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Background: Nosocomial infection with multidrug resistant organisms (MDRO) can directly influence the curative effect and the prognosis of neonates, bringing great difficulties to clinical treatment. As direct contacts of neonates, the knowledge, attitudes, and practices (KAP) of doctors and nurses are critical for the prevention and control of MDRO infection in neonatal intensive care units (NICUs).

Purpose: This study describes the KAP of doctors and nurses in NICUs toward the prevention and control of nosocomial infection with MDRO and analyzes its influencing factors.

Methods: This cross-sectional study used convenience sampling to survey 397 doctors and nurses from the NICU of 28 hospitals in 11 cities in Zhejiang Province, China. A univariate analysis and a multiple linear regression were used to analyze the data.

Results: The median scoring rate (interquartile range) of the knowledge, attitude, and practice questionnaire was 0.86 (0.82–0.91), 0.98 (0.91–1.00), and 0.995 (0.97–1.00), respectively. However, the median scoring rate regarding “basic knowledge of MDRO” and “special prevention and control measures” was 0.50 in knowledge. The multiple linear regression showed that the influencing factors of KAP were hospital grade, professional title, gender, regular supervision, and training.

Conclusions: There was still room for improvement in the KAP of NICU doctors and nurses, especially regarding the knowledge. Men, doctors and nurses in Grade II hospitals, and doctors and nurses with primary professional titles had worse KAP. Training and supervision helped improve the KAP.

Relevance to Clinical Practice: To improve the KAP of doctors and nurses to enhance the prevention and control effect for the MDRO infection in NICUs, hospitals and departments should carry out targeted training and strengthen supervision, while Grade II hospitals, men, and doctors and nurses with primary professional titles need more attention.
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INTRODUCTION

Multidrug resistant organism (MDRO) mainly refers to bacteria that are resistant to 3 or more classes of antibiotics used at the same time in clinical treatment (1). Infants in the neonatal intensive care unit (NICU) are at high risk of MDRO nosocomial infection owing to their small gestational age, low body weight, poor resistance, critical condition, and high incidence of invasive procedures (2–4). A survey of 29 European countries found that the incidence of nosocomial infection in the NICU was 10.7%, which was much higher than that in the neonatal unit (3.5%) (5). Hospital data from developing countries indicated that resistance to the WHO-recommended regimen of gentamicin was common among pathogens responsible for neonatal infections, where 71% of Klebsiella isolates and 50% of Escherichia coli isolates were gentamicin-resistant (6). Bacterial infection is the significant reason for 2.9 million neonatal deaths annually (7, 8). In addition to death, a severe bacterial infection in the neonatal period also expose neonates to a high risk of disability (9). MDRO infection can directly influence the curative effect and the prognosis of neonates, bringing great difficulties to clinical treatment (10). Doctors and nurses are in regular direct contact with neonates. These contacts can directly contribute to the transmission and control of the MDRO infection (11, 12). Full mastery of the knowledge, attitudes, and practices (KAP) related to nosocomial infection is the basis for improving nosocomial infection prevention and control (13–15). However, few studies have focused on KAP toward the prevention and control of MDRO infection, specifically for NICU doctors and nurses. The present study aimed to describe the KAP of doctors and nurses in NICUs toward the prevention and control of MDRO infection and to identify factors that may influence KAP. The findings of this study may be used to provide a reference for future studies and to assist in the development of measures to improve the prevention and control behaviors of NICU doctors and nurses.



METHODS

The STROBE checklist for cross-sectional studies was used.


Study Design and Participants

In this cross-sectional study, doctors and nurses of NICUs from hospitals of different grades in different cities in Zhejiang Province, China, were selected by convenience sampling to complete the questionnaires from 18 January 2021 to 24 January 2021. To be eligible, all participants had to be certified, doctors or nurses should be registered, and doctors or nurses should have at least 1 year of clinical experience in NICU. In studies exploring influencing factors, the sample size should be at least 5–10 times the number of variables, according to the requirements of the statistical variable analysis (16). In the present study, the number of independent variables was 30. Considering the participants lost to follow-up, the sample size was expanded by 20% of the original size. Therefore, the sample size in our study was 30*10*(1+20%)=360.



Data Collection

“Wenjuan Xing” (https://www.wjx.cn/), which is a professional questionnaire survey platform, was used in this study through WeChat. Wechat is a popular and widely used social app in China. The head nurse of the NICUs distributed the questionnaires to doctors and nurses in the NICUs through WeChat via an electronic link. A total of 397 questionnaires were completed by doctors and nurses from NICUs of 28 hospitals in 11 cities in Zhejiang Province.



Variables and Instruments

Three tools were used to investigate the basic characteristics of the study subjects, information about MDRO infection prevention and control in hospitals and departments, and the KAP of participants.


Basic Characteristics

Basic characteristics, including the city of residence, hospital grade, gender, age group, education level, job position, professional title, and appointment as clinical teacher or NICU nosocomial infection control personnel, were collected.



Information About MDRO Infection Prevention and Control in Hospitals and Departments

With reference to the “Technical Guidelines for the Prevention and Control of Nosocomial Infection with MDRO” (17) issued by the Ministry of Health of China, survey items were formulated to collect information about MDRO infection prevention and control in hospitals and departments under investigation. The items consist of two parts: MDRO nosocomial infection management status and MDRO monitoring status of hospitals and departments, including the management of MDRO nosocomial infection, the management of key links, personnel training, the monitoring of MDRO, and the testing capabilities of clinical microbiology laboratories.

The basic characteristics, as well as the information about MDRO infection prevention and control in hospitals and departments, were the possible influencing factors associated with KAP of NICU doctors and nurses toward the prevention and control of nosocomial infection with MDRO.



The KAP Questionnaire

The questionnaire was designed by referring to the “Technical Guidelines for the Prevention and Control of Nosocomial Infection with MDRO” (17) issued by the Ministry of Health of China, experts' consensus (18), and the World Health Organization (WHO) guidelines (19, 20), as well as the relevant study (21). The questionnaire consists of three parts that correspond to the knowledge, attitudes, and self-reported practices of prevention and control of nosocomial infection with MDRO. The content validity of the questionnaire was evaluated by seven nosocomial infection control experts (three nosocomial infection control doctors and four nosocomial infection control nurses). The item-level content validity index (I-CVI) coefficient for each item was >0.78, the scale-level content validity index/universal agreement (S-CVI/UA) coefficient was 0.96, and the scale-level content validity index/average (S-CVI/Ave) coefficient was 0.99, indicating good content validity (22). In a pilot trial of the questionnaire with 30 participants, the Cronbach's coefficient of the knowledge, attitude, and practice portions of the questionnaire was 0.847, 0.963, and 0.997, respectively. Based on the work characteristics of doctors and nurses and after soliciting expert opinions, the attitude questionnaires of doctors and nurses in this study were the same, while the knowledge and practice questionnaires of doctors and nurses were slightly different.

The knowledge questionnaire for doctors consisted of three domains, namely, basic knowledge of MDRO, hand hygiene, contact isolation, aseptic technique, cleaning and disinfection, outbreak control of nosocomial infection, special prevention and control measures, and rational application and management of antibacterial drugs, with 57 items in total. Nurses were instructed to answer only 44 of these items, which corresponded to those in the first six domains. For each item, answers were in the form of true or false. One point was awarded for a correct answer and zero point for a wrong answer. The total score of the knowledge questionnaire was 57 (44) points, and the higher the score, the higher the knowledge level of the doctors and nurses.

The attitude questionnaire consisted of three domains: the characteristics of MDRO infection, the importance of doctors and nurses in prevention and control of infection, and the attitude of doctors and nurses toward the prevention and control of infection. There were a total of 11 items, each of which had the following five options: “strongly disagree,” “disagree,” “neutral,” “agree,” or “strongly agree,” corresponding to 1–5 points, respectively. These options were ordered in the direction of a more positive attitude. The total score of the attitude questionnaire was 55 points, and the higher the score, the more positive the attitude of doctors and nurses.

The practice questionnaire for doctors consisted of 51 items and five domains that included hand hygiene, contact isolation, aseptic technique, cleaning and disinfection, and rational application and management of antibacterial drugs. The options for items were ordered by the degree of execution and included “never,” “sometimes,” “about half the time,” “most of the time,” and “always,” corresponding to 1–five points, respectively. There were 40 items in the practice questionnaire for nurses that did not include the last domain. The total score of the practice questionnaire was 255 (200) points, and the higher the score, the better the self-reported compliance of doctors and nurses in MDRO infection prevention and control behavior.

Since the total number of items in the knowledge and practice questionnaire was different between doctors and nurses, the scoring rate was used for the correlation analysis, the univariate analysis, and the multiple linear regression of KAP. The scoring rate was the actual score divided by the total score. The closer the scoring rate was to 1, the higher the KAP level of doctors and nurses.




Data Analysis

SPSS 20.0 statistical software was used for data analysis. The categorical variables were expressed as percentages and were compared using the χ2 test or Fisher's exact test. The Kolmogorov–Smirnov test was used to determine whether the continuous variables were normally distributed. Normally distributed continuous variables were represented by mean ± standard deviation, while non-normally distributed continuous variables were represented by median (interquartile range, IQR). Continuous variables were compared by the Mann–Whitney U test or a one-way ANOVA according to their distribution. A bivariate correlation Pearson coefficient was used to test the correlation between normal distribution continuous variables, and a bivariate correlation Spearman coefficient was used to test the correlation between classification variables and non-normal distribution continuous variables. All the tests were two-sided and p ≤ 0.05 was considered statistically significant. The multiple linear regression was carried out for the significant variables from the univariate analysis to obtain the influencing factors of KAP.



Ethical Approval

The study was approved by the Ethics Committee of the Children's Hospital, Zhejiang University School of Medicine (2021-IRB-025). At the beginning of the questionnaire, the purpose of the study and informed consent were introduced, informing the participants that the survey was conducted anonymously, and they were free to choose whether to fill in the questionnaire or not.




RESULTS


Basic Characteristics

A total of 397 doctors and nurses participated in the survey, and their basic characteristics are shown in Table 1. In China, the qualifications of hospitals are evaluated based on the hospital scale, medical hardware equipment, talents and technical strength, scientific research direction, and so on. In our study, doctors and nurses from three levels of hospitals participated in the survey, namely Grade III class A, Grade III class B, and Grade II class A. Most of the participants were women, and the age of most participants was between 26 and 40 years. Most respondents had a bachelor's degree (81.4%). Among the participants, 31.8% were clinical teachers and 12.3% were nosocomial infection control personnel. In terms of job positions, nurses, head nurses, doctors, deputy chief of department, and chief of department were all involved, but most respondents were nurses, accounting for 78.8%. In terms of professional titles, nurse, nurse practitioner, nurse-in-charge, associate professor of nursing, professor of nursing, resident doctor, attending doctor, associate chief physician, and chief physician were all involved. Most of the involved nurses were nurse practitioners and nurses-in-charge, and most doctors were resident doctors and attending doctors. Primary titles included nurse, nurse practitioner, and resident doctor, with a total of 233 people, accounting for 58.7%; intermediate titles included nurse-in-charge and attending doctor, with a total of 131 people, accounting for 33.0%; senior titles included associate professor of nursing, professor of nursing, associate chief physician, and chief physician, with a total of 33 people, accounting for 8.3%.


Table 1. Basic characteristics of the study subjects (n = 397).
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The KAP of NICU Doctors and Nurses

The KAP of doctors and nurses in NICUs toward the prevention and control of nosocomial infection with MDRO is shown in Table 2. As can be seen from the table, in terms of knowledge, doctors and nurses had a poor grasp of “basic knowledge of MDRO” and “special prevention and control measures” (the median scoring rate was 0.50), but had a good grasp of the other six domains (the median scoring rate was not <0.90 and the first quartile was not <0.80). In terms of attitude, the median average score of all three domains was 5, and in the first quartile, it was no <4, indicating that the attitude of the majority of doctors and nurses was “agree” or “strongly agree”. In terms of practice, the median mean score of all five domains was 5, and in the first quartile, it was no <4.7, indicating that the self-reported compliance of most doctors and nurses to prevention and control measures was “most of the time” or “always”.


Table 2. The knowledge, attitudes, and practices (KAP) of neonatal intensive care units (NICU)‡ doctors and nurses.
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In general, the median scoring rate (IQR) of knowledge, attitude, and practice were 0.86 (0.82–0.91), 0.98 (0.91–1.00), and 0.995 (0.97–1.00), respectively. In the correlation analysis, attitude was positively correlated with practice (r = 0.27, p < 0.01), while knowledge was not significantly correlated with attitude (r = 0.07, p = 0.20) or practice (r = −0.04, p = 0.45).



Influencing Factors Associated With the KAP

The univariate analysis results are shown in Table 3. The univariate analysis showed that knowledge was significantly correlated with gender, hospital grade, job position, professional title, hospital's emphasis on establishing a nosocomial infection management department, hospital's emphasis on the prevention and control of MDRO infection, and the department's emphasis on the prevention and control of MDRO infection (p < 0.05 or 0.01). Attitude was significantly correlated with gender, hospital's emphasis on establishing a nosocomial infection management department, hospital's emphasis on the prevention and control of MDRO infection, department's emphasis on the prevention and control of MDRO infection, regular supervision, the number of MDRO infection prevention and control training per year, and willingness to train and carry out decolonization treatment (p < 0.05). Self-reported practice was significantly correlated with gender, age group, professional title, whether employed as nosocomial infection control personnel, hospital's emphasis on establishing a nosocomial infection management department, hospital's emphasis on the prevention and control of MDRO infection, department's emphasis on the prevention and control of MDRO infection, rules and regulations, hospital's attention to the NICU, isolation ward, regular supervision, the number of MDRO infection prevention and control training per year, willingness to train and carry out active screening and decolonization treatment (p < 0.05).


Table 3. Univariate analysis of KAP.
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Collinearity diagnosis found that there was multicollinearity among hospital's emphasis on establishing a nosocomial infection management department, hospital's emphasis on the prevention and control of MDRO infection, department's emphasis on the prevention and control of MDRO infection (r > 0.70, p < 0.01), and between age groups and professional titles (r > 0.70, p < 0.01). After removing corresponding variables according to the collinear diagnosis results, the significant factors obtained from the univariate analyses were included in the multiple regression model (Table 4). The results showed that the influencing factors of knowledge were as follows: Grade III class B hospital (compared with Grade II class A hospital) (B = 0.02, p = 0.01), intermediate title (B = 0.02, p = 0.02), and senior title (B = 0.04, p = 0.01) (compared with primary title). No factors significantly affected attitude. The influencing factors of self-reported practice were as follows: being female (B = 0.05, p < 0.01) (compared with male), regular supervision (B = 0.14, p = 0.03), and the number of MDRO infection prevention and control training per year (B = 0.004, p = 0.05).


Table 4. Multiple regression of the KAP.
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DISCUSSION


The KAP of NICU Doctors and Nurses

This study found that the scoring rate of the knowledge questionnaire was higher than 0.85 (median), and the scoring rate of attitude and practice questionnaire was higher than 0.95 (median), indicating that the KAP of NICU doctors and nurses toward the prevention and control of nosocomial infection with MDRO was generally acceptable, but there was still room for improvement. Based on knowledge, doctors and nurses had a poor grasp of “basic knowledge of MDRO” and “special prevention and control measures.” Hospitals and departments should provide targeted training in these aspects to improve the knowledge of doctors and nurses in the prevention and control of nosocomial infection with MDRO. Our results were similar to those of the study of Kang et al. (23), who found that the mean scoring rate of knowledge of nurses was 0.83, and the scores in basic information and environmental management in terms of knowledge were low.

However, other studies found lower KAP levels of doctors or nurses. The multicenter cross-sectional study of Vaillant et al. (24) conducted in 58 randomly selected French healthcare facilities found that the mean knowledge score was 4.7/8 (SD: 1.3) in medical staff. The study of Zhou et al. (25) found that only 33% and 12% of ICU doctors were familiar with standardized and specialized antimicrobial susceptibility testing (AST) methods, respectively. The study of Lebentrau et al. (26) showed that both urologists and non-urologists had poor knowledge about antibiotic stewardship. The study of Alene et al. (12) revealed that 39.5% of health workers' knowledge score was seven or more, which was considered good, and only 19.6% of the respondents' self-reported practices score were four or more, which was considered good practice. Our study found higher KAP levels of doctors and nurses than these four studies. The possible reasons are as follows: our research used electronic questionnaires instead of paper questionnaires, and it was not possible for participants to fill in and return the questionnaires on the spot, which may lead participants to rate themselves higher in retrospective self-evaluation. In addition, different scales were used in different studies. The sensitivity of different scales to KAP measurement may be different, likely leading to different results.

Our study found that attitude was positively correlated with practice. This was similar to the findings of studies by Wu (21) and Liu et al. (27), which focused on adult wards in Shanxi Province and hospitals of different grades in Neimenggu Province in China, respectively. Therefore, hospitals and departments can improve the prevention and control behavior by holding lectures and other ways to correct the attitude of the medical staff. However, unlike the studies of Wu (21) and Liu et al. (27), our study did not find a significant correlation between knowledge and attitude or between knowledge and practice. The possible reasons are as follows: the attitude of doctors and nurses toward prevention and control is influenced by many other factors besides knowledge, such as their own personality and experience, as well as their professional qualities. The factors that affect the prevention and control behavior of medical staff are more complicated. Even if the knowledge level of medical staff is high but their attitudes are not correct, the implementation of their prevention and control measures is likely to be unsatisfactory.



Influencing Factors Associated With the KAP

In this study, the influencing factors of KAP were Grade III class B hospital, intermediate and senior title, being female, regular supervision, and training. Our results were similar to those of the study of Liu et al. (27), which found that the KAP level of women was higher than men, and those without professional titles scored the lowest.

Doctors and nurses in senior hospitals had a higher level of knowledge than those in primary hospitals, possibly due to more training and more standardized hospital management. The results of the survey (13) showed that most medical staff in primary medical institutions participated in the training of nosocomial infection control and prevention less frequently, and their mastery of knowledge related to nosocomial infection was worse. The knowledge of medical staff with a intermediate or senior professional title was better, which may be related to longer working time, richer clinical experience, and stronger professional skills. Vaillant et al. (24) also found that one of the factors that correlated with knowledge was professional title (adjusted OR: 3.7, 95%CI: 3.09–4.44).

Women's self-reported behavioral compliance is stated to be higher than men's, possibly because women are more likely to receive continuing education and implement protective measures, while men are more concerned with reducing the cost of infection control (28). Long-term, standardized supervision can act as an external pressure to urge medical personnel to implement prevention and control measures. Therefore, hospitals and departments should strengthen supervision to improve the behavior compliance of prevention and control measures. The current study also found that training can enhance the self-reported behavioral compliance of medical staff, which was similar to the results of several other studies (12, 21, 24). In addition, one study (29) whose interventions included hand hygiene training and certification for medical staff effectively reduced MDRO infection. Training can not only improve the medical staff's grasp of infection prevention and control knowledge, deepen their understanding of MDRO infection prevention and control, and make them realize the importance of prevention and control but also regulate the behavior of doctors and nurses, which is an important means of improving the KAP of medical staff toward MDRO infection prevention and control. Hospitals and departments should organize regular training. The training content should be formulated according to the characteristics of medical staff in the department, and the training methods should include lectures, watching educational videos, and on-site guidance, among others. (18).




LIMITATIONS

There are some limitations to our study. First, this is a cross-sectional study that did not evaluate the changes of the KAP level in the participants over time. Second, the use of self-assessment tools may affect the reliability of the survey, especially when it comes to the practice survey because self-reports cannot tell much about how people actually behave. Finally, the proportion of men and doctors in this study was relatively low, which may make the results of our study unable to truly and comprehensively reflect the actual situation of men and doctors in selected hospitals. In addition, the convenience sampling method does not mark the research subjects as representative of doctors and nurses in Zhejiang Province, so the generality of the research results is limited. Future studies could use random sampling to improve the external validity of the results.



CONCLUSIONS

There is still room for improvement in the KAP of doctors and nurses in NICUs, especially in the knowledge of “basic knowledge of MDRO” and “special prevention and control measures,” The influencing factors of KAP were hospital grade, professional title, gender, regular supervision and training. Men, doctors and nurses in Grade II hospitals, and doctors and nurses with primary professional titles had worse KAP. Training and supervision helped improve the KAP.



RELEVANCE TO CLINICAL PRACTICE

To improve the KAP of doctors and nurses to enhance the MDRO infection prevention and control effect in NICU, hospitals and departments should carry out targeted training and strengthen supervision, while Grade II hospitals, men, and doctors and nurses with primary professional titles need more attention.
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