
Azak et al. 
Antimicrobial Resistance & Infection Control           (2023) 12:11  
https://doi.org/10.1186/s13756-023-01208-0

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Antimicrobial Resistance
and Infection Control

Evaluation of the implementation of WHO 
infection prevention and control core 
components in Turkish health care facilities: 
results from a WHO infection prevention 
and control assessment framework (IPCAF)—
based survey
Emel Azak1, Ahmet Sertcelik2, Gulden Ersoz3, Guven Celebi4, Fatma Eser5, Ayse Batirel6, Yasemin Cag7, 
Zeynep Ture8, Derya Ozturk Engin9, Meltem Arzu Yetkin10, Sedat Kaygusuz11, Aslıhan Candevir12, 
Ermira Tartari13, Jordi Rello14, Emine Alp5* and THIRG, Turkish Hospital Infection Research Group 

Abstract 

Background  The core components (CCs) of infection prevention and control (IPC) from World Health Organization 
(WHO) are crucial for the safety and quality of health care. Our objective was to examine the level of implementa-
tion of WHO infection prevention and control core components (IPC CC) in a developing country. We also aimed to 
evaluate health care-associated infections (HAIs) and antimicrobial resistance (AMR) in intensive care units (ICUs) in 
association with implemented IPC CCs.

Methods  Members of the Turkish Infectious Diseases and Clinical Microbiology Specialization Association (EKMUD) 
were invited to the study via e-mail. Volunteer members of any healt care facilities (HCFs) participated in the study. 
The investigating doctor of each HCF filled out a questionnaire to collect data on IPC implementations, including the 
Infection Prevention and Control Assessment Framework (IPCAF) and HAIs/AMR in ICUs in 2021.

Results  A total of 68 HCFs from seven regions in Türkiye and the Turkish Republic of Northern Cyprus participated 
while 85% of these were tertiary care hospitals. Fifty (73.5%) HCFs had advanced IPC level, whereas 16 (23.5%) of the 
68 hospitals had intermediate IPC levels. The hospitals’ median (IQR) IPCAF score was 668.8 (125.0) points. Workload, 
staffing and occupancy (CC7; median 70 points) and multimodal strategies (CC5; median 75 points) had the lowest 
scores. The limited number of nurses were the most important problems. Hospitals with a bed capacity of > 1000 
beds had higher rates of HAIs. Certified IPC specialists, frequent feedback, and enough nurses reduced HAIs. The most 
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common HAIs were central line-associated blood stream infections. Most HAIs were caused by gram negative bacte-
ria, which have a high AMR.

Conclusions  Most HCFs had an advanced level of IPC implementation, for which staffing was an important driver. 
To further improve care quality and ensure everyone has access to safe care, it is a key element to have enough staff, 
the availability of certified IPC specialists, and frequent feedback. Although there is a significant decrease in HAI rates 
compared to previous years, HAI rates are still high and AMR is an important problem. Increasing nurses and reducing 
workload can prevent HAIs and AMR. Nationwide “Antibiotic Stewardship Programme” should be initiated.

Keywords  Infection prevention and control, IPC core components, Health care-associated infections, Antimicrobial 
resistance, Workload

Background
Health care-associated infections (HAIs) are one of the 
most common adverse events in health care [1]. Despite 
the developments in infection control measures today, 
HAIs continue to maintain their importance with their 
incidence, mortality, cost, and contribution to antimi-
crobial resistance [2–6]. The HAI burden is reported to 
be higher in low- and middle-income countries (LMICs) 
than in developed countries [2, 7]. It is estimated that 
63.5% of infections caused by antibiotic-resistant bacte-
ria are health care-related [6]. In recent years, although 
carbapenem resistance in Acinetobacter, Klebsiella, and 
Pseudomonas species has been an important problem, 
methicillin resistance in Staphylococcus aureus and van-
comycin resistance in Enterococcus faecium continue to 
maintain their importance [8–11]. The major high-risk 
areas for HAIs in healthcare facilities are intensive care 
units (ICU). Both HAI and antimicrobial resistance 
(AMR) rates are reported to be higher in patients hos-
pitalized in the ICU [12]. The mortality ratio in patients 
infected with resistant microorganisms is at least two to 
three times higher than in patients infected with suscep-
tible microorganisms [2]. Therefore, prevention of HAIs 
is a global priority in order to reduce AMR, which has 
been going on for years, the so-called “silent pandemic”, 
and other adverse effects on the health system. Infection 
prevention and control (IPC) measures and antimicrobial 
stewardship (AMS) programmes that will prevent the 
development of HAI and AMR gain more importance for 
countries with limited resources due to the fact that they 
constitute a significant burden on the country’s economy 
[13].

In the SENIC study, performed in the early 1970s to 
assess the efficiency of the control of nosocomial infec-
tions, the establishment of surveillance and/or infection 
control measures was shown to prevent HAIs, and prac-
tices aimed at preventing HAIs gained momentum [14].

In 2016, the World Health Organization (WHO) made 
recommendations for IPC programmes, summarized in 
eight core components (CCs), and subsequently specified 
the minimum requirements for IPC practices in 2018 [15, 

16]. In addition, the WHO released the Infection Preven-
tion and Control Assessment Framework (IPCAF) ques-
tionnaire [17].

IPC minimum requirements consist of eight CC, 
including the IPC programme (CC1), IPC guidelines 
(CC2), IPC education and training (CC3), HAI surveil-
lance (CC4), multimodal strategies for implementing 
IPC activities (CC5), monitoring and audits of IPC prac-
tices and feedback (CC6), workload, staffing, and occu-
pancy (CC7), and the built environment, materials, and 
equipment for IPC at the facility level (CC8) [15]. In the 
IPCAF survey, establishments are given a score based on 
these eight CCs, and the results are then classified into 
one of the four IPC categories. Insufficient is indicated by 
a score of 0–200 points; basic is 201–400 points; inter-
mediate is 401–600 points; and advanced IPC level is 
601–800 points [17]. In addition, this survey provides a 
possibility for evaluation, analysis, and improvement of 
IPC activities carried out in health care facilities (HCFs).

The COVID-19 pandemic we are experiencing has 
shown how necessary IPC programmes are for the safety 
of corporate patients and health care professionals, as 
well as global health security [18]. With the implementa-
tion of IPC programmes, safe and quality health care can 
be provided for those who use health services and those 
who offer this service [19].

Until the 2000s, IPC activities in Türkiye were carried 
out through individual efforts spearheaded by academic 
members. The most crucial step to strengthening IPC 
activities in Türkiye has been achieved with the Inpatient 
Treatment Institutions Infection Control Regulation pub-
lished in 2005 [20]. With this regulation, national surveil-
lance and IPC programmes supported by the Ministry 
of Health have been initiated. Infection control commit-
tees (ICC) with at least one certified full-time infection 
control nurse and infection control doctor in all institu-
tions have been established, national surveillance ground 
rules have been developed, and then multimodal hand 
hygiene campaigns and national education and training 
programmes have been carried out. In 2006, HAI and 
hand hygiene compliance data started to be provided to 
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a national data server. In 2008, surveillance data began 
to be reported to the Ministry of Health via a web-based 
surveillance system (the National Health Service Asso-
ciated Infections Surveillance Network, or USHIESA) 
using internationally accepted definitions and stand-
ardized forms [20–22]. National HAI surveillance has 
focused primarily on the surveillance and prevention of 
device-associated HAI (DA-HAI) in ICUs [23]. With the 
change in the Infection Control Regulation of Inpatient 
Treatment Institutions in 2011, assigning an infection 
control nurse for every 150 full beds became mandatory, 
taking into account the annual average bed occupancy 
rate [20].

Trainings for infection control nurses were initiated 
by the Ministry of Health in 2007 with a standard train-
ing programme. Trainings were provided at Ministry-
approved training centers until 2017.  Since 2017, the 
theoretical part of the education has been carried out 
using distance education techniques, followed by practi-
cal training lasting 15 working days at the training cent-
ers. For theoretical education, 40 lessons in 7 modules 
are taught by 22 trainers. For 2018, the total number of 
training centers in 17 provinces is 37. The validity period 
of the infection control nursing certificate is seven years. 
The certificates of nurses whose certificates have expired 
are renewed through the recertification exam, which has 
been offered via distance education since 2017. Certified 
nurses can benefit from distance theoretical education. 
Until 2013, a training programme given by the Minis-
try for physicians working in infection control commit-
tees, followed by an infection control doctor certification 
exam, was implemented. Infection control doctor certifi-
cation has been abolished since 2013. All physicians can 
participate in infection control trainings, which started in 
2017 and are conducted using distance education tech-
niques, and receive participation certificates when they 
complete the training [21, 22].

Nearly 15  years have passed since the start of the 
national IPC program in Türkiye. However, the degree 
of implementation of IPC CCs in Turkish HCFs and IPC 
practices’ effect on HAI rates have not been investigated 
yet.

The main aim of this study is to evaluate the IPC prac-
tices in Turkish HCFs and determine the level of IPC in 
Turkish HCFs using the IPCAF survey tool. Our second 
aim is to determine how often HAIs and AMR occur in 
ICUs in 2021 and whether the lack of IPC components is 
usually associated with HAIs.

Methods
Study design and participants
Members of the Türkiye Infectious Diseases and Clini-
cal Microbiology Specialization Association (EKMUD) 

dealing with HAIs were invited to the study via e-mail. 
EKMUD is the national, professional, and scientific asso-
ciation of infectious diseases and clinical microbiology 
specialists. According to the statistics of the ministry of 
health in Türkiye for 2020, there are a total of 1534 hos-
pitals in Türkiye, including 900 hospitals under the min-
istry of health, 68 university hospitals, and 566 private 
hospitals [24]. In Turkish Republic of Northern Cyprus 
(TRNC), there are two university hospitals and four pri-
vate hospitals. Members of the EKMUD are present in 
most hospitals in Türkiye and the TRNC. The participa-
tion of the centers was based on voluntarism, and there 
were no criteria other than involvement with HAIs. A 
questionnaire form was created for the study. The first 
part of the questionnaire was a self-assessment, which 
included the descriptive characteristics of HCFs (hospi-
tal type, units available, number of beds, number of doc-
tors and nurses in ICUs and HCFs, number of infection 
control doctors and nurses, etc.) and information about 
IPC CCs, including the IPCAF questionnaire for 2021. 
The questionnaire was in Turkish, and the IPCAF ques-
tionnaire was translated into Turkish. The Turkish ver-
sion of the IPCAF questionnaire is shown in Additional 
File 1. The second part of the questionnaire included data 
on HAIs, causative pathogens, and resistance to selected 
antibiotics in ICU in 2021. Centers for Disease Control 
and Prevention (CDC) /National Healthcare Safety Net-
work (NHSN) criteria were used to define HAIs [25]. For 
HAI developing in the ICU, infections developing on or 
after the 3rd day of admission to the ICU or the trans-
fer rule in the CDC/NHSN criteria were considered [15]. 
Pathogens that caused HAIs in ICUs were tested to see 
how resistant they were to certain antibiotics.  Before 
the study data were collected, online meetings were held 
with all participants to go over the study’s design and the 
introduction of the questionnaire forms in order to get 
reliable results.

In order to ensure data confidentiality, a special code 
was created for each institution in the study, and each 
HCF provided data entry with this code. Google Forms 
was used to collect all data.

Each center separately obtained administra-
tive permission for the study, which was ethically 
approved by the Kocaeli University Faculty of Medi-
cine Non-Invasive Clinical Research Ethics Committee 
(GOKAEK-2022/01.19, project number: 2022/15).

Measurements
According to the answers given to each question in the 
IPCAF questionnaire, the scoring specified in the guide 
was applied, and then a descriptive analysis was per-
formed. It was possible to get a maximum of 100 points 
for each of the eight CCs of the IPCAF. After adding up 
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the eight CC scores, the maximum IPCAF score was 
800. According to the final total score, hospitals were 
categorized into four different IPC levels: 0–200 points 
‘‘insufficient’’, 201–400 points ‘‘basic’’, 401–600 points 
‘‘intermediate’’, and 601–800 points ‘‘advanced’’.

Statistical analysis
SPSS software (version 21; IBM, Chicago, IL, USA) was 
used for statistical analysis. Descriptive statistics were 
presented as numbers and percentages, mean ± standard 
deviation (SD) if quantitative data fit the normal distri-
bution, and median, interquartile range (IQR) if they did 
not. Compliance with the quantified normal distribution 
was evaluated with histogram, Detrended Q-Q plot, and 
Shapiro–Wilk test. Comparisons (Chi-square, Fischer’s 
exact test, Student’s t-test, Mann Whitney U test) and 
multivariate analysis were performed to identify factors 
associated with rates of HAIs. The significance level was 
accepted as p < 0.05 (bi-directional). No imputations were 
made to replace the missing values.

Results
Characteristics of participating hospitals
In total, there are 1536 HCFs in Türkiye and 6 HCFs in 
the TRNC. At the first stage, 76 of these HCFs stated that 
they were willing to participate in the study [24]. Eight 
HCFs subsequently withdrew from the study, stating that 
they did not have sufficient time to collect and present 
data. Therefore, the study was carried out at 68 HCFs. 

85% of these are hospitals classified as tertiary care. The 
distribution of these hospitals was training and research 
hospitals (TRH, 39.7%), university hospitals (UH, 32.4%), 
and city hospitals (CH, 13.2%). In addition, seven of the 
other HCFs participating in the study were state hospitals 
(SH, 10.3%), and only three were private hospitals (PH, 
4.4%). The distribution of HCFs included in the study 
from Türkiye and the TRNC is shown in Fig. 1.

The distribution of IPCAF scores
When the IPCAF results from 68 HCFs were analyzed, 
it was found that 0 HCF had inadequate IPC levels, 2 
(2.9%) had basic IPC levels, 16 (23.5%) had intermediate 
levels, and 50 (73.5%) had advanced levels. The median 
(IQR) IPCAF score of the HCFs was 668.8 (125.0) points. 
Advanced IPC levels were present in 77.8% of TRHs, 
59.1% of UHs, 88.9% of CHs, 71.4% of SHs, and 100% of 
PHs (Fig. 2).

IPC core components
IPC guidelines (CC2) had the highest scores, while multi-
modal strategies (CC5) and workload, staffing, and bed 
occupancy at the facility level (CC7) had the lowest 
scores (Table 1).

CC1: IPC programme
When the IPCAF score for CC1 of all HCFs was eval-
uated, the median (IQR) CC1 score was 90.0 (17.5) 
points. CC1 scores were high in PH, UH, and CH but 

Fig. 1  Distribution of the hospitals included in the study to the seven regions of Türkiye and the Turkish Republic of Northern Cyprus
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low in TRH and SH. However, more varied results were 
seen when focusing on specific questions in CC1. It 
was determined that only 15 (22%) of the hospitals had 
a budget allocated for the IPC programme, although 
senior institution leaders reported that 74% of the hos-
pitals supported the IPC targets and indicators within 
their hospital. Only 47.1% of all HCFs met the WHO 
recommendation that there be one IPC specialist for 
every 250 beds. In addition, in 74% of the hospitals, 
the number of infection control nurses was below the 
number recommended by the national regulation (1 
nurse/150 beds).

CC2: IPC guidelines
The IPCAF score for CC2 of all HCFs was the high-
est among all CCs, with a median (IQR) of 98.8 (13.8) 
points. The IPCAF score for CC2 of all HCFs was the 
highest among all CCs, with a median (IQR) of 98.8 
(13.8) points. All institutions said they had written IPC 
guidelines. These guidelines are essentially national 
guidelines. Some of the guidelines have been regulated 
locally on the basis of national and international guide-
lines. But when specific guidelines were looked at, the 
results were mixed. Despite the COVID-19 pandemic, 
5 (7.4%) of the HCFs still do not have guidelines for 

Fig. 2  The evaluation of participating hospitals according to IPCAF score results

Table 1  Distribution of results of the total IPCAF scores among participating hospitals, Median (IQR)

TRH training and research hospital, UH university hospital, CH city hospital, SH state hospital, PH private hospital, IPCAF Infection Prevention and Control Assessment 
Framework, CC core component, CC1 IPC programme, CC2 IPC guidelines, CC3 IPC education and training, CC4 HAI surveillance, CC5 multimodal strategies for 
implementing IPC activities, CC6 monitoring/audits of IPC practices and feedback, CC7 workload, staffing and occupancy, CC8 built environment, materials and 
equipment for IPC at the facility level, IPC Infection Prevention Control, IPCAF Infection Prevention Control Assessment Framework

Component Score

TRH (n = 27) UH (n = 22) CH (n = 9) SH (n = 7) PH (n = 3) Total (n = 68)

CC1 82.5 (17.5) 90.0 (15.6) 90.0 (23.8) 80.0 (45.0) 100.0 (-) 90.0 (17.5)

CC2 97.5 (10.0) 98.8 (15.0) 100.0 (12.5) 100.0 (35.0) 97.5 (-) 98.8 (13.8)

CC3 85.0 (25.0) 85.0 (30.0) 75.0 (20.0) 70.0 (50.0) 90.0 (-) 80.8 (20.0)

CC4 92.5 (17.5) 91.3 (8.1) 90.0 (26.3) 82.5 (27.5) 100.0 (-) 92.5 (12.5)

CC5 80.0 (50.9) 75.0 (48.0) 75.0 (28.0) 65.0 (80.0) 85.0 (-) 75.0 (39.0)

CC6 90.0 (10.0) 90.0 (11.3) 85.0 (6.3) 87.5 (20.0) 97.5 (-) 90.0 (11.9)

CC7 65.0 (20.0) 62.5 (39.0) 75.0 (20.0) 75.0 (15.0) 90.0 (-) 70.0 (34.0)

CC8 95.0 (17.5) 81.2 (28.8) 95.0 (13.8) 87.5 (12.5) 92.5 (-) 92.5 (20.0)

Total 672.5 (115.0) 671.3 (140.0) 655.0 (71.3) 615.0 (300.0) 735.0 (-) 668.8 (125.0)
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handling outbreaks and being ready for them. Antibi-
otic stewardship (85.3%) and injection safety (86.8%) 
were written guidelines with relatively lower rates than 
other guidelines.

CC3: IPC education and training
The median (IQR) IPCAF score for CC3 of all HCFs was 
80.8 (20.0) points. All of the HCFs reported that they 
have a training programme on hand hygiene, isolation 
precautions, environmental cleaning and disinfection, 
and the use of personal protective equipment, and that 
training is provided at least once a year. Other training 
topics are catheter-associated urinary tract infection 
(CA-UTI) prevention (95.6%), central line-associated 
blood stream infections (CLABSI) prevention (97.1%), 
ventilator-associated pneumonia (VAP) prevention 
(94.1%), waste management (95.6%), instrument clean-
ing, disinfection, and sterilization (97.1%), surgical site 
infection (SSI) prevention (92.6%), and personnel health 
(79.4%). While 48.5% of these trainings were only with 
written information, verbal instruction, or e-learning, 
51.5% were additional interactive training sessions (e.g., 
simulation and/or bedside training).

Besides the IPC professionals, 45 (66.2%) of the HCFs 
had staff with enough skills to help with education. Only 
22.1% of the HCFs made sure that IPC training was part 
of clinical practice and training for all specialties. Also, it 
was found that patients and family members get less IPC 
training than health care workers.

CC4: HAI surveillance
The median (IQR) IPCAF score for CC4 of all HCFs was 
92.5 (12.5) points. Surveillance was applied both on a 
clinical (clinical identification of nosocomial infections 
based on clinical symptoms and signs in the absence of 
microbiological testing) and laboratory basis in 98.5% of 
hospitals. Seven (10.3%) of the hospitals said they didn’t 
have enough information technology (IT) help to handle 
surveillance.

CC5: Multimodal strategies for implementing IPC activities
The median (IQR) IPCAF score for CC5 across all 
HCFs was 75 (12.5) points, among the lowest scores. 
48 HCFs (70.6%) stated that they used multimodal 
strategies.

CC6: Monitoring, evaluation and feedback
The median (IQR) IPCAF score for CC6 of all HCFs 
was 90 (11.9) points. In 98.5% of HCFs, monitoring 
data was reported regularly (at least once a year).

CC7: Workload, staffing, and bed occupancy at the facility 
level
The IPCAF score for CC7 of all centers was the low-
est, with a median (IQR) of 70 [34] points. Most HCFs 
stated that they do not use standard assessment tools 
(WHO or national) for workload and staffing levels and 
that there is no system in place to act on the results 
of staffing needs assessments when staffing levels are 
deemed to be insufficient. In our additional evaluations, 
the limited number of nurses and their workload were 
identified as the most important problems. The ratio of 
nurses to patients in the tertiary ICUs was greater than 
0.5 for 62% of the day shift and 47% of the night shift.

CC8: Built environment, materials, and equipment for IPC 
at the facility level
The median (IQR) IPCAF score for CC8 of all HCFs-
was 92.5 [20] points. Most HCFs reported that the built 
environment, materials, and equipment for IPC at the 
facility level were available and sufficient.

A full description of all the IPCAF questions and the 
answers we received from the participating hospitals 
can be found in Additional File 2 of this article.

HAIs and AMR in ICUs
The features of ICUs and HAIs, the microorgan-
isms found in HAIs in ICUs, and the rates of AMR to 
selected antibiotics in the HAI-causing pathogens are 
detailed in Tables  2, 3, and 4 for 2021 in these ICUs. 
Also, the features of ICUs and HAIs in ICUs can be 
found in detail according to HCF types in Additional 
File 3.

HAIs and AMR in Adult ICUs
It has been reported that a total of 247,039 inpatients 
developed a total of 11,969 HAIs in 64 HCFs that per-
formed adult ICU surveillance. It was determined that 
the rate of urinary catheter use was very high, central 
line-associated blood stream infections (CLABSI) was 
the most common DA-HAI, and the most common 
non-device-associated-HAIs (NDA-HAIs) were blood-
stream infections (BSI) and pneumonia. The most 
frequently isolated microorganisms in HAIs were Aci-
netobacter baumannii (21.2%) and Klebsiella pneumo-
niae (16.3%). It was shown that non-albicans Candida 
was more prevalent than other types of fungus. Can-
dida spp. (3,7%) and Candida parapsilosis (2%) were 
the most common pathogens that were responsi-
ble for the non-albicans Candida infections. In only 
two HAIs, Candida auris was detected as a causative 
pathogen. 92% carbapenem resistance and 7% colistin 
resistance were determined in A. baumannii, the most 
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common HAI pathogen. In K. pneumoniae, 58% car-
bapenem resistance and 26% colistin resistance were 
detected. Oxacillin resistance was 71% in coagulase 
negative staphylococci (CNS), and 43% in Staphylococ-
cus aureus. Teicoplanin and vancomycin resistance in 
E. faecium were 19% and 14%, respectively.

HAIs in neonatal ICUs
In 47 HCFs applying surveillance, 1237 HAIs were found 
in a total of 51,003 patients. The most common DA-HAI 

was CLABSI, while the most common NDA-HAIs were 
BSIs and urinary tract infections (UTI). K. pneumoniae 
(22.4%), A. baumannii (9.5%), and CNS (8.6%) were the 
most commonly isolated pathogens. 39% carbapenem 
resistance and 36% colistin resistance were detected 
in K. pneumoniae; 94% carbapenem resistance and 3% 
colistin resistance were detected in A. baumannii. Oxa-
cillin resistance was 72% in CNSs, while it was 37% in S. 
aureus. Teicoplanin and vancomycin resistance in E. fae-
cium were 38% and 43%, respectively.

Table 2  The features of ICUs and HAIs in ICU, 2021

ICU Intensive care unit, HAI Health care-associated infection, TRH training and research hospital, UH university hospital, CH city hospital, SH state hospital, PH private 
hospital, CLABSI Central line- associated blood stream infections, CA-UTI Catheter-associated urinary tract infection, VAE Ventilator-associated event, VAP Ventilator-
associated pneumonia, BSI blood stream infections, UTI urinary tract infection, LRI Lower respiratory tract infection, other than pneumonia, CNI Central nervous system 
infection, GI Gastrointestinal system infection, RI Reproductive tract infection, IQR interquartile range

Features of ICUs Adult ICU Neonatal ICU Pediatric ICU

Number of centers performing intensive care unit surveillance 64 47 38

Number of hospital beds 44,845 37,916 33,062

Number of hospitalized patients 2,193,219 1,886,744 1,635,103

Number of ICU beds 5579 1597 580

Number of nurses per day bed, Median (IQR) 0.50 (0.05) 0.33 (0.25) 0.50 (0.15)

Number of nurses per bed per night, (Median (IQR) 0.50 (0.17) 0.33 (0.25) 0.50 (0.17)

Number of patients hospitalized in the ICU 247,039 51,003 16,274

Patient days in ICU 1,241,011 402,211 142,799

Number of infected patients in ICU 18,276 979 649

Number of nosocomial infections in ICU 11,969 1237 806

Number, Non-device-associated nosocomial infection in ICU 3161 649 259

Number, Device-associated nosocomial infection in ICU 8808 588 547

Device utilization ratio
Central line utilization ratio 0.46 0.2 0.5

Urinary catheter utilization ratio 0.88 0.007 0.3

Ventilator utilization ratio 0.36 0.17 0.5

Incidence density of device-associated HAI (per 1000 device days)
CLABSI 7.1 6.9 4.9

CA-UTI 0.13 2.8 0.9

VAP 4.8 1.9 2.1

VAE 2,8

Non-device-associated HAI in ICU (per 1000 patients days)
BSI 0.12 0.9 0.8

UTI 0.3 0.2 0.2

Pneumonia 0.8 0.06 0.2

LRI 0.04 0.003 0.04

Skin and soft tissue infection 0.15 0.05 0.2

Bone and joint infection 0.009 0 0

Cardiovascular system infection 0.005 0.003 0.01

Eye, ear, nose, throat and mouth infections 0.015 0.1 0.06

CNI 0.05 0.1 0.1

GI 0.03 0.2 0.04

RI 0.005 0 0

Systemic infections 0.0008 0.01 0.03
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HAIs in pediatric ICUs
In 38 HCFs performing pediatric ICU surveillance, 806 
HAIs were detected in a total of 16,274 patients. While the 
most common DA-HAI was CLABSI, the most common 
NDA-HAI was BSI. The three pathogens that were found 
to be the most common were K. pneumoniae (22.9%), P. 
aeruginosa (16.2%), and A. baumannii (12.16%). A car-
bapenem resistance ratio of 64% and a colistin resistance 
ratio of 11% were found in K. pneumoniae, whereas a car-
bapenem resistance ratio of 89% and a colistin resistance 
ratio of 11% were found in A. baumannii. The percentage 
of oxacillin-resistant CNS was determined to be 63 per-
cent, whereas the percentage of resistant S. aureus was 44 
percent. Teicoplanin and vancomycin resistance was dis-
covered in 33% of the E. faecium strains identified, which 
was accounted three of the nine strains.

IPC level, IPC core components, and HAIs
In adult ICUs, all infection rates were higher in HCFs 
that had moderate IPC levels when compared to facilities 
that had advanced IPC levels (Table 5). There was a trend 

towards lower HAI rates when the IPC level was higher, 
albeit one that was not statistically significant. This differ-
ence in the rate of VAP in the adult ICU was statistically 
significant (p = 0.047).

In general, the rates of HAIs were higher in ICUs of 
hospitals that provide tertiary care (TRH, CH, and UH) 
as opposed to secondary care hospitals (SH and PH), and 
in hospitals that have a bed capacity of more than 1000 
as opposed to hospitals that have a bed capacity of less 
than 500. The presence of a certified infection control 
doctor and/or nurse, hand hygiene observation, and anti-
septic use feedback should be done monthly rather than 
for periods longer than three months, and the number of 
nurses per bed in the day shift is greater than 0.5, are all 
factors that have been linked to a reduction in HAI rates, 
though this varies depending on the type of ICU and 
developing HAI (Table 6, Additional File 4). Particularly 
in adult ICUs of HCFs with a hospital bed capacity of 
more than 500 patients, there were fewer than 0.5 nurses 
per bed for ICUs during a day shift, which significantly 
raised the rate of VAE (p = 0.015).

Table 4  The rates of antimicrobial resistance to selected antibiotics in HAIs-causing pathogens in intensive care units

ICU intensive care unit, ESBL extended spectrum beta-lactamase

Antimicrobial resistance Microorganism Adult ICU Pediatric ICU Neonatal ICU

Carbapenem resistance, % Acinetobacter baumannii 92 (78–96) 89 (75–100) 94 (91–100)

Pseudomonas aeruginosa 59 (30–83) 66 (0–71) 62 (0–100)

Klebsiella pneumoniae 58 (35–71) 64 (46–100) 39 (10–70)

Escherichia coli 10 (3–21) 26 (0–35) 6 (0–8)

Colistin resistance, % Acinetobacter baumannii 7 (0–11) 11 (0–50) 3 (0–5)

Pseudomonas aeruginosa 6 (1–10) 8 (0–33) 6 (0–13)

Klebsiella pneumoniae 26 (8–38) 11 (0–73) 36 (3–67)

Escherichia coli 4 (0–9) 0 0

ESBL positive, % Klebsiella pneumoniae 57 (42–71) 75 (47–100) 57 (37–85)

Escherichia coli 52 (43–71) 59 (0–100) 34 (0–50)

Oxacillin resistance, % Staphylococcus aureus 43 (22–71) 44 (0–48) 37 (0–50)

Coagulase-negative staphylococci 71 (31–79) 63 (0–100) 72 (0–88)

Teicoplanin resistance, % Staphylococcus aureus 3 (0–13) 5 (0–8) 1 (0–3)

Coagulase-negative staphylococci 9 (0–55) 15 (0–29) 6,3 (0–25)

Enterococcus faecium 19 (3–39) 33 (17–100) 38 (17–100)

Enterococcus faecalis 3 (0–6) 0 4 (0–11)

Vancomycin resistance, % Staphylococcus aureus 2 (0–5) 0 0

Coagulase-negative staphylococci 2 (0–55) 0 0

Enterococcus faecium 14 (0–22) 33 (17–100) 43 (0–100)

Enterococcus faecalis 2 (0–6) 0 2 (0–6)

Ampicillin resistance, % Enterococcus faecium 83 (15–94) 100 (100) 81 (67–100)

Enterococcus faecalis 14 (0–27) 13 (0–15) 10 (0–22)

Fluconazole resistance, % Candida albicans 10 (0–55) 2 (0–13) 0

Non-albicans Candida 16 (11–28) 10 (0–20) 16 (0–28)
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Discussion
To our knowledge, this is the first comprehensive national 
study to evaluate IPC practices in HCFs in Türkiye, a 
middle-income developing country, using the IPCAF 
questionnaire. In addition, the respective effects of IPC 
levels (IPCAF score) and the implementation of CCs 
on the rates of HAI developing in the ICU were inves-
tigated. In our study, in the evaluation made in terms of 
core components after the national infection control pro-
gramme had been implemented in Türkiye for 15 years, 
it was determined that the application rates of IPC CCS 
in health institutions were quite high. Although perfor-
mance observation was not made for IPC practices in the 
study, as a result of the evaluation made using IPCAF, the 
opportunity to define the strengths, gaps, and key points 
for improvement in IPC practices in our country was 
obtained. The results we obtained from 68 hospitals are 
acceptable for the whole country due to the participation 
in the study of seven regions of Türkiye and the regula-
tion of infection prevention and control, which has been 
well established in the country for 15 years.

When all the HCFs in our study were evaluated, the 
participating HCFs (75%) had an advanced level of IPC 
(668.8 points) based on CCs. Internationally, in a recent 
WHO global study that analyzed 81 nations, advanced 
levels of IPC (IPCAF median score of 605 points) were 
predominantly found in high-income countries [26]. 
In contrast, lower scores were reported for low-income 
countries (385 points), LMIC (504 points), and pub-
lic facilities (515 points) [26]. It has been reported that 
84.5% of hospitals in Germany have advanced level of 
IPC [27]. Similarly, advanced IPC levels were detected in 
Austria [28]. On the other hand, it was demonstrated that 
all of the institutions evaluated in Islamabad had IPCAF 

scores below 200 [29]. In another study, only 14.3% of 
institutions in Ghana, a country with limited resources, 
had advanced IPC levels. [30].

According to the findings of our research, despite the 
fact that our nation is classified as a middle-income 
developing country, it has a high IPCAF score that is 
comparable to that of high-income countries. However, 
the fact that some hospitals are only at the basic or inter-
mediate levels of the IPC demonstrates that there is still 
opportunity for progress in this subject. In addition, the 
statement that 100% of PHs had advanced IPC levels may 
be misleading when making generalizations due to the 
fact that our study only included three PHs.

The highest IPC CC scores reported in HCFs around 
the worldwere in CC8 (built environment) and CC2 
(guidelines) [26]. In contrast, CC7 (workload, staffing, 
and bed occupancy), CC5 (multimodal strategies), and 
CC3 (IPC education and training) were the lowest-rated 
CCs [26–28]. On the other hand, CC4 (HAI surveillance) 
and CC6 (monitoring IPC implementation and feedback) 
were reported as the lowest-scoring CCs in low-income 
countries [26]. Even in high-income countries such as 
Germany and Austria, workloads, implementation of 
multimodal strategies, and a lack of feedback have been 
reported [27, 28]. In our research, the highest scor-
ing component was CC2 (IPC guidelines; median 98.8 
points), while the lowest-scoring components were CC7 
(workload, staff, and bed occupancy; median 70.0 points) 
and CC5 (multimodal strategies; median 75.0 points).

According to the results of our research, the IPC pro-
grammes are generally well known in Türkiye, as indi-
cated by the median score of 90 points on the IPCAF 
CC1 assessment. One possible explanation for this is 
that the government has strict regulations for controlling 

Table 5  The effect of IPC levels on health care-associated infection rates in ICUs

ICU intensive care unit, IPC infection prevention and control, CLABSI Central line- associated blood stream infections, CA-UTI Catheter-associated urinary tract infection, 
VAP Ventilator-associated pneumonia

Intermediate IPC level Advanced IPC level P

Adult ICU (n = 63)

CLABSI rate (per 1000 central line days) 5.25 (8.52) 4.64 (6.03) 0.54

CA-UTI rate (per 1000 urinary catheter days) 1.12 (1.48) 0.81 (1.19) 0.16

VAP rate (per 1000 ventilator days) 5.42 (11.62) 0.65 (8.00) 0.047

Pediatric ICU (n = 36)

CLABSI rate (per 1000 central line days) 5.31 (11.24) 2.33 (7.51) 0.91

CA-UTI rate (per 1000 urinary catheter days) 0.65 (2.74) 0.00 (0.40) 0.15

VAP rate (per 1000 ventilator days) 2.77 (3.58) 1.05 (3.03) 0.26

Neonatal ICU (n = 43)

CLABSI rate (1000 per central line days) 2.30 (7.09) 1.70 (7.21) 0.73

CA-UTI rate (1000 per urinary catheter days) 0.00 (1.05) 0.00 (0.00) 0.96

VAP rate (1000 per ventilator days) 0.50 (6.63) 0.00 (2.04) 0.41
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infectious diseases. For all HCFs, a score of 92.5 points 
was determined to be the median for CC4 (HAI surveil-
lance). It demonstrates that there is a well-established 
and well-functioning surveillance system comparable 
to that of industrialized countries, as well as that moni-
toring and feedback of IPC procedures are effectively 
implemented. The poor score on the CC5 (multimodal 
strategies) section may be due to the fact that multimodal 
strategies are still a relatively novel concept in infec-
tion control. A median score of 75 points for CC5 in our 
analysis demonstrates that this component has much 
potential for development. However, it also indicates that 
this new multimodal strategies of doing things has been 
adopted by a significant number of HCFs.

In our study, it was observed that the requirement of 
one IPC specialist per 250 beds, as recommended by 
WHO, and an infection control nurse for 150 beds, as 
recommended by national regulations, could not be met. 
Furthermore, other than IPC personnel, only 45 (66.2%) 
of the institutions had personnel present who possessed 
the necessary abilities to assist in educational work. The 
presence of qualified personnel to assist with training 
in institutions alleviates the workload of an insufficient 
number of IPC professionals.

In addition, we detected a significant shortcoming in 
the study: only a relatively small number of institutions 
offer the integration of IPC training into clinical practice 
for all medical subspecialties. Due to the fact that IPC 
practices affect every department within the organiza-
tion, additional arrangements are needed to ensure the 
integration of IPC training into all specialties.

Another issue that was discovered was that most HCFs 
did not provide patients and members of their families 
with access to private IPC training. There is limited data 
in the literature on IPC training for patients and family 
members. The CDC recommends that patients and fam-
ily members receive education on IPC [31]. However, a 
systematic review highlighted that IPC education for 
patients is very low [32]. Especially in countries where 
family members participate in patient care, it is impor-
tant to make arrangements for the IPC training of patient 
relatives [33]. It was reported that nurses who know a lot 
about IPC give more training to patients and their family 
members [34]. This means that nurses who are trained in 
IPC have a very important role to play in increasing the 
participation and education of patients and family mem-
bers in IPC.

In our study, 74% of HCFs reported that IPC goals and 
indicators had the support of their leaders. However, 
just 22% of HCFs had a budget for IPC programmes. In 
addition, 7.3% of the HCFs reported that they lacked 
sufficient IT assistance to manage to monitor. There is a 
requirement for regulations to resolve these deficiencies, 

which can be remedied with the assistance of the institu-
tion’s administrators.

In this study, workload and the limited number of 
nurses were reported as the most critical gaps in paral-
lel with the literature. In addition to the fact that there 
were not enough nurses working in infection control, it 
was discovered that there were not enough nurses work-
ing in ICUs, which is where the majority of infections 
in hospitals occur. The ratio of nurses to patients in the 
3rd level ICUs was higher than 0.5 in 62% of the day shift 
and 47% of the night shift. Although not statistically sig-
nificant, the HAI rate was higher in ICUs with a nurse/
patient ratio of < 0.5. Studies have reported that the risk 
of developing infection increases with an increase in 
workload, especially in critically ill patients [35]. A study 
showed that a low nurse/patient ratio was associated with 
a 50% increase in the risk of HAIs. A nurse/patient ratio 
of less than 1.9 was associated with an increased risk of 
disease [36]. In another study, it was estimated that 26.7% 
of all infections could be prevented if the nurse-patient 
ratio was kept at > 2.2 [35].

In addition, a study showed that carbapenem resist-
ance in gram-negative bacteria increased with a decrease 
in nurse density [37]. This information underscores the 
necessity to consider nurses’ contributions to the fight 
against AMR in future health policy and suggests that 
nurse competence may play a role in halting the develop-
ment of AMR. The key determinant in the prevention of 
HAIs in critically ill patients is to maintain a higher level 
of nursing staff. With the help of this research, it has been 
understood that it is very important to take action to 
increase the number of nurses in our country.

ICUs are more risky areas for the development of HAIs. 
In particular, the majority of HAIs are associated with the 
invasive devices used [9]. In a study by Blot et al., the rate 
of VAP in 1000 ventilator days in ICU was 0.9–4.4 in the 
USA, 9.8 in Europe, 17.8 in China, and 17–29 in Türkiye; 
CLABSI per 1000 catheter days has been reported to be 
0.9–3.4, 3.6, 9.7, and 12 in America, Europe, China, and 
Türkiye, respectively [10]. In our study, although it var-
ies according to the type of HCFs, VAP in 1000 ventila-
tor days was 4.8 in adult ICU, 1.9 in neonatal ICU, and 
2.1 in pediatric ICU; CLABSI was found to be 7.1 in 
adult ICU, 6.9 in neonatal ICU, and 4.9 in pediatric ICU 
at 1000 catheter days. In our study, it is noteworthy that 
the CLABSIs were higher than those in America and 
Europe. A significant increase in hospital-acquired BSIs 
in COVID-19 and non-COVID-19 patients was found in 
2020 compared to the pre-pandemic period in a group 
of hospitals in London [38]. The rise in BSIs identi-
fied in our investigation might be due to the COVID-19 
pandemic. It has been thought that the need to employ 
less qualified intensive care nurses due to the increased 
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workforce during the pandemic process may have con-
tributed to this increase.

Research has underlined the impact of the growing 
usage of noninvasive high-flow ventilation on increased 
nonventilated hospital-acquired pneumonia (4.5 per 
1000 patient days) [39]. The increasing use of noninvasive 
high-flow ventilation during the COVID-19 pandemic 
may have contributed to our research’s elevated preva-
lence of nosocomial pneumonia in the adult ICU.

In a study evaluating the effectiveness of a national sur-
veillance system supported by a national IPC program 
(certification of IPC personnel, training of healthcare per-
sonnel, multimodal hand hygiene campaigns, guidelines, 
surveillance with internationally accepted standardized 
definitions, rapid data reporting and analysis methods to 
the Ministry, and continuous surveillance) to reduce DA-
HAIs in Türkiye based on 1000 invasive device days from 
2008 to 2017, VAE decreased from 16.69 to 4.86, CA-
UTI from 4.98 to 1.59, and CLABSI from 5.65 to 2.82. 
When evaluated according to institutions, from 2008 to 
2017, VAE in 1000 ventilator days has been reported to 
decrease from 22.34 to 10.7 in UHs; from 14.68 to 5.89 
in TRHs; from 16.94 to 3.91 in SHs; and from 10.28 to 
2.64 in PHs [23]. In our study’s 2021 data, we identified a 
reduced incidence density of VAE and a declining trend 
in CA-UTI but a greater incidence density of CLABSI.

In the national 2020 surveillance report, the most often 
reported HAIs are BSI, pneumonia, and UTI. Accord-
ing to the paper, the most prevalent causes of HAIs are 
Klebsiella spp. (19.2%), Acinetobacter spp. (17.6%), Pseu-
domonas spp. (9.2%), and E. coli (8.6%). Furthermore, 
the most commonly discovered gram-positive pathogens 
were Enterococcus spp. (7.3%), CNS (5.3%), and S. aureus 
(4.5%) [40]. In another study conducted in our country, it 
was reported that the most common HAIs in ICUs were 
BSI, VAP, CA-UTI, CLABSI, and A. baumannii, K. pneu-
moniae, Enterococcus spp., and P. aeruginosa were the 
most common causative pathogens in these infections 
[41]. Although the incidence varies by facility and ICU 
type, the most often found HAIs in our research are BSI, 
pneumonia, and UTI, and the most common HAI patho-
gens, particularly Acinetobacter and Klebsiella species, 
are gram-negative bacteria.

Candida  parapsilosis  is a prominent cause of HAIs, 
particularly CLABSI [42, 43]. Similar to the literature, 
it was the most often isolated fungus among non-albi-
cans Candida in HAIs in our investigation. Studies have 
shown that C. parapsilosis colonizes the hands of hospi-
tal staff and surfaces in hospitals [44, 45]. HAIs caused by 
C. parapsilosis have been documented as a consequence 
of cross-contamination with healthcare workers’ hands 
[46]. Similarly, environmental surfaces were reported as 
an important reservoir for most nosocomial pathogens, 

including Acinetobacter spp. and Klebsiella spp., and this 
contaminated hospital environment played an impor-
tant role in the increase of HAIs [47]. In our study, the 
frequent detection of A. baumanii (9.5–21.2%) and K. 
pneumoniae (16.3–22.9%) suggested insufficient environ-
mental cleaning and disinfection. It might point to the 
need for more frequent cleaning of hospital surfaces as 
well as improved hand hygiene compliance.

AMR is now one of the most serious worldwide issues, 
increasing health-care expenditures and leading to treat-
ment failure and mortality. Among pathogens found in 
HAI in Europea, carbapenem resistance is high, particu-
larly in Acinetobacter species, K. pneumoniae, and P. aer-
uginosa [11]. Among HAI pathogens found in European 
ICUs, carbapenem resistance was reported in 15.2% of 
Klebsiella spp., 25.9% of P. aeruginosa, 63.9% of A. bau-
mannii, and 0.8% of E. coli [9].

Carbapenem resistance 94.5–98.3% and colistin resist-
ance 4.5–7.3% in Acinetobacter spp., carbapenem resist-
ance 59.8–75.2% and colistin resistance 30.4–36.8% 
in K. pneumoniae, carbapenem resistance 51.5–66.8% 
and colistin resistance 4.4%-8.4% in P. aeruginosae were 
reported, which are the causative pathogens of the most 
common HAIs (BSI, pneumonia, and UTI) in our coun-
try [40]. In the 2017 annual epidemiological report of 
the European Centre for Disease Prevention and Control 
(ECDC), methicillin resistance in S. aureus was reported 
at 23.5%, and glycopeptide resistance in Enterococcus 
spp. was 9.5% in ICUs [9]. Methicillin resistance in S. 
aureus and glycopeptide resistance in Enterococcus spp. 
were shown to be greater in our research. In all ICUs, 
methicillin resistance in the CNS exceeds 60%. This high 
level of antibiotic resistance shows that regulatory steps 
to minimize AMR are urgently needed.

Limitations
This study has some limitations. The results we obtained 
from 68 hospitals are acceptable for the whole country 
due to the participation in our study of seven regions of 
Türkiye and the regulation of infection prevention and 
control, which has been well established in the coun-
try for 15 years. However, it is one of the limitations of 
our study that it constitutes approximately 4.4% of the 
health institutions throughout the country. Second, a 
self-assessment was done, and the reported data was 
not validated. In this study, the inability to monitor the 
performance of IPC applications is a limitation. Meet-
ing official criteria (e.g., the presence of guidelines) may 
not necessarily reflect adherence to guidance, and the 
absence of formal criteria may not imply low adherence 
to IPC measures. Fourth, AMR data may cause varia-
tions in reported data due to changes in laboratory test-
ing and reporting methods across centers. Fifth, although 
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the number of centers providing data is good for country 
conditions, evaluations such as many stratified analyses 
and multivariate analyses that were considered during 
the statistical evaluation could not be made. Because of 
the reduction in the number of centers per group, the 
chance of type 2 errors has risen in the stratifications that 
may be created. Finally, the effect of the basic IPC level 
on HAI could not be studied because one of the two cent-
ers where a basic infection control programme was used 
only had an ICU for adults and the other only had an ICU 
for pediatric and neonatal. So, when IPCAF looked at the 
effect of IPC level on infection rates, the effect of HCFs 
with a basic IPC level couldn’t be looked at.

Conclusion
In conclusion, this is the first national study in a devel-
oping country with limited resources to analyze the IPC 
CCs and the association between IPC CCs and HAI rates. 
Even though IPC research in Türkiye began 50 years after 
that in the United States and Europe, significant pro-
gress has been achieved in establishing the CCs of IPC 
in the previous 15  years. Despite the high success rate 
of using the CCs of IPC in our research, HAIs in ICUs 
remain significant despite a reduction. HAIs are concern-
ing because they contribute to the spread of AMR and 
threaten patient safety. According to the study’s findings, 
the most pressing issue seems to be a shortage of nurses. 
HAIs can be significantly prevented by bringing the 
number of nurses to ideal ratios and reducing the work-
load in ICUs. In hospitals, the number of certified infec-
tion control doctors and nurses should be idealized, and 
their training should be updated. It is recommended to 
plan studies that will measure the effect of future inter-
ventions on the subject. When all ICUs for adult, pedi-
atric, and neonatal were looked at, it was found that the 
most common DA-HAI was CLABSI, the most common 
NDA-HAI was BSI, and the most commonly isolated 
pathogens from HAI were gram-negative bacteria. It 
has been reported that resistance rates are high in these 
microorganisms. Therefore, the “Antimicrobial Steward-
ship Programme" should be launched nationally.
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