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a b s t r a c t 

Background: The escalating threat of multidrug-resistant organisms (MDROs) in intensive care unit (ICU) 

demands innovative management strategies to curb the rising infection rates and associated clinical chal- 

lenges. 

Objective: To assess the effectiveness of integrating the multidisciplinary team (MDT) approach with 

the SHEL (Software, Hardware, Environment, Liveware) model in reducing MDRO infections within ICU 

settings. 

Methods: From January 2021 to April 2024, a prospective, randomized controlled study was conducted in 

the ICU of Nantong Fourth People’s Hospital, enrolling 411 patients with MDRO infections. These patients 

were randomly assigned into 3 groups: the MDT group, the SHEL model group, and a combined group. 

The intervention lasted for 4 weeks, during which the effects on the MDRO detection rate, infection rate, 

health care staff’s infection control execution scores, and the rationality of antibiotic use were assessed, 

aiming to determine the efficacy of each approach in managing MDROs in the ICU setting. 

Results: The overall infection rate of MDROs in the ICU of our hospital from 2021 to 2024 was 60.18%, 

with sputum infection sources accounting for 68.37% of the total sources, making it the primary source 

of infection. The detection rate of MDROs in the combined group was significantly higher than that in 

the MDT and the SHEL groups, with the SHEL group having a higher detection rate than the MDT group 

( P < 0.05). The infection rate of MDROs in the combined group was significantly lower than that in both 

the MDT and the SHEL groups, with the SHEL group having a lower detection rate than the MDT group 

( P < 0.05). The implementation scores of the combination group in standard prevention, hand hygiene, 

antibiotic management, and isolation measures were significantly higher than those of the MDT and SHEL 

groups, with the SHEL group scoring higher than the MDT group ( P < 0.05). The rational use of antibiotics 

in the combined group was also higher than in both the MDT and the SHEL groups, with the SHEL group 

having a higher level than the MDT group ( P < 0.05). 

Conclusions: The integrated MDT and SHEL model significantly reduced MDRO infections in ICU, im- 

proved health care workers’ infection prevention and nursing quality, and promoted the appropriate use 

of antibiotics, advocating for its clinical application. 

© 2024 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Multidrug-resistant organisms (MDROs) are bacteria that ex- 

ibit resistance to 3 or more classes of antimicrobial agents and 

re considered one of the main sources of hospital-acquired infec- 

ions. 1 The alarming rise of MDROs in clinical settings, particularly 

ithin intensive care units (ICUs), has outpaced the development 
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f new antimicrobial agents, presenting a formidable challenge to 

lobal public health. 2 , 3 Patients in the ICU have complex medical 

onditions and are often exposed to a multitude of antimicrobial 

gents, which significantly increases the risk of acquiring infections 

rom MDROs. This situation leads to prolonged treatment times, 

ncreased treatment costs, and a higher mortality rate for individ- 

al patients. Moreover, it also poses a heightened risk of bacterial 

nfections for the hospital as a whole. 4 MDROs in ICU include 

arbapenem-resistant enterobacteriaceae, vancomycin-resistant 

nterococcus (VRE), and methicillin-resistant Staphylococcus aureus 

MRSA). These drug-resistant bacteria are not only resistant to a 

ariety of antibiotics but also exhibit an increasing trend in resis- 

ance rates. 5 Therefore, the adoption of innovative and effective 

anagement strategies by hospitals is particularly important for 

he prevention and control of MDRO infections in the ICU. 

Despite the recognition of MDROs as a significant threat, ICU 

anagement strategies have been found wanting in their abil- 

ty to monitor and control the spread of these pathogens. 6 Con- 

act transmission is the primary mode of spread for MDRO infec- 

ions in the ICU. Traditional control models for multidrug-resistant 

acteria involve health care workers implementing contact isola- 

ion based on the results of microbiological tests targeting carriers 

f MDROs. 7 However, these models may be insufficient to effec- 

ively prevent the spread, infection, and colonization of pathogenic 

icroorganisms due to several issues, including the low level of 

nowledge, attitudes, and practices regarding MDRO infection con- 

rol among health care workers, incomplete microbiological testing 

eading to missed detections, and the gap in contact isolation dur- 

ng the waiting period for microbiological results, which can lead 

o the continuous emergence of new sources of infection. 8–10 Hand 

ygiene is considered the most important measure for preventing 

ealth care–associated infections. It can be implemented by health 

are personnel to limit the cross-transmission of antimicrobial- 

esistant diseases by performing hand hygiene before and after 

atient contact, before aseptic procedures, after contact with pa- 

ient body fluids, after patient contact, and after contact with the 

atient’s surrounding environment. 11 Reports indicated that mul- 

imodal intervention measures could slightly reduce colonization 

nd infection rates, with hand hygiene being an integral compo- 

ent. 12 However, studies have indicated that although hand hy- 

iene has a certain effect on controlling and reducing the infection 

f MDROs, there are also issues with the infrastructure and pro- 

esses in the ICU, such as the difference between single and multi- 

atient rooms. After changing from multi-patient to single rooms, 

he infection rates of VRE and MRSA have significantly decreased. 

he distance between patients and patient movement are also im- 

ortant factors that affect the infection rate of MDROs. 13 Further- 

ore, active surveillance and preventive measures are also applied 

n the defense against MDRO infections in the ICU, and although 

ertain effects have been achieved, the complexity and variability 

f ICU epidemiology, such as invasive surgeries, improper use of 

road-spectrum antibiotics, and immunosuppressants, pose chal- 

enges. Therefore, there is still a lack of more comprehensive and 

ffective management and control measures currently. 4 , 6 

The multidisciplinary team (MDT) approach, which involves col- 

aboration among various specialists, can be effective in enhanc- 

ng infection control. 14 Collaboration between epidemiologists and 

icrobiologists has been shown to facilitate the identification of 

ransmission routes and mechanisms for MDRO infections. This 

ollaboration is crucial for the development of effective, tar geted 

revention and control strategies. 15 Collaboration between clinical 

ractitioners and pharmacologic experts can optimize the diagno- 

is and treatment of MDROs infections, ensuring that patients re- 

eive timely and effective care. Cooperation between health man- 

gement experts and policymakers facilitates the development and 

mplementation of hospital infection control policies, thereby en- 
2

ancing the management of MDRO infections in health care facili- 

ies. 16 However, the integration of this approach with a systematic 

isk management framework has been limited, leaving a significant 

ap in our understanding of how to optimally manage MDRO infec- 

ions in ICUs. The SHEL (Software, Hardware, Environment, Live- 

are) model, an Integrated Infection Control framework, offers a 

omprehensive human factors analysis by incorporating 4 essen- 

ial components: software, hardware, environment, and liveware. 

his approach aims to facilitate the understanding and assessment 

f human factors issues providing recommendations for improve- 

ent. 17 It offers a comprehensive and accurate risk management 

ramework that supports health care facilities in more effectively 

anaging the risk of MDRO infections. Reports indicated that em- 

loying fishbone analysis alongside the SHEL model can pinpoint 

eaknesses in hospital infection control, leading to a significant 

eduction in the rate of MDRO infections and an enhancement in 

edical quality. 18 

This study integrated the MDT model with the SHEL model in 

CU management, with the primary objective of assessing the ef- 

ectiveness of this approach in reducing the incidence and severity 

f MDRO infections. Integration of the MDT with the SHEL model 

nables the development of more comprehensive, accurate, and ef- 

ective risk management strategies. This integration assists health 

are facilities in better managing and mitigating the risk of MDRO 

nfections in the ICU. The ultimate goal is to contribute to the im- 

rovement of the health care environment and the enhancement 

f patient safety through collaborative infection control and treat- 

ent management. 

aterials and Methods 

tudy design 

This study employed a prospective randomized controlled de- 

ign, aiming to evaluate the efficacy of the combination of the 

DT model and the SHEL model in managing MDRO infections 

n the ICU of our hospital. This study included 411 ICU patients 

iagnosed with MDRO infections, who were evenly allocated to 3 

roups using the random number table method, with 137 patients 

n each group. To ensure the environmental hygiene of the ICU and 

o reduce the risk of transmission of MDROs, our hospital has im- 

lemented uniform cleaning and disinfection protocols for all ICU 

ooms and conducts regular microbiological monitoring. For nurses 

equired to manage patients in different modalities, we have pro- 

ided specialized training and used visual aids such as color cod- 

ng to enhance accuracy. Additionally, this study has established a 

igorous supervision and quality control system to ensure that all 

anagement measures are properly implemented and to enable a 

wift response to any issues that arise during the implementation 

rocess. This study has been approved by the hospital Ethics Com- 

ittee (2021-K039). Experimental studies were carried out in ac- 

ordance with the Declaration of Helsinki. 

articipants 

The study population consisted of 411 patients admitted to the 

CU of Nantong Fourth People’s Hospital from January 2021 to April 

024. A total of 411 ICU MDRO-infected patients were randomly 

ivided into the MDT group (n = 137), the SHEL group (n = 137), 

nd the combined group (n = 137). Eligible participants were iden- 

ified based on specific criteria: Inclusion criteria were successful 

ollection of sputum, urine, and other secretions before and af- 

er treatment, followed by bacterial culture and identification; the 

linical data were complete; length of stay in the ICU > 5 days; 

here were no malignant tumors or significant organic lesions in 
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Figure. The recruitment diagram of the subjects. MDT = multidisciplinary team; SHEL = Software, Hardware, Environment, Liveware. 
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ital organs. All participants provided informed consent and par- 

icipated in the study. Exclusion criteria were antibiotic treatment 

as administered within 30 days before the patient’s admission, 

ncomplete data, infections not originating within the hospital, and 

he presence of neurologic disorders, or communication barriers 

hat could impede informed consent or data collection. Hospital- 

cquired infections refer to infections acquired by patients while 

n the hospital, including those that occur during hospitalization 

nd those that manifest after discharge but were acquired in the 

ospital. This definition does not include infections that were al- 

eady incubating or in progress at the time of admission. The re- 

ruitment diagram of the subjects was depicted according to the 

onsolidated Standards of Reporting Trials (CONSORT) statement, 

s shown in the Figure . 

DT combined with SHEL management strategy 

Hospitals have introduced an advanced Infection Control Real- 

ime Monitoring System (ICRS), in conjunction with an MDT of 

xperts, to implement comprehensive surveillance and MDRO 

nfections in the ICU. This process involves several key steps: 

1) Formation of a MDT comprising a laboratory director, 6 ICU 

urses, 2 principal representatives from the pharmacy department, 

nd representatives from the medical department. The laboratory 

irector was responsible for convening meetings to analyze exist- 

ng management issues, providing feedback, offering suggestions 

or improvement, and collaboratively establishing a detailed man- 

gement plan. Establishment of an MDRO Infection Expert Panel: 

ssembling professionals from intensive care, pharmacology, nurs- 

ng, and infection control to provide expert consultation for clinical 

DRO infections, including treatment plans, isolation measures, 

onitoring methods, and disinfection and cleaning protocols. (2) 

roactive prevention: The ICRS system actively monitored patients’ 

icrobiological test results, and on detection of signs or history 

f MDRO infection, it triggered an early warning. These patients 

ere immediately incorporated into the infection control program, 
3

ith the implementation of standard precautions and contact 

solation measures. Once the MDRO infection was confirmed, pa- 

ients would be rapidly isolated to contain the spread. For patients 

ithout MDRO infection, isolation measures were lifted. The MDT 

onducted regular joint rounds to address clinical issues in real 

ime. Additionally, every quarter, the laboratory and infection 

ontrol department released reports on strain distribution and 

ntibiotic resistance, assisting health care provided in promptly 

nderstanding infection dynamics and ensuring the timeliness and 

pecificity of control measures. (3) Early intervention: Following an 

lert trigger in the hospital information system (HIS), the labora- 

ory promptly notified the head of the MDT. The MDT then swiftly 

mplemented infection control measures in response to the infec- 

ion situation, effectively interrupting the transmission pathways 

f MDROs. (4) MDRO information: The HIS prominently displayed 

DRO infection notifications to ensure that the receiving depart- 

ents were alerted. This aided in the allocation of appropriate 

eds, scheduling of medical and technical services, and implemen- 

ation of preventive measures. (5) Hardware configuration: The ICU 

ntelligently assigned beds through the electronic medical record 

EMR) system, ensuring the rational use of resources. Clinical envi- 

onmental maintenance was achieved by cleaning and disinfecting 

igh-touch surfaces such as bedrails, bedside tables, chairs, and 

edical equipment like monitors, ventilators, and stethoscopes 3 

imes daily. All cleaning activities were conducted using dedicated 

aterials and are meticulously documented to ensure the quality 

nd traceability of the disinfection process. Measurements of fluo- 

escent material on surfaces were taken before and after cleaning, 

nd the removal rate was calculated as (number of removed 

arks/number of marked points) × 100% = removal rate percent- 

ge. By comparing the removal rate of fluorescent marks before 

nd after cleaning, we can assess the effectiveness of the cleaning 

nd disinfection process. (6) MDRO management assessment: 

he hospital focused on the correct use of personal protective 

quipment, the standardized implementation of hand hygiene, and 

he compliance of disinfection and waste management practices. 
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uring the interdisciplinary team’s joint ward rounds, experts 

onducted a detailed assessment of these standards and promptly 

ommunicate the results to all hospital staff. The hospital also 

nhanced the understanding and awareness of MDRO infections 

mong health care workers by organizing monthly training courses 

n MDRO control and prevention, as well as lectures on standard 

perating procedures, led by the infection control department. 

fter the training session, a rigorous assessment was conducted to 

nsure that all participants have acquired the relevant knowledge. 

urthermore, the hospital actively enhanced the overall awareness 

f infection prevention and control by organizing academic events, 

ectures, and distributing educational brochures. The regular Hand 

ygiene Awareness Week encouraged the participation of patients 

nd their families, highlighting the central role of hand hygiene in 

reventing hospital-acquired infections. 

rocedures 

The MDT group (n = 137) implemented standard in-hospital in- 

ection management. The management team adopted an MDT ap- 

roach for managing MDROs. The MDT committee was composed 

f representatives from the laboratory, nursing, pharmacy, and 

edical affairs, and includes a vice-senior director as well as key 

epartment heads. The committee was tasked with creating a com- 

rehensive, multidepartmental management plan for MDROs as 

ell as establishing a regular meeting system to review and update 

he plan. The vice-senior director convened these meetings to an- 

lyze current issues, provide feedback, and propose improvements. 

hey also conducted joint rounds in departments with high MDROs 

etection rates, addressing issues on-site. Quarterly, the laboratory 

nd infection control department released clinical data on common 

trains and antibiotic resistance trends, including those of MDROs. 

hey also assembled an expert team for the diagnosis and treat- 

ent of MDRO infections, which consists of core professionals and 

pecialists from disciplines such as intensive care, clinical pharma- 

ology, nursing, infection control, and microbiology. The team pro- 

ided consultations on cases of MDROs infections, offering guid- 

nce on treatment, isolation protocols, monitoring practices, and 

rocedures for disinfection and cleaning. The management team 

stablished evaluation standards and control strategies that incor- 

orate a range of measures, including limiting equipment sharing, 

nhanced environmental cleaning, judicious antibiotic use, contact 

solation, and an emphasis on hand hygiene. The hospital infec- 

ion control department formulated MDRO management evalua- 

ion criteria, including personal protective equipment use, hand 

ygiene compliance, disinfection, and waste management. During 

oint rounds, subject matter experts assessed these criteria and 

ommunicate the findings to the entire hospital staff. The infec- 

ion control department strengthened MDRO infection education 

nd awareness by organizing training programs on topics such as 

DRO control and prevention, as well as standard operating pro- 

edures. Department managers provide in-house training on MDRO 

nfection knowledge, including training for facility managers and 

leaners on disinfection and cleaning techniques. Post-training as- 

essments ensured a 100% pass rate. The hospital actively pro- 

oted infection awareness through academic events, lectures, and 

he distribution of informational brochures. 

The SHEL group (n = 137) employed the ICRS to closely mon- 

tor, analyze, and enhance clinical departments’ infection control 

trategies concerning MDROs. These effort s were guided by the 

 fundamental elements of the SHEL model. (1) Proactive pre- 

ention: The ICRS tracked alerts on the patients’ past microbi- 

logical test results. On diagnosis of a MDRO infection, patients 

ere promptly separated to prevent the spread of infection. In 

ontrast, a confirmed non-MDRO infection leads to the termina- 

ion of isolation measures. This helped prevent MDRO transmission 
4

ithin the hospital. (2) Early intervention: MDRO detection was 

ntegrated into critical value management. On confirmation, HIS 

ashed alerts and marked the results, with the laboratory promptly 

otifying the clinical team. The doctor then issued isolation orders 

nd records, promptly implementing infection control measures in 

aily practice. This helps to interrupt the MDRO transmission path- 

ay. (3) MDRO information: HIS prominently displayed notifica- 

ions for MDRO infection to ensure that receiving departments are 

lerted. This facilitated appropriate bed allocation, scheduling for 

edical and technical services, implementation of preventive mea- 

ures, and thorough cleaning and disinfection processes. (4) Hard- 

are components. (a) Bed allocation: The EMR displayed a real- 

ime, card-based overview of bed arrangements in each ward, aid- 

ng managers in understanding single or bedside isolation and pro- 

oting rational bed allocation. (b) Clinical environment: Regular 

leaning and disinfection, following guidelines like the Infection 

ontrol and Sterilization Technology Standard for Medical Institu- 

ions, were crucial. Surfaces like bedrails, nightstands, and chairs 

re wiped and disinfected 3 times daily, and medical equipment 

ike monitors, ventilators, and stethoscopes was cleaned and dis- 

nfected 3 times daily. Dedicated cleaning materials were used, 

nd each cleaning event is recorded. (c) Hand hygiene: Improv- 

ng hand hygiene compliance was the most cost-effective and con- 

enient strategy to prevent hospital-acquired infections and infec- 

ions from MDROs. Various hand hygiene education activities were 

rganized to reinforce hygiene awareness and adherence. The ICRS 

ollects data on hand hygiene product usage across departments, 

nd infection control specialists conduct monthly unannounced 

urveys on compliance, incorporating the results into monthly in- 

ection control evaluations. (d) Bedside equipment: Common med- 

cal items like thermometers, blood pressure monitors, and stetho- 

copes were provided at the patient’s bedside. (e) Appropriate pro- 

ective equipment, such as isolation gowns and face masks, was 

rovided as needed. 

The combined group (n = 137) involved dual MDT and SHEL 

anagement of ICU MDROs, with methods as described above. 

dentification and testing of MDROs 

The VITEK-2 compact microbiology analyzer was used for strain 

dentification, and antimicrobial susceptibility testing was per- 

ormed using ASTGN16 cards. 19 The results were interpreted ac- 

ording to the 2020 M100 guidelines from the Clinical and Labora- 

ory Standards Institute, ensuring standardized and reliable detec- 

ion of MDROs. 20 

ata collection 

We recorded and analyzed the MDRO infection and distribution 

f MDRO strains in patients hospitalized in the ICU. After the in- 

ervention for 4 weeks, we recorded the detection rates of MDROs 

nd hospital infection rates in each group, using the diagnostic cri- 

eria outlined in the Hospital Infection Diagnosis Standards. 21 De- 

ection rate of MDROs:The detection rate of MDROs = (Number of 

DROs positive samples/Total number of samples tested during 

he same period) × 100%. The infection rate of MDROs = (Number 

f new MDROs infection cases/Total population of the specific 

roup during the same period) × 100%. A scoring scale for infec- 

ion control execution scores for medical staff, which evaluated ad- 

erence to standard precautions, hand hygiene, antibiotic manage- 

ent, and isolation measures, has a total score of 100; a higher 

core indicates stronger implementation. 22 We compared the ap- 

ropriateness of antibiotic usage using the Antibiotic Usage Rea- 

onableness Rating Scale among 3 groups of antibiotic usage rea- 

onableness. 23 Scoring ranges from 2 to 0, with 2 indicating com- 

lete compliance, 1 indicating partial compliance, and 0 indicating 
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Table 1 

General information of patients in intensive care unit. 

Category Gender 

(male/female) 

Age (y), mean (SD) Length of ICU stay 

(d), mean (SD) 

MDT group (n = 137) 116/21 83.64 (9.36) 28.10 (5.12) 

SHEL group (n = 137) 108/29 81.71 (11.20) 27.50 (4.17) 

Combined group (n = 137) 111/26 84.05 (8.32) 27.95 (9.36) 

F/ χ ² 1.582 2.274 0.305 

P 0.453 0.104 0.737 

ICU = intensive care unit; MDT = multidisciplinary team; SHEL = Software, Hardware, Environment, 

Liveware. 

Table 2 

Incidence of multidrug-resistant organism infections in intensive care unit patients. 

Year Number of ICU 

hospitalized 

cases 

Number of 

infection cases 

Rate of 

infection (%) 

Number of 

infection 

episodes 

Rate of 

infection 

episodes (%) 

2021 133 83 62.41 128 25.60 

2022 194 114 58.76 123 24.60 

2023 257 159 61.87 126 25.20 

2024 99 55 55.56 123 24.60 

Total 683 411 60.18 500 100 

χ ² 1.626 0.192 

P 0.654 0.979 

ICU = intensive care unit. 
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oncompliance. The higher the score, the more reasonable the an- 

ibiotic usage. Rationality rate = number of persons fully compliant/ 

otal number of people. 

tatistical analysis 

Data analysis was performed using SPSS 27.0 software (IBM 

PSS, Chicago, IL, USA). All data were subjected to normality test- 

ng using the Shapiro-Wilk method, and all data followed a normal 

istribution. Count data is expressed in n (%), and comparison be- 

ween groups is performed using χ ² test. An independent sample 

-test was used to analyze intergroup differences in quantitative 

ata, and express them as mean ± SD. The significance level was 

redetermined at P < 0.05 to determine statistical significance. 

esults 

articipant demographics and equivalence among groups 

The study included 411 ICU patients, with 137 patients in each 

f the MDT, SHEL, and combined groups. Table 1 summarizes the 

istribution of gender, age, and ICU stay, with no statistically sig- 

ificant differences shown in these characteristics across groups 

gender: F = 1.582, P = 0.453; age: F = 2.274, P = 0.104; ICU stay:

 = 0.305, P = 0.737), ensuring the comparability of the groups for 

he study’s analysis. 

tability of MDRO infection rates in ICU patients over time 

Given the significant impact of MDRO infections in the ICU set- 

ing on patient health and health care resources, timely under- 

tanding and assessing the time trends in these infection rates 

s critical to developing effective infection control strategies. We 

herefore analyzed the annual change in the rate of MDRO infec- 

ion in ICU patients between January 2021 and April 2024 and 

ssessed its stability over time. The results showed that a total 

f 683 patients were admitted to the general ICU, of which 411 

atients were diagnosed with MDROs. The annual infection rates 

ere 62.41% in 2021, 58.76% in 2022, 61.87% in 2023, and 55.56% in 

024, with a χ2 test indicating no significant difference across the 

ears ( χ ²= 1.626, P = 0.654). Similarly, the infection episode rates 
5

ere 25.60% in 2021, 24.60% in 2022, 25.20% in 2023, and 24.60% 

n 2024, with no significant variation noted ( χ ²= 0.192, P = 0.979) 

 Table 2 ). 

istribution of MDRO strains 

Subsequently, we evaluated the distribution and prevalence 

rend of MDRO strains among ICU inpatients from 2021 to 2024. 

s shown in Table 3 , from January 2021 to April 2024, 500 MDRO- 

ositive samples were collected from the general ICU, with 411 

nique samples identified after eliminating duplicates. The dis- 

ribution of these strains is as follows: MRSA with 15 strains 

3.64%), carbapenem-resistant Pseudomonas aeruginosa (CRPA) with 

13 strains (34.32%), carbapenem-resistant Acinetobacter bauman- 

ii (CRAB) with 30 strains (7.28%), carbapenem-resistant Klebsiella 

neumonia (CRKP) with 88 strains (21.73%), and other MDROs 

ith 224 strains (54.37%). The χ2 test was applied to assess 

he statistical significance of the distribution changes over the 

ears, with the results indicating no significant variation for 

RSA ( χ ²= 1.023, P = 0.721), CRPA ( χ ²= 1.231, P = 0.434), CRAB 

 χ ²= 2.254, P = 0.314), CRKP ( χ ²= 0.965, P = 0.932), and other 

DROs ( χ ²= 1.302, P = 0.426). 

omprehensive analysis of MDRO infection sources in ICU patients 

The accurate identification of the source of MDRO infection in 

CU patients is of great significance for the effective prevention and 

anagement of nosocomial infection and the formulation of tar- 

eted infection control strategies. This study further analyzed the 

istribution of specimen sources of MDRO infection in ICU patients, 

nd evaluated the potential impact of different specimen sources 

n the infection rate to provide more accurate prevention guidance 

or clinical practice. As shown in Table 4 , among 411 ICU patients, 

he sample sources of MDRO infection were as follows: urine sam- 

les accounted for 20.44%, sputum samples accounted for 68.37%, 

ollowed by blood samples accounted for 7.30%, and other sources 

f infection such as secretions, pus moss, and catheterized blood 

ere relatively low. χ ² test was used to evaluate the differences 

mong different sources of infection, and the results showed that 

he χ ² value was 1.302 and the P value was 0.426, indicating that 

here was no statistically significant difference. 
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Table 3 

Distribution of multidrug-resistant organism strains in hospitalized patients in the general intensive care unit. 

Strains 2021 2022 2023 2024 χ ² P 

Number Ratio (%) Number Ratio (%) Number Ratio (%) Number Ratio (%) Overall ratio (%) 

MRSA 5 6.02 1 0.88 5 3.13 4 7.28 3.65 1.023 0.721 

CRPA 24 28.92 20 17.54 51 31.88 18 32.73 27.49 1.231 0.434 

CRAB 3 3.61 4 3.51 10 6.25 13 23.64 7.30 2.254 0.314 

CRKP 10 12.05 12 10.53 6 3.75 2 3.64 7.30 0.965 0.932 

Other 41 49.40 77 67.54 88 55.00 18 32.73 54.50 1.302 0.426 

Total 83 100 114 100 159 100 55 100 

CRAB = carbapenem-resistant Acinetobacter baumannii ; CRKP = carbapenem-resistant Klebsiella pneumoniae; CRPA = carbapenem-resistant Pseu- 

domonas aeruginosa ; MRSA = methicillin-resistant Staphylococcus aureus . 

Table 4 

Distribution of multidrug-resistant organism samples (number of strains) in hospitalized patients in 

the intensive care unit. 

Specimen source MRSA CRPA CRAB CRKP Other Total Component ratio (%) 

Catheter 0 0 0 0 1 1 0.24 

Catheter blood 0 0 0 0 2 2 0.49 

Secretion 0 3 4 0 4 11 2.68 

Urine 1 0 2 14 67 84 20.44 

Pus moss 0 1 0 0 1 2 0.49 

Sputum 13 105 24 14 125 281 68.37 

Blood 1 4 0 1 24 30 7.30 

Total 15 113 30 29 224 411 100 

CRAB = carbapenem-resistant Acinetobacter baumannii ; CRKP = carbapenem-resistant Klebsiella pneu- 

moniae ; CRPA = carbapenem-resistant Pseudomonas aeruginosa ; MRSA = methicillin-resistant Staphy- 

lococcus aureus . 

Table 5 

Comparison of multidrug-resistant organism detection rates and infection rates 

among the 3 groups. 

Category Rate of MDRO detection (%) Infection rate (%) 

MDT group (n = 137) 6 (4.38) 21 (15.33) 

SHEL group (n = 137) 13 (9.49) ∗ 11 (8.03) ∗

Combined group (n = 137) 19 (13.87) ∗# 5 (3.65) ∗# 

χ ² 7.365 11.643 

P 0.025 0.003 

MDRO = multidrug-resistant organism; MDT = multidisciplinary team; 

SHEL = Software, Hardware, Environment, Liveware. 

Note: Compared with the MDT group 
∗ P < 0.05; compared with the SHEL group 
# P < 0.05. 
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ntegrated management improved the detection rate of MDROs in ICU 

atients and decreased the infection rate 

Detection and infection rates of MDROs in the ICU environment 

re key indicators for assessing patient tolerability and quality of 

are, and are essential for developing effective infection control 

trategies and optimizing treatment. Here, we further evaluated 

he impact of 3 different management strategies on the detection 

nd infection rates of MDROs in ICU patients. According to the data 

n Table 5 , the detection rate of MDROs in the combined group 

as significantly higher than that in the MDT and the SHEL groups, 

ith the SHEL group having a higher detection rate than the MDT 

roup ( P < 0.05). The infection rate of MDROs in the combined 

roup was significantly lower than that in both the MDT and the 

HEL groups, with the SHEL group having a lower detection rate 

han the MDT group ( P < 0.05). 

ombined management strategy yields higher infection control 

ompliance in ICU staff

In ICU, the infection control execution score of medical person- 

el is a key indicator to measure the quality of hospital infection 

anagement, which is crucial for reducing hospital infection rates 
6

nd improving patient tolerability. Therefore, we evaluated the im- 

act of 3 different management strategies, MDT, SHEL, and joint 

roup, on the infection control execution scores of medical person- 

el ( Table 6 ). The results showed that the implementation scores 

f the combination group in standard prevention, hand hygiene, 

ntibiotic management, and isolation measures were significantly 

igher than those of the MDT and SHEL groups, with the SHEL 

roup scoring higher than the MDT group ( P < 0.05). 

he joint management strategy significantly improved the rationality 

f antibiotic use among ICU medical staff

The rational use of antibiotics is crucial for controlling hospital- 

cquired infections, slowing down the development of drug re- 

istance, and improving patient treatment outcomes, especially in 

igh-risk environments such as ICU. We compared the rational use 

f antibiotics among 3 groups of ICU medical staff, and the results 

howed that compared with 85.40% (117/137) in the MDT group 

nd 91.97% (126/137) in the SHEL group, the rational use rate of the 

ombination group was significantly improved to 95.62% (131/137). 

he χ ² test results showed that there was a statistically significant 

ifference in the rationality of antibiotic use between the combina- 

ion group and the other 2 groups ( χ ²= 10.507, P = 0.033) ( Table 7 ).

iscussion 

In the face of the current severe challenges posed by MDRO in- 

ections in hospital ICUs, this study aims to provide a comprehen- 

ive prevention and control strategy for MDRO infections in ICU 

epartments. By employing an MDT approach in conjunction with 

he SHEL management model, the research has demonstrated sig- 

ificant efficacy in reducing infections resistant to multiple drugs, 

olstering the infection prevention capabilities among health care 

taff, and facilitating the judicious use of antibiotics. 

This study employed MDT integrated with the SHEL model for 

he surveillance, analysis, and improvement of MDRO infections 

ontrol in the ICU. The results revealed infection rates for each 

ear from 2021 to 2024 were 62.41%, 58.76%, 61.87%, and 55.56%, 
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Table 6 

Comparison of infection control execution scores for medical staff in 3 groups. 

Category Standard 

precautions 

Hand hygiene Antibiotic 

management 

Isolation 

measures 

MDT group 

(n = 137), 

mean (SD) 

13.94 (9.63) 13.94(9.13) 11.32 (9.29) 14.13 (9.18) 

SHEL group 

(n = 137), 

mean (SD) 

16.01 (10.56) ∗ 16.75 (9.63) ∗ 16.15 (10.96) ∗ 16.79 (10.54) ∗

Combined 

group 

(n = 137), 

mean (SD) 

18.13 (12.33) ∗# 18.84 (12.15) ∗# 18.28 (12.36) ∗# 18.93 (12.09) ∗# 

F 5.063 7.645 7.084 6.959 

P 0.007 0.001 0.001 0.001 

MDT = multidisciplinary team; SHEL = Software, Hardware, Environment, Liveware. 

Note: Compared with the MDT group 
∗ P < 0.05; compared with the SHEL group 
# P < 0.05. 

Table 7 

Comparison of antibiotic usage reasonableness in 3 groups. 

Category Fully compliant 

(n) 

Partially 

compliant (n) 

Not in 

compliance (n) 

Rationality rate 

(%) 

MDT group 

(n = 137) 

117 15 5 85.40 

SHEL group 

(n = 137) 

128 6 3 93.43 ∗

Combined 

group 

(n = 137) 

131 4 2 95.62 ∗# 

χ ² 10.507 

P 0.033 

MDT = multidisciplinary team; SHEL = Software, Hardware, Environment, Liveware. 

Note: Compared with the MDT group 
∗ P < 0.05; compared with the SHEL group 
# P < 0.05. 
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espectively. There was no significant difference in the MDRO in- 

ection rates between the years ( P > 0.05), but they were notably 

igher than the 50.51% reported by Li. 24 It may be due to the fact 

hat our hospital has a strict infection control protocol, including 

and hygiene, the use of personal protective equipment, and ac- 

ive screening and isolation measures for patients, all of which 

ay help control the spread of MDROs. Additionally, our regular 

leaning and disinfection of the ICU environment, implementation 

f antibiotic stewardship programs, and other measures may help 

ontrol the survival and spread of MDROs in the hospital environ- 

ent. The top 4 dominant strains detected in the general ICU of 

his hospital were CRPA, CRAB, CRKP, and MRSA. CRPA, CRAB, and 

RKP are all carbapenem-resistant Gram-negative bacilli (CRGNB), 

hich held a dominant position as the causative agents of MDRO 

nfections within the ICU, consistent with the previous studies. 25 

Carbapenem antibiotics are potent and broad-spectrum, and are 

ighly effective against Gram-negative bacteria, leading to a sharp 

ise in the detection rate of CRGNB. The accuracy and reliability 

f MDRO infections detection can vary significantly based on the 

ample source, highlighting the importance of standardized sam- 

ling protocols. For instance, samples obtained from blood, urine, 

putum, and bronchoalveolar lavage fluid, as well as other sterile 

ites, may yield different results due to variations in the sampling 

ethod, storage conditions, and detection techniques used. 21 , 26 , 27 

putum is a sample obtained directly from the lower respiratory 

ract and typically contains a higher concentration of pathogenic 

icroorganisms. Compared with other samples, such as blood or 

rine, sputum more directly reflects the types and quantities of 

icroorganisms causing pulmonary infections. Microorganisms in 

putum samples have a high correlation with the patient’s clinical 
7

ymptoms and the site of infection. This makes sputum samples 

n important tool for assessing respiratory infections and guiding 

linical treatment. The findings of our study indicated that spu- 

um samples constituted 68.4% of the total, making them the most 

revalent sample type. Urine samples followed at 20.4%. These re- 

ults corroborate those of previous studies, which similarly identi- 

ed sputum as a predominant source for MDRO detection. 28 

Research has shown that implementing measures such as hand 

ygiene, contact isolation, surveillance of antibiotic resistance, 

aintaining a clean environment, managing antibiotic usage, and 

roviding education and training to health care personnel on re- 

istance trends and control can significantly reduce the incidence 

f MDRO infections. 29 The findings of this study demonstrated a 

eduction in the incidence and detection rates of MDROs follow- 

ng the implementation of the MDT and SHEL combined manage- 

ent models in the ICU. This suggested that the combined MDT 

nd SHEL management model enhanced the effectiveness of MDRO 

nfections control in the ICU of this institution. This may be due 

o the interdisciplinary collaboration of the MDT, which ensured 

 comprehensive assessment and formulation of treatment plans 

or MDRO infections. This holistic perspective helped in the earlier 

dentification and isolation of infected cases, thereby reducing the 

pread of MDROs. In addition, the application of the SHEL model 

rovided health care workers with better tools and environments 

o control infections by improving hardware facilities, environmen- 

al conditions, and workflow processes, such as by enhancing hand 

ygiene facilities and isolation measures to reduce cross-infection. 

ospital infection control standards are essential in preventing and 

ontrolling health care–associated infections, including preventive 

trategies, hand hygiene practices, antibiotic stewardship programs, 
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2

nd strict isolation protocols. 30 Health care personnel are the di- 

ect implementers of these measures, and their actions have a di- 

ect impact on the hospital infection rate. The effectiveness of in- 

ection control measures for health care workers is of paramount 

mportance in the overall hospital infection control effort. 31 The 

tudy findings indicated that the health care worker infection con- 

rol performance score was significantly higher in the combined 

DT and SHEL intervention group compared with the MDT and 

HEL control groups. This suggested that the integration of MDT 

ith SHEL strategies can enhance the implementation and adher- 

nce to infection control measures for MDROs in the ICU setting. 

Additionally, the results of this study also indicated that the 

ate of appropriate antibiotic usage in the MDT combined with 

HEL group was 95.62%, significantly higher than the 85.40% in the 

DT group and 93.43% in the SHEL group. This may be attributed 

o the proactive preventive measures within the MDT combined 

ith the SHEL model of this study, where the MDT promptly dis- 

eminated reports on the distribution of strains and their antimi- 

robial resistance profiles. Additionally, training on antibiotic use 

nd the dissemination of infection prevention knowledge to health 

are staff, patients, and their families effectively enhanced the ra- 

ional use of antibiotics. Consistent with earlier studies, the results 

lso confirmed that the MDT and SHEL models could enhance the 

ational use of antibiotics in hospitals. 19 , 32 

Despite the positive results of this study, there are some limi- 

ations. For example, sample origin may affect the accuracy of de- 

ection of MDRO infection, and the proportion of different sample 

ypes may affect the universality of results. Future studies need 

o expand the sample size, extend the follow-up time, and con- 

ider applicability in different regions and medical settings. Our 

esearch findings are primarily applicable to middle-aged and el- 

erly patients, and their applicability to younger individuals may 

e limited. Future research could expand the age range, especially 

o include younger populations. In addition, the integration of real- 

ime data and advances in technology, such as AI-assisted diagno- 

is, may provide more precise and effective means of infection con- 

rol. 

onclusions 

The integration of MDT with the SHEL management model ad- 

ressed the issues associated with MDT, such as the lack of coordi- 

ation among specialized personnel and a systematic risk manage- 

ent framework, while simultaneously tackling the limitations of 

he SHEL model, including constraints on hardware and software 

esources, uncontrollability of environmental factors, and the lack 

f professionalism in infection control and prevention. It enhanced 

he complementary strengths between the 2 approaches. In con- 

lusion, the infection of an MDT approach with the SHEL model 

as significantly curtailed the prevalence of MDRO infections in 

he ICU. This synergistic model has enhanced the infection preven- 

ion practices among health care workers, elevated the standard of 

ursing care, and fostered the judicious use of antibiotics, thereby 

nderscoring its potential for widespread clinical implementation. 

herefore, it is worth promoting and implementing in health care 

ettings. 
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