
© 2024 Journal of Medical Signals & Sensors | Published by Wolters Kluwer - Medknow� 1

Address for correspondence: 
Dr. Wan Mohd Zahiruddin Wan 
Mohammad, 
Department of Community 
Medicine, School of Medical 
Sciences, Universiti Sains 
Malaysia, 16150 Kubang 
Kerian, Kelantan, Malaysia. 
E‑mail: drzahir@usm.my

Abstract
The employees who work in infection prevention and control (IPC) are very important in the field 
of health‑care because they are committed to protecting patients, staff, and visitors from the risk 
of acquiring infections while in the hospital. The complexity of infection control in hospitals is 
alwaysgrowing in tandem with the rapid developments that are being made in medical technology 
andpractices. IPC personnel are required to maintain vigilance and continually improve their 
monitoringof the entire health‑care process due to the ongoing development of IPC guidelines and  
regulations, the fluctuating infection risks, and  the  emergence  of  new  infectious  diseases. As 
a result, individuals involved in the prevention and control of infections in health‑care settings  
absolutely  need  to  participate  in  continual  training  and  professional  development.  This 
reviewemphasizes the need of relevant professionals to engage in ongoing training and professional 
development  to  maintain  their   skills  in  the  area  of  healthcare‑associated  infection  control  
and prevention. Personnel working in IPC may more effectively react to newly discovered health 
risks andmake certain that hospital infection (HI) management gets the appropriate attention if 
they have atimely and in‑depth awareness of best practices. They are better able to maintain their  
composure, react correctly, and  deliver the most effective infection control and prevention techniques 
for  the health‑care system, all while increasing  awareness about the significance  of effective HI 
management. 
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Introduction
Any infection that is acquired by patients 
while they are receiving medical treatment 
is referred to as a “Healthcare‑Associated 
Infection” or “Hospital‑acquired infection” 
(HAI). Other names for this condition 
include hospital infection  (HI) and 
nosocomial infection. HAI refers to 
illnesses that were particularly picked up 
by patients while they were staying in 
the hospital.[1] There are several subtypes 
of HAI that may be determined by 
characteristics such as the location of the 
infection, the kind of pathogen involved, 
and the time of infection. Infections that 
are caused by a catheter in the urinary 
system are known as catheter‑associated 
urinary tract infections, hospital‑acquired 
pneumonias  (HAPs) are known as HAPs, 
bloodstream infections  (BSIs) are known 
as BSIs, and surgical site infections are 

known as SSIs.[2] In addition, HAIs can be 
classified into two types based on the timing 
of infection: infections that occur during 
hospitalization or treatment within the 
hospital and postdischarge infections that 
relate to treatment received after discharge.[3]

Globally, the incidence rates of HAI range 
from 3.5% to 12.0% in developed countries 
and from 5.7% to 19.1% in low‑income and 
middle‑income countries.[4] According to the 
World Health Organization’s  (WHO) first 
infection prevention and control (IPC) report, 
the Western Pacific Region, which includes 
China, has an approximate HAI incidence 
rate of 9%.[5] Due to limited detection data 
in certain regions, the incidence of HAI 
in low‑income and middle‑income areas 
significantly exceeds the proportions.[6] HAI 
represents a significant complication of 
modern medical therapy.[7]

The WHO states that no country or 
health‑care system, regardless of its 
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complexity, can claim to be free of HAIs.[5] HAI is a global 
population health issue accompanying various medical 
practices closely intertwined with health‑care activities. 
The characteristics of HAI have also transformed with 
the advancement of diagnostic and treatment procedures, 
changes in medical facilities, and the evolution of medical 
technologies. Over the past century, medical professionals 
have increasingly emphasized the significance of HAI, 
leading to the implementation of HAI management 
practices worldwide to mitigate the economic and health 
damages caused by HAIs. One of the most effective 
approaches is cultivating and establishing management 
teams. However, implementing IPC measures is contingent 
upon health‑care workers receiving adequate training and 
demonstrating competence.[8]

The main contribution of this paper is as follows:

This article places a strong emphasis on the necessity of 
relevant individuals participating in ongoing training and 
professional development to keep their abilities current 
in the field of HAI control and prevention. If personnel 
working in IPC have timely and in‑depth information on 
best practices, they may be able to respond more effectively 
to newly identified health concerns and ensure that HI 
management receives the right attention. In addition, they 
will be able to ensure that appropriate focus is paid to 
preventing and controlling infections.

They are better able to keep their cool, react appropriately, 
and provide the health‑care system with the most effective 
infection control and prevention measures, all while 
raising awareness about the significance of successful HI 
management.

Impact and consequences of HAIs

HAIs exert a significant influence and pose a multitude 
of harms, affecting patients, health‑care workers, and 
the broader community. HAIs contribute to additional 
morbidity and mortality,[9] particularly among patients 
with compromised immune systems or underlying medical 
conditions.[10] The WHO’s World Alliance for Patient Safety 
has identified HAI as a global challenge, estimating that 
over  1.4 million individuals worldwide are afflicted with 
healthcare‑acquired infections at any given time.[11]

In the United States, the Centers for Disease Control 
and Prevention approximates that HAIs, caused by 
various microorganisms, including bacteria and fungi, 
are responsible for or contribute to 99,000 deaths 
annually.[12] In Europe, where comprehensive hospital 
surveys have been conducted, Gram‑negative infections 
account for two‑thirds of the estimated 25,000 deaths 
yearly.[13] The presence of antimicrobial resistance in 
many HAI types further complicates treatment. Notably, 
the annual economic burden in the UK alone is estimated 
to be  ≤  774 million, with BSIs and pneumonia emerging 
as the costliest HAI types per case.[14] Numerous studies 

underscore the significant economic implications of HAIs 
in health policies,[15,16] underscoring their critical role in 
health and patient safety management.

HAI represents a prominent public health concern in China, 
generating an annual direct economic burden of $1.5–
$2.3  billion.[17] Xiangya Hospital, affiliated with Central 
South University, serves as the Business Management 
Center of the HAI Monitoring Network under the Ministry 
of Health. Through biennial cross‑sectional surveys, the 
prevalence rate of HAI in China has been estimated to 
range from 3.22% to 5.22%.[18] The HAI rate in Guizhou 
Province falls slightly below the national average, ranging 
from 2.24% to 2.31%.[19,20] Nevertheless, there exist 
deficiencies in HAI infrastructure, including missing 
reports and detection data. Recent years, particularly in 
the aftermath of the COVID‑19 pandemic, have witnessed 
a surge in HAI incidents in China, exposing challenges 
in the management, technological aspects, and execution 
of infection control measures.[21] Consequently, there is 
an imperative to reinforce the implementation of laws, 
regulations, norms, standards, and system requirements 
pertaining to HAI management while also strengthening 
various prevention and control measures.

HAI prevention and management efforts should prioritize 
patients, health‑care workers, and the wider community.[22] 
Health‑care workers themselves face the risk of acquiring 
HAIs, leading to absenteeism and diminished productivity. 
Moreover, infected health‑care workers cannot provide 
care, leading to understaffing and patient treatment delays. 
In some instances, health‑care workers may unknowingly 
propagate infections to other patients, perpetuating the 
transmission cycle.[23] The community also experiences 
the far‑reaching effects of HAIs[24] including the spread of 
drug‑resistant bacteria. The repeated exposure of bacteria 
to antibiotics fosters the development of drug resistance, 
amplifying the challenges in infection treatment.[25] 
Consequently, health‑care institutions must prioritize robust 
IPC measures to ensure the safety of all individuals 
involved in the healthcare system, whether patients, 
medical workers, or communities.

The findings of the article are applicable to a wide range of 
demographics, such as age, race, and ethnicity, as well as 
all genders of health‑care workers and all socioeconomic 
classes of health‑care professionals.

The findings of the article can be applied to a wide range 
of different types of health‑care facilities, including but 
not limited to hospitals, ambulatory care centers, such 
as primary care clinics and urgent care centers, which 
are also a setting where HAIs can occur, and long‑term 
care facilities, such as nursing homes and rehabilitation 
centers, are also a high‑risk setting for HAIs. It is 
especially important that health‑care professionals in 
hospitals are aware of the importance of preventing 
HAIs. Another type of environment in which HAIs 
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might develop is that of mental health centers. There is 
a significant contribution made by public health facilities, 
such as clinics and health departments, to the prevention 
and management of HAIs.

Necessity of HAI training

HAI training plays a crucial role in providing medical 
services and has garnered recognition within the medical 
community.[26] The field of HI control encompasses diverse 
specialties and demands a high level of theoretical and 
practical knowledge. However, many medical schools 
have not established relevant courses and programs, 
leaving professionals and medical personnel with limited 
knowledge and skills in HI control upon assuming their 
positions. Consequently, conducting HAI training assumes 
excellent importance.[27]

While education and training are interrelated, they 
are distinct processes. Education typically entails 
acquiring comprehensive knowledge and skills at the 
college or university level, whereas training focuses on 
acquiring job‑specific knowledge and skills for practical 
applications.[28] Several studies have demonstrated 
that medical staff trained in infection control adhere 
to recommended infection control practices.[29,30] HAI 
management and prevention training ensures that 
health‑care providers are proficient in IPC practices. This 
proficiency ultimately leads to improved patient outcomes, 
reduced HAIs, and a safer medical environment for 
health‑care workers, shielding them from various infection 
risks.

The primary objective of HAI training is to prevent 
HAIs. Training should be conducted concurrently for HAI 
management personnel and clinical medical staff. The 
COVID‑19 pandemic has exposed clinicians’ deficiencies 
in knowledge and understanding of IPC, raising concerns 
about their preparedness in responding to such situations.[31] 
Infection prevention training focuses on identifying and 
controlling the spread of infections, encompassing proper 
hand hygiene, correct usage of personal protective 
equipment  (PPE), appropriate cleaning and disinfection 
of equipment and surfaces, and effective patient isolation 
procedures.[32] Figure  1 shows the chain of infection. 
Infection control and contact tracing are meant to break 
the chain, preventing infection from spreading. Training 
should also guide antibiotic stewardship and epidemic 
management within the hospital setting. Implementing HAI 
training offers several advantages. First, it helps mitigate 
the risk of HAIs, reinforcing awareness and understanding 
of HAIs among medical staff, patients, and visitors while 
enhancing their level of attention.[33] Second, it rapidly 
improves practitioners’ familiarity with fundamental 
knowledge, skills, and regulatory compliance.[34] Third, it 
facilitates the swift supplementation of IPC professionals, 
demonstrating unique advantages during disease outbreaks 
like the COVID‑19 pandemic.[35,36] Finally, it contributes to 

overall improvements in medical quality within health‑care 
institutions.[37]

Simultaneously, it is vital to include personnel from all 
medical institutions as targets of HAI training, encompassing 
not only medical staff and patients but also logistics and 
maintenance personnel such as hospital cleaners.[38] The 
significance of environmental service workers in HAI 
management should not be overlooked.[39] A comprehensive 
training plan encompassing these stakeholders expands the 
reach of HAI training and assumes a more critical role in 
reducing the spread of infections within the health‑care 
environment. Acknowledging the differences in practice 
and content between education and training is crucial, as 
this can lead to confusion and unsafe clinical practices 
among trainees, undermining clinicians’ confidence.[31] 
Therefore, training based on unified standards becomes 
vital in controlling the quality of training. Looking ahead, 
as global attention shifts to other emerging diseases, the 
development and expansion of existing training tools 
for HAI prevention and control to address these diseases 
become crucial in effectively enhancing the preparedness 
of countries and medical institutions for future infectious 
disease outbreaks.[40]

Forms of HAI Training
HAI training encompasses various forms, each with its 
advantages and limitations. One of the most common 
forms is classroom‑based training,[8] also known as 
offline training, which follows a typical training mode 
used in other hospital specialties. In this form, a lecturer 
teaches infection control measures and procedures to 
medical staff. Classroom‑based training ensures consistent 
information delivery and allows participants to ask 
questions and seek clarification, promoting interactive 
learning.[41] However, scheduling training courses suitable 
for all employees can be challenging, particularly after the 
COVID‑19 outbreak, as each employee has different roles 
and responsibilities, making offline training less suitable 

Figure 1: Chain of infections
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in certain cases.[42] Online training is another form of 
HAI training that provides flexibility regarding time and 
location. It can be tailored to the roles and responsibilities 
of individual staff members and is more cost‑effective 
than classroom‑based training.[43] However, online training 
may lack the interactivity of classroom‑based training, 
limiting the extent to which staff can actively participate 
and obtain comprehensive information. In addition, the 
monotony of video‑based learning can be tiresome, 
dampening enthusiasm for self‑study. Technical issues 
such as network instability and environmental noise can 
also impact the quality of online teaching, a common 
challenge faced by many institutions implementing online 
education.[44]

Problem‑based learning  (PBL) is a pedagogical approach 
that emphasizes problem formulation and resolution, 
fostering communication and critical thinking skills among 
learners.[45] It complements traditional training and teaching 
methods by encouraging interactive communication, 
autonomous exploration, and collaboration within small 
groups to solve problems.[46] PBL is an effective method 
for enhancing students’ problem‑solving, analytical, and 
communication skills. Similar to the use of case studies, 
case‑based learning  (CBL) is a form of instruction that 
emphasizes the development of critical thinking skills 
through classroom discussion of real‑world scenarios.[47] 
As part of CBL, educators should seek out and analyze 
relevant examples, guide students in productive 
discussions, and help them structure their ideas. However, 
instructors often assume that students already have a firm 
grasp on essential subject matter and a foundation in 
relevant professional practices. For those with a specific 
amount of professional experience, this strategy works 
exceptionally well.

Simulation‑based training has recently gained popularity as 
a form of HAI training.[48] It involves creating a simulated 
environment where medical staff can learn infection control 
procedures and practice handling different situations.[49] 
Simulation‑based training provides a safe and controlled 
setting for medical staff to enhance their skills and 
build confidence in dealing with various scenarios.[50] It 
improves the efficiency of HAI management and reduces 
medical costs.[51] However, simulation‑based training can 
be expensive and not feasible in all health‑care settings. 
Nevertheless, studies have shown that simulation‑based 
training enhances the training effect in infection prevention 
teaching, emphasizing the need for continuous innovation 
in this area.[52]

Finally, ongoing HAI training provides guidance and 
feedback to medical staff on infection control procedures 
during their daily tasks. Ongoing training is essential for the 
continuous development and improvement of health‑care 
quality. It supports the adaptation and growth of health‑care 
professionals throughout their careers.[53] There are several 

forms of HAI training, each with its advantages and 
limitations. Choosing the appropriate training type based on 
the needs of medical institutions and employees is crucial. 
By providing practical HAI training, medical institutions 
can ensure that staff members have the knowledge and 
skills to prevent infection transmission, thus delivering 
safe, high‑quality patient care.

Evaluation needs and effects of HAI training

There are specific gaps and differences in the knowledge 
and practical practice of preventing and controlling 
HAIs,[54] so it is essential to do an excellent pretraining 
evaluation. The IPC training of nurses and doctors varies 
significantly from country to country, and the training 
content and type  (e.g.,  standardized courses, education 
plans, and clinical experience) duration, evaluation, and 
accreditation/certification vary.[55] It is vital for the early 
evaluation of cutting‑edge information and advanced 
technology training in HAI management, and we hope 
to get more communication opportunities. The WHO 
report[5] also mentioned that most IPC methods have 
mature guidelines for most methods, but the actual training 
programs available are often far from each other, and the 
actual training courses available are not many. Research 
on HAI training has shifted from macro‑level topics 
such as “hospital infection management” and “hospital 
infection” to more detailed areas such as “disinfection,” 
“prejob training,” “cleaning personnel,” and “interns.”[27] 
On the one hand, due to insufficient attention, on the other 
hand, the financial and human resources cannot provide 
sufficient training conditions. Therefore, the evaluation 
before training is critical in the face of the lack of training 
opportunities.

As mentioned in the WHO report,[5] Kazakhstan 
has carried out a training practice based on a 
competency‑based training current for IPC professionals, 
and the general health care force is under revision. It will 
incorporate identified best IPC training practices. This 
is a good practice and provides a good practice model 
for the needs assessment of HAI prevention and control 
training.

Little attention has been paid to how trainees can improve 
their knowledge and skills or change their attitudes and 
awareness through training.[56] This requires the evaluation 
of the training effect. The evaluation index is used to 
measure the effectiveness of HAI training. These indexes 
are generally divided into two categories: process index 
and result index. The process index measures the extent 
to which health‑care providers comply with best practices 
for infection prevention. For example, the process index 
can measure the percentage of medical staff washing hands 
before and after contacting patients.[57] These indicators 
provide insight into training effectiveness by measuring 
how health‑care providers implement the principles they 
have learned.
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On the other hand, the outcome index measures the impact 
of training on the outcome of HAI in patients. For example, 
measure the infection rate related to medical treatment 
before and after training.[58] On the other hand, feedback 
from medical staff or in‑depth observation of infection 
prevention practices can help to identify areas where 
training can be improved and understand the subjective 
experience of medical staff.[59] Medical institutions can use 
the above evaluation methods to evaluate the effectiveness 
of their training plans and make necessary adjustments to 
improve HAI prevention and control strategies and improve 
medication safety and quality.

Whether pretraining preparation, training process, or 
posttraining evaluation, it is a dynamic process of 
continuous improvement, which is also the purpose of 
ongoing training.

HAI Training: Conceptual Framework
Data sources and analysis methods

For the purpose of conducting research on the association 
between ongoing training and professional development 
and the incidence of HAIs, the following kinds of data 
sources could be utilized as sources of information:

Administrative data sets are compiled by a variety 
of organizations, including health‑care facilities and 
government agencies. Patient demographics, medical 
history, procedures, and outcomes may all be recorded 
there.

Surveys are a common tool for researchers and health‑care 
organizations to gather essential data. A  health‑care 
worker’s knowledge, skills, attitudes, and behaviors can all 
be gathered with this instrument.

Observational data are collected by researchers shadowing 
health‑care workers as they go about their normal workday. 
Potentially, it might be used to gather data on how doctors 
and health‑care professionals actually do their jobs.

Any of the following sorts of analytic methodologies could 
be used to study the correlation between ongoing education 
and career development and the occurrence of HAIs:

Descriptive statistics can be used to characterize the 
data and identify recurring themes or other tendencies. 
Univariate analysis is one approach that can be used to 
explore the relationship between two variables. Univariate 
analysis could be used to study the correlation between the 
amount of training hours health‑care workers have had and 
the prevalence of HAIs, for instance.

Using multivariate analysis, one can examine the connection 
between multiple variables while also accounting for 
and adjusting for any other influences on the relationship 
being studied. Researchers can use multivariate analysis 
to account for confounding variables such as health‑care 
setting, patient population, and health‑care provider’s prior 

experience when assessing whether or not training hours 
are correlated with HAI occurrence. This would ensure that 
the researchers accounted for every possible confounding 
factor.

To better understand the correlation between continuous 
professional development  (CPD) and HAI occurrence, 
researchers might use a variety of data sources and 
analytical approaches. This allows for the researchers to 
make more informed conclusions. This information can be 
utilized to develop and put into practice strategies that are 
helpful in lowering the risk of HAIs.

Management and continuous improvement of HAI 
training

Continuous improvement and optimization of HAI training 
measures are crucial in enhancing infection prevention 
practices within hospitals and other medical institutions. 
Continuous improvement is an ongoing process that aims 
to identify and implement changes to improve the system’s 
efficiency, effectiveness, and quality. Xiao’s research, based 
on the analysis, design, development, implementation, 
evaluation  (ADDIE) training design model, exemplifies a 
comprehensive training project that follows a systematic 
ADDIE.[60] Regularly evaluating employees’ knowledge 
and skills is crucial to improve HAI training continuously. 
This can be achieved through periodic testing, observation, 
and feedback. Identifying areas of weakness enables the 
provision of additional training to address these gaps. 
Continuous assessment and training ensure that employees 
possess the necessary knowledge and skills. Other 
studies[61,62] have utilized the plan, do, check, act model 
to enhance training efficiency for midwives. These studies 
have provided scientific teaching plans, implementation 
schemes, inspection requirements, and result evaluation 
methods. Insights gained from these models serve as 
inspiration for improving HAI training. Continuous 
improvement efforts encompass regular evaluation of the 
training plan’s effectiveness, identification of areas for 
improvement, and implementation of necessary changes to 
enhance the training’s efficacy.

Figure  2 provides a conceptual framework for infection 
prevention service. The policy design, implementation 
tools, and monitoring and evaluation  (M and E) are 
the three governance domains that are covered by the 
framework, which was conceived of as having a cyclical 
nature to allow for constant adjustments and improvements. 
M  and E refers to M and E, which is an acronym for M 
and E. In addition to this, the framework addresses the 
three different governance spheres that are addressed by the 
framework. During our investigation, we made adjustments 
to the framework by including additional domains that 
Anderson’s model lacked and by reorganizing existing 
domains into groups that were more internally consistent. 
These alterations were done to accommodate the findings 
of our investigation. These adjustments were made to take 
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into account the discoveries that were discovered by our 
team. In addition to a number of subdomains that may be 
categorized under the overarching word “surveillance,” 
we came up a brand new domain that we have designated 
as “international collaboration.” The following are some 
instances of subdomains that fall under this category: the 
development of warning systems for the early identification 
and reporting of newly emerging resistance; monitoring 
of hospital‑acquired infections  (HAI); surveillance of 
food items for antibiotic residues; surveillance networks 
at the regional and national levels; and cohesiveness with 
regard to Several diverse subject areas, such as “public 
awareness” and “education,” “antimicrobial stewardship” 
and “medicines regulation,” “AMR research” and “fostering 
R and D,” and so on, have all undergone reorganization.

Another crucial aspect of continuous improvement 
is staying updated on the latest policy requirements, 
cutting‑edge research, and best practices in IPC.[63,64] This 
necessitates continuous staff education and training on 
emerging infectious diseases, as well as new technologies 
and approaches for infection prevention. Regular training 
plan reviews and updates are vital to incorporate the latest 

knowledge and best practices. With the persistent threat of 
infectious diseases such as COVID‑19, it is more critical 
than ever to accurately evaluate and improve the training 
strategy for HAI within the medical environment.[65]

Addressing past shortcomings in managing and 
continuously improving HAI training is crucial. Table 1 lists 
the key elements and learning practices for the evaluation 
of HI prevention. These include ensuring comprehensive 
coverage of training targets, encompassing all personnel 
working in medical institutions, as mentioned earlier. The 
following are the essential components and instructional 
procedures that should be followed while evaluating the 
effectiveness of infection control in hospitals:
1.	 To put together a list of well‑defined goals and 

objectives. It includes the results of your evaluation 
and to consider increasing the number of patients who 
adhere to proper hand hygiene practices to lower the 
number of patients who get infections at surgical sites 
or achieve another goal. 

2.	 Make sure to choose the appropriate techniques of 
assessment. The evaluation of infection prevention 
strategies in hospitals may be done in a variety of 
methods. Tracking the results of patients may also 
be done with the use of electronic health records. 

Table 1: Key elements and learning practices for the 
evaluation of hospital infection prevention

Factors Key elements
Expertise in 
one’s field and 
professional skill

Risk analysis and regular checks
Planification and refurbishment of 
emergency location
Conventions and norms
Suggestions and comments
Organising for uncertainty
Direction and oversight
Teaching of abilities
Self‑protection
Health education

Capacity for 
normalization 
management

Reporting statistics
Quality control
Administration and control

Capacity for 
professional growth

Scientific investigations
Occupational preparation
Superior technical proficiency
Knowledge of available data

Capacity for group 
cooperation

Attending to essentials
Plan and execute training
Integration of resources
Collaboration

Behavior pattern Stress resistance
Commitment capability
Persevere
Capacity for decision‑making
Responsibility
Capacity for changeFigure 2: Conceptual framework of infection prevention service
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The specific goals and objectives that you have set 
for yourself will be used to decide which evaluation 
strategies are the most suited for you to use

3.	 Acquire knowledge from a wide range of distinct 
sources. It is necessary to assemble data from a range 
of various sources when attempting to gain an accurate 
picture of the infection prevention plan at your hospital. 
It is essential that you collect data from patients, 
personnel working in health‑care institutions, and 
managers at the facilities. Data from other sources, such 
as electronic health records, should also be gathered in 
addition to this information

4.	 Carry out an exhaustive investigation of the available 
data. Following the completion of the process in which 
you acquire all of your material, the following step 
is to study everything in great detail. This will be of 
assistance to you in deciding the components of the 
infection prevention strategy at your hospital that are 
operating effectively, as well as the areas in which it 
has space for advancement

5.	 Modify your strategy so that it takes into account 
the data. The findings of the evaluation will lead to 
enhancements being made to the infection prevention 
plan that is already in place at your institution. The 
information that you have gathered should serve as the 
foundation for these adjustments

6.	 Spread the word about the findings of your assessment. 
Everyone who has a stake in the outcome of your 
assessment has to be informed of the findings. 
Patients, health‑care personnel, administrators, and 
members of the general public are all included here. 
By disseminating the findings of your assessment, not 
only will you be able to convince more people of the 
significance of infection prevention, but you will also 
be able to ensure that the infection prevention program 
at your hospital is functioning properly.

In addition, training content should extend beyond 
standard preventive measures to include hot topics related 
to HAIs, diagnosis of infected cases, prevention and 
control of multidrug‑resistant bacteria, and the rational 
use of antimicrobial drugs. Finally, outdated research 
on training methods and systems should be gradually 
replaced with a sustainable, standardized, and systematic 
training approach that aligns with ongoing education’s 
overarching goal.

Strategies for infection management: Digital health 
service

There are many different ways in which IPC may be 
improved with the use of digital health services.

Education and training on IPC practices may be provided 
to health‑care professionals through the use of digital 
technologies, which can also be used to educate and teach 
health‑care workers on IPC practices. This instruction 
might be delivered through a variety of channels, such as 

through the use of interactive simulations, video lectures, 
or online classes. There is also the possibility of taking 
classes online.

Data about IPC practices, such as complying with 
requirements for hand hygiene, utilizing personal protection 
equipment, and keeping the surroundings clean, may be 
gathered using digital technology if the practitioner so 
chooses. Tracking and monitoring IPC practices are also 
possible to use for these instruments. It will be feasible, 
through the use of these figures, to decide which elements 
of IPC practices need more improvement.

The individuals in charge of making decisions about 
health‑care might use digital technology to get additional 
help for their decision‑making processes. For instance, 
digital technology may be used to identify patients who are 
at a high risk of developing a disease, monitor the spread 
of infection inside a health‑care facility, and anticipate the 
impact of innovative IPC efforts.

The following is a sequence of steps that need to be 
followed to put into effect digital health solutions that 
make use of the pantheoretical framework. First things 
first, you need to put together a multidisciplinary team 
that includes medical experts, case managers, specialists 
in educational communications and technology/games for 
learning, behavioral scientists, data scientists, and health 
informaticians. The interdisciplinary team has to use a 
mixed‑method approach  (one that integrates qualitative 
and quantitative data) in the second stage of the process 
to determine the digital health strategy and wellness 
solution that will be the most effective. The gamification 
of a digital health service is not a one‑size‑fits‑all strategy; 
rather, it is one of many different tactics that can possibly 
boost engagement and utilization of telemedicine and 
digital health solutions. The team can prepare and train 
the patient to accept and adhere to the digital solution. 
If the patient is not an ideal candidate for telemedicine 
or digital health, but the patient’s medical care would be 
significantly improved with a digital solution, then the 
team can prepare and train the patient to accept and adhere 
to the digital solution. Third, familiarise patients with the 
new application using basic and user‑friendly experience 
flows and interface components to elicit baseline adherence 
to treatment. This will help to ensure that patients get 
their prescribed medications. When patients have reached 
a level of familiarity with the course, the next step is to 
begin implementing it on a more permanent basis. There 
is a specific term for the procedure of “onboarding” new 
patients by use of digital apps. The use of onboarding 
quizzes and questionnaires is one method that has been 
effectively implemented to improve the early uptake of 
telemedicine and digital health solutions. This strategy has 
proven quite successful. The development of idiographic 
and personalized user phenotypes, as well as personalized 
interaction tactics, has the potential to significantly 
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improve the effectiveness of the use of these technologies. 
The fourth step is to continually monitor the patient’s 
engagement behavior by continuously taking in data 
regarding the patient’s biological and clinical, behavioral, 
provider, system, psychological, and environmental 
elements [Figure  3]. This phase also includes continuous 
data collection. Keeping a steady stream of data entries 
is one way to achieve this goal. Fifth, construct accurate 
and individualized algorithms  (models of adherence) 
for each individual in the population using Artificial 
Intelligence and Machine Learning. The usage of cloud 
computing is often the most efficient way to complete 
this stage, especially when it comes to the management of 
large amounts of big data. The next step is to construct a 
personalized care support plan for each individual patient 
using mobile health solutions  (nudges and education) 
and then to continue to fine‑tune that plan throughout the 
patient’s treatment. This process will take place utilizing 
mobile health solutions.

Impact of how professional development and ongoing 
education on HAIs

The following components make up the framework 
that shows how professional development and ongoing 
education impact the occurrence of HAIs. The purpose of 
this structure is to reduce the occurrence of such situations 
in the future.

Health‑care professionals can grow in their expertise and 
knowledge through continuous education and training. As 
a result, there may be less chance of healthcare‑associated 
infections (HAIs) due to stricter adherence to IPC protocols. 
Health‑care practitioners must continue their education to 
stay current on IPC research and best practices. This helps 
guarantee they use cutting‑edge HAI prevention methods. 
Continuous education and professional development can 
promote safety and quality in healthcare. This could lead 
to patient‑centered care that reduces HAIs and improves 
patient satisfaction.

Benefits of Ongoing Training and Professional 
Development in HAI Prevention and Control
Emphasizing ongoing training in HAI prevention and 
control

One of the significant benefits of continuous IPC training 
is the reduction of HAIs.[66] Research demonstrates that 
continuous IPC training helps medical staff adhere to best 
practices and understand their critical role in preventing 
the transmission of infections.[67] Ibrahim[68] recommends 
implementing a comprehensive, systematic, and continuous 
education plan, which holds great significance for applying 
HAI knowledge. In addition, with increased exposure to 
infection risks, employees gradually pay more attention 
to infection control and prevention during the medical 
process. Continuous IPC training aids medical staff in 
identifying potential risks and hazards that may contribute 
to the transmission of infections.[67]

Professional development in HAI prevention and control

Professional development plays a crucial role in 
HAI prevention and control, encompassing providing 
resources, support for education, certification, and 
guidance. Health‑care workers should receive education 
on fundamental principles, engage in ongoing education 
through seminars and conferences, pursue certification, 
seek guidance, and work within priority organizations. 
Continuing education and training are necessary to 
enhance medical staff’s ability in IPC, including 
attending conferences, webinars, or seminars that provide 
updates on the latest research and best practices. In 
many countries, professional organizations like the 
Association for Professionals in Infection Control and 
Epidemiology offer educational opportunities for their 
members.[69] Certification is another crucial aspect of 
professional development in HAI prevention and control. 
Certification validates that medical staff have acquired a 
certain level of knowledge and professional skills in this 
field. IPC professionals can obtain various certifications, 
such as the Certification in Infection Control and 
Epidemiology provided by The Certification Board of 
Infection Control and Epidemiology.[70‑72]

In China, the current imbalanced development of 
disciplines specializing in HI management highlights 
the need to strengthen training for relevant professionals 
in healthcare, public health, medical technology, and 
pharmacy in future endeavors.[73] Moreover, most hospitals 
lack standardized management of HIs, face a shortage 
of professional talent, and exhibit significant disparities 
in the level of HI management across different medical 
institutions.[73] Strengthening academic exchanges and 
communication with departments related to health 
supervision and disease control can foster consensus 
and unified standards, as well as enhance quality control 
measures and improve the efficiency of law enforcement Figure 3: Infection management and digital health service
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in HI management through initiatives such as mutual 
invitations to participate in training for knowledge and 
skills related to HI management, specialized lectures, and 
academic reports.

Improving job satisfaction and employee loyalty

Previously, the focus was primarily on implementing 
prevention and control measures for infectious diseases, 
with limited attention given to improving job satisfaction 
and employee loyalty. However, ensuring satisfaction and 
loyalty among staff in these departments can be challenging. 
Not all HAI management departments receive adequate 
attention and support from hospitals at all levels, resulting 
in issues concerning staffing composition and work levels. 
As full‑time infection control personnel age, the infection 
management department is gradually perceived as the 
“elderly care department” of the hospital. Consequently, 
the department’s development is hindered by a lack of 
attention and understanding from other staff members, 
low income for full‑time staff, a lack of self‑worth, an 
unstable team structure, and other factors posing potential 
risks to medical safety.[74] Figure  4 shows the impact 
assessment of health service needs. Hospital leaders often 
fail to provide clear communication and opportunities for 
professional development, which has a detrimental impact 
on employees.

Relating HAIs to continuing education and training

CPD and training can assist to reduce the occurrence of 
healthcare‑associated infections  (HAIs) by improving the 
knowledge and capabilities of health‑care practitioners. 
HAIs are an acronym that stands for healthcare‑associated 
infections.

Health‑care professionals can learn and apply IPC rules 
through training and CPD. CPD is ongoing professional 

development. This may prevent infectious disease spread 
and healthcare‑associated infections  (HAIs). New research 
and industry standards are released regularly in the IPC 
field, so it is crucial to stay current. CPD and training 
on IPC research and best practices may help health‑care 
providers give the greatest treatment to their patients. 
This benefits patients and doctors. This could lead to 
patient‑centric healthcare, reducing HAIs and improving 
patient satisfaction.

New Strategies for Ongoing Training and 
Professional Development
Interdisciplinary training

Interdisciplinary training plays a crucial role in bringing 
together professionals from different disciplines to 
collaborate toward a common goal.[75] In the context of 
HAI management, an interdisciplinary training plan should 
involve professionals from various departments, including 
clinical medicine, nursing, microbiology, preventive 
medicine, and environmental services.[76] The training plan 
aims to ensure that all staff members are knowledgeable 
about the latest infection control practices and programs, 
enabling them to prevent and manage HAIs collectively. 
There is a substantial amount of variation in the IPC 
training that is provided to nurses and physicians from 
one country to the next. Establishing an interdisciplinary 
regional training plan with common learning goals, 
standardized professional knowledge, and the assistance of 
national and international professional institutions might 
help to address the variability that is shown in IPC training 
for various professions.[55]

The first thing that has to be done to create an 
inter‑disciplinary training strategy for HAI management 
is to determine the relevant domains in which training is 
required. Every division may develop their own specialized 
training program according to these requirements. For 
instance, nursing personnel may be required to undergo 
training in the right practices for maintaining hand 
cleanliness as well as the usage of PPE. The employees 
in microbiology may need training on the processes for 
laboratory testing and the identification of pathogens. 
Training for environmental service staff on proper 
cleaning and disinfecting procedures for patient rooms and 
equipment might be beneficial. Training that is specialized 
to individual departments should be included in the strategy 
for interdisciplinary training, but training that emphasizes 
collaboration, and communication should also be included. 
When it comes to the prevention and management of HAIs, 
good communication and teamwork are very necessary. 
Because of this, staff members should be educated on 
how to communicate successfully with one another and 
recognize chances for collaborative efforts.

Hospital administrators must allocate the necessary 
resources and provide support to ensure that staff members Figure 4: Impact assessment of health service needs
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receive the required training and education. This view has 
been emphasized in several studies.[8] Continuous education 
and updates are vital as infection control practices and 
protocols evolve. With the support of hospital leaders, 
interdisciplinary training programs can effectively reduce 
the incidence of HAIs and improve patient outcomes.

Enhancing professional development

There is significant room for improvement in the 
professional development of HAI prevention and control. 
In China, HI control has not been fully integrated into 
the formal curriculum of higher medical institutions and 
is not even included as a required course. As a result, the 
discipline of HI control has been significantly constrained, 
and its advancement necessitates continuous research 
and exploration. As IPC receive widespread attention 
globally, promoting the professional development of 
HI control management presents both opportunities and 
challenges.

One possible approach is establishing HAI control as a 
subsidiary discipline under public health and preventive 
medicine, integrating it into professional graduate education 
and referring to the clinical medicine professional training 
system to provide standardized training for professionals 
in HI control. The goal of establishing the discipline can 
be achieved by focusing on scientific research and talent 
development. Developing a professional training model 
that aligns with the discipline’s growth would enable 
professionals to understand how to fulfill their duties, why 
they should do so, and what the future holds.[77]

Illustration for practical use

The following are some particular examples for this work 
to put into practice:

It is possible for a hospital to design a training program 
on hand hygiene for all of the health‑care professionals. 
Health‑care professionals may have the opportunity to learn 
the most up‑to‑date recommendations for hand hygiene, 
view a demonstration of the correct techniques for doing 
so, and then put those techniques to the test in a simulated 
clinical setting as part of the training program.

Long‑term care facilities can implement a program that 
trains all employees to recognize and respond appropriately 
to infection risks. The program may also include a 
review of the facility’s IPC regulations and procedures in 
addition to instruction on specific IPC topics such as hand 
hygiene, aseptic technique, and environmental cleaning 
and disinfection. This might be included as part of the 
instruction.

The most recent findings from IPC research and the most 
successful treatment procedures can be disseminated to 
local medical practitioners through a program designed 
by a public health department. The most recent findings 
from HAI research can be dissected in the classroom, and 

effective IPC interventions can be demonstrated in a variety 
of settings.

Conclusion
To effectively prevent and control infections, it is essential 
for HAI management employees to participate in ongoing 
training and professional development. HAI management 
professionals are very necessary to guarantee the safety 
of patients and cut down on HAIs. In order for them to 
successfully carry out their obligations, they need to have a 
wide range of information and skills under their belt. HAI 
management staff have the opportunity to improve their 
knowledge, get new skills, and remain current with the 
most recent guidelines and best practices by participating 
in ongoing training and professional development 
activities. Because of this, they are able to deploy enhanced 
procedures and technology, which ultimately results in 
better outcomes for patients and a lower incidence of 
HAIs. Training that is ongoing assists staff members in 
understanding the significance of infection control practices 
and maintaining a constant adherence to such practices.

Training programs that incorporate experts from a variety 
of departments and create teamwork while also promoting 
a common knowledge of IPC are called interdisciplinary 
training programs. By addressing the training requirements 
that are unique to individual departments and offering 
training in communication and cooperation, healthcare 
organizations may foster an environment that encourages 
effective collaboration and coordination in the management 
of HAIs. The incorporation of HI control into formal 
education curriculum, the establishment of HI control as 
a separate discipline, and the provision of standardised 
training for professionals are all required to enhance 
professional growth in the prevention and control of HAIs. 
By promoting research, talent development, and expanding 
the training model, the discipline can gain recognition and 
influence in the medical community.

Overall, HAI management personnel’s continuous training 
and professional development improve their competence 
and enhance job satisfaction and loyalty. Health‑care 
organizations need to allocate resources and support the 
ongoing education and development of their IPC personnel. 
By prioritizing training and professional development, 
health‑care institutions can improve patient safety, quality 
of care, and overall IPC efforts.

Both health‑care organizations and individual healthcare 
professionals may incur financial burdens as a result of the 
cost of continuous training and professional development. 
The cost of training could include things such as tuition, 
travel expenses, and wages that are missed throughout 
the process. The continuous training and professional 
development that is required of healthcare practitioners can 
be a time‑consuming as well. There is a possibility that 
healthcare professionals will need to spend time away from 
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their regular jobs to participate in training programs or 
finish online training courses. There is often a wide range 
of quality among training programs. There is a possibility 
that certain programs do not successfully improve the 
knowledge and abilities of health‑care workers.

It is possible that health‑care professionals will not be 
able to put the knowledge and abilities they gain in 
their training programs into practice once they enter the 
workforce. This may be the result of a number of causes, 
including a deficiency in resources or assistance at their 
place of employment, or the variable requirements of 
their individual patients. Maintaining continual training 
and professional development programs over the course 
of time can be a challenging endeavor. It is possible that 
health‑care organizations will not have the financial means 
to continue sponsoring training programs, and it is also 
possible that healthcare professionals will not be able to 
continue devoting the necessary amount of time to their 
participation in training programs.
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