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Abstract 

The resistance of carbapenem medicines by carbapenem resistant Enterobacteriaceae (CRE) 

has come to pose as a huge threat to world healthcare because the drugs are sometimes used as 

the last form of defense against multidrug-resistant infections. Severe morbidity and mortality, 

extended hospitalizations, and increased healthcare spending have been linked to infections by 

CRE. This review elaborates a mechanism of resistance, epidemiology, infection prevention 

measures, issues, and promising new strategies in controlling CRE in health-care facilities. CRE 
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outbreaks can be managed with the aid of infection control methods, which include 

antimicrobial stewardship, environmental cleaning, active surveillance, and contact restrictions. 

Likewise, resources, health care personnel' knowledge gaps, and the rapidly changing 

mechanism of resistance would be the other areas that need to be addressed. New infection 

prevention techniques were developed on the foundation of innovations like probiotic 

integration, real-time analytics, and genomic surveillance. This article highlights the 

understanding of molecular processes and regional epidemiology of Enterobacteriaceae which 

are involved in the development of strategies to fight health problem globally. 

Keywords: Enterobacteriaceae, Carbapenems, CRE, Resistance, Epidemiology, Infection measures, 

Hospitalizations, Health-care facilities. 

 

1. Introduction  

The family of Enterobacteriaceae has evolved into an impermeable resistance to carbapenems, 

which are the last lines of medicines for combating multidrug-resistant infections. Due to its 

nature of causing more dangerous infections, which were once considered nearly impossible to 

be treated, CRE emerged as a grave health concern in the global community, where morbidity 

and mortality levels were on the higher scale. CRE infections are very common in healthcare, 

spreading widely among patients who happen to have low immunity or are undergoing invasive 

medical procedures (Ojo et al., 2020; Shi, 2021; Musa, 2023).The primary thing that causes CRE 

resistance is the production of carbapenemase, which stops carbapenem antibiotics and beta-

lactam antibiotics in general from working (Ojo et al., 2020; "undefined," 2019). Such resistance 

not only complicates treatment but also increases the failure rate and leads to other adverse 

outcomes.  

Research generally indicates that CRE infections have significantly higher case fatalities than 

CSE infections (Martin et al., 2018; Yoshida et al., 2022). Sheu et al. (2019) regard CRE as a 

priority pathogen that requires urgent improvement, emphasizing strengthening the surveillance 

system and reducing its spread rate. The high rates of transmission in healthcare facilities further 

compound the threat of CRE and lead to outbreaks that can easily overwhelm health care systems 

(Musa, 2023; Marusinec, 2024). The rising rate of CRE is ascribed to factors such as the 

misapplication and overuse of antibiotics, weak infection control measures, and a deficiency of 

adequate diagnostic techniques to detect the resistant strain (Lovison et al., 2020; Thaden et al., 

2016). Besides this, a lack of newly active antibiotics against CRE creates infections with these 

bacteria quite tough to tackle (Sheu et al., 2019; Thaden et al., 2016). Effective utilization of 

antibiotics, proper infection control measures, and new research avenues to develop further 

treatment options have been necessitated for tackling the challenges of CRE (Ghafur et al., 2012; 

Zequinão et al., 2020; Rajni et al., 2018). Improvement in infection control and antibiotic use 

needs to be enhanced.  

The mechanism of resistance, high rate of transmission, and morbidity as well as mortality that 

accompanies make it a challenge to the public health sector in this world. Across all global health 

institutions, CRE was categorized as a priority pathogen in need of urgent strategies against the 

causative agent. Carbapenem-resistant Enterobacteriaceae (CRE) have significant impacts on 
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health care environments because they make patient care more challenging, increase healthcare 

costs, and raise the risk of poor patient outcomes. The emergence and spread of CRE have 

brought about increased challenges to infection control. This leads to a significant need for strong 

monitoring and intervention systems in health care facilities. The first critical impact of CRE on 

health care is an increased morbidity and mortality associated with infections by these resistant 

organisms. There are various studies that have suggested that mortality in patients infected with 

CRE is higher than those infected with carbapenem-susceptible Enterobacteriaceae (Ling et al., 

2015; Conlan et al., 2014). Treatment issues for CRE infections frequently lead to prolonged 

lengths of stay in the hospitals, expensive healthcare costs, and utilization of health services 

(Schechner et al., 2011; Haytolu et al., 2020). Patients who are colonized by CRE have a higher 

chance of developing subsequent infections. For patients in this category, sometimes critical 

complications may emerge when the patients are immunocompromised (Wangchinda et al., 

2022). Infection control practices provide a means of averting the spread of CRE infection in 

health facilities. Some effective interventions are based on risk-based screening, cohorting 

patients, and hand hygiene policies by healthcare workers (Schechner et al., 2011; Chang et al., 

2021).   

Furthermore, stewardship programs of antimicrobials are crucial in eliminating inappropriate use 

of antibiotics, which causes resistance (Lee et al., 2023). For instance, those hospitals that have 

established proper surveillance and prevention programs show fewer cases of transmission of 

CRE as evidence that implemented infection control interventions work well (Brennan et al., 

2014; Rizzo et al., 2019). A CRE infection in the healthcare setting also prevents normal hospital 

operations.  When a CRE infection leads to a breakout, hospitals must isolate infected patients 

and utilize more personal protective equipment and staff for infection control practices (Park et 

al., 2023). This stretches the resources of the hospitals and impacts the quality of care offered to 

all patients. Healthcare professionals may experience stress and burnout due to the complexity 

of managing resistant infections (Patel & Bonomo, 2013). 

 

2. Epidemiology of CRE 

The growing problem of emerging global health issues, which are found in varying degrees of 

prevalence within regions and countries, is due to the production of carbapenemase by CRE-the 

antibiotic-resistant bacterium. This enzyme confers resistance against carbapenem antibiotics on 

the bacteria themselves. The infection is then difficult to treat because of the resistance. The risk 

of severe infections also increases due to the presence of resistance. Studies have proven that 

CRE has been reported to have very low rates, up to 29.8% around the globe, depending on the 

area studied, and in certain epidemic areas, it was even reported as high as quoted by 

Premanadham et al. in the year 2022. The prevalence rate of CRE was estimated to vary 

differently across the various cities of India, reportedly at the higher level of 71.25% in Mumbai 

followed by that of 12.26% in Delhi and 7.87% in Chandigarh, respectively (Premanadham et 

al., 2022).  

That may be due to differences in infection control practices and differences in the performance 

of antimicrobial stewardship programs across these facilities, respectively (Premanadham et al., 
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2022; Dinkarrao, 2023). It is alarming in Southeast Asia, where it is reported at 70.5% to 91% 

in countries such as Singapore and Thailand (Suwantarat & Carroll, 2016). Its dissemination of 

NDM-type metallo-β-lactamases was especially prominent in this region as part of the reason 

for high prevalence of carbapenem-resistant Klebsiella pneumoniae and Acinetobacter 

baumannii (Curcio, 2013). A cross-sectional study in Nigeria recorded a prevalence of 22% 

among Enterobacteriaceae isolates, an alarming trend in West Africa, according to Adesanya & 

Igwe, 2020.  

The CDC classifies CRE as an emerging and urgent threat in the United States. Estimated 

hospitalizations from infections range between 2.7 and 3.1 million annually (Yoshida et al., 

2022). The prevalence of specific carbapenemase genes like bla KPC varies immensely, from a 

reported general population prevalence rate of 0.5% up to 38% prevalence in some hospitals in 

Brooklyn (Shanmugam et al., 2013). This again focuses on the importance of local 

epidemiological data in understanding how CRE is distributed. These aspects make the global 

landscape of CRE more complex since they can acquire and disseminate resistance genes 

between species using plasmids (Abe et al., 2019). Horizontal gene transfer is claimed to be 

responsible for fast spread of CRE in the healthcare settings, thus implying that there is a need 

for stringent surveillance and infection control measures to curb their influence (Ghafur et al., 

2012; Carrilho et al., 2016). 

 

3. Mechanisms of Carbapenem Resistance 

Carbapenem resistance among bacteria, especially among Enterobacteriaceae and Pseudomonas 

aeruginosa, are among the major threats that have become a menace to public health in the 

production of several mechanisms, among them carbapenemases. Carbapenemases include KPC, 

which is Klebsiella pneumoniae carbapenemase; NDM, which is New Delhi metallo-β-

lactamase; and VIM, which is the Verona integron-encoded metallo-β-lactamase, among others. 

Carbapenemases have been known to play a significant role in the mechanisms through which 

these pathogens show resistance to carbapenems. These are antibiotics that are often considered 

to be the last line to use in treating severe infections. The mechanisms of carbapenem resistance 

are complicated and multifactorial. In its use, the predominant mechanism is the production of 

carbapenemases, which hydrolyze the β-lactam ring, thereby making the carbapenems 

ineffective. For example, it has been well established that the blaKPC gene is highly prevalent 

in the Klebsiella pneumoniae strains that produce resistance to carbapenems. On the other hand, 

blaNDM and blaVIM are more commonly found in Pseudomonas aeruginosa and in 

Enterobacteriaceae (Abdalhamid et al., 2016; Lee et al., 2021).  

The genes are typically associated with mobile genetic elements like plasmids and transposons; 

they facilitate horizontal gene transfer among bacterial populations (Gong et al., 2018, Zaman et 

al., 2018). This mobility complicates treatment options by allowing fast spreading of resistance 

traits within different strains and species, as illustrated in Manyahi et al., 2022. There are more 

mechanisms that contribute to carbapenem resistance than the synthesis of carbapenem. For 

example, OprD porin loss in Pseudomonas aeruginosa that is due to changes in outer membrane 

proteins has been associated with very significantly reduced carbapenem uptake (Abouelfetouh 
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et al., 2019; Lai et al., 2018). Increased efflux pumps, such as the AdeB efflux pump, have also 

been recognized as mechanisms that increase resistance by actively pumping antibiotics out of 

the bacterial cell (Dogonchi et al., 2018). These mechanisms can also act synergistically or 

autonomously and, hence, have a compounded effect on the resistance levels. Moreover, 

expression and impact of resistance genes are also impacted by their genetic environment.  

Table 1: Key Mechanisms of Carbapenem Resistance. 

Mechanism Description Examples References 

Carbapenemase 

Production 

Enzymes that hydrolyze the β-lactam 

ring, rendering carbapenems 

ineffective. 

KPC, NDM, VIM (Abdalhamid et al., 

2016; Lee et al., 2021) 

Porin Alterations Changes in outer membrane proteins 

reduce antibiotic absorption. 

Loss of OprD in 

Pseudomonas 
aeruginosa 

(Abouelfetouh et al., 

2019; Lai et al., 2018) 

Efflux Pumps Active expulsion of antibiotics from 

bacterial cells. 

AdeB Efflux Pump (Dogonchi et al., 2018) 

Horizontal Gene 
Transfer 

Transfer of resistance genes via 
plasmids and transposons. 

blaNDM, blaKPC (Gong et al., 2018; 
Zaman et al., 2018) 

It has been reported that insertion sequences that enhance the expression of the blaNDM-1 gene 

besides enhancing its stability in the genome of bacteria generally determine the genetic 

environment of the gene (Zaman et al., 2018). Similarly, the presence of other resistance genes, 

for example, aminoglycosides and fluoroquinolones, can enhance the resistance phenotype 

exhibited among clinical isolates (Yamada & Suwabe, 2013). Other factors include the 

widespread use of carbapenems in clinics and failure to institute strict infection control measures 

(Peng et al., 2019; El-Mahdy & El-Kannishy, 2019). Their use of antibiotics is so rampant that 

resistant strains are favored to cause outbreaks in healthcare institutions (Majlander et al., 2021). 

The environmental reservoirs' resistance genes spread through food, animals, and other 

mechanisms, which pose a great risk to public health (Okello, 2023).In a nutshell, carbapenem 

resistance is mediated through several complex molecular mechanisms due to the production of 

carbapenemases, modifications in the porin channels, the activity of efflux pumps, and mediation 

by mobile genetic elements. Therefore, it is very crucial to know this for the purpose of 

developing an effective combating strategy against the emergence of carbapenem-resistant 

infections. Infection Control Measures Carbapenem-resistant Enterobacteriaceae, or CRE, 

spread in hospitals and healthcare facilities is one of the challenges to infection control efforts. 

Appropriate infection control is essential to prevent the spreading of the multiresistant 

organisms.  

A number of recent synthesized studies outline a few salient strategies that have been proven 

effective for mitigating CRE spread in healthcare facilities. Among the most effective measures 

is strict contact precautions, such as using PPE that includes gloves and gowns among the health 

workers interacting with a patient known or suspected to be colonized with CRE. Loon et al. 

(2018), Epson et al., 2014). Cohorting also involves the placement of patients with CRE as well 

as those at risk of colonization in the same setting to reduce cross-transmission and 
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contamination within the healthcare facility (Mularoni et al., 2019; Gohil et al., 2017). This also 

limits the spread and puts the affected patients under strict monitoring and management. Another 

key component of infection control is active surveillance for CRE. Routine screening of patients 

within settings that are risky, for example, within ICUs and long-term care settings, easily detects 

colonized or infected patients (Ling et al., 2015; Guh et al., 2014). It is with this need in mind to 

prevent epidemics and place timely isolations. Furthermore, understanding local epidemiology 

would make it easier to modify screening procedures in accordance with the prevalence and 

particular risk factors of CRE in a particular hospital context (Park et al., 2023). Antimicrobial 

stewardship programs represent an important control mechanism on the emergence and spread 

of CRE. Optimization of the use of antibiotics helps relieve selective pressure that could 

perpetuate resistant strains (Nair & Vaz, 2013; Decraene et al., 2018). Restriction of the use of 

carbapenems apart, stewardship also means proper use of other antibiotics that might contribute 

to the emergence of resistance. It is also highly dependent on the knowledge and training of 

health staff to effectively control infection.  

If all the healthcare personnel know the infection prevention procedure, which includes PPE use 

and good hand hygiene, the spread can be very much stopped (Park et al., 2023; Sakai et al., 

2021). And as far as high-turnover settings are concerned, this applies even more. For instance, 

some of the care settings that may not prepare their caregivers well in terms of infection control 

include long-term care facilities (Park et al., 2023). Also, there is strict environmental cleaning 

and disinfection procedures especially in areas where patient care was found with CRE. This 

includes cleaning surfaces and equipment regularly as well as monitoring for the presence of 

environmental reservoirs of CRE to prevent reinfection and further spread (Decraene et al., 2018, 

Kanamori et al., 2017). Lastly, a holistic approach to controlling CRE calls for collaboration 

between health facilities within a given region. More effective efforts on the facility level can be 

made if epidemic information is disseminated, and regional infection control practices are 

enforced according to what Guh et al. (2014), and Kanamori et al. (2017) note. All of these 

measures constitute a multiple approach towards stopping CRE within hospitals. They vary in 

intensity ranging from strict contact precautions, active surveillance through to stewardship, the 

training of staff, environment cleaning and coordination at regional levels.  

Proper execution of these measures can help bring about significant improvements in patient 

outcomes and drastically reduce the incidence of CRE infections. Screening and Surveillance 

both patients and healthcare workers on the presence of carbapenem-resistant Enterobacteriaceae 

(CRE) is one of the most important components of infection control in reducing the spread of 

the resistant organisms. Several techniques have been applied to screen and intervene upon CRE-

positive patients and workers. Rectal swabs are one of the most basic screening methods which 

are active surveillance cultures documented to be effective in the identification of CRE 

asymptomatic carriers. For instance, it is recorded that at the seventh day of stay in the hospital, 

all patients in the ICU received systematic screening by rectal swabs; this systematically filtered 

out all the colonized patients (Tiri et al., 2020).This is most especially true in areas such as 

intensive care units and long-term care settings in which CRE colonization would probably be 

much more common (Gomides et al., 2022; Tang et al., 2016). Research studies show that 

screening cultures can identify as high as 52% of cases in some groups while active surveillance 

has been known to detect a considerable number of individuals with CRE colonization (Kang et 
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al., 2019). In addition, infection control activation is required. Active includes contact isolation 

precautions among confirmed carriers, cohousing among patients with CRE, and good hand 

hygiene by the provider (Richter & Marchaim, 2016). Kotb et al. (2020) CDC and WHO 

proposed some guidelines that mention some improvement strategies at the point of healthcare. 

Additionally, implementation of antimicrobial stewardship programs should be incorporated to 

minimize the inappropriate use of antibiotics that can facilitate the development and dispersal of 

CRE (Richter & Marchaim, 2016; Kamio & Espinoza, 2022).   

More importantly, to effectively screen for and manage CRE, good interfacility communication 

is required between healthcare facilities. Shimasaki et al. (2018) reported that an important need 

for interfacility communication to identify patients transferred from LTACHs is necessary due 

to the presence of a one in three rate of CRE carriage. To prevent CRE, regional cooperations 

are important, for they can lead to well-coordinated and efficient processes of screening 

(Lutgring & Limbago, 2016). Antimicrobial Stewardship Programs (ASPs)By optimizing 

antibiotic usage, ASPs significantly reduce the selective pressure from the development of CRE. 

The major goal is to reduce needless prescriptions, which is one of the main causes of AMR 

(Bishop, 2016; Krummenauer, 2023). The wrong or excessive use of antibiotics causes the 

overgrowth of resistant strains, thus creating the selective pressure in favor of a particular type 

of microorganism, like CRE. Good stewardship in health care services is very important. The 

highest goals of ASPs are making antibiotics available only, when necessary, that is, only in 

specific cases, and use of the right antibiotic. The right drug should therefore also be 

accompanied by finding out the right dosage to take and the duration of treatment required (Ohl 

& Ashley, 2011; Pollack & Srinivasan, 2014). Studies have revealed that the overuse of broad-

spectrum antibiotics significantly increases the prospects of developing CRE. ASPs are, 

therefore, likely to reduce the selective pressure that favors resistant organisms, as they 

encourage the application of narrow-spectrum antibiotics based on appropriateness of use 

(Krummenauer, 2023; Swaminathan et al., 2013).  

Table 2: Infection Control Measures for CRE. 

Measure Description Examples References 

Contact Precautions Use of PPE and isolation of 

infected patients. 

Gloves, gowns, and 

cohorting 

(Loon et al., 2018; 

Epson et al., 2014) 

Active Surveillance Routine screening of high-risk 
patients for asymptomatic 

colonization. 

Rectal swabs in ICU 
patients 

(Ling et al., 2015; Guh 
et al., 2014) 

Antimicrobial 
Stewardship 

Optimizing antibiotic use to reduce 
selective pressure. 

Restricting carbapenem 
use 

(Nair & Vaz, 2013; 
Decraene et al., 2018) 

Environmental 

Cleaning 

Regular disinfection of high-touch 

surfaces and equipment. 

UV light disinfection, 

advanced cleaning agents 

(Kanamori et al., 2017; 

Mularoni et al., 2019) 

Staff Education and 
Training 

Educating healthcare workers on 
infection prevention protocols. 

Hand hygiene training (Sakai et al., 2021; Park 
et al., 2023) 
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Thirdly, ASPs are aimed at informing medical practitioners on the impact of the antibiotics and 

resistance. This would be critical since compliance among health-care practitioners toward 

stewardship recommendations has been found to vary (Duane et al., 2013). ASPs therefore create 

an environment of appropriate antibiotic usage that leads to a decreased overall antibiotic 

exposure in a health-care setting and subsequently limits the chance of resistance emerging 

(Bishop, 2016; Wang et al., 2022). In particular, the IDSA highlights that ASPs work not only 

to optimize clinical outcomes but also to minimize the unintended consequences of antimicrobial 

use, including the emergence of resistant pathogens (Bishop, 2016). Aside from improving the 

prescribing practice of antibiotics, most ASPs often partner with infection prevention programs 

for general patient safety. In preventing multidrug-resistant organism HAIs, CRE included, their 

collaboration becomes a more vital mechanism (Assi et al., 2021; Manning et al., 2018). It then 

connects the strategies for preventing infections and for using antimicrobial agents with one 

another. Besides, studies further reveal that ASP adoption significantly decreases the occurrence 

rates of infections resulting from multidrug-resistant microorganisms. For example, meta-

analyses have shown that infection-related length of stay can decrease as well as the 

improvement in clinical outcomes of patients with ASP intervention because of the reduction of 

resistant pathogen-related infections (Karanika et al., 2016). This underlines the ability of ASPs 

not only to prevent the development of resistance but also to improve the quality of care rendered 

to the patient. 

 

4. Outbreak Management 

Hospitals should respond to the outbreaks regarding carbapenem-resistant Enterobacteriaceae 

with a thoroughly and variably designed approach that would include methods such as stringent 

infection protocols, proactive and longitudinal monitoring, collaboration among all medical 

professionals, and adherence to the principles of antimicrobial stewardship. Strict infection 

control measures have been one of the strategies adopted in controlling CRE outbreaks. This is 

by immediate isolation of the infected or colonized patients to reduce further transmission. The 

practice of cohorting patients and health care workers who take care of the patients to avoid 

cross-contamination is recommended (Chen et al., 2019; Epson et al., 2014). For example, in the 

case of an outbreak due to CRE, it has been established that cohorting patients according to 

screening results is one of the main factors in preventing the spread of infection (Chen et al., 

2019).  

In addition, contact precautions, such as donning gloves and gowns, are very important in 

preventing healthcare-associated infections (Decraene et al., 2018). Another vital component of 

outbreak response is active surveillance. Hospitals need to conduct routine screening for high-

risk populations, like ICU patients and those staying in hospitals for a protracted period, for 

asymptomatic CRE carriers (Pisney et al., 2014; Viale et al., 2015). The implementation of rectal 

screening has been observed to be effective in identifying carriers during outbreaks; therefore, 

the intervention can occur at an appropriate time (Pisney et al., 2014).  
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Table 3: Challenges in Managing CRE Outbreaks. 

Challenge Description Potential Solutions References 

Resource Limitations Lack of financial and human 
resources for surveillance and 

infection control. 

Increased funding and 
resource allocation 

(Bhargava et al., 2014; 
Gomides et al., 2022) 

Healthcare Worker 

Knowledge Gaps 

Insufficient training on infection 

prevention and control. 

Regular staff education 

programs 

(Pawłowska et al., 

2023) 

Rapid Evolution of 

CRE Strains 

Emergence of new resistance 

mechanisms complicates infection 

control. 

Genomic surveillance, 

real-time analytics 

(Chang et al., 2021) 

Inadequate 
Antimicrobial 

Stewardship 

Lack of integration with infection 
control practices. 

Collaborative ASPs and 
infection protocols 

(Lee et al., 2023) 

Moreover, there is a need for continued environmental surface and equipment monitoring since 

CRE can survive even in a well-cleaned hospital environment (Snitkin et al., 2012). 

Antimicrobial stewardship programs (ASPs) are important in reducing selective pressure that 

leads to the development of CRE. Optimal antibiotic prescribing practices with minimal use of 

broad-spectrum antibiotics will prevent the development of resistance (Kwon, 2024; Aiesh et al., 

2023). Hospitals should integrate their ASPs with infection control measures to have a culture 

of responsible use of antibiotics among the healthcare providers (Bishop, 2016). This would be 

important in ensuring that CRE outbreaks are controlled effectively. Besides, coordination 

between healthcare professionals requires good communication in response to CRE outbreaks. 

Good lines of communication can help to hasten the identification and management of cases 

between infection control teams, microbiology laboratories, and clinical staff (Lee et al., 2013). 

Sharing information concerning the prevalence of CRE in a region can prepare the hospitals well 

in advance and prepare relevant control measures as soon as possible (Epson et al., 2014). Last, 

hospitals should participate in perpetual training and education of healthcare personnel on 

infection control practices as well as adherence to such protocols during outbreaks. Some aspects 

include the hand hygiene technique, proper utilization of personal protective equipment (PPE), 

and reporting any cases suspected of CRE (Liu et al., 2017). Training may be necessary to 

reinforce the practice on the part of all hospital staff. Therefore, hospitals should respond to CRE 

outbreaks with a multiple approach of strict infection measures, active surveillance, adding 

antimicrobial stewardship, providing effective communication, and teaching the health staff on 

an educational basis. These are strategies to prevent the spread and protect CRE patients. 

 

5. Challenges and Barriers 

The outbreak and spread of carbapenem-resistant Enterobacteriaceae are a challenge to the health 

care system; therefore, there is a need to understand the challenges and barriers in managing 

infections in hospitals. Among the factors said to have contributed to the failure of controlling 

the CRE outbreaks include lack of resources, poor knowledge of the healthcare providers, and 

systemic problems of health care facilities. One of the major challenges is having limited 
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resources for active surveillance and infection control measures. Most settings, particularly those 

in underdeveloped countries, experience a significant financial and human resource hindrance in 

implementing efficient screening and monitoring programs for CRE. Bhargava et al. (2014); 

Gomides et al. (2022). The shortage may contribute to the delayed detection and isolation of 

infected or colonized patients, allowing CRE to proliferate in healthcare settings. Ling et al., 

2015. Further, lack of training and education for the health workers regarding infection control 

practices often remains a major challenge that aggravates the situation (Pawłowska et al., 2023).  

Second, one important area remains the knowledge on infection control by the healthcare 

practitioners. Even though there is awareness concerning hand hygiene and other preventive 

practices about infection, most workers suffer from time pressures such that their work is 

challenged to observe the necessary practice about infection (Pawłowska et al., 2023). 

Indications show that healthcare employees in other places are neither well-trained nor educated 

concerning the procedures that should prevent the spread of CRE that could result in infection 

control breaches (Pawłowska et al., 2023). Specifically, this has been scary within ICU settings, 

given the often-reported higher occurrence rate of CRE compared with other sites (Tang et al., 

2016). Moreover, managing CRE outbreaks is complicated by variability in local epidemiology 

and the emergence of new resistance mechanisms. This rapid evolution of CRE strains, including 

novel carbapenemases, complicates the infection control teams in keeping abreast with the best 

strategies for prevention and management (Chang et al., 2021). This complicates the matter since 

CRE does not spread only in a healthcare environment but also spreads in communities, therefore 

needing an extensive surveillance and control system (Pawłowska et al., 2023). Another 

important action that would be undertaken in dealing with the selective pressure responsible for 

the spread of CRE is the introduction of ASPs.  

However, the support of hospital administration is limited, and ASPs are poorly integrated into 

infection control practices (Lee et al., 2023; Lee et al., 2023). In that case, the implementation of 

management of CRE outbreaks as coordinated efforts emphasizing both antimicrobial 

stewardship and infection prevention will provide a scope for meaningful management of such 

outbreaks. In summary, challenges to the control of nosocomial CRE outbreaks will be 

constrained by resource-restricted surveillance and infection-control capacities; lack of available 

information about healthcare workers involved in infections; the challenging epidemiological 

scenario of the locus; and inadequate antimicrobial stewardship. A successful strategy against 

such challenges would hence demand comprehensive and multi-element strategies incorporating 

more training, resource reinforcement, and convergence of infection prevention and control 

efforts with antimicrobial stewardship activities. 
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Figure 1. This shows the Systematic Approach to Infection Control for Carbapenem-Resistant 

Enterobacteriaceae (CRE): A structured workflow emphasizing patient screening, isolation, 

contact precautions, antimicrobial stewardship, active surveillance, and cleaning protocols to 

mitigate the spread of CRE in healthcare settings. 

 

6. Future Directions 

Innovations in infection control will be imperative to enhance the management of carbapenem-

resistant Enterobacteriaceae in hospitals. With the trend of CRE's prevalence on the rise, 

healthcare facilities will have to shift to new approaches and technologies that will enhance 

infection prevention. Innovative approaches for better management of CRE would include 
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advanced surveillance systems, enhanced environmental cleaning protocols, using probiotics, 

and integrating the approach of antimicrobial stewardship with the infection control measures. 

One of the hopeful innovations is the adoption of advanced surveillance systems that entail real-

time analytics of the data in monitoring rates of infections and even anticipating outbreaks of 

CRE. Electronic health records and other techniques of data mining would be applied to allow 

tracking the admissions of patients, patterns of usage of antibiotics, and infection patterns better 

(Goedken et al., 2020). In such a way, this preventive strategy may thus enable time to take 

interventions and control infection measures directed at sources of CRE in the health care setting, 

which reduces the rate of its transmission (Cai et al., 2022).  

Additionally, genomic sequencing offers insights into the dynamics of CRE. It allows health care 

facilities to identify sources of outbreaks and use containment based on such information (Dong 

et al., 2020). Better environmental cleaning practices are another infection control innovation. 

Application of UV light disinfection and advanced cleaners will drastically reduce the bioburden 

related to CRE on surfaces and in equipment in the healthcare facility (Lee, 2023). Clinical 

studies have shown that surface UV disinfection can significantly reduce the prevalence of CRE 

by eliminating the germs on contaminated surfaces, thus preventing transmission to patients and 

healthcare workers (Mularoni et al., 2019). Besides that, environmental monitoring of the facility 

daily would ensure proper cleaning protocols and disinfected high-touch surfaces (Park et al., 

2023). This is an emerging area of investigation that may be beneficial to infection control: the 

role of probiotics for the prevention of CRE colonization. Probiotics may help restore the balance 

in the gut microbiome of a patient, which can lessen the chances of acquiring the CRE, especially 

in high-risk patient populations such as those confined in intensive care units or ICUs (Lee, 

2023).  

Maintaining a healthy microbiome, probiotics could be the adjuncts to traditional infection 

control strategies that enhance overall patient outcomes (Vlad et al., 2022). Integrating ASPs and 

infection control efforts would be one of the biggest ways to counter the selective pressure that 

drives the emergence of CRE. ASPs have dedicated efforts toward optimizing the use of 

antibiotics for the least development of resistance. Infection control measures, on the other hand, 

are specifically undertaken to avoid the spread of resistant organisms (Loon et al., 2018). 

Hospitals can, through encouraging teamwork between infection control teams and antimicrobial 

stewardship programs, offer all-rounded handling of CREs, both in preventing their occurrence 

and in the process of treatment (Yang et al., 2020).The integration could work to have patients 

abide by infection control protocols and, consequently, antibiotics more, and fewer infections 

would be caused by these CREs (Nachamuthu, 2023). Conclusions In brief, innovations in 

infection control include advanced surveillance systems and enhanced environmental cleaning 

protocols using probiotics. Incorporating antimicrobial stewardship into a holistic approach with 

infection control measures is critical to the overall improvement of management for CRE in 

hospital settings. In so doing, healthcare facilities are able to enhance the ability of preventing 

and controlling outbreaks within the facility to ensure a safer environment and improved patient 

care.  
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KPC Klebsiella pneumoniae carbapenemase 

NDM New Delhi metallo-β-lactamase 
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HAI Healthcare-Associated Infections 

ICU Intensive Care Unit 

PPE Personal Protective Equipment 

ASP Antimicrobial Stewardship Program 

LTACH Long-Term Acute Care Hospitals 
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8. Conclusions 

Carbapenem-resistant Enterobacteriaceae (CRE) poses one of the greatest challenges faced by 

healthcare systems worldwide owing to their high morbidity and mortality and resistance to last-

line antibiotics. The rapid increase in CRE infections necessitates immediate, comprehensive 

interventions for controlling their spread and impact. Infection control measures include contact 

precautions, active surveillance, environmental cleaning, and antimicrobial stewardship; 

therefore, these can also help manage CRE outbreaks. Similarly, the other areas to be addressed 

would involve resources, knowledge gaps within health care workers, and the fast-evolving 

mechanism of resistance. Innovations, such as genomic surveillance, real-time analytics, and the 

integration of probiotics, will form a basis for developing new infection prevention strategies. 

Proper management of CRE needs international cooperation, continued research, and 

coordinating infection control practices with antimicrobial stewardship for better patient 

outcomes and a safer health care environment. 
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