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Abstract 

Background: Health-related infections represent a very important complication of 
health care treatment. They are associated with high morbidity, mortality, disability 
and high costs of treatment, care and rehabilitation. The problem is its rising incidence, 
mainly as pathogens have developed various antimicrobial resistance mechanisms. 
Enterobacterias that excrete carbapenemases are a significant problem, especially as 
the treatment options for infections is increasingly limited. Several guidelines dictate 
measures to prevent their spread and control at different levels of health care. 
Implementation of guidelines in practice is not easy, as it requires a lot of knowledge, 
cooperation, consistency, material, environmental and human resources. The role of 
health care professionals is indispensable in this field. The aim of the article is to 
present the role of health care professionals in the prevention of Carbapenem-resistant 
Enterobacteriaceae (CRE) infections and proactive approach of General hospital Ptuj 
in preventing and controlling CRE. 
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Introduction 
According to the World Health 
Organization, health-related infections 
are the most common unwanted event 
in health care worldwide (WHO, 2011). 
They are infections acquired in 
healthcare settings. These include 
hospital infections, infections in 
patients in nursing homes, in long-term 
care facilities, infections in patients 
requiring permanent outpatient care 
(dialysis, chemotherapy) or need 
permanent medical care at home. 
Hospital infections represent the most 
important proportion of health-related 
infections, especially as they usually 
affect the most vulnerable groups of 
patients (Lejko Zupanc, 2013). In the 
European Union, every 20th 
hospitalized patient has a hospital 
infection, which represents 4,1 million 
patients and 37,000 deaths associated 
with these infections on a yearly basis 
(ECDC, 2008). Hospital infections are 
not only financial costs, but they extend 
hospitalization, contribute to mortality 
and permanent disability of patients 
(Lejko Zupanc, 2013).  
The proportion of patients with a 
hospital infection is significantly higher 
in Slovenian hospitals than in the 
European Union, which points to the 
exceptional severity of the problem. 
The dominant cause of hospital 
infection in Slovenia is 
Enterobacteriaceae (43.3%). The most 
common cause of hospital infections in 
Slovenia and Europe is E. coli. In 
Slovenia, the most common causes of 
pneumonia and lower respiratory tract 
infection are Klebsiella spp. and P. 
aeruginosa (20.7%), the most common 
causes of surgical wound infections are 
enterococci (23.2%), the most common 

cause of urinary tract are E. coli 
infections (38.5%) (Klavs et al., 2013). 
A particular problem in the field of 
hospital infections is the spread of 
antimicrobial resistance. According to 
ECDC (2013) was more than half of 
Klebsiella spp. Resistant to 
cefalosporins of the third generation. In 
Slovenia, 41.9% of P. aeruginosa strains 
are resistant to carbapenems, according 
to ECDC data, this proportion is lower 
in the European Union (31.8%). 
According to ECDC, of all tested A. 
baumanii is 81.2% carbapenem-
resistant and can be found one in five 
isolates in Slovenia. These results are 
not encouraging and may indicate an 
increased use of carbapenems and an 
increase in antibiotic-resistant bacteria 
(Klavs et al., 2013). The increase of 
antibiotic resistance, especially beta-
lactam antibiotics, is becoming an 
increasing problem at the global level. 
The consequences of infections caused 
by resistant bacterial strains are 
increased morbidity, mortality and 
increased costs of treatment (Hawkey, 
2009). 
In the last two decades of the 20th 
century, the attention of the medical 
profession and the pharmaceutical 
industry was directed mainly towards 
the problem of spreading resistant 
gram-positive bacteria, in particular 
MRSA and VRE (Nicasio et al., 2008). At 
the beginning of the 21st century, 
attention is paid to gram negative 
bacteria, increasing concern is caused 
by the occurrence of multiple resistant 
Enterobacteria (Adraševič et al., 2012). 
In Slovenia, we currently see the biggest 
problems in gram negative bacteria. 
According to all indicators, Slovenia is 
facing a threatening epidemic of 
growing resistance to gram negative 
bacteria (Lejko Zupanc, 2013). 
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Carbapenemase-producing 
Enterobacteriaceae 
Carbapenem are beta-lactam antibiotics 
that have the broadest spectrum of 
activity among all beta-lactams. They 
are used as the latest choice for the 
treatment of bacterial infections when 
other antibiotics, no longer have an 
effect (Papp Wallace et al., 2012). A 
problem is the spread of the 
antimicrobial resistance. In recent 
years, Enterobacteria have emerged 
with new antibiotic resistance 
mechanisms and treatment of infections 
is very limited (Livermore, 2012). The 
spreading of Enterobacteria that excrete 
carbapenemases presents a serious 
public health problem, and the extent of 
the problem varies greatly between 
countries (Canton et al., 2012). In 
Slovenia, we encounter individual 
cases (Štrumbelj et al., 2013). Many 
cases are related to importation from a 
foreign country such as Greece, Serbia, 
Croatia, Bosnia, Italy, Libya and India 
(Pirš et al., 2013). Carbapenem-resistant 
Enterobacteriaceae (CRE) infections are 
associated with poor outcomes and 
high mortality, high treatment costs 
(Hawkey, 2009; Magiorakos et al., 
2017).  
 

Prevention of CRE and the role 
of health care professionals in 
preventing CRE  
In December 2015, the Slovenian 
National Commission for the Control of 
Hospital Infections adopted 
recommendations on measures to 
prevent the transmission of CRE. These 
recommendations focus primarily on 
the early detection of asymptomatic 
patients, strict contact isolation 
measures, the sensible use and control 
of antibiotic consumption and 

consultation with an infectious disease 
physician (NAKOBO, 2015).  
In literature, there are several 
recommendations for preventing the 
spread of CRE. Literature shows that it 
is possible to completely avoid hospital 
expansion at early stages. It is also 
possible to act later, but with 
incomparably higher costs and lesser 
final success. Core infection prevention 
and control measures to minimize risk 
of spread of CRE within and between 
healthcare settings are: antimicrobial 
stewardship, environmental cleaning, 
equipment reprocessing, faecal and 
medical waste management, guidelines 
and processes, hand hygiene, 
infrastructure and capacity for patient 
accommodation, microbiological 
capacity, staff education, staffing, 
surveillance (Magiorakos et al., 2017). 
WHO (2017) prepared evidence-based 
recommendations on measures for the 
prevention and control of CRE, which 
consists of main eight 
recommendations:  implementation of 
multimodal infection prevention and 
control strategies,  importance of hand 
hygiene compliance for the control, 
surveillance of CRE infection and 
surveillance cultures for asymptomatic 
CRE colonization, contact precautions, 
patient isolation, environmental 
cleaning, surveillance cultures of the 
environment for CRE 
colonization/contamination and 
monitoring, auditing and feedback. 
The European Expert Group proposes 
regional, national and international 
coordination (Štrumbelj, 2012). The key 
measures for successful prevention of 
the spread of CRE are primarily the 
early detection and the restriction of the 
spread with hospital hygiene measures 
and the screening of patients and their 
contacts (Akova et al., 2012; Monuz 
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Price et al., 2013). Early detection of 
asymptomatic carriers is important. It is 
necessary to find also healthy carriers as 
they are an important reservoir of 
resistant bacteria (Štrumbelj, 2012). Risk 
factors for the occurrence of CRE are 
hospitalizations in health care 
institutions where CRE has been 
already present and contact with a 
patient with proven CRE. Surveillance 
samples include a rectal swab or a stool, 
which should be taken at the admission 
and then repeated after seven days. 
Patients with suspect on CRE should be 
in isolations until two surveillance 
samples are negative (NAKOBO, 2015). 
Contact isolation is recommended. 
Patients with CRE can be in cohort 
contact isolation, however, patients 
with other multiple resistant bacteria, 
such as MRSA, ESBL, VRE should not 
be in the same rooms. The contact 
isolation measures usually include the 
installation in a single room with own 
sanitary facilities (or cohort), the 
hygiene of the staff, patients and 
visitors, and the correct use of personal 
protective equipment. In case of contact 
with the patient or his immediate 
surroundings, we use protective gloves. 
A surgical mask is used only if the 
patient has a bacterium isolated in the 
respiratory system or in the aerosol 
forming processes. Medical devices 
must be separated and assigned only to 
a particular patient. We use disposable 
devices, which should be discarded. It 
is necessary to disinfect the patient's 
environment, using conventional 
cleaners and disinfectants. Particular 
attention should be paid to the cleaning 
and disinfection of sanitary facilities 
and on the final cleaning after the 
completion of the isolation measures 
(Pirš et al., 2013; NAKOBO, 2015). 
Contamination of surfaces contributes 

significantly to the colonization of 
patients., Terminal cleaning of hospital 
rooms with a disinfectant with 
hydrogen peroxide has been shown. As 
a successful measure to prevent the 
spread of bacteria that excrete 
carbapenems (Pirš et al., 2013). In our 
experience, disinfection with UV light it 
is extremely effective, which in addition 
to the efficacy also enables the patients 
to be quickly reinstalled into 
disinfected hospital rooms. 
NAKOBO (2015) state that separate 
staff should take care for a colonized 
patient, if possible. In practice, it is often 
difficult to ensure that, as it is often 
difficult to ensure a sufficient number 
of insulation rooms. It is well known 
that the increase in the number of 
hospital infections is significantly 
affected by the lack of rooms and 
personnel (Clements et al., 2008). It is 
therefore important for nursing staff us 
to be aware of the seriousness of the 
problem. They should perform their 
tasks in accordance with the standards 
and professional guidelines. When 
there is a lack of separate rooms, we 
should try to find the safest solution for 
patients - implementation of isolation 
measures, separate from other patients. 
Pirš and others (2013) and NAKOBO 
(2015) state that inter-hospital and 
intra-hospital patient transfers are 
particular problem in preventing an 
outbreak. Health care staff should be 
warned that the patient is colonized or 
infected with CRE when transferred to 
other hospitals or other departments. 
The role of health care professionals is 
extremely important, as nurses should 
verbally and in writing inform other 
staff about the colonization. The 
patient's identification in the computer 
information system is also important 
(NAKOBO, 2015). 
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Health care professionals can greatly 
contribute to reducing the spread of 
CRE. The consistent implementation of 
all standard measures to prevent the 
spread of healthcare-related infections 
are required. Hand cleansing is the 
primary action to reduce health-care-
associated infection and cross-
transmission of antimicrobial-resistant 
pathogens (Pittet et al., 2006). 
Healthcare professionals should follow 
WHO guidelines: My 5 Moments for 
Hand Hygiene approach.  This 
approach recommends healthcare 
workers to clean their hands before 
touching a patient, before clean/aseptic 
procedures, after body fluid 
exposure/risk, after touching a patient, 
and after touching patient 
surroundings. It is important that 
health care professionals understand 
the importance of consistent hand 
hygiene and warn each other about 
possible deviations. Hygiene is also 
essential in patients and visitors. 
Patients need to wash and disinfect the 
hands after using the toilet and before 
leaving the hospital room. For visitors, 
the disinfection of hands is required 
before entering the hospital room and 
before contact with the patient and 
before leaving the hospital room 
(NAKOBO, 2015). Health care 
professionals should educate patients 
and visitors and about consistent hand 
hygiene.  
The occurrence and spread of resistant 
bacteria are mainly associated with too 
frequent and incorrect use of 
antibiotics, therefore it is necessary to 
optimize the use of antimicrobial drugs 
in human medicine, veterinary and 
food industries with strict indications. 
Consistent measures must be taken to 
prevent and control health-related 
infections under national guidelines by 

including local epidemiological 
features. The education of healthcare 
professionals, patients, visitors and the 
public is a very important factor 
(Gorišek Miksić and Gorišek, 2017). 
Patients should be familiar with the 
problem of the emergence and spread 
of multiple resistant microorganisms, 
including CRE. Patients should be 
advised to take antibiotics as prescribed 
by physicians. Patients should not take 
antibiotics when this is not necessary 
and follow the prescribed instructions. 
In addition, hands should be washed 
regularly. We are all responsible for 
maintaining the effectiveness of 
antibiotics. Responsible use of 
antibiotics can help stop the spread of 
resistant bacteria and maintain the 
effectiveness of antibiotics for use in 
future generations (ECDC, 2016). 
 

CRE prevention in General 
hospital Ptuj 
General hospital Ptuj adopted proactive 
approach to problem solving, that is, 
pre-prepared readiness of resources 
and procedures, allowing early 
detection and limitation of the CRE 
problem. Identification of 
asymptomatic carriers is essential step, 
as experience shows that a lot of 
patients are not identified in early 
stages of hospitalization. In this area, 
the role of the Commission for the 
control of hospital infections is very 
important. Task of Commission is 
primarily to prepare professional 
guidelines and standards. As 
prevention of hospital-acquired 
infections are possible through strict 
adherence to evidence-based practices, 
it is important that the Commission 
prepare professional guidelines and 
standards based on current evidence 
such as WHO, ECDC guidelines and 
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evidence from UpToDate. The next step 
is implementation of guidelines and 
standards into clinical practice and 
education of staff. Important role in 
implementation and education have 
physician for control of hospital 
infection and nurse for hospital 
infection. They prepare and provide 
theoretical education, support and 
advice in the implementation of 
guidelines in practice and monitor the 
practice in terms of constant 
surveillance. They also educate patients 
and their relatives about hospital-
acquired infections and its prevention 
measures.  
 

Conclusion 
Health care professionals have an 
important role in controlling and 
preventing CRE. Everyone can 
contribute. Many health care 
professionals will need to change their 
thinking and awareness of the problem 
of health-related infections and the 
problem of the resistance of bacteria 
against antimicrobials. This is also the 
awareness of the necessity of daily, 
consistent implementation of all 
measures to prevent the spread of 
bacteria resistant to carbapenems, with 
an emphasis on hand hygiene. 
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