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Abstract

Background The burden of healthcare-associated infections (HAIs) and the extent of antimicrobial use (AU) are
periodically recorded through Point Prevalence Surveys (PPS) in acute care hospitals coordinated by the European
Centre for Disease Prevention and Control (ECDC). In previous PPSs, Greece demonstrated increased HAl and AU
prevalence: 9% and 54.7% in 2011-2012, and 10% and 55.6% in 2016-2017, respectively. The 2022 PPS aimed to
estimate HAIs and AU indicators among inpatients, especially amid the COVID-19 pandemic.

Methods A cross-sectional study was conducted in 50 hospitals during October-December 2022, in Greece. Patients
admitted before 8.00 a.m. of the survey day were observed. Patients with at least one HAI or receiving at least one
antimicrobial agent were included. Data were collected by hospital infection control teams. Hospital and ward-level
variables were analysed.

Results From 9,707 inpatients, 1,175 had at least one HAI (12.1%), and 5,376 were receiving at least one antimicrobial
(55.4%). Intensive care unit patients had the highest HAI (45.7%) and AU (71.3%) prevalence. Of the 1,408 recorded
HAIs, lower respiratory tract (28.9%), bloodstream (20%), and urinary tract infections (13.1%) were the most common.
Among 1,259 isolates, Klebsiella (20.5%) and Acinetobacter (12.8%) were most frequently identified. Resistance to first-
level antibiotic markers was 69.3%. Among the 9,003 antimicrobials, piperacillin-tazobactam (10.9%), and meropenem
(7.7%) were frequently prescribed. The ratio of broad-spectrum to narrow-spectrum antibiotics was 1.4. As defined

by the 2021 WHO AWaRe (Access, Watch, Reserve) classification, restricted classes of Watch and Reserve agents
comprised 76.7% of antibiotics. Usual indications were treatment of community-acquired infections (34.6%) and HAIs

(22.9%). For surgical prophylaxis, cefoxitin was commonly used (20.2%), and typical courses (75.7%) lasted more than
- J

fKonstantinos Palaiopanos and Dimitra Krystallaki contributed
equally to this work.

*Correspondence:
Konstantinos Palaiopanos
konpalaiopanos@med.uoa.gr

Full list of author information is available at the end of the article

© The Author(s) 2024. 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://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13756-024-01367-8&domain=pdf&date_stamp=2024-1-24

Palaiopanos et al. Antimicrobial Resistance & Infection Control

(2024) 13:11

Page 2 of 11

(p=0.014), respectively.

Greece
N

-
one day. HAl and AU prevalence were positively associated with bed occupancy (p=0.027) and secondary hospitals

Conclusions The 2022 PPS highlighted the increasing trend of HAI prevalence and high AU prevalence in Greece, the
emergence of difficult-to-treat pathogens, and the extensive use of broad-spectrum antimicrobials. Strengthening
infection control and antimicrobial stewardship programs in hospital settings is essential.
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Introduction

Healthcare settings can contribute to the spread of infec-
tions among staff and patients. In acute care hospitals,
healthcare-associated infections (HAI) among patients
can be particularly challenging to treat and control.

HAIs are a major public health challenge with a sub-
stantial impact on health systems and patients. The
World Health Organization reports that, on average,
seven out of every 100 patients in acute-care hospitals
will acquire at least one HAI during their hospitalisation
[1]. HAIs result in longer hospitalisation and increased
healthcare costs, and are a significant cause of disability
and decrease in quality of life. In the European Union and
European Economic Area (EU/EEA) HAIs annually cor-
respond to approximately 2.5 million disability-adjusted
life years (DALYs) and represent the infections with the
highest burden [2, 3].

Pathogens responsible for HAIs often exhibit mul-
tiple mechanisms of antimicrobial resistance (AMR).
The main driver of AMR is excessive and indiscriminate
antimicrobial use (AU) in humans, animals and plants.
Antimicrobial stewardship programs (AMS) and infec-
tion prevention and control (IPC) measures can halt the
development and spread of difficult-to-treat pathogens
[4]. Countries have adopted various strategies to mitigate
this problem [5]. A targeted approach needs surveillance
of HAI and AU at the local level.

In Europe, the prevalence of HAIs and AU in hospitals
is estimated through periodic Point Prevalence Surveys
(PPSs) coordinated by the European Centre for Disease
Prevention and Control (ECDC). In the last survey in
2016-2017, Greece was among the countries with high-
est prevalences [6].

In 2022, the National Public Health Organization
(EODY) conducted a nationwide PPS. The objectives of
the study were to (a) calculate HAI and AU prevalence,
(b) report on the characteristics of HAI and AU in Greek
hospitals, and (c) identify potential risk factors at the
hospital level.

Methods

Study design

A cross-sectional study was conducted in 50 of the 126
hospitals of the Greek National Health Care System in

2022. Data collection took place in two predefined suc-
cessive study periods, namely October to December for
48 hospitals, and March to April for two. The ECDC PPS
protocol v.6.0 “Point prevalence survey of healthcare-
associated infections and antimicrobial use in European
acute care hospitals” in the unit-based (light) version was
used, i.e., demographic data was only to be collected for
patients with HAI and/or AU [7]. On the survey day, HAI
and AU among inpatients were recorded.

A representative sample was drawn from the Greek
national hospital register, using a systematic sampling
design, as instructed in the protocol [7, 8]. In case of
refusal of the first selected hospital, the next hospital on
the list was selected. Participation was not incentivised
and data from hospitals that were not selected were not
included in this research.

Data were collected by the IPC team and the Infec-
tious Diseases (ID) team of each hospital under EODY
guidance. Electronic training material was provided to
participating staff prior to data collection to support a
standardized process and uniform recording. The pro-
vided material, composed by the EODY-based PPS team,
included case-finding algorithms, recorded presenta-
tions, and the ECDC protocol, in original and translated
version. The preparatory period lasted three weeks and
involved daily guidance and feedback in both a synchro-
nous and asynchronous manner. The time frame for data
collection was a single day for each hospital ward and the
study had to be completed in less than two to three weeks
for all wards of each hospital [7].

Study variables

Data collection was organized at the hospital, ward and
patient level including factors potentially associated
with HAI and AU prevalence. Hospital and ward char-
acteristics were categorized as (a) general characteristics
e.g., hospital size, hospital type (paediatric, secondary
or tertiary hospital), (b) workload indicators e.g., bed
occupancy in participating wards, percentage of surgical
inpatients, healthcare staff to patient ratio, (c) indicators
related to IPC and AMS e.g.,, number of full-time IPC
team members, number of single rooms, and (d) metrics
for COVID-19 e.g., proportion of currently hospitalised



Palaiopanos et al. Antimicrobial Resistance & Infection Control

COVID-19 patients, vaccination coverage of healthcare
workers.

Patients already hospitalised at the time of the sur-
vey that had been admitted before 8.00 am. of the same
day were eligible to participate. Patients in emergency
departments, daycare, residential care, and outpatients
were excluded. The number of eligible patients provided
denominator data for HAI and AU prevalence calcula-
tions. All participants were screened for the presence of
HAI and AU of any indication and individual data (e.g.,
demographics, admission date) was collected for the sub-
set of those on AU and/or with HAI to provide numera-
tor data.

Active HAI cases on the day of the survey were
recorded. For an infection to be considered active, signs
and symptoms had to be present on the survey day or
had to be previously present, and the patient had to be
still under treatment for them. For an infection to be con-
sidered healthcare-associated, the onset had to be at least
48 h after admission. Exceptions were (a) infections in
patients hospitalised in the previous 48 h in another hos-
pital, (b) surgical site infections (SSI) occurring within 30
days of operation or 90 days if an implant was placed, (c)
C. difficile infections occurring 28 days after hospital dis-
charge, and (d) COVID-19 infections occurring after the
third day of hospitalisation (indeterminate association),
including the eighth (probable or definite healthcare-
associated COVID-19). HAI data included infection type,
onset date, presence of relevant device e.g., a urinary
catheter in urinary tract infections (UTI) and possible
place of exposure of HAI e.g., current hospital or long-
term care facility (LTCF).

Microbiological results available on the survey day
were collected. Each participating hospital had its rou-
tine practice and methodology for specimen collection,
laboratory testing and antimicrobial susceptibility test-
ing and reporting. The reporting of susceptibility results
was based on the guidelines of the European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST,
2019), with S representing susceptible (standard dosing
regimen), I susceptible (increased exposure), R resistant
and UNK unknown [9]. When presenting results, isolates
reported as UNK were not included in the denominator
and isolates other than S were grouped in the NS (non-
susceptible) category. In terms of reporting AMR, some
microorganisms required specific antibiotic markers;
oxacillin and glycopeptides for Staphylococcus aureus,
glycopeptides for Enterococcus species, third-generation
cephalosporins and carbapenems for Enterobacterales,
and carbapenems for Pseudomonas aeruginosa and Aci-
netobacter species (spp.).

Two AMR indicators were estimated. First, the com-
posite AMR index was calculated as the percent-
age of isolates with reduced or no susceptibility to
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first-level pathogen-specific antimicrobial —markers;
Methicillin-resistant S. aureus (MRSA), vancomycin-
resistant Enterococci (VRE), Enterobacteriaceae non-
susceptible to third-generation cephalosporin (3GC-NS)
and carbapenem-resistant P aeruginosa and Acineto-
bacter species. Only isolates with known susceptibility
results were included. The second indicator was the per-
centage of Enterobacteriaceae that were not susceptible
to carbapenems (CAR-NS) [7, 10].

Antimicrobial agents prescribed on the day of the sur-
vey were recorded. Additionally, antibiotics for surgical
prophylaxis prescribed the day before the survey were
recorded. Eligible antimicrobials were antibacterials and
antifungals (2021 ATC codes; J01, J02, AO7AA, PO1AB,
DO1BA, J04AB02), based on the survey protocol [7].
Antimicrobials are presented as agents using the ATC5
codes and as classes using ATC4 codes [11].

Recording of AU indications (e.g., treatment of infec-
tion, prophylaxis) was based on prescriber’s documented
aetiology. Antimicrobials prescribed for treatment were
further specified with regards to the place of exposure
(community, LTCF, or hospital-acquired) and diagnosis
(e.g., pneumonia, cystic fibrosis, febrile neutropenia). For
surgical prophylaxis, course duration i.e., a single dose,
one day (multiple doses over one day), or more than one
day (multiple doses over multiple days) was recorded.

To assess the utilization of broad-spectrum antibiot-
ics two distinct indicators were used. The first indica-
tor was derived from the 2021 WHO AWaRe (Access,
Watch, Reserve) classification of antibiotics and was
expressed as the percentage of antibiotics in each of the
three AWaRe categories to the total number of antibi-
otics with an AWaRe designation [12]. The second was
the percentage of broad-spectrum antibiotics to total
antibiotics as defined by the ECDC, EFSA and EMA.
Broad-spectrum antibiotics were piperacillin and enzyme
inhibitor (JO1CRO5), third-generation cephalosporins
(JO1DD), fourth-generation cephalosporins (JO1DE),
monobactams (JO1DF), carbapenems (JO1DH), fluoro-
quinolones (JO1IMA), glycopeptides (JO1XA), polymyxins
(JO1XB), linezolid (JO1XX08) and daptomycin (J01XX09)
[13].

Data entry

Data from each hospital was recorded on-site by the data
collection team and merged into a national database in
the ECDC HelicsWin.Net software v.4.4.0 by the EODY
team [14]. Data quality check was performed by EODY
team with the use of the software, and invalid records
were excluded. Each eligible patient received a unique
identification number and no personal data was recorded.
EODY is legally authorised by Greek law to process epi-
demiological data for public health purposes. The study
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was approved by the Institutional Ethics Review Board of
EODY.

Data analysis
The prevalence of HAI and AU was calculated as the per-
centage of hospitalised patients presenting at least one
HAT and receiving at least one antimicrobial, respectively.
Descriptive analysis was performed to calculate central
and dispersion measures. Distribution of variables was
tested using the Kolmogorov-Smirnov test and 95% con-
fidence intervals (CI) were calculated for mean in nor-
mally distributed variables or median in non-normally
distributed variables using the bootstrapping method.
Hospital and ward exposure variables were tested for
their possible association with HAI and AU prevalence.
Descriptives are reported as absolute and relative fre-
quencies for categorical variables and as mean (95% CI)
or median (interquartile range, IQR) for continuous
variables. Univariable analysis was performed with para-
metric tests (ANOVA with Bonferroni correction for
multiple comparisons, student t-test, Pearson correlation
coefficient) when the assumption of normality was met
or with nonparametric tests otherwise (Mann-Whitney
U test, Spearman’s rank correlation coefficient). Multi-
variable linear regression was performed for each out-
come including variables with a statistically significant
association in the univariable analysis. Correlation coef-
ficients (B) and standard errors (SE) were calculated. Sta-
tistical significance was set at the level of 5%. Statistical
analysis was performed using the statistical software R
4.1.1 (R Core Team, 2021) and RStudio 1.3.1093 package.

Results

Overall, 50 hospitals (39.7% of Greek hospitals) were
included from 12 out of 13 NUTS-2 level country
regions; 25 (50%) secondary hospitals, 21 (42%) tertiary

Table 1 Distribution of Healthcare-associated infections (HAIs)
by infection type

Infection type HAlIs (N) HAIs (%)
Pneumonia/LRT 407 289
Bloodstream 282 20.0
Urinary tract 184 13.1
SARS-CoV-2 infection 118 84
Gastrointestinal’ 104 74
Surgical Site 103 73
Systemic? 76 54
Skin/Soft tissue 59 4.2
Other/Unspecified 75 53
Total HAIs 1,408 100.0

lincluding catheter-related infections: 65/1,408 (4.6%)

2including Clostridioides difficile infections: 57/1,408 (4.0%)
3including clinically suspected sepsis: 61/1,408 (4.3%)

LRT, lower respiratory tract; HAls, healthcare-associated infections
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and 4 (8%) paediatric. Two hospitals denied participation
and were replaced. A total of 9,707 hospitalised patients
were included in the analysis.

Healthcare-associated infections

Among the 9,707 inpatients, 1,175 had at least one HAI
resulting in a prevalence of 12.1%. HAI prevalence was
14.3% in tertiary hospitals, 7.5% in secondary hospitals
and 3.5% in paediatric hospitals. On average, 1.2 infec-
tions (range 1 to 4) were reported for each infected
patient.

The highest prevalence was recorded in intensive care
units (ICU) where 45.7% of patients had at least one HAL
Medical and surgical specialties followed with a preva-
lence of 13.5% and 8.2%, respectively. HAI prevalence
was lower among patients in paediatric and neonatal spe-
cialties (3%), obstetrics and gynaecology (1.4%), and psy-
chiatry (1.2%).

Of the 1,408 HAIs, 69.6% (n=980) occurred dur-
ing current hospitalisation, 28.6% (n=403) were already
present on admission and in 1.8% (n=25) the origin was
unknown. Among the infections present on admission,
26.3% (n=106) originated from the same hospital (the
patient was readmitted), 31.2% (#=126) from another
hospital, 10.1% (n=41) from LTCFs and the rest had an
unspecified origin.

Lower respiratory tract infections (LRTI) accounted
for 28.9% (n=407) of all HAIs, most of which were cases
of pneumonia (n=351, 24.9% of total infections). Blood-
stream infections (BSI) were the second most reported
HALI type (n=282, 20%), among which 4.6% (n=65) were
catheter-related. Urinary tract infections (UTI) followed
(n=184, 13.1%) (Table 1).

SARS-CoV-2 infections accounted for 8.4% of HAIs
(n=118) and most of them were assessed as of mild or
moderate severity (n=61, 51.7%) followed by increased
severity (n=48, 40.7% of SARS-CoV-2 infections), with
asymptomatic infections being the least reported (n=9,
7.6%).

Device-associated infections varied by HAI type. A vas-
cular catheter was present in 61.6% of BSI that reported
device presence (n=172/279), intubation was reported
in 38.3% (1=129/337) of pneumonia cases and a urinary
catheter in 77.1% (n=135/175) of UTIs.

Microorganisms
In 58.9% (n=830/1,408) of HAI at least one microor-
ganism was identified (in total, 1,259 isolated micro-
organisms). Bacteria comprised most of the identified
pathogens (n=1,053, 83.6%), followed by fungi (n=115,
9.1%) and viruses (=91, 7.2%).

Gram-negative bacteria were most often reported
(n=735, 58.4% of total isolates). Bacterial isolates
belonged most often to Klebsiella spp. (n=258, 20.5%
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of all isolates), Acinetobacter spp. (n=161, 12.8%) and
P aeruginosa (n=128, 10.2%). Gram-positive bacte-
ria accounted for 24.9% of isolates (#=313), commonly
identified as Staphylococcus aureus (n=79, 6.3%), Entero-
coccus spp. (n=78, 6.2%) and coagulase negative Staphy-
lococci (n=77, 6.1%). Among fungi, Candida spp. (n=99,
7.9%) were most frequently identified.

Susceptibility results were available in 93.9% of bacte-
rial isolates. Results for specific markers were available
in 95.1% of them included in the composite AMR index
and in 93.4% of Enterobacteriaceae. The AMR compos-
ite index was 69.3%. Enterobacteriaceae were found to be
non-susceptible to carbapenems in 46.8% (Table 2).

Antimicrobial use

AU prevalence was overall 55.4% (n=5,376/9,707); 64.9%
in tertiary, 53.5% in secondary and 39.5% in paediatric
hospitals. Each patient on antimicrobial therapy received
on average 1.7 antimicrobials. Among treated patients,
51.9% (n=2,788) received one antimicrobial, 35.1%
(n=1,890) received two and 13% (#=698) received at
least three.

AU prevalence was highest in ICU in 71.3%
(n=429/602). Among patients of surgical and medical
specialties, AU prevalence was 59.4% (n=1,781/2,999)
and 58.2% (2,649/4,548), respectively.

Table 2 Antimicrobial resistance per selected microorganism-
antimicrobial combinations

Microorganism N tested N non-susceptible Non-
with suscep-
results* tible, %

Staphylococcus aureus / 39 21 538

MRSA

Enterococci, GLY-R 68 35 51.5

Enterococcus faecalis 21 5 238

Enterococcus faecium 41 27 659

Enterobacteriaceae, 205 125 61.0

3GC-NS

Escherichia coli/ 3GC-NS 30 6 20.0

Klebsiella spp. / 3GC-NS 134 105 784

Enterobacter spp. / 12 3 250

3GC-NS

Enterobacteriaceae, 171 80 46.8

CAR-NS

Escherichia coli/ CAR-NS 24 2 83

Klebsiella spp. / CAR-NS 114 73 64.0

Enterobacter spp./ CAR-NS 11 1 9.1

Pseudomonas aerugi- 121 79 65.3

nosa, CAR-NS

Acinetobacter bauman- 150 143 95.3

nii, CAR-NS

*Isolates are shown only if more than 10 microorganisms in each group were
reported

MRSA, methicillin-resistant Staphylococcus aureus; GLY, glycopeptides; VRE,
vancomycin-resistant Enterococci; 3GC, third-generation cephalosporins; CAR,
carbapenems; NS, non-susceptible to standard dosing
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Overall, 9,003 antimicrobials were recorded. Antimi-
crobial agents belonged most frequently to the class of
penicillin combinations including beta-lactamase inhibi-
tors in 16.2% (n=1,460) and followed by second-gener-
ation cephalosporins in 10.9% (n=978), glycopeptides
in 9.4% (n==847), fluoroquinolones in 9.2% (n=827) and
carbapenems in 8.3% (n=748). Most frequently recorded
antimicrobial agents, accounting for 75% of total AU are
presented in Fig. 1.

Antimicrobials were intended for treatment of com-
munity-acquired infections in 34.6% of all prescrip-
tions (n=3,114), hospital-acquired infections in 22.9%
(n=2,062) and LTCF-acquired infections in 5.1%
(n=460). Prophylactic use followed with 10.9% (n=983)
prescribed for medical conditions and 18.4% (n=1,656)
for surgical procedures. The indication was other or
unknown in 5.6% (n=502) and 2.5% (n=226) of antimi-
crobials, respectively.

Diagnosis for antimicrobials prescribed for treatment
was provided in 97.9% of the cases (n=5,520/5,636). The
most frequent antimicrobial classes (75% of total) by
infection origin and reported diagnoses are presented in
Fig. 2. Absolute frequencies are shown for the most com-
mon (75%) ones in each class and the rest of the diagno-
ses are grouped in the category “other”. The most frequent
antimicrobial classes were carbapenems for treatment of
hospital infections accounting for 14.3% (1=289/2,025)
and beta lactam combinations for community-acquired
infections in 19.9% (606/3,039).

Surgical prophylaxis

As for surgical prophylaxis prescriptions (n=1,656), a
single dose was given in 5.8% of cases (#=96), one-day
courses in 18.5% of them (n=307) and courses lasting
more than one day in 75.7% (1=1,253). Surgical prophy-
laxis antimicrobials (n=1,656) belonged most frequently
to second-generation cephalosporins in 38.6% (1n=645)
and were followed by glycopeptides in 11.4% (n=190),
imidazoles in 10.5% (n=175), combinations of penicil-
lins including beta-lactamase inhibitor in 9.7% (1=162)
and fluoroquinolones in 5.7% (n=95). The antimicrobial
agents that were used for surgical prophylaxis are pre-
sented in Fig. 3, ranked by frequency.

Spectrum of antimicrobial coverage

Of 9,003 antimicrobials recorded, 8,567 agents were anti-
bacterials (95.2%) and 8,508 were classified in the AWaRe
list (94.5% of total). Broad-spectrum antibacterials com-
prised 58.1% of antibacterials (4,979/8,567), and the ratio
of broad-spectrum to narrow-spectrum antibiotics was
1.4. Prescribed agents came from the restricted classes
of Watch in 63.4% (n=5,397/8,508) and Reserve group in
13.3% (n=1,127/8,508).
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Piperacillin and beta-lactamase inhibitor (JO1CR05)
Meropenem (JO1DHO02)

Metronidazole (parenteral) (JO1XDO01)

Vancomycin (parenteral) (JO1XA01)

Cefoxitin (JO1DCO1)

Ceftriaxone (JO1DD04)

Ciprofloxacin (JOTMAOQ2)

Cefuroxime (JO1DC02)

Colistin (JO1XBO01)

Ampicillin and beta-lactamase inhibator (JO1CR01)
Teicoplanin (JO1XA02)

Amikacin (JO1GB08)

Moxifloxacin (JO1MA14)

Linezolid (JO1XX08)

Clindamycin (JO1FFO01)

Tigecycline (JO1AA12)

Daptomycin (JO1XX09)

0.0
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Proportion of total antimicrobial agents reported (%)

Fig. 1 Antimicrobial agents (ATC5 code) accounting for 75% of study antimicrobial use

Risk factor analysis

Among the 50 sample hospitals, the median HAI preva-
lence was 8.9% (95% CI: 5.5-10.5) with 25% and 75%
percentiles of 3.5% and 12.4%, respectively. Descriptive
statistics of independent and outcome variables assessed
are presented in Supplementary Table 1 (ST1).

Results from univariable and multivariable linear
regression analysis are presented in Supplementary
Table 2 (ST2) and Table 3, respectively. After adjust-
ing for covariates, HAI prevalence presented a statisti-
cally significant positive association with bed occupancy
(B=0.107, SE=0.046, p=0.027). Higher AU preva-
lence was associated with the secondary hospital type
(B=19.98, SE=7.838, p=0.014) in the multivariable
analysis.

Discussion

PPS is an important tool to depict the burden of infec-
tions in hospital settings and to compare the country-
specific changes in time through representative HAI,
AMR, and AU indices.

Based on the 2022 PPS in Greece, a possible upward
trend in HAI prevalence is discerned; 12.1% of hospital-
ised patients had at least one HAI episode in 2022, while
the respective percentage was 10.0% in 2016-2017 and
9.0% in 2011-2012 [6, 10, 15, 16]. In the first European
PPS in 2011-2012, HAI prevalence was 6.0% (coun-
try range 2.3 —10.8%) with Greece recording the fourth
highest HAI prevalence [16]. In the following PPS in
2016-2017, the European prevalence was similar, at 5.9%
(country range 2.9 —10.0%) but Greece reported the
highest prevalence [6, 10].

As in the previous Greek PPS, the most frequently
reported HAI was LRTI, comprising a quarter of HAI
cases, with BSI and UTI following. In the European PPS,
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75% most common antimicrobial agents used for treatment of Community-acquired infections, by ATC4 code

Beta lactam - beta lactamase inhibitor (JO1CR) 250 86 48 55 34 10 35 611 71 606
Fluoroguinolones (JO1MA) 158 48 40 42 14 11165 38 374
Third-generation cephalosporins (J01DD) 138 45 23 1297155 35 289
Glycopeptides (JO1XA) 68 95 24 712 17 87 59 216
Carbapenems (JO1DH) 91 12 18 22 1610106 29 215
Imidazoles (JO1XD) 16 84 56 27 27 176 Pneumonia

Acute bronchitis

Lincosamides (JO1FF) 25 68 61 100 Lower urinary tract infection
Intra-abdominal sepsis
Macrolides (JO1FA) 54 20 81
Upper urinary tract infection
Bloodstream infection
Oxazolidinones (JO1XX) 47 511 77

Clinically diagnosed sepsis
Aminoglycosides (J01GB) 5 19 1013 58 64 Gastrointestinal infection
Surgical site infection

Second-generation cephalosporins (J01DC) 34 514 62 Other infection

0 100 200 300 400 500 600

A Number of antimicrobial agents prescribed with a reported diagnosis

75% most common antimicrobial agents used for treatment of Hospital-acquired infections, by ATC4 code

Carbapenems (JO1DH) 111 7 14 FEINI0 58 34 12 29 289
Polymyxins (JO1XB) 74 7 10 EEENS 61 30 7 21 227
Glycopeptides (JO1XA) 58 7 14 44 30 19 16 24 224
Beta lactam - beta lactamase inhibitor (JO1CR) 77 1 21 5 8 27 24 16 18 211
Other incl. daptomycin, linezolid (JO1XX) 49 56 38 20 20 32 176
Glycylcyclines (JO1AA) 29 5 5 23 i 13 12 104
Pneumonia
Third-generation cephalosporins (J01DD) 21 20 1 8 71

Acute bronchitis

. Lower urinary tract infection
Imidazoles (JO1XD) = 10 6 22 6 5 59

Intra-abdominal sepsis

Fluoroquinolones (JOIMA) 5 14 9 8 46 Upper urinary tract infection
Bloodstream infection
Aminoglycosides (J01GB) 11 6 13 6 43 Clinically diagnosed sepsis
Gastrointestinal infection
Other antimycotics for systemic use (JO2AX) 5 23 37
Surgical site infection

Triazole and tetrazole derivatives (J02AC) 7 9 5 6 36 Other infection

o 100 200 300

B Number of antimicrobial agents prescribed with a reported diagnosis

Fig. 2 The 75% most frequent antimicrobial classes (ATC4 code) indicated for treatment of Community-acquired (A) and Hospital-acquired (B) infections,
by most commonly reported diagnoses. Values below 5 are not shown
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Cefoxitin (JO1DCO1) 20.2

Cefuroxime (JO1DCO02)

Metronidazole (parenteral) (JO1XDO01) 10.6

Vancomycin (parenteral) (JO1XAO01) 6.5

Ceforanide (JO1DC11) 6.5

Piperacillin and enzyme inhibitor (JO1CRO05) 6.3

Amikacin (JO1GB086) 56

Ciprofloxacin (JOIMAOQ2) 5.1

Teicoplanin (JO1XA02) 5.0

0.0 2.0 4.0 6.0 8.0 10.0 120 140 160 180 200 220

Proportion of total antimicrobial agents used for surgical prophylaxis (%)

Fig. 3 Frequent antimicrobial agents (ATC5 code) accounting for 75% of surgical prophylaxis indication

Table 3 Results from the multivariable linear regression analysis of hospital factors associated with antimicrobial use (AU) and

healthcare-associated infections (HAI).

Variables AU prevalence (per 1% increase) HAI prevalence (per 1% increase)
B coefficient SE p-value B coefficient SE p-value

Hospital size (total beds) 0.003 0.014 0.825 0.008 0.004 0.060
Bed occupancy, % -0.225 0.158 0.163 0.107 0.046 0.027
Total beds per 1 1D doctor - - - 0.002 0.005 0617
Current surgical patients per total inpatients, % 0216 0.142 0.135 - - -
Hospital type1 (secondary) 19.980 7.838 0.014 - - -
Hospital type' (tertiary) 12.168 8.726 0.170 - - -

Tpeadiatric hospitals were used as the reference category for hospital type

AU, antimicrobial use; HAI, healthcare-associated infections; ID, infectious disease; SE, standard error

although LRTIs were also the most common HAI type,
a less severe infection -UTI- followed, while BSI were
almost half of those reported in the Greek sample [6, 15,
16]. SARS-CoV-2 infections, included for the first time
in the protocol, were fourth in frequency and in 41% of
cases were assessed as of increased severity, which is par-
tially attributed to the vulnerable condition of inpatients
[17].

SSIs were reported less frequently than the last Greek
and European PPS [6]. A possible explanation is the
requirement of retrospective data collection in SSI cases.
Attributing current HAI to a past operation was chal-
lenging due to the lack of a national reporting system on
surgical operations that could be accessed by data collec-
tors; recording relied on patient-provided data. Never-
theless, PPS is a valuable reporting system for SSIs that
provides standardised data on these infections. Reporting

of gastro-intestinal infections has similar findings with
the previous PPS with C. difficile infections steadily
accounting for almost half of the recorded cases, possibly
explained by the observed stable rate of antibiotic expo-
sure, an established risk factor for C. difficile infection
[18].

With regards to isolated microorganisms, Gram-neg-
ative bacteria comprised the majority, as expected in
a hospital setting, similar to previous studies [6]. Dif-
ficult-to-treat pathogens were common in this survey
in line with the previous two PPS in Greece [6, 15, 16].
Approximately 54% of Staphylococcus aureus isolates
were methicillin-resistant, similar to a 50% rate reported
in 2011-2012 [15]; this is somewhat higher than previ-
ous community reports from the Greek AMR surveil-
lance network in 2021 that estimated a 41.9% rate of
MRSA [19]. These percentages are in stark contrast to the
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European MRSA rate of 15.8% in both hospital and com-
munity isolates [19].

Resistance to first-level antibiotics was reported in
69.3% of selected isolates, similar to the 2016 Greek PPS
results (61.2%) and to data reported in the European
Antimicrobial Resistance Surveillance Network (EARS-
Net) in 2021 at 61.3% [10, 19]. In EARS-Net data, only
K. pneumoniae and E. coli are reported from the Entero-
bacteriaceae family and thus, could be considered for the
index calculation. The composite index is steadily higher
than the 31.6% reported on average by European coun-
tries in 2016-2017 [10]. As for the second AMR index,
it lies between the 43.7% recorded in the last PPS and
the 49.1% reported in EARS-Net 2021 resistance data in
Greece [10, 19]. Again, these results differ substantially
from the European average rate of 6.2% [10]. In particu-
lar, Klebsiella isolates with carbapenem resistance mech-
anisms were still frequent; 64% compared to 67% in the
previous study [6].

Antimicrobial use remained high in Greece with over
half of hospitalised patients receiving at least one anti-
microbial agent. In fact, rates of use remain stable and
essentially unchanged over the last decade; AU preva-
lence was 55.4% in 2022, 55.6% in 2016—2017 and 54.7%
in 2011-2012 [6, 16]. Greece held the first place among
participating European countries in both previous stud-
ies, while the EU/EEA average was 35.0% (range 21.4—
54.7%) in 2011-2012 and 32.9% (range 15.9-55.6%) in
2016-2017 [16, 20]..

Importantly, antimicrobials used had more commonly
a broad-spectrum coverage than a narrow one, at a ratio
of 1.4. Piperacillin-tazobactam and meropenem were
the two most commonly prescribed agents for all indica-
tions. WHO suggests that at least 60% of antibiotic con-
sumption at the national level be from the Access group
which includes antibiotics that have a narrow spectrum
of activity, low resistance and good safety profile com-
pared to antibiotics in Watch and Reserve groups that
are intended for more severe clinical presentations or
resistant pathogens [12, 21]. In this survey, one-fifth of
administered antibiotics came from the Access group,
while the overall choice of agents was shifted to broader
spectrum antimicrobials with more than 60% coming
from the Watch group.

As for surgical prophylaxis, cefoxitin and cefuroxime,
two second-generation cephalosporins, were the most
frequently prescribed agents. The recorded antibiot-
ics are consistent with 2022 guidelines issued by pro-
fessional societies in Greece, where second-generation
cephalosporins -and vancomycin in certain types of
procedures- are recommended, and emphasis is placed
on single-dose antimicrobial prophylaxis periopera-
tively for most procedures [22]. The antimicrobial spec-
trum of guideline-directed agents is broader than that
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of antibiotics proposed in other parts of Europe and the
US, where the first-line treatment for most procedures
is first-generation cephalosporins, such as cefazolin, and
clindamycin as an alternative. Longer courses are to be
used in interventions involving active infections or con-
taminated sites [23, 24]. Although these procedures are
not so common, most patients in this study received
courses of treatment instead of prophylaxis, which is an
alarming finding and in stark contrast to international
recommendations [25, 26]. Antimicrobial overuse in this
group of patients should be an important primary focus
of antimicrobial stewardship interventions.

In this study, several factors possibly associated
with HAI and AU prevalence at the hospital level were
assessed individually. After adjusting for covariates,
increasing bed occupancy in the hospital showed a posi-
tive association with HAI prevalence. This relation could
possibly be attributed to IPC-related concerns, such as
staft shortages, difficulties in case isolation and hygiene
compliance as well as increased workload of healthcare
workers that puts a strain on optimal patient care. After
taking into account all covariates, secondary hospitals
showed increased AU prevalence. It is our understanding
that these hospitals in Greece, which are mostly situated
in regional settings, may often lack diagnostic and inter-
ventional resources as well as robust antimicrobial stew-
ardship programs compared to tertiary and specialised
hospitals [27, 28].

The main limitation of this study is its cross-sectional
design, in which HAI and AU burden is conveyed as a
“photographic” depiction in time. Longitudinal studies
or prospective surveillance programs could elucidate the
true burden of HAI and identify patients at risk. Regard-
ing the presence of invasive devices relevant to a spe-
cific infection, it was not possible to discern a potentially
causal role, except for a limited number of intravascu-
lar catheter-related cases. A deep dive into local clinical
data with the assistance of the treating physician is nec-
essary for such an analysis. The high variance observed
in prevalence between sample hospitals could be traced
partly to difficulties involved in the identification of HAI
cases which was more complex than AU and relied on the
availability of dedicated data collectors with surveillance
knowledge and time. Another limitation of the study is
the absence of clarifying information in the AU indica-
tion section regarding the type of surgical procedure that
a prophylaxis was selected for. Thus, the link between
clean or contaminated surgical intervention and respec-
tive optimal surgical prophylaxis remains to be eluci-
dated in further studies.
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Conclusion

The 2022 PPS study highlights the significant challenge
that HAIs pose in patient care in Greece. It clearly indi-
cates an increased burden of HAIs together with the
emergence of difficult-to-treat pathogens in inpatients, as
well as the extensive use of broad-spectrum antimicrobi-
als. Subsequent studies will provide additional evidence
regarding the trend in HAI prevalence and prescription
attitudes and support the identification of modifiable
practices. The strengthening of IPC and AMS programs
in these settings is essential.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/513756-024-01367-8.

[ Supplementary Material 1 ]

Acknowledgements

The authors would like to acknowledge the contribution of the healthcare
personnel of the participating hospitals despite their workload and to thank
them for the collaboration.

Author contributions

K.P, DK study design and supervision, data acquisition, validation and
interpretation, manuscript drafting; PK., C-AK, S.V.: data acquisition and
validation; G.V.: data management; M.G.: statistical analysis; KM, KT, S.T.. data
interpretation, manuscript critical review and editing; KM, AM,, DR T.Z;
project administration. All authors read and approved the final manuscript.

Funding
This research received no external funding.

Data availability

The data that support the findings of this study are available from the National
Public Health Organization (EODY) but restrictions apply to the availability

of these data, which were used under license for the current study, and

so are not publicly available. Data are however available from the authors
upon reasonable request and with permission of the National Public Health
Organization (EODY).

Declarations

Ethics approval and consent to participate

In the national database, hospital data received a unique code and

patient data did not contain any identifier. The study was approved by the
Institutional Ethics Review Board of the National Public Health Organization
(EODY), reference: KM 7691/2023.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Directorate of Epidemiological Surveillance and Intervention for
Infectious Diseases, National Public Health Organization (EODY), Athens,
Greece

2Central Public Health Laboratory, National Public Health Organization,
Athens, Greece

3Department of Hygiene, Epidemiology, and Medical Statistics, Medical
School, National and Kapodistrian University of Athens, Athens, Greece
“4th Department of Internal Medicine , “Attikon” University Hospital,
National and Kapodistrian University of Athens, Athens, Greece

(2024) 13:11

Page 10 of 11

2nd Department of Pediatrics,“P. and A. Kyriakou” Children’s Hospital,
National and Kapodistrian University of Athens, Athens, Greece

Received: 22 September 2023 / Accepted: 10 January 2024
Published online: 25 January 2024

References

1. Global report on infection prevention and control. Licence: CC BY-NC-SA 3.0
IGO. Geneva: World Health Organization; 2022.

2. Cassini A, Colzani E, Pini A, et al. Impact of infectious diseases on population
health using incidence-based disability-adjusted life years (DALYs): results
from the Burden of Communicable diseases in Europe study, European
Union and European Economic Area countries, 2009 to 2013. Euro Surveill
Apr. 2018;23(16). https://doi.org/10.2807/1560-7917.Es.2018.23.16.17-00454

3. Cassini A, Plachouras D, Eckmanns T, et al. Burden of six Healthcare-Associ-
ated infections on European Population Health: estimating incidence-based
disability-adjusted life years through a Population prevalence-based Model-
ling Study. PLoS Med Oct. 2016;13(10):e1002150. https://doi.org/10.1371/
journal.pmed.1002150

4. Global action plan on antimicrobial resistance. World Health Organization;
2015.

5. World health statistics. 2022: monitoring health for the SDGs, sustainable
development goals. Geneva: World Health Organization; 2022. Licence: CC
BY-NC-SA 3.0IGO.

6. European Centre for Disease Prevention and Control. Point prevalence survey
of healthcare associated infections and antimicrobial use in European acute
care hospitals, 2016-2017. Stockholm: ECDC; 2023.

7. European Centre for Disease Prevention and Control. Point prevalence survey
of healthcare-associated infections and antimicrobial use in European acute
care hospitals— protocol version 6.1. Stockholm: ECDC; 2022.

8. Number of hospital beds, inpatients, and patient-days in Greek hospitals,,
2022. Greek Ministry of Health. Available from: https://www.moh.gov.gr/
articles/bihealth/stoixeia-noshleytikhs-kinhshs/11344-klines-noshleythentes-
hmeres-noshleias-2022 (cited 2023 August 30).

9. European Committee on Antimicrobial Susceptibility Testing (EUCAST). New
definitions of S, I and R from 2019.

10. Suetens C, Latour K, Kérki T, et al. Prevalence of healthcare-associated infec-
tions, estimated incidence and composite antimicrobial resistance index in
acute care hospitals and long-term care facilities: results from two European
point prevalence surveys, 2016 to 2017. Euro Surveill Nov. 2018;23(46).
https://doi.org/10.2807/1560-7917.Es.2018.23.46.1800516

11. WHO, Drug Information. Vol. 37, No. 2, 2023. Geneva: World Health Organiza-
tion; 2023. Licence: CC BY-NC-SA 3.0 1GO.

12. The WHO AWaRe, Access. Watch, Reserve) antibiotic book. Geneva: World
Health Organization; 2022. Licence: CC BY-NC-SA 3.0 IGO.

13. ECDC, EFSA and EMA Joint Scientific Opinion on. A list of outcome
indicators as regards surveillance of antimicrobial resistance and antimi-
crobial consumption in humans and food-producing animals. Efsa j Oct.
2017;15(10):e05017. https://doi.org/10.2903/j.efsa.2017.5017

14.  European Centre for Disease Prevention and Control. HelicsWin.Net
3.3.0-user manual. Stockholm: ECDGC; 2021.

15.  Kritsotakis El, Kontopidou F, Astrinaki E, Roumbelaki M, loannidou E, Gikas A.
Prevalence, incidence burden, and clinical impact of healthcare-associated
infections and antimicrobial resistance: a national prevalent cohort study in
acute care hospitals in Greece. Infect Drug Resist. 2017;10:317-28. https://doi.
org/10.2147/idr.S147459

16.  European Centre for Disease Prevention and Control. Point prevalence survey
of healthcare-associated infections and antimicrobial use in European acute
care hospitals. Stockholm: ECDG; 2013.

17. Grant RL, Sauser J, Atkinson A et al. Comparison of clinical outcomes over
time of inpatients with healthcare-associated or community-acquired coro-
navirus disease 2019 (COVID-19): a multicenter, prospective cohort study.
Infect Control Hosp Epidemiol Aug 2 2023:1-7. https://doi.org/10.1017/
ice.2023.143

18. McDonald LC, Gerding DN, Johnson S, et al. Clinical practice guidelines for
Clostridium difficile infection in adults and children: 2017 update by the
Infectious Diseases Society of America (IDSA) and Society for Healthcare Epi-
demiology of America (SHEA). Clin Infect Dis Mar. 2018;19(7):987-94. https://
doi.org/10.1093/cid/ciy149


https://doi.org/10.1186/s13756-024-01367-8
https://doi.org/10.1186/s13756-024-01367-8
https://doi.org/10.2807/1560-7917.Es.2018.23.16.17-00454
https://doi.org/10.1371/journal.pmed.1002150
https://doi.org/10.1371/journal.pmed.1002150
https://www.moh.gov.gr/articles/bihealth/stoixeia-noshleytikhs-kinhshs/11344-klines-noshleythentes-hmeres-noshleias-2022
https://www.moh.gov.gr/articles/bihealth/stoixeia-noshleytikhs-kinhshs/11344-klines-noshleythentes-hmeres-noshleias-2022
https://www.moh.gov.gr/articles/bihealth/stoixeia-noshleytikhs-kinhshs/11344-klines-noshleythentes-hmeres-noshleias-2022
https://doi.org/10.2807/1560-7917.Es.2018.23.46.1800516
https://doi.org/10.2903/j.efsa.2017.5017
https://doi.org/10.2147/idr.S147459
https://doi.org/10.2147/idr.S147459
https://doi.org/10.1017/ice.2023.143
https://doi.org/10.1017/ice.2023.143
https://doi.org/10.1093/cid/ciy149
https://doi.org/10.1093/cid/ciy149

Palaiopanos et al. Antimicrobial Resistance & Infection Control

20.

21.

22.

23.

24,

Antimicrobial resistance surveillance in. Europe 2023-2021 data. Stockholm:
European Centre for Disease Prevention and Control and World Health
Organization; 2023.

Plachouras D, Karki T, Hansen S, et al. Antimicrobial use in European acute
care hospitals: results from the second point prevalence survey (PPS) of
healthcare-associated infections and antimicrobial use, 2016 to 2017. Euro
Surveill Nov. 2018;23(46). https://doi.org/10.2807/1560-7917.Es.23.46.1800393
WHO releases the 2019 AWaRe Classification Antibiotics [internet]. Geneva:
World Health Organization,; 2019. Available from: https://www.who.int/news/
item/01-10-2019-who-releases-the-2019-aware-classification-antibiotics
(cited 2023 August 30).

The Rational Choice Antimicrobial Therapy for the Hospitalized Patient. Hel-
lenic Society of Chemotherapy; 2022.

Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for
antimicrobial prophylaxis in surgery. Surg Infect (Larchmt) Feb. 2013;14(1):73-
156. https://doi.org/10.1089/5ur.2013.9999

Tarchini G, Liau KH, Solomkin JS. Antimicrobial stewardship in surgery: chal-
lenges and opportunities. Clin Infect Dis May. 2017;15(suppl2):112-s114.
https://doi.org/10.1093/cid/cix087

(2024) 13:11

25.

26.

27.

28.

Page 11 of 11

Anderson DJ, Podgorny K, Berrios-Torres S, et al. Strategies to prevent surgi-
cal site infections in acute care hospitals: 2014 update. Infect Control Hosp
Epidemiol Jun. 2014;35(6):605-27. https://doi.org/10.1086/676022
Branch-Elliman W, O'Brien W, Strymish J, Itani K, Wyatt C, Gupta K. Association
of Duration and Type of Surgical Prophylaxis with Antimicrobial-Associated
adverse events. JAMA Surg Jul. 2019;1(7):590-8. https://doi.org/10.1001/
jamasurg.2019.0569

Stenehjem E, Hyun DY, Septimus E, et al. Antibiotic stewardship in small hos-
pitals: barriers and potential solutions. Clin Infect Dis Aug. 2017;15(4):691-6.
https://doi.org/10.1093/cid/cix407

Giamarellou H, Galani L, Karavasilis T, loannidis K, Karaiskos I. Antimicrobial
stewardship in the hospital setting: a narrative review. Antibiot (Basel) Oct.
2023;21(10). https://doi.org/10.3390/antibiotics 12101557

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.2807/1560-7917.Es.23.46.1800393
https://www.who.int/news/item/01-10-2019-who-releases-the-2019-aware-classification-antibiotics
https://www.who.int/news/item/01-10-2019-who-releases-the-2019-aware-classification-antibiotics
https://doi.org/10.1089/sur.2013.9999
https://doi.org/10.1093/cid/cix087
https://doi.org/10.1086/676022
https://doi.org/10.1001/jamasurg.2019.0569
https://doi.org/10.1001/jamasurg.2019.0569
https://doi.org/10.1093/cid/cix407
https://doi.org/10.3390/antibiotics12101557

	﻿Healthcare-associated infections and antimicrobial use in acute care hospitals in Greece, 2022; results of the third point prevalence survey
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Study variables
	﻿Data entry
	﻿Data analysis

	﻿Results
	﻿Healthcare-associated infections
	﻿Microorganisms
	﻿Antimicrobial use
	﻿Surgical prophylaxis
	﻿Spectrum of antimicrobial coverage
	﻿Risk factor analysis

	﻿Discussion
	﻿Conclusion
	﻿References


