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Introduction: The intensive care unit (ICU) caters to patients with severe illnesses or injuries who require constant medical attention. These patients are susceptible to infections due to their weak immune systems and prolonged hospital stays. This makes the ICU the specialty with the highest hospital-acquired infection (HAI) cases. The core dimension of infection prevention and control for ICUs is infection surveillance, which analyses the risk factors of HAI and implements comprehensive interventions for HAI prevention and control. Hence, this study aimed to investigate the potential risk factors for developing HAI in the ICU using real-time automatic nosocomial infection surveillance systems (RT-NISS) to surveil, and analyze the effectiveness of RT-NISS coupled with comprehensive interventions on HAI prevention and control in the ICU.

Methods: A retrospective analysis was conducted using data from an RT-NISS for all inpatients in the ICU from January 2021 to December 2022. Univariate and multivariate logistic regression analyses were performed to analyse potential risk factors for HAI in the ICU. Surveillance of the prevalence proportion of HAI, the prevalence proportion of site-specific HAI, the proportion of ICU patients receiving antibiotics, the proportion of ICU patients receiving key antimicrobial combination, the proportion of HAI patients with pathogen detection, the proportion of patients with pathogen detection before antimicrobial treatment and the proportion of patients before receiving key antimicrobial combination, the utilization rate of devices and the rate of device-associated HAIs were monitored monthly by the RT-NISS. Comprehensive interventions were implemented in 2022, and we compared the results of HAIs between 2021 and 2022 to evaluate the effect of the RT-NISS application combined with comprehensive interventions on HAI prevention and control.

Results: The relative risk factors, observed as being a significantly higher risk of developing HAI, were hospitalization over 2 weeks, chronic lung diseases, chronic heart diseases, chronic renal diseases, current malignancy, hypohepatia, stroke, cerebrovascular accident, severe trauma, tracheal intubation and tracheostomy and urinary catheter. By implementing comprehensive interventions depending on infection surveillance by the RT-NISS in 2022, the prevalence proportion of HAI was reduced from 12.67% in 2021 to 9.05% in 2022 (χ2 = 15.465, p < 0.001). The prevalence proportion of hospital-acquired multidrug-resistant organisms was reduced from 5.78% in 2021 to 3.21% in 2022 (χ2 = 19.085, p < 0.001). The prevalence proportion of HAI in four sites, including respiratory tract infection, gastrointestinal tract infection, surgical site infection, and bloodstream infection, was also significantly reduced from 2021 to 2022 (both p < 0.05). The incidence of ventilator-associated pneumonia in 2022 was lower than that in 2021 (15.02% vs. 9.19%, χ2 = 17.627, p < 0.001).

Conclusion: The adoption of an RT-NISS can adequately and accurately collect HAI case information to analyse the relative high-risk factors for developing HAIs in the ICU. Furthermore, implementing comprehensive interventions derived from real-time automation surveillance of the RT-NISS will reduce the risk and prevalence proportions of HAIs in the ICU.
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1 Introduction

Intensive care units (ICUs) have the highest prevalence proportion of hospital-acquired infections (HAIs) due to patients’ weakened immune systems and the prevalence of more invasive medical procedures (1–4). This makes the ICU the specialty unit with the highest concentration of patients with high-risk HAIs, making surveillance of HAIs a top priority (1, 4). Surveillance and feedback on HAIs to promptly identify patients at risk and enable the implementation of targeted infection control measures such as hand hygiene, isolation precautions, and environmental sanitation are the fundamental elements essential to prevent the spread of pathogens within the ICU and for infection prevention and control programs to be effective (5–9). However, traditional surveillance by infection control physicians, which involves manually reviewing the medical records of all patients at risk for HAI, is highly resource-intensive and cannot be delivered in a timely and efficient manner, leading to delayed implementation of appropriate interventions (8, 10). Therefore, real-time automatic nosocomial infection surveillance systems (RT-NISSs) have been developed and applied. RT-NISSs are reliable surveillance intelligent information technology tools that enable infection control physicians to systematically and continuously monitor and evaluate HAI-related information, including patient data, laboratory results, and other relevant information, to identify trends and patterns indicative of potential infections in a timely, adequate, and accurate manner (10–14). Once infection control physicians or clinicians identify HAI cases using the RT-NISS, they can take strategies and measures to control such cases immediately (15).

In this study, we describe and analyse the effect of the adoption of an RT-NISS for real-time monitoring of HAI trends, coupled with timely corresponding interventions on HAI prevention and control in the ICU.



2 Materials and methods


2.1 Study setting and data collection

We conducted a retrospective study of all patients admitted to the ICU of Huizhou First Hospital (HZFH) for >48 h from January 2021 to December 2022. An RT-NISS (Xinglin Technology, Hangzhou, China) was used to monitor all inpatients during their hospital stay in the ICU.

The RT-NISS used in our study was systematically applied to monitor, diagnose, and control HAIs. It was activated, captured patients’ infection information from other hospital information systems including the hospital information system (HIS), LIS, radiology information system (RIS) and anaesthesia operation system (AOS) and provided new HAIs alert at 2:00 am every day. It can real-time automately, adequately and accurately collect inpatient information and selects patients with the highest HAI probability by setting a filter to acquire the necessary infection information (e.g., temperature, serological and molecular testing results, diagnostic test results, microbiology laboratory results, prescription of antibiotic, radiology examination results and so on). Infection control physicians and clinicians would obtain infection information and make judgment and final diagnostic by using the RT-NISS (12).

Patients admitted to the ICU of HZFH for >48 h from January 2021 to December 2022 were categorized into two groups (the HAI group and Non-HAI group) to analyze the potential risk factors of HAI in the ICU. Data on 18 potential risk factors included age, male, hospitalization over 2 weeks, antimicrobial prophylaxis, comorbidities, chronic lung diseases, chronic heart diseases, chronic renal diseases, current malignancy, hypohepatia, hypertension, diabetes mellitus, stroke, cerebral vascular accident, severe trauma, surgical intervention, tracheal intubation and tracheostomy, urinary catheter and CVC were collected by the RT-NISS and analysed by univariate analysis. And potential risk factors considered statistically significant by univariate analysis were analysed by multivariate logistic regression analysis. Data on the incidence of device-associated infections (central line-associated bloodstream infection [CLABSI], ventilator-associated pneumonia [VAP] and catheter-associated UTI [CAUTI]) of the catheter at utilization over 1 week, 2 weeks and 1 month, respectively, was collected by the RT-NISS and analysed the effect of the length of catheter utilization time on the incidence of device-associated infections.

Patients admitted to the ICU of HZFH for >48 h from January 2021 to December 2022 were categorized into two groups: the 2021 group included patients from January 2021 to December 2021 and the 2022 group included patients from January 2022 to December 2022. Data collected by the RT-NISS included the prevalence proportion of HAI, the prevalence proportion of site-specific HAI (respiratory infection, UTI, GTI, SSI, BSI, abdominal infection, encephalitis skin and soft tissue infection), the proportion of ICU patients receiving antibiotics, the proportion of ICU patients receiving key antimicrobial combination, the proportion of HAI patients with pathogen detection, the proportion of patients with pathogen detection before antimicrobial treatment and the proportion of patients with pathogen detection before receiving key antimicrobial combination of two group were analysed and compared.



2.2 Comprehensive interventions

In this study, comprehensive interventions implemented in the ICU included the following: (1) Risk factors for specific infections (e.g., urinary tract infection [UTI], sepsis, pneumonia, and device-associated HAIs), high infection sites or infection clusters (the same pathogens ≥3 within 7 days in a single ward) were analysed using quality management tools, and appropriate corresponding improvement measures, including increasing environmental hygiene monitoring, supervision of hand hygiene, strengthening environmental hygiene and sufficient training for healthcare workers, were formulated. (2) Multidrug-resistant organism (MDRO) case transmission and prevention measures, including contact isolation, isolation with personal protective equipment, and hand and environmental hygiene, were stringently implemented. (3) Active screening tests include respiratory specimen microbiological examination for patients with severe pneumonia, routine urine tests or the microbiological examination of other infection sites implemented before or on the first day of patient admission. (4) Increasing pathogen detection can promote the rational use of antibiotics and detect potential infections in a timely manner. With the consideration of these, we pay attention to surveilling of the proportion of ICU patients receiving antibiotics, the proportion of ICU patients receiving key antimicrobial combination, the proportion of HAI patients with pathogen detection, the proportion of patients with pathogen detection before antimicrobial treatment and the proportion of patients with pathogen detection proportion of patients before receiving key antimicrobial combination (imipenem, meropenem, panipenem, biapenem, ertapenem, vancomycin, teicoplanin, tigecycline, linezolid, polymyxin, cefoperazone sulbactam, voriconazole, itraconazole, capafungin) were monitored by the RT-NISS. Pathogen detection in this study involved microbiological examinations, pathogen microscope tests, pathogen polymerase chain reaction detection, serological calcitonin tests, serological interleukin-6 (IL-6) tests or fungus (1–3)-β-D-glucan tests. (5) Target surveillance of device utilization rates (ventilator, urinary catheter and central venous catheter [CVC]) and the incidence of device-associated infections (VAP, CAUTI, and CLABSI) were monitored by the RT-NISS. (6) Sufficient variable interval training included adequate hand hygiene, environment hygiene, reasonable use of antibiotics, pathogen detection before antimicrobial treatment and prevention and control knowledge of MDRO and device-associated infections were provided to healthcare workers (physicians, nurses, and cleaners).



2.3 Definitions

We defined HAIs according to the Nosocomial Infection Diagnostic Criteria in 2001 published by the Ministry of Public Health of the People’s Republic of China (16). HAIs are infections acquired >48 h after hospital admission and not present and incubated at the time of admission. According to the specific infection site, HAIs are classified as respiratory infection, UTI, gastrointestinal tract infection (GTI), surgical site infection (SSI), bloodstream infection (BSI), abdominal infection, encephalitis skin and soft tissue infection and other infections. Device-associated HAIs (VAP, CAUTI, and CLABSI) were those infections after >48 h of device application or <48 h after extubation. MDROs, including extended-spectrum beta-lactamase-producing gram-negative bacilli, carbapenem-resistant Enterobacterales, methicillin-resistant Staphylococcus aureus, vancomycin-resistant enterococci, carbapenem-resistant Acinetobacter baumannii, and carbapenem-resistant Pseudomonas aeruginosa, were studied.



2.4 Data analysis

All statistical analyses were performed by using IBM SPSS Statistics version 22.0 software (IBM Corp., Armonk, N.Y., USA). Descriptive statistics were used to calculate the prevalence proportion of HAI, the prevalence proportion of site-specific HA (respiratory infection, UTI, GTI, SSI, BSI, abdominal infection, encephalitis skin and soft tissue infection), the proportion of ICU patients receiving antibiotics, the proportion of ICU patients receiving key antimicrobial combination, the proportion of HAI patients with pathogen detection, the proportion of patients with pathogen detection before antimicrobial treatment and the proportion of patients with pathogen detection proportion of patients with pathogen detection before receiving key antimicrobial combination:

the prevalence proportion of HAI [image: image]

the prevalence proportion of site-specific HAI [image: image]

the incidence of device-associated infection[image: image]

the proportion of ICU patients receiving antibiotics [image: image]

the proportion of ICU patients receiving key antimicrobial combination [image: image]

the proportion of HAI patients with pathogen detection [image: image]

the proportion of patients with pathogen detection before antimicrobial treatment[image: image]

the proportion of patients with pathogen detection before receiving key antimicrobial combination[image: image]

Incidences of device-associated infections, including VAP, CAUTI, and CVC, were calculated per 1,000 device days. Either the χ2-test or Fisher’s exact test was used for the comparison of categorical variables. Multivariate regression analysis using the logistics regression model was used to calculate the corresponding regression coefficients: the Chi-square test of inferential statistics was used in univariate analysis to compare potential risk factors data between the HAI group and the Non-HAI group. The potential risk factors considered statistically significant by univariate analysis were independent variables and whether nosocomial infection occurred 48 h after admission was used as the dependent variable. Two-tailed p values <0.05 were considered statistically significant and had a 95% confidence interval (CI).



2.5 Ethics approval and consent to participate

This study was reviewed and approved by the Ethics Committee of Huizhou First Hospital. The ethics committee approved the waiver of informed consent, given the retrospective nature of the review. All patient records were confirmed eligible for collection in accordance with the relevant guidelines and regulations.




3 Results


3.1 The potential risk factors for developing HAI in the ICU


3.1.1 Univariate analysis of potential risk factors for HAI in the ICU

We used the RT-NISS to collect the data of 3,475 patients (1706 patients in 2021 and 1769 in 2022) admitted to the ICU of HZFH after >48 h from January 2021 to December 2022, including 607 (17.47%) HAI cases. The numbers and rates of potential risk factors for HAI in the univariate analysis are shown in Table 1. Compared with non-HAI, the risk of developing HAI increased with age ≥ 60 years, hospitalization over 2 weeks, antimicrobial prophylaxis, chronic lung diseases, chronic heart diseases, chronic renal diseases, current malignancy, hypohepatia, hypertension, stroke, cerebral vascular accident, severe trauma, surgical intervention, tracheal intubation and tracheostomy, urinary catheter, and CVC. Our study also showed that more patients with HAI died than those without HAI (67 (11.04%) vs. 174 (6.07%), χ2 = 19.180, p < 0.001).



TABLE 1 Univariate analysis of potential risk factors for HAI in the ICU.
[image: Table1]



3.1.2 Multivariate logistic regression analysis of potential risk factors for HAI in the ICU

Table 2 shows the results of multivariate logistic regression analysis according to the results of univariate analysis. Hospitalization over 2 weeks, patients with: chronic lung diseases, chronic heart diseases, chronic renal diseases, current malignancy, hypohepatia, stroke, cerebral vascular accident, severe trauma, tracheal intubation and tracheostomy and urinary catheter had a significantly higher risk of developing HAI. We further investigated the effect of the length of catheter utilization time on the incidence of device-associated infections. Figure 1 shows that the incidence rate of device-associated infections increased with increasing catheter utilization time.



TABLE 2 Multivariate logistic regression analysis of potential risk factors for HAI in the ICU.
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FIGURE 1
 The incidences of device-associated HAIs (ventilator-associated pneumonia, catheter-associated urinary tract infection, and central line-associated bloodstream infection) after catheter (ventilator, urinary catheter and central venous catheter) utilization over 1 week, 2 weeks and 1 month.





3.2 The effect of the adoption of an RT-NISS coupled with timely take corresponding comprehensive interventions on HAI prevention and control in the ICU


3.2.1 Comparisons of the proportion of ICU patients receiving antibiotics and the proportion of HAI patients with pathogen detection in the ICU between 2021 and 2022

The proportion of patients with pathogen detection was not significantly different between 2021 and 2022 (98.83% vs. 98.86%, χ2 = 0.000, p = 1.00), and the trend of the proportion of patients with pathogen detection from January 2021 to December 2022 remained stable (Figure 2). The proportion of ICU patients receiving antibiotics in 2021 was not significantly different from that in 2022 (63.32% vs. 65.44%, χ2 = 2.747, p = 0.097), whereas the proportion of patients with pathogen detection before antimicrobial treatment significantly increased in 2022 compared with the rate in 2021 (80.01% vs. 60.09%, χ2 = 172.701, p < 0.001). Furthermore, the trend of the proportion of ICU patients receiving antibiotics from January 2021 to December 2022 slightly increased (Figure 3A). In contrast, the trend of the proportion of patients with pathogen detection before antimicrobial treatment increased. There was no significant difference in the proportion of ICU patients receiving key antimicrobial combination between 2021 and 2022 (15.19% vs. 13.35%, χ2 = 3.368, p = 0.066); however, the proportion of patients with pathogen detection before receiving key antimicrobial combination significantly increased (92.54% vs. 97.80%, χ2 = 10.750, p = 0.001). The trend of key antimicrobial combinations from January 2021 to December 2022 slightly decreased, whereas the proportion of patients with pathogen detection before receiving key antimicrobial combinations in 2022 was stable at 100% (Figure 3B).
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FIGURE 2
 Monthly prevalence proportion of HAI cases and proportion of HAI patients with pathogen detection proportion in the ICU of HZFH from January 2021 to December 2022.
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FIGURE 3
 Monthly proportion of ICU patients receiving antibiotics (A) and key antimicrobial combinations (B) and proportion of patients with pathogen detection before antimicrobial (A) and key antimicrobial combination (B) treatment in the ICU of HZFH from January 2021 to December 2022.




3.2.2 Effect of an RT-NISS combined comprehensive interventions on hospital-acquired infection prevention and control in the ICU

We used an RT-NISS to identify 1706 patients >48 h after they were admitted to the ICU in 2021, including 342 (20.04%) HAI cases. This compares to 1769 patients identified >48 h after they were admitted to the ICU in 2022, including 265 (14.98%) HAI cases. The prevalence proportion of HAI in 2021 was significantly greater than that in 2022 (χ2 = 15.465, p < 0.001) and the monthly data in Figure 2 showed that the trend of the prevalence proportion of HAI from January 2021 to December 2022 was a slight decrease. For the specific HAI site data showed that 333 (19.52%) patients suffered respiratory infection, 97 (5.69%) UTI, 5 (0.29%) GTI, 8 (0.47%) SSI, 50 (2.93%) BSI, 9 (0.53%) abdominal infection, 3 (0.18%) encephalitis and 15 (0.88%) skin and soft tissue infection in 2021. And 202 (11.42%) patients suffered respiratory infection, 92 (5.20%) UTI, 0 (0%) GTI, 1 (0.06%) SSI, 29 (1.64%) BSI, 7 (0.40%) abdominal infection, 3 (0.17%) encephalitis, and 11 (0.62%) skin and soft tissue infection in 2022. With the exception of UTI, abdominal infection, encephalitis and skin and soft tissue infection, the prevalence proportions of different HAI sites (including respiratory infection, GTI, SSI, and BSI) in 2021 was significantly greater than those in 2022 (Table 3). Besides, the prevalence proportion of hospital-acquired MDROs was 9.14% (156 cases) in 2021 and 5.31% (94 cases) in 2022. The prevalence proportion of hospital-acquired MDROs in 2021 was significantly greater than that in 2022 (χ2 = 19.085, p < 0.001; Table 3).



TABLE 3 Comparative results of HAIs between 2021 and 2022 in the ICU.
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The utilization rate of ventilators in 2022 was significantly greater than that in 2021 (33.73% vs. 32.35%, χ2 = 10.226, p < 0.001), and the incidence of VAP in 2022 was lower than that in 2021 (15.02‰ vs. 9.19‰, χ2 = 17.627, p < 0.001). And the monthly data (Figure 4A) showed that the utilization rate of ventilators slightly increased, whereas the incidence rate of VAP significantly decreased from January 2021 to December 2022. The utilization rate of urinary catheters (67.45% vs. 66.85%, χ2 = 1.938, p = 0.164) and the incidence of CAUTI (4.44‰ vs. 4.02‰, χ2 = 1.380, p = 0.240) showed no significant difference between 2021 and 2022. And the monthly data (Figure 4B) showed that the utilization rate of urinary catheters and the incidence of CAUTI from January 2021 to December 2022 remained stable. The utilization rate of CVCs in 2022 was significantly greater than that in 2021 (43.89% vs. 42.28%, χ2 = 12.438, p < 0.001). In contrast, the incidence of central line-associated bloodstream infections was not significantly different between 2021 and 2022 (1.44‰ vs. 1.51‰, χ2 = 0.046, p = 0.831). And the monthly data (Figure 4C) showed that the utilization rate of central venous catheters from January 2021 to December 2022 slightly increased, whereas the incidence rate of central line-associated bloodstream infection remained stable.
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FIGURE 4
 Monthly utilization rate of devices [(A) for ventilator, (B) for urinary catheter, and (C) for central venous catheter] and incidences of device-associated HAI infections (A) for ventilator-associated pneumonia, (B) for catheter-associated urinary tract infection, and (C) for central line-associated bloodstream infection in the ICU of HZFH from January 2021 to December 2022.


All these findings demonstrated that the adoption of RT-NISS coupled with comprehensive interventions could prevent HAI events, thereby reducing its rate.





4 Discussion

HAIs are the leading cause of high mortality in the ICU (1, 2). In this study, we found that more ICU inpatients with HAI died than non-HAI inpatients (11.04% vs. 6.07%, χ2 = 19.180, p < 0.001). Furthermore, many studies have concluded that HAIs lead to prolonged hospital stays, long-term disability, and increased antimicrobial resistance, which will increase the financial burden and pain for inpatients (1–4). This is because many relative risk factors can lead to a significantly higher risk of developing HAI. Utilization of surveillance data in identifying risk is the primary purpose of HAI surveillance and the basis of corresponding good intervention-making for patients, which is an important strategy for nosocomial infection prevention and control (15). Studies on automatic electronic infection surveillance systems in ICU surveillance have been conducted in several countries, and those studies demonstrated that the sensitivity and specificity of HAI case ascertainment and time for HAI information and data collection can be improved by using automatic electronic infection surveillance systems (14, 15, 17–20). In the present study, we focused on determining the high risk of developing HAI in ICU patients using timely, adequate and accurate surveillance data from the RT-NISS. We used univariate and multivariate logistic regression analyses to analyze the surveillance data of the RT-NISS, and the results showed that hospitalization over 2 weeks, chronic lung diseases, chronic heart diseases, chronic renal diseases, current malignancy, hypohepatia, stroke, cerebral vascular accident, severe trauma, tracheal intubation and tracheostomy and utilization of urinary catheter were associated with a significantly higher risk of developing HAI in the ICU (Tables 2, 3). Furthermore, the study also showed that the incidence rates of device-associated infections increased with increasing catheter utilization time (Figure 1). These results are in line with Choudhuri’s study, which demonstrated that the length of catheter utility time and ICU stay were independent risk factors for HAIs in the ICU (21). All these demonstrated that daily assessment for possible transfer out of ICU or completion of catheter utilization according to the patient condition is necessary and essential for nosocomial infection prevention and control in the ICU. And for prevention and control of the device-associated HAIs in the ICU, real-time targeted surveillance of device-associated infections and timely feedback is essential. Furthermore, interventions include adequate hand hygiene, maximum sterile barrier and adequate training and examining healthcare workers are also indispensable.

Increasing the proportion of patients with pathogen detection of ICU patients was one of the critical infection prevention and control interventions implemented in 2022 in this study. Misuse, underuse, and prolonged antimicrobial treatment are the leading causes of MDROs (22, 23). Infection with MDROs affects treatment, prolongs the length of hospital stay, and even leads to death (24, 25). Therefore, clinicians should order timely pathogenic examinations for patients, select appropriate antibacterial treatment early and reduce or stop antibiotic therapy in a timely manner according to the patients’ infection condition and the results of pathogen detection and antimicrobial susceptibility tests. These measures will improve the quality of antimicrobial treatment of patients, avoid excessive exposure to antibacterial and reduce the risk of bacterial resistance so that patients with infections can receive appropriate treatment. Increasing pathogen detection can promote the rational use of antibiotics and detect potential infections in a timely manner. In recent years, the National Health Commission of the People’s Republic of China has paid particular attention to increase the rate of pathogenic examination of inpatients before antibiotic therapy and set it as the national medical quality and safety improvement goal. In this study, we set increasing the proportion of patients with pathogen detection of ICU inpatients as the central component of the infection prevention and control program. Furthermore, we implemented interventions such as monthly monitoring and reporting of proportion of ICU patients receiving antibiotics and proportion of patients with pathogen detection by the RT-NISS. Performance rewards or economic incentives were linked with the rational use of antibiotics and the execution of the proportion of patients with pathogen detection, as well as sufficient training in the rational use of antibiotics and pathogen detection knowledge for clinicians. The results of the present study showed that the proportion of patients with pathogen detection before antimicrobial treatment (80.01% vs. 60.09%, χ2 = 172.701, p < 0.001) and the proportion of patients with pathogen detection before receiving key antimicrobial combinations (97.80% vs. 92.54%, χ2 = 10.750, p = 0.001) significantly increased in 2022 compared with 2021. Consequently, the prevalence proportion of hospital-acquired MDROs significantly reduced in 2022 compared with 2021 (χ2 = 19.085, p < 0.001; Table 3).

Real-time automatic nosocomial infection surveillance alone will not result in successful surveillance, whereas using the data locally in a timely manner to improve the quality of care is the critical component of successful surveillance (20, 26). With the help of surveillance data captured in a timely, adequate and accurate manner by the RT-NISS, we could spend more time implementing infection prevention and control interventions rather than collecting surveillance data. Our analysis showed lower prevalence proportions of HAIs and specific infection sites, including respiratory infection, GTI, SSI, and BSI, in 2022 than in 2021. Target surveillance of the utilization rate of devices (ventilators, urinary catheters and CVCs) and the rate of device-associated HAIs (VAP, CAUTI, and CLABSI) was also a critical infection prevention and control intervention implemented in this study. Gozu’s study demonstrated that targeted surveillance of device-associated infections can reduce device-associated infections by 30% (27). Similarly, Gastmeier’s study presented a significant effect of surveillance in the reduction of CAUTI rates in the ICU (28). Here, we implemented some device-associated infection prevention and control interventions, including reducing unnecessary catheterization, daily assessment, removing devices as soon as possible according to the patient’s condition, training and examining healthcare workers (physicians and nurses) to ensure that they can master equipment instructions and operation, and specific prevention and control interventions (such as adequate hand hygiene, maximum sterile barrier, amongst others) were implemented before, during and after catheterization according to devices. The results of the present study showed that the incidence of VAP and CAUTI significantly decreased from 2021 to 2022 (15.02‰ vs. 9.19‰, χ2 = 17.627, p < 0.001) while the incidence of CAUTI (4.44‰ vs. 4.02‰, χ2 = 1.380, p = 0.240) and CLAB (1.44‰ vs. 1.51‰, χ2 = 0.046, p = 0.831) remained stable.

In conclusion, we analysed the ICU HAI case information collected adequately and accurately by an RT-NISS to identify several risk factors that were observed to be associated with a significantly high risk of developing HAI in ICU inpatients. These relative risk factors were hospitalization over 2 weeks, chronic lung diseases, chronic heart diseases, chronic renal diseases, current malignancy, hypohepatia, stroke, cerebral vascular accident, severe trauma, tracheal intubation and tracheostomy and urinary catheter. Furthermore, the adoption of the RT-NISS, together with comprehensive interventions, would reduce the risk and prevalence proportions of HAIs in the ICU.
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