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[Abstract] Objective To identify high-risk factors for healthcare-associated infection (HAI) in patients in inten-
sive care units (ICUs), and develop a quick response (QR) code-based APP prediction tool. Methods Information
of inpatients in general ICUs of three hospitals in Guizhou Province from January to December 2024 were collected.
Risk factors were analyzed with a logistic regression model. QR code-based APP was constructed and validated.
Results A total of 1 782 patients in general ICUs of three hospitals in Guizhou Province in 2024 were included in

the analysis, out of which 410 were HAI cases, and the incidence of HAI was 23. 01%. Multivariate logistic regre-
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ssion analysis results of HAI in ICU inpatients showed that regional gross domestic product (GDP) =58 685 Yuan,

performing pathogen culture during this hospitalization, history of diabetes mellitus, history of cancer, length of

hospital stay =7 days before infection, and duration of persistent fever =5 days before infection were independent

risk factors for HAI in ICU patients (all P<C0. 05). The discrimination of the model (area under the receiver

operating characteristic curve [AUC] of 0. 841), calibration (Brier score of 0. 129), and clinical effectiveness (net

benefit of 11. 4% when the risk threshold was 5% — 74 %) all performed well. Conclusion

The QR code-based

APP prediction tool is of great significance for scientific research transformation and precise HAI control.
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Table 1 General information of ICU inpatients (No. of cases [ % ])

1 5 1.50 0.226 10.23  0.001
Pk 302(33.01) 79(28.83) 178(38.95) 32(23.53)
Bk 613(66.99) 195(71.17) 279(61.05) 104(76. 47)

ABeZAY 3.98 0.264 3.55  0.314
HZ 209(22. 84) 68(24.82) 89(19.47) 34(25.00)
HZ 242(26. 45) 76(27.73) 129(28.23) 29(21.32)
& 209(22. 84) 70(25.55) 113(24.73) 36(26.47)
K7 255(27.87) 60(21.90) 126(27.57) 37(27.21)

FA 28.54 <<0.001 6.90  0.009
H 321(35. 08) 146(53. 28) 185(40. 48) 73(53. 68)
I 594(64.92) 128(46.72) 272(59.52) 63(46.32)

Tl PR s 66. 60 <<0.001 44,34 <0.001
H 71(7.76) 72(26.28) 34(7.44) 40(29. 41)
J 844(92.24) 202(73.72) 423(92.56) 96(70.59)

P 55.58 <<0.001 55.45 <<0.001
H 56(6.12) 59(21.53) 27(5.91) 40(29. 41)

G 859(93. 88) 215(78.47) 430(94. 09) 96(70.59)
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43k 1 (Table 1, Continued)

8 1 SHL 2 1 fili 5 95 (COPD) 0.38  0.578 3.31  0.069
2 69(7.54) 17(6.20) 36(7.88) 4(2.94)
& 846(92. 46) 257(93. 80) 421(92.12) 132(97. 06)

& B T 10.98 <<0.001 2,21 0.138
A 29(3.17) 22(8.03) 15(3.28) 9(6. 62)
& 886(96. 83) 252(91.97) 442(96.72) 127(93.38)

RS R P H (D 102.02 <<0.001 31.68 <<0.001
<1 561(61.31) 98(35.77) 282(61.70) 59(43. 38)
2~3 194(21.20) 56(20. 44) 99(21. 66) 27(19.85)
4~5 92(10. 06) 45(16. 42) 38(8.32) 16(11.77)
>5 68(7.43) 75(27.37) 38(8.32) 34(25.00)

SR BT R 259 6 H (D 269. 60 <<0.001 123.20 <<0.001
<3 274(29. 95) 11(4.02) 127(27.79) 6(4.41)
4~6 220(24. 04) 22(8.03) 113(24.73) 12(8.82)
7~12 237(25.90) 56(20. 44) 116(25. 38) 29(21.32)
13~17 61(6.67) 35(12.77) 47(10.28) 20(14.71)
18~37 100(10. 93) 95(34.67) 43(9.41) 43(31.62)
>37 23(2.51) 55(20. 07) 11(2. 41) 26(19.12)

2.2 HMsk logistic m a4 A ICU fERE & HAT  Be O ol J 2 B 9% OB DRI S0 8 E S IR Al £
RNR AR 2. ICU fERe i HALR lo- BeH¥(=7 d MURGLRTRF2E R B H $>5 d 2 ICU
gistic ZRRBIFpHT 4R LY X GDPARE  (ERiEE HAT ML Gk R, Wk 3,
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&2 ICU fEBE & HAT RN R

Table 2 Univariate analysis on HAI in ICU inpatients

b X GDP(IT) <58 685 -

=58 685 1. 06 0.20 27.16 2.89(1.94~4.31) <20. 001

DR A S x -
H 1.15 0.25 20.57 3.16(1.92~5.19) <0001

SR A BE H E(D <6 -
7~14 0.43 0.39 1.18 1.53(0.71~3.30) 0. 270
15~35 1.30 0.42 9.59 3.66(1.61~8.32) <20. 001
36~064 1.20 0.51 5.53 3.31(1.22~8.97) 0. 020
=64 2.99 0. 60 24.93 20. 01¢6. 17~64. 86) <<0. 001

BE T 0.01 0.01 1.71 1.01€0.99~1.02) 0. 480

By e -
H% 0.03 0.25 1.67 1.38(0. 85~2.26) 0.197
&2 -0.05 0.26 0. 04 0.95(0.57~1.57) 0.843
X% -0.43 0.26 2.80 0.65(0.39~1.07) 0.094

FARLL x -
H 0.28 0.20 1.90 1.32€0. 89~1.96) 0. 168

5 0L T s x -

H -0.48 0.24 4.05 0.62(0.39~0.99) 0. 044
ZHHEW i -

P 0.58 0. 41 2.00 1.78€0. 80~3. 95) 0. 157
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Table 3 Multivariate logistic regression analysis on HAI risk factors in ICU inpatients

b X GDP(IT) <58 685 -

=58 685 0.99 0.18 29.74 2.71(1.89~3.87) <20. 001

i DR T -
T 1..00 0.23 18.98 2.74(1.74~4.3D <<0. 001

SR HTAEBE H (D <6 -
7~14 0.43 0.39 1.18 2.12(1.12~3.99) 0. 020
15~35 2.09 0.31 46.51 8.12(4.45~14.83) <20. 001
36~064 2.29 0.37 37.45 9. 84(4.73~20.46) <20. 001
=64 4.08 0. 44 85. 04 59.01(24. 80~140. 36) <<0. 001

i":‘if: - yﬂ%ﬁﬁéﬁg

2.3 4 logistic @ )FAE R 2 0.871(95% CI:0. 848 ~0. 894) , By jiF £ i AUC
2.3.1 HAWRRAPEEZR WMAETHEHMAAUCO > > 0. 841(95%CI:0.805~0.876)., VLK 1.
.85 FRBIAIX 4y B A, Ik &P AL AUC

=

12 10 038 0.I6 0.l4 0.2 0 -02
Hist
e

T AUC 8K fURZME T X 7) RE ) M
B 1 YRR UELE X 7 BEACR 19 ROC 2k

Figure 1 ROC curves of discrimination performance of training set and validation set
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Figure 2 Calibration curves of fitting effect of training set and validation set

2.3.3 #MAWEKRAREEE KUK ICU B4
HAT &R0 23, 01 %0 4680 XU 59 {H A5 2% 0 B 1y
045 23, 01 %, JE B AE R AT . A 780 78 )1 25 4 XU RS

1)l 2545 DCA

B ELABE R H 590 ~95 %0 - ¥k 25k 13 %6 L Ba IF 4 XURS:
B (E AR R 590 ~T74% 3k as  11.4% . WK 3,

0254 . 0259 : — UGHIESE DCA
\ All ! \ ! Al
0.20 \' —None f 0.20- \ : —Ndne
2 \\ : .\\ :
H H ]
0.1590.13 \ S~ . 0159 i
& : g T 0.114 \\L
= 0104 So I 0.101 Shon
* H ~~ : # [ p
~ i : ~o
0.054 : \~ 1 0.054 : i =
\\ e LN ~ ; i \.‘I\
0- i = oo q SOAS.
1 H 1
~0.05- 0.05 023 0.95 -0.05- 0.05  0.23 0.74
I T T T T I T T T T 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
1o DRSS (5] 1 HE R 1o PR (54 {EABE %
YIRS Loali S

Ty MF R R A . SRE AR By (LB AR 5, LA B (LR 0, IR 2R HAT SEBR R R R ML R 4k
RFEZHEK logistic [IAKHEL, RHUKLARFTH B HHEF HATWMR B PAT T XA EEL KR TF RE L HAD,
x Al e RS (AR 3 L BV IR T B U 3R 4 26 T3 IR T Y BUYI AR S I AR . i QR AR E B HATL R A AT REME M
DRI 1L » DO RO7 R B X v XU, A2 6 07 SRS o G TR v 9 DR 3Rl 2 7R 24 0o XU BRAELLE O~ 0. 74 I, {57 ) 22 . [l ) 46 7
B HATME T BT A 85 5067 SO A BE R RHRYT - BEAOR 11, 40095k 45

B3 I 2SR A ik £ i PR TR 5 h £k 0 A7

Figure 3 Clinical decision curve analysis of training set and validation set

2.4 A THRIRBREFFALICU Kk &4 HAI
Rty =428 5 B APPSR R i 75 (1 shiny {1
TFR T BB KR VAl 4R, R 55 T AR 50
S A G o A Y B B Sk R HE heeps://
xiaoman. shinyapps. io/DynNomapp1/([& 4A), #k
Jo AR S PR 0 AL E A ARG A A

=X
g%i

HAT 5 & AEARRAG DB H B P AR 8 & 4519 J5 =
WoR K. B )R AR RO s TR L R AR
JITTE H AL TR & 35 Hb IX (GDP<C58 685 J5) A4S I AF: i
e BT I A B R LR i AT B B A <6 d 1R
YU RTHRSE R 2~3 d([ 4B), H HAT %k 4 KU 1
WK 8. 11 % H4 57 B g 7R i 2k (| 40)



[ Y i 24 A 2025 42 9 A 24 455 9 ) Chin J Infect Control Vol 24 No 9 Sep 2025 o 1267 -

o
e

n
3

®

B4 ICU fpe a5 HAT RS PPl — 4Efs 6 R R
Figure 4 Display of QR code used for HAI risk assessment in ICU inpatients
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