 A % 4E
PR IEAH 5% 5 Spearman F 5% 2 8051 B R 0. 348,
0.356.,0. 275, P {f ] <0. 05; HTS H f#F MCFU/
Dish 5 HAI # H & 4 6] 8 &2 % 55 19 70 4] ¢,
Spearman I B K —0.253,P=0.05; 555 K.
R4 A MCFU/Dish 5 HAL 4 H % 4= i %k
TeAH Ak () P>>0.05) , WA 1,

HAI 0.347 -0.221 -0223 0275 0.186 -0.253  Spearman
KRB
. . ; 1.0
F 0347 --0.315 —0202 0217 0 0266 I
2 5, - =0.221 -0.315‘.-0.047 ~0.137 0.110 -0.143 05
K - =0.223 -0.202 41047. 0.103 -0.052 -0.018 .
Eyrizs - 0275 0217 -0.137 0.103 .-0406 0259
-05
Mgty - 0.8 0 0110 -0.052 —0.106.—0.135 I
-1.0
HTS - -0.253 0266 -0.143 -0.018 0.259 -(1135.

HAI T =R KB B OHTS
AL

% Kolmogorov-Smirnov ;56 ,

TE: % &R P<<0.05,
B 1 HAL & A 5] 85 3R 506 1 78 3 B 2 [0 19 Spearman
EPE 31649
Figure 1 Heatmap of Spearman correlation coefficient be-
tween the occurrence frequency of HAI and the

number of bacterial colonies detected from envi-

ronment

2.3 GAM BA 5% B K 35 2= 1 1 5
AAs B0 R 8 4 R B A MCFU/Dish 728 5 48 A
GAM 7 A3 8] TAE N 61 F HTS 28 <K VB Y7 4%
W B I R B THE B 4390 R 0..009,0. 020,
=0.086.,0.451X107°,—0.971 X10°*.0. 733 X 10" °,
PAEAY % 8 0. 012.0. 127,0. 105.0. 640, 0. 366,
0.995, BB TAE N 61 F 40, K & B Al 3R 5% A
J& MCFU/Dish %} HAT & H % A& 11500 S 2500

BYE YRR R, AR BTG A B MCFU/
Dish X HAT % J K& A 5 5507 A5 i 3 1F 0] 52w (B, =

0.009,P=0.012), TAEANGFH i ] &£ MCFU/
Dish 3411 1 4~ IQR, HAT KA R Ny 13. 28%
(95%CI:2. 82% ~24. 81%) . F ¥ Wi s(month) ()
VAL EA BEME (=34, P<C0.001), W45
R, P-AH iy H Bf MCFU/Dish % HAI 4 & # 5%
W o L 8500 26 B R 24 A B K (lag0, P = 0. 007),
ifi P-SHA 9 H B MCFU/Dish %} HAT JG i 2 5% 1)
(P>0.05), %4 H P-AH ) MCFU/Dish J}& 1 4>
IQR, 5 HAT #J ER 5 16.26% (95 % CI:15. 45 % ~
17.09%) , Hoh 2ot I =65 2 A B it =30 d,
AAE B B Y ER {6 % &, 43 il S 19. 80%
(95% CI:18. 42% ~21.20%).19. 11% (95% CI .
18. 08 % ~20. 15%) ,24. 88% (95% CI:23. 95% ~
25.82%).22.88% (95% CI:21. 79% ~23.97%) .,
LA 2,

AWFGE IO AE BTG Yo A R SL Ak b, 3 5 n 5k
I FH - Wi #8 (tensor product smoother, TPS) L4
PRAEM AR LN B R R TR T EE 5§ A
5 HALR 25 e R, 76 HTS #y5 YL i 7l vp
WA TPS(HTS,P-AH., /K = # [a] ¢ H. 8% i) Ji »
HTS £ # A B MCFU/Dish X} HAT A B % A 501
R EA G E = (B =0.032,.P=0.024), H2
HIG te (HTS.P-AH . /K) %} HATL B 5 Wit H A 48
H2 2 X Cedf=4.00,P=0.005), HTS fy 7 i
MCFU/Dish #1141~ IQR . HAT & A= i %5 1 i1 1%
fn#y 11, 42% (95 % CI1:8. 32% ~14. 60 %) , H v 5
PE VR =065 & AE B i K <30 d, AEZR G ICU
B ER HAE 43 R 3. 61% (0. 74% ~6.55%) .
18. 78 % (14. 66% ~23. 06%) . 11. 64 % (95% CI .
6.49% ~17. 04%).29. 19% (95% CI.18. 71% ~
40.59%), L& 2, JE%E TPS, % & HTS.P-AH., &7
il = I 28 H AL IR & B HTS & i 1) 1 7 £ H
FEBMEXT HAL W52 0 JCGE T2 2 L (B = 0. 081, P =
0.052) 3¢ B3 te (HTS,P-AH, BT ¥ %) ) ed f
H5.46(P=0.097),87x HTS M40 575 YL vt HAT
B A GESZ 3 P-AH HTS, BEJ7 % 5 =% 2 [ 1)
RH KR, AR PR TS Y I 2R 1 28 5 43
Frivl e ge it 2% & L (3 P>0.05),
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I 4735 it O UEREIR O L5 pim Y5 YR ER fi L35 YR ER {8
(95%CI) (95%CI)
51 ! .
Uy ' - 15.46(14.64~16.28) 3.61(0.74~6.55)
& . © 19.80(18.42~21.20) 3.71(-2.84~10.71)
AR () : -
<65 _‘°_, 18.04(17.04~19.05) 0.87(-3.19~5.09)
=065 : e 19.11(18.08~20.15) 18.78(14.66~23.06)
HEBER K (d) i s
<30 . =Oo— . 10.06(9.18~10.94) 11.64(6.49~17.04)
=30 ! —0— 24.88(23.95~25.82) 9.93(6.38~13.60)
AER B3 :
ICU :-0- —_— 2.38(1.03~3.76) 29.19(18.71~40.59)
R B ' - 22.88(21.79~23.97) 11.77(7.76~15.94)
HNEHE : - 17.14(15.60~18.70) 5.77(-1.16~13.18)

* 803 -

=X

-0.1 0.1 0.2 0.3

0.4 0.5

B 2 3F P-AH fil HTS A & MCFU/Dish i) HAI ER &
Figure 2 HAI ER forest map based on P-AH and HTS monthly MCFU/Dish

3 g

BRI = RS BE BT 5 4R IESE 60 4>
F B IREE T A 2 5 5 g R e W ki AT T 4 T )
Br 5904l . R BGZBE TAE N BT BT 4 WK 1Y
H B2 MCFU/Dish 5 HAT 5 H % A= 491 55 5 1FAH G .
HE—iE it GAM 3 Hr s AR S HATICR 5
T Y BER 2 AR N BT 1A 95 B0 2 aF, HAT 1
B R AR BB 22 36 3 5 [ AR5 i Y
RARAL . 28340 43 A 55 9 I 2800 43 A - AT 1) 8 4
RS 36 I 5 24 H (1ga0) P-AH [ MCFU/Dish I %
FI%, 4 H P-AH i MCFU/Dish 7+ 1 4 IQR, &
PEVERY =65 % AEBEET K =30 dAE BN B
BH HALM ER HE 5. Lee %2V fF 58 2 0, 3% in
T T WA IS HATL R0 ES J7 F7 6 A1 ¢ i H 407G Ak
4 A AR B (HA-MRSA) J& s & A 20 R R
FEHE . H—IRECH B BoR L ICU 4 4 b0
FE3% 17 200 TAE B A A7 IE 80 19 F TLAE . 1000019
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B4 A 01 P-SHA £ iy (¥ & & MCFU/Dish 43 51| 2Ky
16.65.7. 63 CFU/em?, #8817 GB 15982 i &
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A5 40 3 4 N7 22 YA R A3 B A B U G [
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F KX = H IR LR, Russotto FE20
WHIE 7 s QAR BE 55 N D376 422 il SR 3 Z A R 2 J5 R

ABE AR AT T AR L A] BE 23 48 0 R4 T e AR 2 Bl
Ja ke HAT B R . B 3 N B3 AS A AT L3 3 B
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T AN B A5 3k TS YL . EL AN AT LA AE R S AT
JUAA . AT X B B N BT 0 A fi X3
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B o IFAE TRV INUAE A A 04 IV b AR o RS I ) ] —
SOk . R A B ST A 45 8 S s T AE LR T
WG LA R HTS 3 8 TE DL AR A3 pe & % & B
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S5 HERVE AT AR A — o B R . Ah .
RIP AL N A A R il d | I S N O
WHYHE) T I 5 . ROk R Rl ok 2l TS
PEBIF 58 X AW SR Y 5 7 AT A ek

A&k R FARGLEM TR,

(& % x #t]

[1] Tchouaket Nguemeleu E, Beogo I, Sia D, et al. Economic
analysis of healthcare-associated infection prevention and con-
trol interventions in medical and surgical units; systematic re-
view using a discounting approach[ J]. J Hosp Infect, 2020,
106(1): 134 — 154,

[2] Cassini A, Plachouras D, Eckmanns T, et al. Burden of six
healthcare-associated infections on FEuropean population

health: estimating incidence-based disability-adjusted life years

through a population prevalence-based modelling study[ ] ].

(3]

[4]

(5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

PLo0S Med, 2016, 13(10): ¢1002150.

Rosenthal VD, Bat-Erdene I, Gupta D, et al. International
nosocomial infection control consortium (INICC) report, data
summary of 45 countries for 2013 — 2018, adult and pediatric
units, device-associated module [ J]. Am ] Infect Control,
2021, 49(10) : 423 — 432,

World Health Organization. Global report on infection preven-
tion and control EB/OL]. (2022 -05-23)[2023-12-10].
https://www. who. int/publications-detail-redirect/978924005
1164.

Rawlinson S, Cloutman-Green E, Asadi F, et al. Surface
sampling within a pediatric ward-how multiple factors affect
cleaning efficacy[J]. Am ] Infect Control, 2020, 48(7); 740 —
745.

Adams CE, Smith J, Watson V, et al. Examining the associa-
tion between surface bioburden and frequently touched sites in
intensive care[J]. ] Hosp Infect, 2017, 95(1): 76 — 80.
Hayward C, Brown MH, Whiley H. Hospital water as the
source of healthcare-associated infection and antimicrobial-re-
sistant organisms[ J]. Curr Opin Infect Dis, 2022, 35(4); 339 —
345,

Najotra DK, Malhotra AS, Slathia P, et al. Microbiological
surveillance of operation theatres: five year retrospective ana-
lysis from a tertiary care hospital in north India[J]. Int ] Appl
Basic Med Res, 2017, 7(3): 165 — 168.

Facciola A, Pellicano GF, Visalli G, et al. The role of the
hospital environment in the healthcare-associated infections: a
general review of the literature[J]. Eur Rev Med Pharmacol
Sci, 2019, 23(3): 1266 — 1278.

Perry-Dow KA, de Man TJB, Halpin AL, et al. The effect of
disinfectants on the microbial community on environmental
healthcare surfaces using next generation sequencing[J]. Am
J Infect Control, 2022, 50(1). 54 — 60.

World Health Organization. Minimum requirements for infec-
tion prevention and control programmes[ EB/OL]. (2019 = 11 —
18)[2023 = 12— 10]. https://www. who. int/publications-de-
tail-redirect/9789241516945.

A NRSEAEE R TAMITRIEEZE S 0 X E b &G
I : WS/T 5102016 ST, dtat: o [& g ot AR AL,
2017.

National Health and Family Planning Commission of the Peo-
ple’s Republic of China. Regulation for healthcare associated
infection control in ward in healthcare facilities: WS/T 510 —
2016[S]. Beijing: Standards Press of China, 2017.
Gaudart J, Cloutman-Green E, Guillas S, et al. Healthcare
environments and spatial variability of healthcare associated in-
fection risk: cross-sectional surveys[ J]. PLoS One. 2013, 8
(9): €76249.

Smith J, Adams CE, King MF, et al. Is there an association
between airborne and surface microbes in the critical care envi-
ronment?[ J]. ] Hosp Infect, 2018, 100(3): e123 — e129.
Hastie TJ, Tibshirani RJ. Generalized additive models[ M |.



T [ R e ) A A5 2024 4F 7 55 23 B8 7

Chin J Infect Control Vol 23 No 7 Jul 2024 .

805

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

London: Chapman and Hall, 1990.

Sheng WX, Liu AZ, Peng H, et al. A time-series analysis on
generalized additive model for atmospheric pollen concentration
and the number of visits of allergic conjunctivitis, Beijing, Chi-
nalJ]. Environ Sci Pollut Res Int, 2022, 29(40): 61522 —
61533.

A N RS FIE AR, BB &g i Wi bi i GRATO D], e
BeaE A, 2001, 81(5): 314 — 320.

Ministry of Health of the People’s Republic of China. Diag-
nostic criteria for nosocomial infections(proposed)[J]. Nation-
al Medical Journal of China, 2001, 81(5): 314 — 320.

rh A N IR ] 51 5T B A 0 A e R I bR
R Z 5 2. BEBEIH B TAEARE: GB 15982—2012[ S]. b
A E AR EE RAL, 2012,

General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardization
Administration of China. Hygienic standard for disinfection in
hospitals: GB 15982 — 2012[S]. Beijing: Standards Press of
China, 2012.

A NRSEFIEE R TAERER R 2. BE5 AR T AN
WS/T 313—2019[S]. dtH&T. b E AR AL, 2020,
National Health Commission of the People’s Republic of Chi-
na. Specification of hand hygiene for healthcare workers: WS/
T 313 -2019[S]. Beijing: Standards Press of China, 2020,
Brugger SD, Baumberger C, Jost M, et al. Automated coun-
ting of bacterial colony forming units on agar plates[J]. PLoS
One, 2012, 7(3): e€33695.

Maindonald J. Smoothing terms in GAM models[ EB/OL].
(2010 = 08 = 29) [2023 — 12 = 15]. https://maths-people.
anu. edu. au/~johnm/r-book/xtras/autosmooth. pdf.

Tahir S, Chowdhury D, Legge M, et al. Transmission of
Staphylococcus aureus {rom dry surface biofilm (DSB) via di-
fferent types of gloves[ J]. Infect Control Hosp Epidemiol,
2019, 40(1): 60 — 64.

Pittet D, Hugonnet S, Harbarth S, et al. Effectiveness of a
hospital-wide programme to improve compliance with hand hy-
giene. Infection control programmel[ J]. Lancet, 2000, 356
(9238): 1307 —1312.

Lee YT, Chen SC, Lee MC, et al. Time-series analysis of the
relationship of antimicrobial use and hand hygiene promotion
with the incidence of healthcare-associated infections[J]. J
Antibiot (Tokyo), 2012, 65(6): 311 - 316.

Siebers C, Mittag M, Grabein B, et al. Hand hygiene compli-
ance in the intensive care unit: hand hygiene and glove changes
[J7. Am J Infect Control, 2023, 51(10); 1167 - 1171.

Russotto V, Cortegiani A, Raineri SM, et al. Bacterial con-

[27]

[28]

[29]

[30]

[31]

[33]

[34]

tamination of inanimate surfaces and equipment in the intensive
care unit[J]. ] Intensive Care, 2015, 3(1): 54.

Megri Y, Arastehfar A, Boekhout T, et al. Candida tropicalis
is the most prevalent yeast species causing candidemia in Alge-
ria: the urgent need for antifungal stewardship and infection
control measures J]. Antimicrob Resist Infect Control, 2020,
9(1) : 50.

Dancer SJ. How do we assess hospital cleaning? A proposal for
microbiological standards for surface hygiene in hospitals[J]. J
Hosp Infect, 2004, 56(1): 10— 15.

Schmidt MG, Attaway HH, Fairey SE, et al. Self-disinfecting
copper beds sustain terminal cleaning and disinfection effects
throughout patient care[ J]. Appl Environ Microbiol, 2019, 86
(1): e01886 = 19.

Maillard JY, Centeleghe I. How biofilm changes our under-
standing of cleaning and disinfection[ J]. Antimicrob Resist In-
fect Control, 2023, 12(1). 95.

Vandini A, Temmerman R, Frabetti A, et al. Hard surface
biocontrol in hospitals using microbial-based cleaning products
[J]. PLoS One, 2014, 9(9): e108598.

Roux J, Nekkab N, Colomb-Cotinat M, et al. Time-series
modelling for the quantification of seasonality and forecasting
antibiotic-resistant episodes: application to carbapenemase-
producing Enterobacteriaceae episodes in France over 2010 — 20
[J]. J Antimicrob Chemother, 2021, 76(1): 226 — 232.
Armbrister AJ, Finke AM, Long AM, et al. Turning up the
volume to address biases in predicted healthcare-associated in-
fections and enhance U. S. hospital rankings: a data-driven ap-
proach[J]. Am J Infect Control, 2022, 50(2): 166 — 175.
Dos Santos RP, Silva D, Menezes A, et al. Automated health-
care-associated infection surveillance using an artificial intelli-

gence algorithm[ ] ]. Infect Prev Pract, 2021, 3(3): 100167.

R 3CHiH R LA

A5 AR AP, BRI, E AN, S5 IREE A B e B Y I
[5] ) HAE 8 ) SCAR AR 2 CGAMD [T, v [ Jek e 45 il % 7%
2024,23 (7): 798 — 805. DOI. 10. 12138/j. issn. 1671 — 9638.
20245324,

Cite this article as: LIN Kai, CHEN Kun, WANG Jian-bing, et

al. Environmental hygiene and healthcare-associated infection: a

time-series study based on generalized additive model[ J]. Chin J
Infect Control, 2024, 23(7): 798 — 805. DOI: 10. 12138/j. issn.
1671 — 9638, 20245324,



