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Abstract: Background: Irrational use of antimicrobials poses a significant risk for public health

by aggravating antimicrobial resistance. The aim of this repeated point prevalence survey (PPS)

was to evaluate the impact of a carbapenem-focused antimicrobial stewardship program (ASP) on

overall antimicrobial use and quality of antimicrobial prescribing during the COVID-19 pandemic.

Methods: All adult inpatients in the University Hospital of Heraklion in Greece were audited twice,

before and after the implementation of the ASP, in October 2019 and October 2020, respectively.

Patient characteristics, indications and diagnoses for antimicrobial administration, antimicrobials

prescribed, and compliance with treatment guidelines were recorded. Results: Of 743 adult inpatients

on the days of the two surveys, 398 (53.6%) were on antimicrobials for 437 diagnoses. Following

implementation of the ASP, there was substantial decrease in the utilization of carbapenems (4.9%

of all antibacterials prescribed in the second PPS compared to 10.3% in the first PPS). A significant

improvement was observed for all indicators of the quality of antimicrobial prescribing. Conclusions:

Our study demonstrated a positive impact of an ASP implementation during the first stages of the

COVID-19 pandemic on reducing the use of last-line antimicrobials and improving overall quality of

antimicrobial prescribing.

Keywords: point prevalence survey; carbapenems; antimicrobial stewardship; COVID-19

1. Introduction

Antimicrobial overuse and misuse represent major public health problems worldwide
and are tightly linked with negative patient outcomes, emergence and spread of antimicro-
bial resistance (AMR), increased risk of side effects, and higher healthcare cost [1,2]. The
COVID-19 pandemic aggravated the issue of inappropriate antimicrobial use in several
ways. Specifically, in many cases antibiotics were used irrationally to treat COVID-19
patients without proof or suspicion of bacterial co- or superinfection, and antiparasitics
were often used as repurposed drugs against SARS-CoV-2 in the absence of scientific
evidence [3–5].

For many years now, Greece ranks among the European countries with the high-
est rates of antibiotic consumption and AMR, both in community and hospital settings,
and is one of the largest consumers of last-line antibiotics, such as carbapenems and
polymyxins [6,7]. Implementation of targeted efforts, based on local data, is imperative
for improvement of antimicrobial use. These efforts should aim to various levels of the
antimicrobial prescription chain, including prescriber education, prescription practices,
patient monitoring and feedback, and communication [8]. Relatively little investment per
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capita in infection prevention and control (IPC) strategies and antimicrobial stewardship
programs (ASPs) could pay itself back in a very short time by reducing the burden of
disability and death due to infections caused by multidrug-resistant bacteria [9]. Currently,
a national action plan on AMR is under development, while few Greek hospitals have
already attempted to optimize IPC practices and to implement ASPs [10–13].

On the 1 January 2020, a carbapenem-focused ASP was implemented in all adult clinics
of our hospital in Greece. The program was based on the prospective audit and feedback
strategy, along with case-based education and meetings on proper use of antimicrobials. The
ASP team was alerted by the hospital pharmacy upon prescription order of a carbapenem
and, within 72 h, provided unsolicited in-person consultation.

In parallel to the carbapenem-focused ASP in our hospital, repeated point prevalence
surveys (PPS) were performed among all adult inpatients, aiming to identify risk factors
associated with inappropriate antimicrobial use in our hospital and to evaluate the impact
of the ASP on overall antimicrobial utilization and quality of antimicrobial prescribing.

2. Results

In all, 743 patients were hospitalized on the days of the two surveys, of whom
398 patients (53.6%) were receiving antimicrobials for 437 diagnoses. Of the 398 inpa-
tients surveyed in the 2019 PPS, 203 (51.0%) were on antimicrobials, while in the 2020 PPS,
195 (56.5%) of the 345 inpatients were receiving antimicrobials. Baseline characteristics of
patients on antimicrobials are presented in Table 1.

Table 1. Patients’ characteristics, 2019 vs. 2020.

Total 2019 2020 p-Value

(n = 398) (n = 203) (n = 195)

Female 164 (41.2%) 95 (46.8%) 69 (35.4%) 0.021
Age (years) 65.5 (49.0–78.0) 66.0 (50.0–78.0) 65.0 (48.0–78.0) 0.59

BMI (kg/m2) 26.0 (23.0–29.0) 25.0 (23.0–29.0) 27.0 (24.0–30.0) 0.30
McCabe score 0.006

Non-fatal 233 (58.5%) 133 (65.5%) 100 (51.3%)
Ultimately fatal 127 (31.9%) 52 (25.6%) 75 (38.5%)
Rapidly fatal 33 (8.3%) 13 (6.4%) 20 (10.3%)
Missing 5 (1.3%) 5 (2.5%) 0 (0.0%)

Treatment setting 0.19
Medical 191 (48.0%) 106 (52.2%) 85 (43.6%)
Surgical 176 (44.2%) 81 (39.9%) 95 (48.7%)
Intensive care 31 (7.8%) 16 (7.9%) 15 (7.7%)

Inserted invasive devices (total) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 2.0 (1.0–2.0) 0.20
Indwelling urinary catheter 164 (41.2%) 81 (39.9%) 83 (42.6%) 0.59
Peripheral vascular catheter 349 (87.7%) 182 (89.7%) 167 (85.6%) 0.22
Central vascular catheter 59 (14.8%) 29 (14.3%) 30 (15.4%) 0.76
Invasive respiratory
endotracheal intubation

34 (8.5%) 15 (7.4%) 19 (9.7%) 0.40

Inserted tubes and drains 50 (12.6%) 16 (7.9%) 34 (17.4%) 0.004

Data are presented as median (IQR) for continuous measures, and n (%) for categorical measures.

The majority of antimicrobial prescriptions was for therapeutic reasons. The most
common indication for antimicrobial treatment was community-acquired infection (CAI)
followed by hospital-acquired infection (HAI), while between the two surveys there was a
statistically significant difference regarding indications for antimicrobial administration.
The top three diagnoses for antimicrobial prescription in both PPSs were respiratory infec-
tions, followed by skin, soft tissue, bone and joint infections, and gastrointestinal infections
(including intra-abdominal and Clostridioides difficile infections) (Table 2).
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Table 2. Indications and diagnoses for antimicrobial use, 2019 vs. 2020.

Indicator 2019 2020 p-Value

Hospitalized patients 398 (100.0%) 345 (100.0%) -

Patients on antimicrobials (1) 203 (51.0%) 195 (56.5%) 0.133

Total number of diagnoses (2) 217 (54.5%) 220 (63.8%) 0.102

Indication (3) 0.021
CAI 83 (38.2%) 94 (42.7%)
SP1 1 (0.5%) 0 (0.0%)
SP2 0 (0.0%) 10 (4.5%)
SP3 42 (19.4%) 34 (15.5%)
HAI 68 (31.3%) 64 (29.1%)
MP 15 (6.9%) 15 (6.8%)
UNK 8 (3.7%) 3 (1.4%)

Diagnosis (3) 0.142
UNK 9 (4.1%) 2 (0.9%)
CNS 6 (2.8%) 4 (1.8%)
EYE 0 (0.0%) 2 (0.9%)
ENT 6 (2.8%) 6 (2.7%)
RESP 46 (21.2%) 41 (18.6%)
CVS 9 (4.1%) 4 (1.8%)
GI 35 (16.1%) 37 (16.8%)
SSTBJ 36 (16.6%) 43 (19.5%)
UTI 30 (13.8%) 27 (12.3%)
GUOB 12 (5.5%) 17 (7.7%)
BAC 4 (1.8%) 13 (5.9%)
SEPSIS 9 (4.1%) 4 (1.8%)
FN 5 (2.3%) 5 (2.3%)
OTHER/NDS 10 (4.6%) 15 (6.8%)

Treatment for HAI or CAI (4) 0.310
Empirical 102 (67.5%) 98 (62.0%)
Targeted 49 (32.5%) 60 (38.0%)

Notes: (1) percentages calculated over the total number of hospitalized patients; (2) each patient could have more

than one diagnosis; (3) percentages calculated over the total number of diagnoses; (4) percentages calculated over
the sum of CAIs and HAIs. Abbreviations: CAI = community acquired infection, SP1 = surgical prophylaxis
1 dose, SP2 = surgical prophylaxis for 1 day, SP3 = surgical prophylaxis > 1 day, HAI = hospital acquired
infection, MP = medical prophylaxis, UNK = unknown, CNS = central nervous system infection, EYE = eye
infection, ENT = ear, nose, throat infection, RESP = respiratory infection, CVS = cardiovascular system infection,
GI = gastrointestinal infection, SSTBJI = skin and soft tissue and bone/joint infection, UTI = urinary tract infection,
GUOB = genitourinary and obstetric/gynecological infection, BAC = bacteremia or fungemia with no clear
anatomic site and no shock, SEPSIS = sepsis of any origin, sepsis syndrome or septic shock with no clear anatomic
site, FN = fever in neutropenic patient, NDS = no defined site.

No statistically significant differences were observed between the two survey periods
regarding the frequency of use of different antimicrobial types (Table 3). Antibacterials
were the most common antimicrobials prescribed, followed by antifungals. In both PPSs,
cephalosporins were the most commonly prescribed antibacterials, while fluoroquinolones
and penicillins ± β-lactamase inhibitors alternated in the second and third position of the
most commonly prescribed antibacterials (Table 4). Importantly, after the implementation
of the carbapenem-focused ASP, there was substantial decrease in the utilization of car-
bapenems (4.9% of all antibacterials prescribed in the second PPS compared with 10.3% in
the first PPS). Apart from McCabe score, no significant differences were observed regarding
the characteristics of the patients receiving carbapenems in the two surveys (Table 5). This
decrease in carbapenem use after the ASP implementation was also accompanied by a de-
crease in colistin use and an increase in piperacillin/tazobactam and tigecycline utilization,
while the use of cephalosporins + β-lactamase inhibitors (i.e., ceftolozane/tazobactam and
ceftazidime/avibactam) remained largely unchanged (Table 4).
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Table 3. Frequencies of antimicrobials prescribed by type, 2019 vs. 2020.

Antimicrobial Type
2019

(n = 343)
2020

(n = 348)
p-Value

Antibacterial 310 (90.4%) 307 (88.2%) 0.358
Antimycobacterial 0 (0.0%) 3 (0.9%) 0.085

Antifungal 25 (7.3%) 30 (8.6%) 0.518
Antiviral 7 (2.0%) 8 (2.3%) 0.816

Antiparasitic 1 (0.3%) 0 (0.0%) 0.313

Data are presented as n (%) of total number of antimicrobials.

Table 4. Type of antibacterials, 2019 vs. 2020.

Total 2019 2020 p-Value

(n = 617) (n = 310) (n = 307)

Antibacterial group 0.094
Penicillin ± β-lactamase inhibitor 89 (14.4%) 38 (12.3%) 51 (16.6%)
Cephalosporin 130 (21.1%) 67 (21.6%) 63 (20.5%)
Cephalosporin + β-lactamase inhibitor 11 (1.8%) 5 (1.6%) 6 (2.0%)
Carbapenem 47 (7.6%) 32 (10.3%) 15 (4.9%)
Aminoglycoside 9 (1.5%) 5 (1.6%) 4 (1.3%)
Tetracycline 1 (0.2%) 1 (0.3%) 0 (0.0%)
Macrolide 7 (1.1%) 5 (1.6%) 2 (0.7%)
Lincosamide 11 (1.8%) 5 (1.6%) 6 (2.0%)
Fluoroquinolone 78 (12.6%) 40 (12.9%) 38 (12.4%)
Trimethoprim/Sulfamethoxazole 10 (1.6%) 3 (1.0%) 7 (2.3%)
Metronidazole 49 (7.9%) 20 (6.5%) 29 (9.4%)
Oxazolidinone 19 (3.1%) 13 (4.2%) 6 (2.0%)
Glycopeptide 42 (6.8%) 19 (6.1%) 23 (7.5%)
Daptomycin 37 (6.0%) 20 (6.5%) 17 (5.5%)
Tigecycline 25 (4.1%) 7 (2.3%) 18 (5.9%)
Colistin 29 (4.7%) 18 (5.8%) 11 (3.6%)
Other antibacterial 23 (3.7%) 12 (3.9%) 11 (3.6%)

Data are presented as n (%) of total number of antibacterials.

Table 5. Characteristics of patients receiving carbapenems, 2019 vs. 2020.

Total 2019 2020 p-Value

(n = 44) (n = 31) (n = 13)

Female 17 (38.6%) 13 (41.9%) 4 (30.8%) 0.49
Age (years) 68.0 (55.5–79.0) 68.0 (53.0–79.0) 68.0 (59.0–79.0) 0.85

BMI (kg/m2) 25.0 (22.0–30.0) 24.0 (21.0–30.0) 27.0 (22.0–30.0) 0.40
McCabe 0.004

Non-fatal 17 (38.6%) 16 (51.6%) 1 (7.7%)
Ultimately fatal 18 (40.9%) 11 (35.5%) 7 (53.8%)
Rapidly fatal 7 (15.9%) 2 (6.5%) 5 (38.5%)
Missing 2 (4.5%) 2 (6.5%) 0 (0.0%)

Treatment unit 0.92
Medical 29 (65.9%) 21 (67.7%) 8 (61.5%)
Surgical 9 (20.5%) 6 (19.4%) 3 (23.1%)
Intensive care 6 (13.6%) 4 (12.9%) 2 (15.4%)

Inserted invasive devices (total) 2.0 (1.0–2.0) 2.0 (1.0–2.0) 2.0 (2.0–2.0) 0.14
Indwelling urinary catheter 24 (54.5%) 15 (48.4%) 9 (69.2%) 0.21
Peripheral vascular catheter 35 (79.5%) 26 (83.9%) 9 (69.2%) 0.27
Central vascular catheter 12 (27.3%) 8 (25.8%) 4 (30.8%) 0.74
Invasive respiratory
endotracheal intubation

5 (11.4%) 3 (9.7%) 2 (15.4%) 0.59

Inserted tubes and drains 5 (11.4%) 1 (3.2%) 4 (30.8%) 0.009

Data are presented as median (IQR) for continuous measures and n (%) for categorical measures.
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Regarding the quality of antimicrobial prescribing, a statistically significant improve-
ment was observed in all relative indicators after the implementation of the carbapenem-
focused ASP in our hospital (Table 6). The rate of documentation in patient notes of reason
and of stop/review date of antimicrobial administration was significantly higher (p < 0.001)
in the second PPS, while full compliance to national or international treatment guidelines
was also significantly increased from 61.8% to 73.6% (p = 0.003) after ASP implementation.

Table 6. Therapy quality indicators by diagnoses, 2019 vs. 2020.

Total 2019 2020 p-Value

(n = 437) (n = 217) (n = 220)

Reason in notes 331 (75.7%) 130 (59.9%) 201 (91.4%) <0.001
Stop/Review Date
Documented

204 (46.7%) 49 (22.6%) 155 (70.5%) <0.001

Guidelines Compliance 0.003
No 93 (21.3%) 47 (21.7%) 46 (20.9%)
Yes 296 (67.7%) 134 (61.8%) 162 (73.6%)
Not assessable 9 (2.1%) 8 (3.7%) 1 (0.5%)
No information 11 (2.5%) 9 (4.1%) 2 (0.9%)
Partially 28 (6.4%) 19 (8.8%) 9 (4.1%)

Data are presented as n (%) of the total number of diagnoses for which an antimicrobial was prescribed.

3. Materials and Methods

3.1. Study Design and Study Site

The first and second PPSs were conducted in October 2019 and October 2020, respec-
tively. All adult wards of the University Hospital of Heraklion in Greece, a 770-bed hospital
that covers all medical and surgical specialties, were audited. The study was approved by
the hospital review board.

3.2. Study Population

All adult inpatients who were in the ward at 08:00 a.m. were audited for receipt of
antimicrobials, including antibacterials, antifungals, antivirals, and antiparasitics. The
routes of antimicrobial administration were parenteral (i.e., intravenous, subcutaneous,
intramuscular, intraventricular, and intraperitoneal), inhalation, oral, and rectal. Outpa-
tients, patients in the emergency department, and day hospitalizations were excluded. The
number of eligible patients on the day of each survey determined the study size and no a
priori calculation of sample size was performed.

3.3. Data Collection

Each survey was conducted on a single day by the infection control team, which
constituted by infectious disease fellows and internal medicine residents. Both surveys
were conducted by the same infection control team members. The Global Point Prevalence
Survey (Global PPS) 2019 methodology was used with adaptations for data collection on
ward and patient level [14]. The required patient data were collected by reviewing patients’
case notes and prescribing charts.

Wards were grouped by type as follows: medicine, surgery, and intensive care unit
(ICU). Antimicrobial utilization data is presented in terms of proportions. Numerator
data included patients on at least one antimicrobial, while denominator data involved all
hospitalized patients included in the surveys. For each patient receiving antimicrobials,
information was collected about sex, age, body mass index (BMI), McCabe score, presence
of invasive devices, therapeutic indication, diagnosis, microbiological data, antimicrobial
agents, route of administration, dosage, and a set of quality indicators: documentation of
reason for antimicrobial administration in notes and of stop/review date, and compliance
with national or international treatment guidelines. Each patient could have more than
one diagnoses for antimicrobial treatment. Treatment guidelines compliance per diagnosis
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was considered as partial if the choice of antimicrobial agent(s) was following existing
guidelines but dosage, route of administration or duration of treatment were inappropriate,
while compliance was considered as full if all of the aforementioned treatment parameters
were according to relative national or international guidelines. Of note, treatment guidelines
focus on diagnosis and a patient might have more than one infection diagnosed, while each
infection might be treated with more than one antimicrobial. Therefore, and in contrast to
most previous studies, we selected number of diagnoses as numerator and denominator
(not antimicrobials or number of patients) for the above quality indicators.

3.4. Statistical Analysis

Categorical data were presented as frequencies and proportions (%) and were com-
pared between the two independent surveys (2019 vs. 2020) by means of Pearson’s chi-
square test. Continuous data were summarized as mean with standard deviation or median
with interquartile range (IQR) depending on the degree of skewness in the distributions and
were compared between 2019 and 2020 using the t-test and the Wilcoxon–Mann–Whitney
U test, respectively. Statistical significance was considered at the p < 0.05 threshold. All
analyses were performed using Stata version 17 (Stata Corp., College Station, TX, USA).

4. Discussion

This is the first study in the current literature examining the impact of a hospital-wide
carbapenem-focused ASP that was implemented during the initial stages of the COVID-19
pandemic on antimicrobial utilization and quality of antimicrobial prescribing. The results
of this study confirm the feasibility and effectiveness of a hospital ASP even under the
difficult circumstances of a pandemic.

Among the main findings of our study is that the implementation of the carbapenem-
focused ASP in our hospital led to a decrease of carbapenem use without increasing the
utilization of newer antibiotics that can be used as alternatives to carbapenems, specifically
ceftolozane/tazobactam and ceftazidime/avibactam, thus preserving their efficacy through
prudent use. Furthermore, the ASP caused a statistically significant improvement in
quality indicators of antimicrobial prescribing, specifically in indication/diagnosis and
stop/review date documentation, and adherence to treatment guidelines.

The prevalence of antimicrobial use in both our surveys (51% and 56.5%) was higher
than the overall prevalence rate reported for southern Europe (39%) and the weighted
prevalence in the European Union/European Economic Area (30.5%) in the pre-COVID-19
era [15,16], and also higher than the prevalence reported in multi-center studies in Japan
(33.5%) and Canada (33.5%) [17,18]. However, the rates of antimicrobial use in our study
were similar to those previously reported for Greece (55.6%) in the most recent (2016–2017)
European Centre for Disease Prevention and Control PPS [16]. Prevalence of antimicrobial
use over 50% in hospitalized patients has also been reported in studies from countries
outside Europe, such as Brazil (52.2%) and Nigeria (59.6%) [19,20], and in a multinational
study in Latin America that examined only the use of antibiotics (54.6%) [21]. In a multi-
center PPS conducted in 2015 in the United States, almost half of inpatients surveyed were
on antimicrobials [22]. Interestingly, in the above study, there was no significant reduction
in the prevalence of antimicrobial use from 2011, even though the majority (79.4%) of par-
ticipating hospitals reported having an ASP following the Centers for Disease Control and
Prevention recommendation made in 2014 that all hospitals in the USA have an ASP [22,23].
However, compared with the 2011 survey, some positive, though unrelated to the overall
prevalence of antimicrobial use, changes were observed, such as a smaller percentage of
patients on fluoroquinolones and a lower prevalence of antimicrobial use in neonatal critical
care settings [22]. Accordingly, in our study, although there was no significant change in
the prevalence of antimicrobial use between the two surveys, ASP implementation had a
positive impact on utilization of last-line antibiotics and on prescribing quality.

During the first waves of the COVID-19 pandemic, increased and often inappropriate
use of antimicrobials was observed in patients with COVID-19 [24]. The reported pro-
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portion of COVID-19 inpatients receiving antibiotics ranged between 6% and 58% and in
most cases treatment was empirical [25–27]. In a recent multinational European PPS, 52.7%
of hospitalized COVID-19 patients were receiving antibiotics and/or antifungals (range,
32.9–85.6%), pneumonia was the most common diagnosis, and treatment was mostly em-
pirical [28]. Due to the low number of hospitalized COVID-19 patients on the day of the
second survey of our study (data not shown), we did not perform separate analysis for
these patients, although the majority (>50%) of them were on antibiotics and/or antifungals
as empirical treatment for respiratory infections.

The most common indication of antimicrobial treatment was CAI, as has been observed in
similar studies from all over the world, even during the pre-COVID-19 era [15,16,18–21,29,30].
Approximately 30% of total indications for antimicrobial treatment in both our surveys
were HAIs, a proportion that is considered high compared to data reported from other
countries [21]. There was a slight decrease in the rate of antimicrobial administration for
HAIs in the second PPS of our study compared to the first (29.1% versus 31.3%); however,
taking into account the strengthening of the infection control measures in our hospital due
to the COVID-19 pandemic during the second survey, this only slight decrease cannot be
considered as promising. Importantly, there was a decrease in the prevalence of surgical
prophylaxis for more than one day among patients on antimicrobials in the second PPS,
probably due to the implementation of the ASP.

In both surveys of this study, cephalosporins were the most common antibiotics pre-
scribed, which has also been reported in Africa, Latin America, the United States, Middle
East, India, and in other studies from Greece [20–22,30–32]. This is mostly due to the wide
utilization of third generation cephalosporins, which are considered safe antibiotics that
can be used as empirical treatment against many common bacteria in different infection
sites, such as the abdomen, and the respiratory and urinary tract. The second most com-
monly prescribed group of antibacterials were penicillins ± β-lactamase inhibitors, while
in other similar studies, particularly from northern/western Europe and Canada, these
antibacterials were the most commonly used [15,29]. The third most common group were
fluoroquinolones, with an unchanged percentage of utilization between the two surveys
(12.9% of all antibacterials in 2019 versus 12.4% in 2020), which is higher compared to
that reported in studies derived from several other countries worldwide [21,29,30]. Taking
into account the association of fluoroquinolone use with adverse drug reactions and risk
of C. difficile infection, this class of antibacterials should be included among the primary
targets of stewardship efforts.

An important outcome of our study was the decrease of carbapenem use between
the two surveys after the implementation of the carbapenem-focused ASP, without con-
comitant increase in the utilization of most of the other antibiotics for multidrug-resistant
Gram-negative bacteria, such as colistin and, most importantly, ceftolozane/tazobactam
and ceftazidime/avibactam. Before the COVID-19 pandemic and the ASP implementation
in our hospital, carbapenem use represented 10.3% of all antibacterials, which, even similar
to that reported in a recent multinational study from Latin America [21], was considered
as high and, therefore, was set as the main target of our antimicrobial stewardship inter-
vention. In the second survey, post-ASP implementation, the respective percentage fell
to 4.9%. Considering that our study was conducted in a setting of high endemicity for
resistant Gram-negative microorganisms, while there was healthcare personnel shortage
for stewardship activities due to the COVID-19 pandemic, this is an encouraging finding
towards the feasibility of implementing an effective hospital ASP in countries with high
AMR rates and limited staff resources.

The implementation of the ASP in our hospital took into account selected problems
regarding antimicrobial prescribing quality that were detected during the first PPS. These
problems were related to compliance to treatment guidelines and indication/diagnosis and
stop/review date documentation in patient files. Even though guidelines cannot always
account for individual variations among patients, adherence is associated with favorable
patient outcomes. In addition, reporting the reason for antimicrobial administration and
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of administration stop/review date in patient charts ensures communication of diagnosis
and treatment among healthcare providers and allows for appropriate follow-up plans and
interventions, such as antimicrobial de-escalation [15]. Before ASP implementation, the
rates of full compliance to guidelines and documentation of the reason for treatment and
stop/review date of treatment were considered low compared to most of other analogous
studies, which, however, used a similar but not exactly the same approach for calculating
these indicators [18,20,29,33]. In the second PPS, these rates were significantly improved,
which indirectly reflects the effectiveness of our antimicrobial stewardship intervention. Of
note, the majority (98.5%) of the doctors in our hospital were in favor of continuing and
further developing the ASP during the COVID-19 pandemic [34].

The current study has several strengths and limitations. Apart from the fact that it is
the first of its kind, both surveys were conducted by the same members of the infection
control team, which was composed by doctors of the Internal Medicine and Infectious
Diseases department of our hospital, thus minimizing bias in collecting and interpreting
data. In addition, each PPS was conducted in the same season of the year, out of summer
holiday, when hospital stuffing is usually low, and winter, when antimicrobial use is the
highest, in order to reduce potential confounders. On the other hand, the main limitation
of our study is inherent to the method used for the two cross-sectional surveys, namely the
interpretation of single point data. Furthermore, this is a single center study, in a hospital
whose capacity was not exceeded due to the COVID-19 pandemic, therefore the results
should be generalized with caution. Finally, our intention in this repeated PPS was to
detect changes in antibiotic prescribing indicators following the implementation of the
carbapenem-focused ASP, but should note that prevalence percentages presented in this
study may be imprecise due to the small sample sizes available per year.

5. Conclusions

Our study demonstrated a positive impact of an ASP implementation on the utilization
of last-line antimicrobials during the first stages of the COVID-19 pandemic in a healthcare
setting with high AMR rates. Even under the pressure of the pandemic, the relation between
stewardship efforts and improved quality of antimicrobial prescribing was confirmed. The
findings of this study provide infectious disease doctors with useful insights into the design,
implementation and further development of hospital ASPs.

Author Contributions: Conceptualization, N.S. and D.P.K.; Methodology, N.S. and I.M.; Investiga-

tion, N.S., A.M., A.V., I.M., D.P. and P.I.; Data curation, N.S., A.M., A.V., D.P. and P.I.; Formal analysis,

E.I.K.; Writing—original draft, N.S., E.I.K. and D.P.K.; Supervision, D.P.K. All authors have read and

agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration

of Helsinki and approved by the Institutional Review Board of the University Hospital of Heraklion

(decision codes 8252/11-09-19 and 502/14/18-09-19).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the

corresponding authors.

Acknowledgments: We thank Konstantinos Alexakis, Aikaterini Achyropoulou, George Vougiouk-

lakis, Andria Papazachariou, Vasiliki Mavrikaki, and Stylianos Zervakis for their help in conducting

this study.

Conflicts of Interest: The authors declare no conflict of interest.



Antibiotics 2023, 12, 39 9 of 10

References

1. Roberts, S.C.; Zembower, T.R. Global increases in antibiotic consumption: A concerning trend for WHO targets. Lancet Infect. Dis.

2021, 21, 10–11. [CrossRef] [PubMed]

2. Dik, J.W.; Hendrix, R.; Poelman, R.; Niesters, H.G.; Postma, M.J.; Sinha, B.; Friedrich, A.W. Measuring the impact of antimicrobial

stewardship programs. Expert Rev. Anti-Infect. Ther. 2016, 14, 569–575. [CrossRef] [PubMed]

3. Spernovasilis, N.A.; Kofteridis, D.P. COVID-19 and antimicrobial stewardship: What is the interplay? Infect. Control Hosp.

Epidemiol. 2021, 42, 378–379. [CrossRef] [PubMed]

4. Naggie, S.; Boulware, D.R.; Lindsell, C.J.; Stewart, T.G.; Gentile, N.; Collins, S.; McCarthy, M.W.; Jayaweera, D.; Castro, M.;

Sulkowski, M.; et al. Effect of Ivermectin vs Placebo on Time to Sustained Recovery in Outpatients With Mild to Moderate

COVID-19: A Randomized Clinical Trial. JAMA 2022, 328, 1595–1603. [CrossRef] [PubMed]

5. Reis, G.; Silva, E.; Silva, D.C.M.; Thabane, L.; Milagres, A.C.; Ferreira, T.S.; Dos Santos, C.V.Q.; Campos, V.H.S.; Nogueira,

A.M.R.; de Almeida, A.; et al. Effect of Early Treatment with Ivermectin among Patients with COVID-19. N. Engl. J. Med. 2022,

386, 1721–1731. [CrossRef] [PubMed]

6. European Centre for Disease Prevention and Control (ECDC). Antimicrobial Consumption in the EU/EEA (ESAC-Net)—

Annual Epidemiological Report for 2020. Available online: https://www.ecdc.europa.eu/en/publications-data/surveillance-

antimicrobial-consumption-europe-2020 (accessed on 1 November 2022).

7. European Centre for Disease Prevention and Control (ECDC). Antimicrobial Resistance Surveillance in Europe—2020 Data. Avail-

able online: https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-resistance-europe-2020 (accessed on

1 November 2022).

8. Dyar, O.J.; Huttner, B.; Schouten, J.; Pulcini, C. What is antimicrobial stewardship? Clin. Microbiol. Infect. 2017, 23, 793–798.

[CrossRef]

9. European Centre for Disease Prevention and Control (ECDC). Assessing the Health Burden of Infections with Antibiotic-Resistant

Bacteria in the EU/EEA, 2016–2020. Available online: https://www.ecdc.europa.eu/en/publications-data/health-burden-

infections-antibiotic-resistant-bacteria-2016-2020. (accessed on 17 December 2022).

10. Chrysou, K.; Zarkotou, O.; Kalofolia, S.; Papagiannakopoulou, P.; Mamali, V.; Chrysos, G.; Themeli-Digalaki, K.; Sypsas, N.;

Tsakris, A.; Pournaras, S. Impact of a 4-year antimicrobial stewardship program implemented in a Greek tertiary hospital. Eur. J.

Clin. Microbiol. Infect. Dis. 2022, 41, 127–132. [CrossRef]

11. Makina, A.-A.; Poulakou, G.; Sympardi, S.; Souli, M.; Liakopoulou, E.; Matthaiou, D.; Karaiskou, A.; Arvaniti, A.; Alexiou,

N.; Charalabaki, N. Safety of a carbapenem-sparing approach as part of an antibiotic stewardship program, in a setting with

increased carbapenem resistance. Infect. Dis. Clin. Microbiol. 2019, 1, 14–25. [CrossRef]

12. Pitiriga, V.; Kanellopoulos, P.; Kampos, E.; Panagiotakopoulos, G.; Tsakris, A.; Saroglou, G. Antimicrobial stewardship program

in a Greek hospital: Implementing a mandatory prescription form and prospective audits. Future Microbiol. 2018, 13, 889–896.

[CrossRef]

13. Samarkos, M.; Skouloudi, M.; Anastasopoulou, A.; Markogiannakis, A. Restricted antimicrobial prescribing in an area of highly

prevalent antimicrobial resistance. Infect. Dis. Now 2021, 51, 526–531. [CrossRef]

14. Global Point Prevalence Survey of Antimicrobial Consumption and Resistance. Global Point Prevalence Survey (PPS)—Year 2019

(GLOBAL PPS). Available online: https://www.global-pps.com/wp-content/uploads/2019/01/Data-collection-form-Global-

PPS-2019.pdf (accessed on 1 November 2022).

15. Versporten, A.; Zarb, P.; Caniaux, I.; Gros, M.-F.; Drapier, N.; Miller, M.; Jarlier, V.; Nathwani, D.; Goossens, H.; Koraqi, A.; et al.

Antimicrobial consumption and resistance in adult hospital inpatients in 53 countries: Results of an internet-based global point

prevalence survey. Lancet Glob. Health 2018, 6, e619–e629. [CrossRef] [PubMed]

16. Plachouras, D.; Kärki, T.; Hansen, S.; Hopkins, S.; Lyytikäinen, O.; Moro, M.L.; Reilly, J.; Zarb, P.; Zingg, W.; Kinross, P.; 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. Eurosurveillance 2018, 23, 1800393. [CrossRef] [PubMed]

17. Komagamine, J.; Yabuki, T.; Kobayashi, M.; Okabe, T. Prevalence of antimicrobial use and active healthcare-associated infections

in acute care hospitals: A multicentre prevalence survey in Japan. BMJ Open 2019, 9, e027604. [CrossRef] [PubMed]

18. German, G.J.; Frenette, C.; Caissy, J.A.; Grant, J.; Lefebvre, M.A.; Mertz, D.; Lutes, S.; McGeer, A.; Roberts, J.; Afra, K.; et al. The

2018 Global Point Prevalence Survey of antimicrobial consumption and resistance in 47 Canadian hospitals: A cross-sectional

survey. CMAJ Open 2021, 9, E1242–E1251. [CrossRef]

19. Porto, A.P.M.; Goossens, H.; Versporten, A.; Costa, S.F. Global point prevalence survey of antimicrobial consumption in Brazilian

hospitals. J. Hosp. Infect. 2020, 104, 165–171. [CrossRef]

20. Fowotade, A.; Fasuyi, T.; Aigbovo, O.; Versporten, A.; Adekanmbi, O.; Akinyemi, O.; Goossens, H.; Kehinde, A.; Oduyebo,

O. Point Prevalence Survey of Antimicrobial Prescribing in a Nigerian Hospital: Findings and Implications on Antimicrobial

Resistance. West Afr. J. Med. 2020, 37, 216–220.

21. Levy Hara, G.; Rojas-Cortés, R.; Molina León, H.F.; Dreser Mansilla, A.; Alfonso Orta, I.; Rizo-Amezquita, J.N.; Santos Herrera,

R.G.; Mendoza de Ayala, S.; Arce Villalobos, M.; Mantilla Ponte, H.; et al. Point prevalence survey of antibiotic use in hospitals in

Latin American countries. J. Antimicrob. Chemother. 2022, 77, 807–815. [CrossRef]



Antibiotics 2023, 12, 39 10 of 10

22. Magill, S.S.; O’Leary, E.; Ray, S.M.; Kainer, M.A.; Evans, C.; Bamberg, W.M.; Johnston, H.; Janelle, S.J.; Oyewumi, T.;

Lynfield, R.; et al. Antimicrobial Use in US Hospitals: Comparison of Results From Emerging Infections Program Prevalence

Surveys, 2015 and 2011. Clin. Infect. Dis. 2020, 72, 1784–1792. [CrossRef]

23. Centers for Disease Control and Prevention (CDC). Core Elements of Hospital Antibiotic Stewardship Programs. Atlanta, GA: US

Department of Health and Human Services, CDC. 2014. Available online: https://www.cdc.gov/antibiotic-use/healthcare/

pdfs/core-elements.pdf (accessed on 1 November 2022).

24. Langford, B.J.; So, M.; Raybardhan, S.; Leung, V.; Soucy, J.R.; Westwood, D.; Daneman, N.; MacFadden, D.R. Antibiotic prescribing

in patients with COVID-19: Rapid review and meta-analysis. Clin. Microbiol. Infect. 2021, 27, 520–531. [CrossRef]

25. Tan, S.H.; Ng, T.M.; Tay, H.L.; Yap, M.Y.; Heng, S.T.; Loo, A.Y.X.; Teng, C.B.; Lee, T.H. A point prevalence survey to assess

antibiotic prescribing in patients hospitalized with confirmed and suspected coronavirus disease 2019 (COVID-19). J. Glob.

Antimicrob. Resist. 2021, 24, 45–47. [CrossRef]

26. Avdeev, S.; Rachina, S.; Belkova, Y.; Kozlov, R.; Versporten, A.; Pauwels, I.; Goossens, H.; Bochanova, E.; Elokhina, E.;

Portnjagina, U.; et al. Antimicrobial Prescribing Patterns in Patients with COVID-19 in Russian Multi-Field Hospitals in 2021:

Results of the Global-PPS Project. Trop. Med. Infect. Dis. 2022, 7, 75. [CrossRef] [PubMed]

27. Guan, W.-J.; Ni, Z.-Y.; Hu, Y.; Liang, W.-H.; Ou, C.-Q.; He, J.-X.; Liu, L.; Shan, H.; Lei, C.-L.; Hui, D.S.C.; et al. Clinical

Characteristics of Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, 382, 1708–1720. [CrossRef] [PubMed]
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