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Objective: To develop a predictive model for assessing the risk of multidrug-resistant organisms (MDROs) infection and validate its
effectiveness.

We conducted a study on a total of 2516 patients admitted to the neurosurgery intensive care unit (NICU) of a Grade-III hospital in
Nantong City, Jiangsu Province, China, between January 2014 and February 2022. Patients meeting the inclusion criteria were selected
using convenience sampling. The patients were randomly divided into modeling and validation groups in a 7:3 ratio. To address the
category imbalance, we employed the Synthetic Minority Over-sampling Technique (SMOTE) to adjust the MDROs infection ratio
from 203:1558 to 812:609 in the training set. Univariate analysis and logistic regression analysis were performed to identify risk
factors associated with MDROs infection in the NICU. A risk prediction model was developed, and a nomogram was created. Receiver
operating characteristic (ROC) analysis was used to assess the predictive performance of the model.

Results: Logistic regression analysis revealed that sex, hospitalization time, febrile time, invasive operations, postoperative prophy-
lactic use of antibiotics, mechanical ventilator time, central venous catheter indwelling time, urethral catheter indwelling time, ALB,
PLT, WBC, and L% were independent predictors of MDROs infection in the NICU. The area under the ROC curve for the training set
and validation set were 0.880 (95% CI: 0.857-0.904) and 0.831 (95% CI: 0.786—0.876), respectively. The model’s prediction curve
closely matched the ideal curve, indicating excellent predictive performance.

Conclusion: The prediction model developed in this study demonstrates good accuracy in assessing the risk of MDROs infection. It
serves as a valuable tool for neurosurgical intensive care practitioners, providing an objective means to effectively evaluate and target
the risk of MDROs infection.
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Introduction

Multiple drug-resistant microorganisms (MDROs) are bacteria that exhibit resistance to three or more antimicrobial agents,'
include methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus aureus (VRE), carbapenem-
resistant Enterobacteriaceae (CRE), multidrug-resistant Pseudomonas aeruginosa (MDR-PA), and multidrug-resistant
Acinetobacter baumannii (MDR-AB). The global mortality attributed to MDROs was reported to be 700,000 in 2015, and
this number is projected to surpass 10 million by 2050.> MDROs infections have emerged as a significant issue in nosocomial
infections worldwide,>* particularly in intensive care units (ICUs).>”’ Numerous studies have highlighted that MDROs
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infections contribute substantially to morbidity and mortality among hospitalized patients, resulting in prolonged hospital stays
and increased healthcare costs.* "' Consequently, there is an urgent need to address the prevention and intervention of MDROs
infections.

The neurosurgical intensive care unit (NICU) is a specialized facility that provides treatment and care for critically ill
and comatose patients. These patients often experience disorders of consciousness, underlying chronic diseases, complex
medical conditions, compromised immune function, and pathophysiological abnormalities. Additionally, tracheotomy,
endotracheal intubation, and mechanical ventilation are commonly employed during their treatment. The invasive nature
of these procedures increases the risk of bacterial infection and inflammation.'""'* Moreover, existing studies'* ' have
demonstrated an alarming prevalence of MDROs infection in the NICU.

However, there are limitations in the advancement of MDRO therapy. Inappropriate and excessive use of antibiotics can
lead to various adverse effects in patients. Choosing appropriate antibiotic treatment options for the high-risk population
susceptible to MDROs infection and implementing predictive intervention management pose significant challenges for
clinicians. Although numerous studies have investigated the risk factors associated with MDROs infection, most have focused
solely on describing these factors and have provided limited information on predictors of MDRO colonization or infection.

Considering the aforementioned circumstances, the objective of this study was to develop a user-friendly nomogram that
predicts the likelihood of MDROs infection among NICU patients. The aim is to identify patients at high risk of MDROs in
NICU settings, facilitating the implementation of tailored antibiotic treatment plans and preventive management measures.

Methods
Patients and Study Design

Using convenience sampling, we retrospectively selected 2606 patients admitted to the neurosurgery intensive care unit of
Nantong University Affiliated Hospital between January 2014 and February 2022. According to our inclusion and exclusion
criteria, 31 consecutive NICU admissions during the same hospitalization, 18 patients younger than 18 years, and 41 patients
with incomplete clinical and laboratory data were excluded. Ultimately, 2516 patients were enrolled in the study. Through
literature review and expert panel discussions, this study identified factors associated with MDROs infection. Clinical data
from all patients admitted to the neurosurgical intensive care unit were collected using the hospital’s intelligent integrated
medical platform (Intelligent & Integrated Healthcare, ITH). The collected data included age, gender, disease diagnosis, length
of stay, duration of fever, surgical history, number of hospitalizations, prophylactic antibiotic treatment, duration of first
postoperative antibiotic treatment, antibiotic combinations, duration of mechanical ventilation, retention of central venous
catheters, retention of urinary catheters, levels of albumin, total bilirubin, creatinine, white blood cell count, neutrophil ratio,
lymphocyte ratio, and platelet count. Disease-related data and laboratory tests were collected on day 3 of hospital admission.

Pathogen Detection

The laboratory doctors at our hospital conducted biological sample testing. Bacterial identification was performed using
the full-automatic microbial identification machine Phoenix'™-100. The drug sensitivity experiment method used for
strain resistance identification was the K-B method, also known as the paper diffusion method. The testing process and
drug susceptibility test results adhered to the standards set by the Clinical and Laboratory Standards Institute (CLSI)
2020 standard and the requirements outlined in the National Health and Family Planning Commission of China’s
National Clinical Laboratory Test Operation Procedure.

Diagnostic Criteria for MDROs

MDROs are bacteria that demonstrate resistance to three or more antimicrobial drugs commonly used in clinical practice.
The diagnosis of MDROs infection in this study was determined by clinicians and reviewed by the hospital’s infection
department.
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Inclusion Criteria
(1) adult patients aged 18 years or older; (2) MDROs infection occurring 48 hours after admission to the neurosurgical
intensive care unit, meeting the diagnostic criteria for MDROs infection.

Exclusion Criteria
(1) MDROs infection diagnosed or occurring within 48 hours; (2) death or treatment abandonment within 48 hours; (3)
multiple NICU admissions during the same hospitalization; (4) incomplete clinical and laboratory examination data.

Model Building

Patients were randomly assigned in a 7:3 ratio to either the model group or the validation group using R software. In the
construction module, we used univariate and multivariate logistic regression analysis to determine the independent risk
factors. In the multivariate analysis, we selected the independent variables with a significance level of P < 0.1 in the
univariate analysis and utilized the least information criterion (Akaike information criterion, AIC) to choose the final
prediction model, which was a logistic regression model. The nomogram model was obtained using R software.

Modelling Verification

To evaluate the discrimination and calibration of the constructed prediction model, we internally and externally verified it
by using the receiver operating characteristic curve (ROC) and calibration curve on two patient groups. The area under
the ROC curve (AUC) represents the predictive ability of the nomogram model, with a value closer to 1 indicating higher
accuracy. Generally, an AUC > 0.7'7 suggests a well-differentiated model. The predictive ability of the model is
considered better if the prediction calibration curve is closer to the calibration curve.

Statistical Analysis

For data management, we established a database using Excel for double entry and verification. Statistical analysis was
performed using SPSS 26.0 and R 4.1.3 software. Count data was expressed as frequency and percentage (%), and
analyzed using the chi-square test or Fisher exact test. Mean + standard deviation (Mean + SD) was used for normally
distributed measurement data, and group comparisons were made using the ¢-test. Non-normally distributed measurement
data were described using M (P25, P75), and group comparisons were made using the non-parametric Mann—Whitney
U-test. A stepwise variable screening method based on the AIC criteria was used for the multivariate logistic regression
analysis, including variables with a significance level of P < 0.1 in the univariate analysis. All tests were two-sided, and
a significance level of P < 0.05 was considered statistically significant. The nomogram was established using R 4.1.3
software, and ROC curve and calibration curve were plotted to evaluate the differentiation and consistency of the
nomogram prediction model for predicting the risk of MDROs infection in neurosurgical intensive care units.

Results

General Data of the Study Subjects

Among the 2516 patients included in this study, 290 had MDROs infection, resulting in an incidence of 11.5%. In the
training set (1761 patients), there were 203 cases of MDROs infection (11.5%), while in the validation set (755 patients),
there were 87 cases (11.5%). There was no statistical difference between the training set and the validation set (P > 0.05).
Refer to Table 1 for detailed information.

Univariate Analysis of the Risk of Developing MDROs Infection in the Modeled Group
Regarding the occurrence of MDROs infection as the dependent variable, we conducted univariate analysis using patient
demographic data, disease data, and laboratory-related examination indicators as independent variables. The results
showed that sex, hospitalization time, febrile time, invasive operation, number of inpatient operations, number of days of
antibiotic use after the first surgery, combination of antibiotics, mechanical ventilator time, central venous catheter
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Table | Descriptive Analysis of the Validation Set and Training Set Data

Variable Total Validation Set Training Set SMD | P-value
(n=2516) (n=755) (n=1761)
Age 0.031 0.746
18-39 269(10.69) 78(10.33) 191(10.85)
40-59 937(37.24) 290(38.41) 647(36.74)
60-74 983(39.07) 285(37.75) 698(39.64)
275 327(13.00) 102(13.51) 225(12.78)
Sex 0.044 0.306
Men 1713(68.08) 525(69.54) 1188(67.46)
Female 803(31.92) 230(30.46) 573(32.54)
Diagnosis 0.170 0.744
Stroke 1099(43.68) 327(43.31) 772(43.84)
Brain Trauma 1028(40.86) 307(40.66) 721(40.94)
Pituitary adenoma 4(0.16) 2(0.26) 2(0.11)
Malignant brain tumors 87(3.46) 30(3.97) 57(3.24)
Aneurysm 55(2.19) 17(2.25) 38(2.16)
Epilepsy 10(0.40) 1(0.13) 9(0.51)
Multiple trauma 182(7.23) 53(7.02) 129(7.33)
Others 51(2.03) 18(3.28) 33(1.87)
MDROs infection <0.001 0.997
No 2226(88.47) 668(88.48) 1558(88.47)
Yes 290(11.53) 87(11.52) 203(11.53)
Hospitalization time, days 0.053 0.824
1-7 1387(55.13) 412(54.57) 975(55.37)
8-14 572(22.73) 167(22.12) 405(23.00)
15-21 351(13.95) 110(14.57) 241(13.69)
22-28 133(5.29) 45(5.96) 88(5.00)
>28 73(2.90) 21(2.78) 52(2.95)
Febrile time, days 0.053 0.972
0-3 1182(46.98) 356(47.15) 826(46.91)
4-7 615(24.44) 184(24.37) 431(24.47)
8-14 533(21.18) 157(20.79) 376(21.35)
15-21 121(4.81) 40(5.30) 81(4.60)
22-28 38(1.51) 10(1.32) 28(1.59)
>28 27(1.07) 8(1.06) 19(1.08)
Invasive operation 0.026 0517
No 994(39.51) 291(38.54) 703(39.92)
Yes 1522(60.49) 464(61.46) 1058(60.08)
Number of inpatient operations 1.00(0.00,1.00) 1.00(0.00,1.00) 1.00(0.00,1.00) 0.012 0.713
Postoperative prophylactic use of antibiotics 0.012 0.763
No 912(36.25) 277(36.69) 635(36.06)
Yes 1604(63.75) 478(63.31) 1126(63.94)
Number of days of antibiotic use after first surgery, 0.053 0.689
days
0 912(36.25) 277(36.69) 635(36.06)
1-7 474(18.84) 146(19.34) 328(18.63)
8-14 411(16.34) 114(15.10) 297(16.87)
15-21 363(14.43) 117(15.50) 246(13.97)
22-28 219(8.70) 59(7.81) 160(9.09)
>28 137(5.45) 42(5.56) 95(5.39)
(Continued)
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Table | (Continued).

Variable Total Validation Set Training Set SMD | P-value
(n=2516) (n=755) (n=1761)
Combination of antibiotics 0.046 0.246
No 1192(47.38) 371(49.14) 821(46.62)
Yes 1324(52.62) 384(50.86) 940(53.38)
Mechanical ventilator time (days) 0.129 0.609
0 1603(63.71) 491(65.03) 1112(63.15)
1-7 634(25.20) 186(24.64) 448(25.44)
8-14 175(6.96) 54(7.15) 121(6.87)
15-21 54(2.15) 13(1.72) 41(2.33)
22-28 33(1.31) 6(0.79) 27(1.53)
>28 17(0.68) 5(0.66) 12(0.68)
Central venous catheter indwelling time, days 0.041 0.935
0 1221(48.53) 367(48.61) 854(48.50)
1-7 358(14.23) 114(15.10) 244(13.86)
8-14 375(14.90) 108(14.3) 267(15.16)
15-21 297(11.80) 91(12.05) 206(11.70)
22-28 167(6.64) 48(6.36) 119(6.76)
>28 98(3.90) 27(3.58) 71(4.03)
Urethral catheters indwelling time, days 0.054 0.549
0 202(8.03) 367(48.61) 854(48.50)
1-7 358(14.23) 1 14(15.10) 244(13.86)
8-14 375(14.90) 108(14.30) 267(15.16)
15-21 297(11.80) 91(12.05) 206(11.70)
22-28 167(6.64) 48(6.36) 119(6.76)
>28 98(3.90) 27(3.58) 71(4.03)
FBG, mmol/L 6.92(5.80,8.78) 7.09(5.90,8.91) 6.90(5.80,8.70) 0.047 0.309
ALB, g/L 35.90(31.87,40.10) 36.30(31.90,40.45) 35.70(31.90,40.00) 0.056 0.341
TBil, umol/L 14.05(10.30,19.10) 13.70(9.80,18.70) 14.20(10.50,19.40) 0.116 0.014
Cr, umol/L 57.00(46.00,73.00) 58.00(47.00,75.00) 57.00(45.00,72.00) 0.106 0.037
WBC,10°/L 9.20(7.00,12.21) 9.20(6.99,12.50) 9.20(7.02,12.10) 0.040 0.548
N% 79.60(72.60,85.40) 80.40(72.77,85.60) 79.40(72.50,85.30) 0.033 0.159
L% 12.57(8.50,19.00) 11.90(8.12,19.15) 12.90(8.50,19.00) 0.023 0.200

indwelling time, urethral catheter indwelling time, FBG, ALB, PLT, Cr, WBC, N%, and L% were significant influencing
factors for the occurrence of MDROs in the NICU (P < 0.05). Refer to Table 2 for detailed information.

Multivariate Analysis of the Risk of MDROs Infection in the Modeling Group

Based on the univariate analysis with a significance level of P < 0.1, we included the 15 variables (sex, hospitalization

time, febrile time, invasive operation, postoperative prophylactic use of antibiotics, number of days of antibiotic use after

the first surgery, combination of antibiotics, mechanical ventilator time, central venous catheter indwelling time, urethral
catheter indwelling time, ALB, TBil, PLT, WBC, and L%). The analysis results demonstrate that sex, hospitalization

time, febrile time, invasive operation, combination of antibiotics, mechanical ventilator time, central venous catheter

indwelling time, urethral catheter indwelling time, ALB, PLT, WBC, and L% are independent influencing factors for the

occurrence risk of MDROs in the NICU, as shown in Table 3.
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Table 2 Univariate Analysis of the Multidrug-Resistant Organisms Infection Group and Non-Multidrug-Resistant Organisms Infection
Group in the Training Set

Variable Total (n=1761) Multidrug-Resistant Non-multidrug- SMD P-value
Organisms Infection RESISTANT organisms
Group (n=1558) Infection Group (n=203)
Age 0.031 0.143
18-39 191(10.85) 169(88.48) 22(11.52)
40-59 647(36.74) 582(89.95) 65(10.05)
60-74 698(39.64) 603(86.39) 95(13.61)
275 225(12.78) 204(90.67) 21(9.33)
Sex 0.134 0.011*
Men 1188(67.46) 1035(87.12) 153(12.88)
Female 573(32.54) 523(91.27) 50(8.73)
Diagnosis 0.170 0.077
Stroke 772 (43.84) 695 (90.03) 77 (9.97)
Brain Trauma 721 (40.94) 626 (86.82) 95 (13.18)
Pituitary adenoma 2 (0.11) 2 (100.00) 0 (0.00)
Malignant brain tumors 57 (3.24) 55 (96.49) 2 (3.51)
Aneurysm 38 (2.16) 32 (84.21) 6 (15.79)
Epilepsy 9 (0.51) 7 (77.78) 2 (22.22)
Multiple trauma 129 (7.33) 110 (85.27) 19 (14.73)
Others 33 (1.87) 31 (93.94) 2 (6.06)
Hospitalization time, days 0.393 <0.00 |#¥*
1-7 975 (55.37) 926 (94.97) 49 (5.03)
814 405 (23.00) 341 (84.20) 64 (15.80)
15-21 241 (13.69) 192 (79.67) 49 (20.33)
22-28 88 (5.00) 67 (76.14) 21 (23.86)
>28 52 (2.95) 32 (61.54) 20 (38.46)
Febrile time, days 0.445 <0.00 |#¥*
0-3 826 (46.91) 784 (94.92) 42 (5.08)
4-7 431 (24.47) 386 (89.56) 45 (10.44)
8-14 376 (21.35) 302 (80.32) 74 (19.68)
15-21 81 (4.60) 57 (70.37) 24 (29.63)
22-28 28 (1.59) 17 (60.71) 11 (39.29)
>28 19 (1.08) 12 (63.16) 7 (36.84)
Invasive operation 0.139 0.004**
No 703 (39.92) 603 (85.78) 100 (14.22)
Yes 1058 (60.08) 955 (90.26) 103 (9.74)
Number of inpatient operations 1.00 (0.00, 1.00) 1.00 (0.00, 1.00) 1.00 (0.00, 1.00) 0.146 0.019*
Postoperative prophylactic use of 0.025 0.619
antibiotics
No 635 (36.06) 565 (88.98) 70 (11.02)
Yes 1126 (63.94) 993 (88.19) 133 (11.81)
Number of days of antibiotic use 0.308 <0.00 |#¥*
after first surgery, days
0 635 (36.06) 565 (88.98) 70 (11.02)
1-7 328 (18.63) 312 (95.12) 16 (4.88)
8-14 297 (16.87) 269 (90.57) 28 (9.43)
15-21 246 (13.97) 217 (88221) 29 (11.79)
22-28 160 (9.09) 131 (81.88) 29 (18.12)
>28 95 (5.39) 64 (67.37) 31 (32.63)
Combination of antibiotics (days) 0.567 <0.00 |#¥*
No 821 (46.62) 801 (97.56) 20 (2.44)
Yes 940 (53.38) 757 (80.53) 183 (19.47)
(Continued)
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Table 2 (Continued).
Variable Total (n=1761) Multidrug-Resistant Non-multidrug- SMD P-value
Organisms Infection RESISTANT organisms
Group (n=1558) Infection Group (n=203)

Mechanical ventilator time (days) 0.550 <0.00 |##*

0 1112 (63.15) 1034 (92.99) 78 (7.01)

1-7 448 (25.44) 382 (85.27) 66 (14.73)

8-14 121 (6.87) 98 (80.99) 23 (19.01)

15-21 41 (2.33) 25 (60.98) 16 (39.02)

22-28 27 (1.53) 12 (44.44) 15 (55.56)

>28 12 (0.68) 7 (58.33) 5 (41.67)
Central venous catheter indwelling 0.382 <0.00 | ##*
time, days

0 854 (48.50) 816 (95.55) 38 (4.45)

1-7 244 (13.86) 217 (88.93) 27 (11.07)

8-14 267 (15.16) 226 (84.64) 41 (15.36)

15-21 206 (11.70) 164 (79.61) 42 (20.39)

22-28 119 (6.76) 92 (77.31) 27 (22.69)

>28 71 (4.03) 43 (60.56) 28 (39.44)
Urethral catheters indwelling time, 0417 <0.00 |##*
days

0 134 (7.61) 132 (98.51) 2 (1.49)

1-7 424 (24.08) 412 (97.17) 12 (2.83)

8-14 389 (22.09) 358 (92.03) 31 (7.97)

15-21 402 (22.83) 340 (84.58) 62 (15.42)

22-28 237 (13.46) 196 (82.70) 41 (17.30)

>28 175 (9.94) 120 (68.57) 55 (31.43)
FBG, mmol/L 6.90 (5.80, 8.70) 6.90 (5.77, 8.66) 7.40 (6.28, 9.10) 0.124 0.004
ALB, g/L 35.70 (31.80, 40.00) 36.50 (32.80, 40.30) 29.80 (27.30, 33.60) 0917 <0.00 | ***
TBil, pmol/L 14.20 (10.50, 19.40) 14.30 (10.60, 19.30) 13.10 (9.90, 19.50) 0.122 0.343
PLT, 10%/L 190.00 (137.00, 253.00) 186.00 (137.00, 248.00) 218.00 (151.50, 335.50) 0.364 <0.00 |#¥*
Cr, umol/L 57.00 (45.00, 72.00) 57.00 (46.00, 72.00) 54.00 (41.00, 71.00) 0.007 0.010
WBC, 10°/L 9.20 (7.02, 12.10) 9.00 (6.91, 11.60) 11.60 (8.89, 15.85) 0.616 <0.00 |***
N% 79.40 (72.50, 85.30) 78.60 (71.95, 84.60) 84.30 (78.79, 88.27) 0.048 <0.00 | #**
L% 12.90 (8.50, 19.00) 13.40 (8.90, 19.70) 10.10 (6.45, 14.27) 0.487 <0.00 |***

Notes: *P<0.5, **P<0.1, ***P<0.001.

Predictive Model and Nomogram of the Risk of MDROs Infection in Neurosurgical

Intensive Care Units

A risk prediction model was developed using independent variables representing risk factors for MDROs infection.
A stepwise logistic regression equation based on AIC was constructed, and a visual nomogram was created (see
Figure 1). The nomogram includes sex, hospitalization time, febrile time, invasive operation, combination of antibiotics,
mechanical ventilator time, central venous catheter indwelling time, and urethral catheter indwelling time, as well as
ALB, PLT, WBC, and L%. Each risk factor is assigned a corresponding score, and the total score indicates the probability
of MDROs infection.

Evaluation and Validation of the Nomogram Prediction Model

The training set of this model showed an area under the ROC curve of 0.880, with a sensitivity of 8§9.2% and a specificity
of 73.4%. The validation set demonstrated an area under the ROC curve of 0.831, with a sensitivity of 74.7% and
a specificity of 73.2% (see Figures 2—4).
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Table 3 Logistic Regression Analysis Results of Multidrug-Resistant Organisms Infection in a Neurosurgical Intensive

Care Unit

Variable Estimate S.E. z Wald OR (95%C.l.) P-value
Sex

Men Ref

Female 0.544 0.163 3.334 113 | 1.722(1.251,2.371) 0.00**
Hospitalization time, days

1-7 Ref

8-14 0.241 0.204 1.185 1.404 1.273(0.854,1.898) 0.236

15-21 0.614 0.242 2.539 6.445 1.848(1.150,2.970) 0.01I*

22-28 0.197 0.352 0.559 0.312 1.218(0.611,2.428) 0.576

>28 1.175 0.384 3.06 9.364 3.239(1.526,6.875) 0.002**
Febrile time, days

0-3 Ref

4-7 —0.132 0.205 —0.643 0413 0.876(0.586,1.310) 0.52

8-14 0.489 0.208 2.351 5.525 1.631(1.085,2.452) 0.019%*

15-21 0.988 0.375 2.638 6.957 2.686(1.289,5.597) 0.008**

22-28 1.772 0.488 3.628 13.163 | 5.880(2.258,15.313) | <0.00[***

>28 0.446 0.637 0.7 0.49 1.562(0.448,5.442) 0.484
Invasive operation

No Ref

Yes —0.629 0.157 —4.004 16.03 0.533(0.392,0.725) | <0.00|***
Postoperative prophylactic use of antibiotics

No Ref

Yes 0.446 0.176 2.531 6.404 1.562(1.106,2.205) 0.0l I*
Mechanical ventilator time (days)

0 Ref

1-7 0.326 0.175 1.86 3.459 1.385(0.983,1.953) 0.063

8-14 0.211 0.291 0.726 0.528 1.235(0.698,2.186) 0.468

15-21 2.224 0.536 4.149 17.218 | 9.245(3.233,26.432) | <0.00[***

22-28 0.895 0.496 1.804 3.253 2.447(0.925,6.470) 0.071

>28 0.824 0.801 1.028 1.056 | 2.279(0.474,10.957) 0.304
Central venous catheter indwelling time, days

0 Ref

1-7 0.942 2.262 3.596 12.929 | 2.565(1.535,4.285) | <0.001***

8-14 1.099 0.221 4.967 24.668 | 3.002(1.945,4.633) | <0.00***

15-21 0.667 0.251 2.656 7.055 1.949(1.191,3.189) 0.008**

22-28 0.72 0.311 2.313 5.35 2.055(1.116,3.783) 0.021*

>28 1.062 0.348 3.047 9.284 2.892(1.461,5.725) 0.002%*
Urethral catheters indwelling time, days

0 Ref

1-7 —0.146 0.478 —0.305 0.093 0.864(0.339,2.205) 0.761

8-14 0.426 0.459 0.928 0.861 1.532(0.622,3.768) 0.353

15-21 0.773 0.455 1.699 2.888 2.166(0.888,5.280) 0.089

22-28 0.65 0.481 1.352 1.828 1.916(0.747,4.915) 0.176

>28 1.241 0.493 2518 6.339 3.461(1.317,9.096) 0.012%*
ALB, g/L —0.144 0.014 -10.25 105.07 | 0.866(0.842,0.890) | <0.00[***
PLT, <100%10°/L 0.003 0.001 4.257 18.123 | 1.003(1.002,1.005) | <0.00[***
WBC,10°/L 0.157 0.02 7.673 58.879 | 1.170(1.124,1.217) | <0.00|***
L% —0.031 0.011 -2.74 7.507 | 0.969(0.948,0.991) 0.006%*

Notes: *P<0.5, ¥P<0.1, **P<0.001.
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Figure 2 Receiver operating characteristic curves for the nomogram model.

Discussion

The results of this study revealed that out of 2516 NICU inpatients, 290 cases had MDROs infection, resulting in an
incidence rate of 11.5%. This rate is comparable to studies conducted in Australia'® and Ukraine,'” and slightly lower
than the domestic data in China®® (20.6%). Possible reasons for this difference could be attributed to the healthcare
technology in southeast China and the increasing attention given by hospital staff to the prevention of MDROs infection.
It has been demonstrated that MDROs infection significantly impacts the treatment outcomes of NICU patients, prolongs
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Figure 4 Calibration curves for the nomogram model in the validation set.

hospital stays,” and increases the case fatality rate.”'** Therefore, it is of great clinical significance to identify the risk

factors for MDROs infection in NICU wards and utilize quantitative indicators for personalized prediction of NICU

inpatients.
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This study utilized easily obtainable indicators including sex, hospitalization time, febrile time, invasive operation,
combination of antibiotics, mechanical ventilator time, central venous catheter indwelling time, urethral catheter
indwelling time, ALB, PLT, WBC, and L% to establish the nomogram for MDROs infection in the NICU ward. This
visual presentation of the prediction model enables medical staff to calculate the risk of MDROs infection for individual
patients based on their respective risk factors. The area under the ROC curve for the model was 0.880, and for the
validation set it was 0.831, indicating a high ability of the model to identify the occurrence of MDROs infection in NICU
patients. The calibration curve demonstrated that the model accurately predicted the probability of MDROs infection in
NICU inpatients.

Interestingly, this study identified female gender as an independent risk factor for MDROs infection in NICU inpatients,
which is consistent with the findings of Alnajjar MS® et al and Gong L** et al. However, studies by Li Wang® et al and
Carvalho-Brugger® et al reported male sex as an independent risk factor for MDROs infection. This discrepancy may be
attributed to differences in race and the range of diseases included in the studies, and it should be further investigated
through prospective studies with larger sample sizes. In a descriptive observational study, Memon H?® et al found
a significant association between the duration of fever and extensively drug-resistant infections in hospitalized children.
Similarly, this study found that longer durations of fever in NICU patients were associated with a higher risk of MDROs
infection. However, evidence regarding the association between fever duration and MDROs infection in adults is currently
limited. The results of this study also demonstrated that longer hospital stays, combined antibiotic use, longer mechanical
ventilator use, longer central venous catheterization, longer urinary catheterization, and lower ALB were associated with an
increased risk of MDROs infection, which is consistent with numerous previous studies.”’ >' Medical staff should pay close
attention to patients with longer hospital stays, more invasive operations, and poor nutritional status in their clinical practice.
Surprisingly, this study found that not undergoing surgery was a risk factor for MDROs infection in hospitalized NICU
patients, which contradicts previous studies. This finding may be explained by the fact that unoperated patients in the NICU
are often critically ill patients without surgical indications, such as those with brain hernia, who may be more susceptible to
MDROs infection. Additionally, this study discovered for the first time that higher PLT, higher WBC, and lower L% may
have some predictive value for MDROs infection, although these associations have been rarely reported thus far. We expect
more research to focus on these points in the future.

Limitation of the Study
There are certain limitations to this study. The study subjects were recruited from a single center, and the nomogram

prediction model was not validated in an external validation cohort.

Conclusion

This study identified female gender, longer hospitalization, longer fever, invasive operation, postoperative prophylactic
use of antibiotics, longer mechanical ventilator use, longer central venous catheterization, longer catheter indwelling
time, lower ALB, higher PLT, higher WBC, and lower L% as factors increasing the risk of MDROs infection in the
NICU. The risk nomogram prediction model developed in this study aids clinical medical staff in efficiently identifying
high-risk patients, providing personalized preventive measures, and demonstrating good differentiation and calibration. It

holds promise for clinical application and implementation.
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