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Abstract

Data related to increasing antibiotic consumption in the world and in Turkey are alarming. This over-consumption is also triggering antibiotic
resistance. Unfortunately, Turkey is one of the countries where antibiotic resistance is quite high. Serious efforts have been made in recent years
to overcome these problems. However, there are still many distances to be taken. Today, evaluation of antibiotic consumption and consumption in
hospitals is determined by antibiotic stewardship. In this report, it is aimed to summarize main items of antibiotic stewardship, global antibiotic
consumption and Turkey-wide status, resistance data, evaluation of strategies to prevent resistance, and measures to be taken.

Keywords: Antibiotic resistance in the future, antimicrobial stewardship, colistin resistant Acinetobacter baumannii, extended-spectrum beta-
lactamases, carbapenem-resistant Enterobacteriaceae

Diinyada ve iilkemizde antibiyotik tiiketiminin artisina iliskin veriler alarm vermektedir. Asiri tiiketim artan antibiyotik direncini tetiklemektedir.
Ne yazik ki Tirkiye antibiyotik direncinin en yiiksek oldugu ulkelerdendir. Bu sorunlari yenmek icin son yillarda ciddi cabalar verilse de halen
alinmasi gereken cok yol vardir. Buglin hastanelerde antibiyotik tiiketimi, tiketimin degerlendirilmesi ve strateji gelistirilmesi i¢in antibiyotik
yonetisimi kullanilmaktadir. Bu raporda, antibiyotik yonetisiminin baslica bilesenleri, antibiyotik tiiketiminin global ve tGlkemiz genelindeki durumu,
direng verileri, direnci engellemeye yonelik stratejilerin degerlendirilmesi ve alinmasi gereken dnlemlerin giincel veriler esliginde ortaya konulmasi
amaclanmistir.

Anahtar Kelimeler: Gelecekte antibiyotik direnci, antimikrobiyal yonetisim, kolistin direncli Acienetobacter baumannii, genislemis spektrumlu
beta-laktamazlar, karbapenem-direncli Enterobacteriaceae
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Introduction

The aim of this report is to review all aspects of antimicrobial
resistance (AMR), which seriously threatens the successes
brought about by modern medicine, to present the available
national and global data, and to contribute to antimicrobial
stewardship programs (ASP) based on current information. The
report includes contributions written by specialists in various
Turkish centers, under the coordination of the Infectious
Diseases and Clinical Microbiology Specialty Society of Turkey
(EKMUD).

The Current State of Global Antimicrobial

Resistance

Antibacterial resistance is a common and life-threatening
problem that develop in infectious bacteria in hospitals and the
community. Currently antibiotic resistance makes the treatment
of these infections increasingly difficult and sometimes even
impossible!’.

Resistance to each new antibacterial drug develops eventually.
The development of resistance in microorganisms is a normal
evolutionary process. However, the widespread use of
antibacterial drugs considerably accelerates the emergence of
resistancel’3l,

Antimicrobials, especially antibiotics, are the keystones of modern
medicine. With the introduction of penicillins, mortality due to
pneumococcal pneumonia was reduced from 20-40% to about
5% and mortality due to pneumococcal bacteremia from 50-
809% to about 18-20%. Although common community-acquired
infections such as bacterial pneumonia were easily treated with
penicillins, current guidelines specify that they should only be
used in patients without risk factors associated with resistant
pathogens. Cystitis, one of the most common infections in women,
could be treated easily with oral drugs in the past, whereas
parenteral drugs are widely needed today. The antibacterial
drugs currently used to prevent surgical site infections may be
less effective and sometimes even ineffective. Infections that
are common in neonatal and intensive care units have become
extremely difficult and sometimes even impossible to treat!".

The World Health Organization (WHO) issued its first global
report on the surveillance of antibacterial resistance in 2014
and published data on resistance to antibacterial drugs
commonly used for the treatment of infections caused by
globally important bacteria. This report presents data on the
resistance and decreased susceptibility of Escherichia coli,
Klebsiella pneumoniae, Staphylococcus aureus, Streptococcus
pneumoniae, non-typhoidal Salmonella, Shigella spp., and
Neisseria gonorrhoeae to common antibiotics based on national
surveillance data and studies conducted in countries in the six

WHO regions. These data are summarized in Tables 1, 2, and 3.
Since these microorganisms are among the most common agents
of hospital and community-acquired infections, the identified
resistance profiles have important public health implicationsf.

Escherichia coli, a member of the normal intestinal flora
in human and animals, is one of main causative agents of
community- and hospital-acquired urinary tract infections,
bloodstream infections in all age groups, neonatal meningitis,
and food-borne infections. While some studies reported very
low quinolone resistance rates (0-8%) in the America, European,
and Western Pacific regions, there are also studies from the five
WHO regions other than Europe reporting quinolone resistance
rates over 50%. Similarly, there are studies reporting over 50%
resistance to third-generation cephalosporins in all six WHO
regions (Table 1). Resistance to third-generation cephalosporins
means that the use of broader-spectrum, last-choice options
like carbapenem is required. This leads to higher treatment costs
and increased rates of carbapenem resistance®.

Like E. coli, bacteria of the genus Klebsiella are also commonly
found in the normal human gut flora. However, K. pneumoniae
infections are more common in hospitals, preterm and low
birth weight infants, individuals with immunosuppression,
diabetes mellitus, chronic alcohol use, and those receiving
advanced medical support in intensive care units®4. Third-
generation cephalosporin resistance is higher in K. pneumoniae
strains than in E. coli, with resistance rates over 50% reported
in all WHO regions. More importantly, carbapenem resistance
in K. pneumoniae has been reported from all WHO regions.
Resistance rates over 50% have been reported in two regions
(Eastern Mediterranean and Europe) (Table 1). Tigecycline and
colistin, which are used as the last resorts in the treatment of
carbapenem-resistant infections, have clinical limitations and
are not widely available in all parts of the world®-®., Furthermore,
resistance to tigecycline and colistin has also been reported in
these strains, suggests that the current problem is progressing
toward complete insolubility®7,

Staphylococcus aureus is a part of the skin and nose mucosa
flora. However, it is also one of the most important infectious
agents in humans. It causes skin, soft tissue, bone, joint, and
bloodstream infections, and is the most common cause of
postoperative skin and soft tissue infections®?. Methicillin-
resistant S. aureus (MRSA) rates over 20% have been reported
in all WHO regions, and studies with MRSA rates of >80%
are included in the WHO Antimicrobial Resistance Report
(Table 2)@. Antibiotics used to treat MRSA infections, such as
vancomycin and teicoplanin, are only used parenterally. They
are more expensive, and require close monitoring due to serious
potential side effects. The rise in MRSA infections necessitates
the prophylactic use of these drugs prior to surgical procedures.
This approach increases costs and side effects!’.,
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Streptococcus pneumoniae is one of the leading causes of
otitits media, bacterial meningitis, and community-acquired
pneumonia that may be fatal in children under the age of fivel",
Penicillin non-susceptibility in pneumococcus strains has been
reported from all WHO regions and rates exceeding 50% have
been reported in some regions (Table 2). The WHO Antimicrobial
Resistance Report highlights significant shortcomings in
surveillance practices for monitoring resistance in S. pneumoniae
and mentions the insufficiency of data coming from three WHO
regions in particular (Africa, Eastern Mediterranean, and South-
East Asia).

Bacteria of the genus Salmonella are one of the main causes of
foodborne infections worldwidel'?. Non-typhoidal Salmonella
strains are the main pathogen of food-borne gastrointestinal
system infections and have shown a significant increase in

recent years. The increase in incidence is reported primarily
in the South-East Asia and Western Pacific regions. However,
no study has investigated the prevalence of non-typhoidal
Salmonella in Turkey. According to national data, the rate of
quinolone resistance in non-typhoidal Sa/monella is generally
below 5%, while rates of 35% and 49% have been reported
in the Africa and Eastern Mediterranean regions and 96%
in one region of the America (Table 3). Resistant Salmonella
strains are associated with higher frequency of invasive disease,
hospitalization, and mortality".,

Shigella species are one of the major causes of diarrhea. It is an
important public health problem for children aged <5-year-old
in low-income, crowded communities where basic needs such
as sanitation services and clean water supply cannot be met.
The WHO Antimicrobial Resistance Report states that resistance

Table 1. Resistance rates in Escherichia coli and Klebsiella pneumoniae

WHO regions Escherichia coli Klebsiella pneumoniae

Third-generation Quinolone Third-generation Carbapenem resistance
cephalosporin resistance (%) resistance (%) cephalosporin resistance (%) rate distribution (%)

All* Invasive** All Invasive All Invasive All Invasive

Africa

- National data 2-70 28-36 14-71 34-53 8-77 41-62 0-4

Africa

- Publications 0-87 0-17 0-98 0-10 9-69

America

- National/ReLAVRA 0-48 8-58 4-71 0-1

America

- Publications 0-68 2-60 15-56 56 0-2

East Mediterranean

- National data 22-63 41 21-62 54 22-50 48 0-54 54

- Publications

East Mediterranean

- Publications 2-94 11-33 0-91 15-53 6-75 17-50 0-21 0

Europe

- National/EARS-Net 3-82 3-43 8-48 8-47 2-82 2-82 0-68 0-68

Europe

- Publications 0-8 0-8 0-18 0-18 4-61 11-18 2-7 2

Southeast Asia

- National data 16-68 32-64 34-81 0-8

Southeast Asia

- Publications 19-95 20-61 4-89 5-100 53-100 0-55 0-52

Western Pacific

- National data 0-77 3-96 7 1-72 72 0-8

Western Pacific

- Publications 8-71 31 27-35 27 0-1

*All strains

Invasive isolates including pathogens causing bloodstream infections and meningitis.

ReLAVRA: Latin American Antimicrobial Resistance Surveillance Network, EARS-Net: European Antimicrobial Resistance Surveillance Network.

(National surveillance and antibiotic resistance data of World Health Organization regions)
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rates are generally below 10% (Table 3), but data at the national
level come from a small number of countries. More data are
needed to close the gap regarding this issuel'?.

Neisseria gonorrhoeae was completely susceptible to penicillins
in the 1970s but developed high levels of resistance to penicillin
and tetracycline in the 1980s (resistance rates reaching 86% and
85%, respectively) and to quinolones in the 2000s (resistance
rates reaching 35%). As a result, the use of third-generation
cephalosporins such as ceftriaxone is being widely used, and
currently emerging resistance is severely limiting treatment
options (Table 3).

Infections in neonatal care facilities are important due to the
high mortality rate. Data from developing countries indicate
significant levels of resistance to WHO-recommended options
for neonatal infections (ampicillin and gentamicin). Gentamicin

resistance has been detected in 70% of Klebsiella spp. and 50%
of E. coli strains. In addition, ampicillin resistance has been
detected in 60-70% of E. coli and almost 100% of Klebsiella
Spp_[12,13]_

In a report regarding AMR data in major bacterial agents
of healthcare-associated infections, the US Centers for
Disease Control and Prevention (CDC) resistance reported
resistance rates of 0-27.9% for carbapenem-resistant
Enterobacteriaceae, 32.5-67.8% for MRSA, 3.1-46.9% for
multidrug resistant (MDR) Pseudomonas aeruginosa, and
5.0-88.1% for MDR Acinetobacter. Rates of vancomycin
resistance were reported as 38.5-86.5% in Enterococcus
faecium and 0-17.8% in Enterococcus faecalist'>'3. The 2016
European Centre for Disease Prevention and Control (ECDC)
AMR surveillance report including data from European
Union/European Economic Area (EU/EEA) countries stated

Table 2. Resistance rates in Staphylococcus aureus and Streptococcus pneumoniae

WHO regions Staphylococcus aureus Streptococcus pneumoniae
MRSA rate (%) Penicillin resistance (R), penicillin non-susceptibility (NS) rate (%)

All Invasive All Invasive
Africa
- National data 12-80 52 3-16 (R), 57-60 (NS) 3(R)
Africa
- Publications 0-100 33-95 1-100 (R), 9-69 (NS) 9-18 (NS)
America
- National/ReLAVRA/SIREVA 21-90 43-45 0-480 0-48b
America
- Publications 2.4-90 53 (non-meningitis) (NS) 64 (meningitis) (NS)
Eastern Mediterranean
- National data 10-53 53 13-34 (R), 5 (NS) 34 (R)
Eastern Mediterranean
- Publications 0-92 13-18 0.3-64 (R), 17-48 (NS) 2-14 (R), 17-40 (NS)
Europe
- National/EARS-Net 0.3-60 0.3-6 0-61 (R), 0.9-73 (NS) 0.9-61 (NS), 32-45b
Europe
- Publications 27-80 27-50 13-68 (NS) 13 (NS)
Southeast Asia
- National data
- Publications 10-26 37 47-48b 0 (R)
South-East Asia
- Publications 2-81 37 0-6 (R) 0 (R)
Western Pacific
- National data 4-84 17-64 (NS), 0-47
Western Pacific
- Publications 60 44-96 (R), 0-69 (NS) 44 (R), 0 (NS)

*All strains

*Invasive isolates include bloodstream infections and meningitis.

EARS-Net: European Antimicrobial Resistance Surveillance Network, ReLAVRA: Latin American Antimicrobial Resistance Surveillance Network, SIREVA: System of Networks for
Surveillance of the Bacterial Agents Responsible for Pneumonia and Meningitis, MRSA: Methicillin-resistant Staphylococcus aureus
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that 55.4% of Acinetobacter spp. isolates were resistant to at
least one group of antibiotics (quinolones, aminoglycosides,
or carbapenems) and that 33.9% of P. aeruginosa strains were
resistant to at least one group of antibiotics (piperacillin-
tazobactam, quinolones, ceftazidime, aminoglycosides,
or carbapenems). Furthermore, the report confirmed that
MRSA remains as an important pathogen and reported
more prevalent vancomycin-resistant E. faecium rates and
higher macrolide resistance than penicillin resistance in S.
pneumoniae in many countries!',

The high rate of extended-spectrum beta-lactamase (ESBL)
production in E. coli and K. pneumoniae limits the use of
broad-spectrum cephalosporins and necessitates the use of
carbapenem as first-line therapy in patients with confirmed

or suspected sepsis, particularly in neonatal or intensive care
units. However, the intensive use of antibiotics (especially
carbapenem) in these facilities leads to the emergence of
carbapenem-resistant Enterobacteriaceae and Acinetobacter
spp. infections that are pan resistant with few or no treatment
options. The development of resistance against carbapenems,
which were the most effective treatment options for MDR
strains until recently, has made Gram-negative microorganisms
probably the most important global threat®',

In summary, medical practices such as organ transplantations,
cancer chemotherapies, and advanced intensive care support
have become more common due to modern medical advances.
These also result in more common development of both
community- and hospital-acquired infections. Infections

Table 3. Resistance rates in non-typhoidal Salmonella, Shigella, and Neisseria gonorrhoeae

Non-typhoidal Salmonella Shigella species Neisseria gonorrhoeae
WHO regions Quinolone resistance rates Quinolone resistance Third-generation cephalosporin
(%) rates (%) resistant rate distribution (%)

All Invasive All All
Africa
- National data/GASP 0-35 0-3 0-12
Africa
- Publications 0-30 0-30 0-9 0
America
- National data/GASP/GISP 0-96 0-8 0-31
America
- Publications 0 0-20
Eastern Mediterranean
- National data/GASP 2-49 6 3-10 0-12
- Publications
Eastern Mediterranean
- Publications 0-46 0-41.3 0
Europe
- National/FWD-Net/EURO-GASP/GRASP 2-3 0-47 0-36
- Publications 13 0 0
Europe
- Publications 13 0 0
South-East Asia
- National data/GASP 0.2-4
South-East Asia
- Publications 1.4 0-82 0-5
Western Pacific
- National data/GASP 0-14 3-28 0-31
Western Pacific
- Publications 0-0.3 2
*All strains

*Invasive isolates include bloodstream infections and meningitis. National surveillance and antibiotic resistance data of World Health Organization regions

GASP: Gonococcal Antimicrobial Surveillance Programme, GISP: Gonococcal Isolate Surveillance Project, FWD-Net: Food- and Waterborne Diseases and Zoonoses Network, Euro-GASP:
European Gonococcal Antimicrobial Surveillance Programme, GRASP: Gonococcal Resistance to Antimicrobials Surveillance Programme
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caused by MDR microorganisms may lead to extended
hospital stays, loss of labor productivity, increased costs, and
even death. As we continue to face serious problems in the
development of novel antibiotics, AMR surveillance should
be practiced at every stage of healthcare, and available
antibiotics should be used in accordance with practices of
antimicrobial stewardship. From a microbiological perspective,
it is an indisputable fact that the development of resistance
is an inevitable process. Large-scale health policies to prevent
the emergence and spread of resistance are necessary to
maintain the effectiveness of modern medical practices that
are currently available or in development.

The Current State of Antibiotic Resistance in

Major Pathogens in Turkey

Asinternational travel has become more common due to tourism,
migration, and trade, the problem of AMR has reached a global
scale that involves the entire world. Individual countries should
establish antibiotic use policies and AMR control mechanisms
based on local data and global approaches proposed by WHO.
For this reason, national AMR and antibiotic consumption
surveillance studies are of great importancel™.

In Turkey, the National Antimicrobial Resistance Surveillance
System (NARSS) was established in 2011 with the coordination
of the Turkish Public Health Institution (TPHI) to collect
reliable national AMR data. NARSS initiallly included 77
participating centers from a total of 45 provinces, which
increased to a total of 120 centers from 57 provinces as
the project expanded in scope in 2015 and 2017. Infectious
strains of E. coli, K. pneumoniae, P. aeruginosa, S. aureus,
S. pneumoniae, E. faecium[faecalis, and Acinetobacter
spp. isolated from clinical blood and cerebrospinal fluid
samples and the antibiotic susceptibility test results for
these strains are monitored in the surveillance program.

Antibiotic susceptibility testing is performed by participating
laboratories using the disk diffusion, automated system,
and/or gradient strip test methods. The data are analyzed
using the WHONET software provided by the WHO. During
this analysis, the first isolate of each patient is included and
repeated records per patient are excluded!-'8,

As of November 2013, NARSS has been included in the
Central Asian and Eastern European Antimicrobial Resistance
Surveillance (CAESAR) network run by the WHO European
Office. The methodology employed in the NARSS is fully
compatible with the European Antimicrobial Resistance
Surveillance Network (EARSS-Net) and CAESAR network
methodology. This allows comparison of AMR data from Turkey
with international data. In CAESAR reports, data from Turkey
are published in the "Level A" category, which means they are
appropriate in their representation of the target population,
adequate assessment of national AMR patterns, and reliability.

2016 NARSS-CAESAR Results

A total of 16,494 isolates from Turkey were included in
the analysis in 2016, of which 24% were E. coli, 18% K.
pneumoniae, 15% Acinetobacter spp., 15% S. aureus, 19% E.
faecalis and E. faecium, and 1% S. pneumoniae. The results
are summarized in Tables 1-8". Extended-spectrum beta-
lactamase production was detected in 47.8% of E. coliisolates
and 58% of K. pneumoniae isolates. Turkish national data
shows high resistance to third-generation cephalosporins
and fluoroquinolones in invasive E. coli and K. pneumoniae
isolates. In particular, the increased carbapenem resistance
in K. pneumoniae isolates and high resistance rates among
Acinetobacter isolates are worrying. When compared with
the 2016 EARSS-Net results, resistance rates in Turkey are
well above EU averages but are similar to those of other
Mediterranean countriesi?%.

Table 4. Antibiotic resistance rates in invasive Escherichia coli and Klebsiella pneumoniae isolates (2016)

Antibiotics® Escherichia coli Klebsiella pneumoniae
n Resistance (%) n Resistance (%)

Aminopenicillins 2887 79 - -
Piperacillin-tazobactam 3333 23 2460 59
Third-generation cephalosporins 3546 51 2589 68
Ceftazidime 3349 44 2568 7
Carbapenems 3865 3 2837 18%
Aminoglycosides 3679 27 2712 48
Amikacin 3781 1 2820 22
Fluoroquinolones 3670 50 2770 55
Multidrug resistance 3M 18 2361 35

*Aminopenicillin group consists of amoxicillin and ampicillin; third-generation cephalosporin group consists of cefotaxime and ceftriaxone; aminoglycoside group consists of gentamicin
and tobramycin; fluoroquinolone group consists of ciprofloxacin, ofloxacin, and levofloxacin; carbapenem group consists of imipenem and meropenem. Multidrug resistance is defined
as resistance to fluoroquinolones, third-generation cephalosporins, and aminoglycosides; isolates missing data for one or more groups were excluded
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Table 5. Antibiotic resistance rates in invasive P. aeruginosa and Acinetobacter spp. isolates (2016)

Antibiotics™ Pseudomonas aeruginosa Acinetobacter spp.
n Resistance (%) n Resistance (%)
Piperacillin-tazobactam 1203 31 - -
Ceftazidime 1286 24 - -
Cefepime 1168 30 - -
Carbapenems 1281 37 2373 92
Aminoglycosides 1305 27 2408 78
Amikacin 1285 13 2287 68
Fluoroquinolones 1252 35 2324 92
Multidrug resistance 1090 28 2266 76

*Carbapenem group includes imipenem and meropenem; aminoglycoside group includes gentamicin and tobramycin; fluoroquinolone group includes ciprofloxacin and levofloxacin.
For P. aeruginosa, multidrug resistance is defined as resistance to 3 or more antimicrobial groups between piperacillin-tazobactam, ceftazidime, fluoroquinolones, aminoglycosides,
and carbapenems; isolates missing data for 3 or more groups were excluded. For Acinetobacter spp., multidrug resistance is defined as resistance to fluoroquinolones, aminoglycosides,

and carbapenems; isolates missing data for one or more groups were excluded

Table 6. Antibiotic resistance rates in invasive Staphylococcus
aureus isolates (2016)

Table 8. Antibiotic resistance rates in invasive Enterococcus
isolates (2016)

Antibiotics™™ Staphylococcus
aureus
n Resistance

(%)
Oxacillin 1887 23
Fluoroquinolones 2195 13
Vancomycin 2465 0
Linezolid 2360 0

MRSA: Methicillin-resistant S. aureus, MIC: Minimum inhibitory concentration.

**For MRSA, methicillin resistance was determined by oxacillin MIC and/or cefoxitin
screening results. The fluoroquinolone group includes ciprofloxacin, ofloxacin, and
levofloxacin

Table 7. Antibiotic resistance rates in invasive Streptococcus
pneumoniae isolates (2016)

Antibiotics Enterococcus Enterococcus faecium
faecalis
n Resistance n Resistance

(%) (%)
Ampicillin/ 1437 6 1392 91
amoxicillin (I+R)
High-level 767 60 851 65
gentamicin (R)
Vancomycin (R) 1518 1 1467 15
Linezolid (1+R) 1425 0 1368 1

Antibiotics™** Streptococcus
pneumoniae
n Resistance
(%)
Penicillin (R) 174 16
Penicillin (1+R) 174 47
Third-generation cephalosporins (R) 113 7
Third-generation cephalosporins (I+R) 13 29
Fluoroquinolones (R) 130 5
Macrolides (R) 163 39
Multidrug resistance (I+R) 155 30

***Penicillin  resistance was calculated according to nonmeningitis criteria
(meningitis criteria were used before 2016). Third-generation cephalosporin group
includes cefotaxime and ceftriaxone; fluoroquinolone group includes levofloxacin
and moxifloxacin; macrolide group includes erythromycin, clarithromycin, and
azithromycin. Multidrug resistance is defined as resistance to penicillins and
macrolides; isolates missing data for one or more groups were excluded

What Can We Expect in 25 Years If Antibiotic

Resistance Continues to Increase at This Rate?

In recent years new AMR genes that confer resistance to all
available antibiotics have been identified while bacteria that carry
one or more AMR genes are rapidly spreading all over the world.

Many studies have been conducted to predict the impact of AMR
on mortality and the global economic burden in order to gain a
global understanding of the extent of this evolving problem. Jim
O'Neill® reported that according to models based on published
data such as ECDC reports, they estimate that 10 million people
will die each year from 2050 onward and 300 million people will
lose their lives within the next 35 years due to MDR infections
if AMR cannot be maintained at the present level. It has also
been reported that if the increase of AMR is not controlled
and continues at the same rate, the gross national product will
be 2-3.5% lower by the year 2050, and this will incur a global
cost of 60-100 trillion dollars. The study reported that besides
gross national product, other global issues such as the social
effects and health expenses caused by AMR were not taken into
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account, and that if these parameters are also considered, the
economic cost will have much greater implications in terms
of how healthcare services are provided®. In addition to these
consequences, secondary effects of AMR include increased risk
of surgical site infections and development of infections in
immunocompromised patients if antibiotics used in surgery or
medical prophylaxis become ineffective.

Considered from another perspective, people may start
avoiding travel to regions with a widespread AMR problem
due to potential travel-related infections caused by resistant
microorganisms. This should be a major cause for concern for all
economies that depend on tourism, foreign direct investment,
or global tradel",

Globally, there are significant regional variations in AMR patterns
patterns (Tables 1-3). This is partly attributable to differences
in antibiotic consumption. AMR is a major problem that all
countries, regardless of income level, should be concerned
about and take precautions against.

It is important to assess what actions can be taken to accelerate
vaccine trials and studies for the development of alternative
therapies such as novel drugs and monoclonal antibodies
and to reduce the spread of AMR. The WHO issued a Global
Strategy Plan in 2001 aiming to prevent AMR, but due to a
lack of progress they changed the policy and made a global
call for "rational use of antibiotics” in 2005. Furthermore, by
designating “antibiotic resistance” the theme of World Health
Day 2011, the WHO highlighted the importance of this public
health threat and invited all stakeholders to take responsibility
in order to prevent the emergence and spread of AMR. In May
2015, a new global action plan including five main areas was
established to combat antibiotic resistance??.

These objectives included:

1. Increasing awareness of the importance of AMR through
effective communication channels,

2. AMR surveillance and planning educational programs aimed
at strengthening our knowledge and evidence base,

3. Reducing the incidence of infection through effective
sanitation, hygiene, and infection control measures,

4. Optimizing the use of antimicrobial drugs for human and
animal health,

5. Creating funds for investments in new drugs, diagnostic
tools, and vaccines based on the needs of all countries.

In conclusion, AMR is an urgent global crisis and it is imperative
that all stakeholders fulfill their responsibilities to develop and
comply with multisectoral national and international action
plans.

National Policies and Practices in Turkey

and Other Countries to Overcome Antibiotic
Resistance

Interventions to minimize the development of AMR are difficult
to implement. Excessive and inappropriate use of antimicrobials
is the main cause of resistance. From 2000 to 2010, global
antibiotic use increased by 36%, 75% of which stemmed from
5 rapidly growing countries (Brazil, Russia, China, India, and
South Africa). There is a strong association between reduction
of antibiotic use and community- and hospital-acquired
infections. The prevalence of MRSA in the community can be
reduced by 32% with community-level interventions, while
hospital-level interventions can reduce the rate by 37%. For
example, a study conducted in Italy showed that antibiotic
use in surgical prophylaxis decreased from 33% to 24% with
the establishment of a hospital antibiotic control program®°.
Continuous training resulted in a reduction in antibiotic use
for intra-abdominal infections as well as favorable changes in
resistance patterns in a study conducted in China23*7,

Public Interventions

Public interventions play a key role in reducing AMR. Public
intervention policies are generally the most cost-effective
approach, having predefined minimum standards and
widespread, homogeneous compliance. For example, with the
introduction of the prescription evaluation project in Turkey, the
number of antibiotic prescriptions decreased from 45,400,799
(34.94% of all prescriptions) in 2011 to 38,177,660 (33.99%) in
201209,

Public interventions targeting AMR involve parameters such as
the formulation of guidelines, taxation, economic incentives,
funding, regulations for professionals, and raising public
awareness?. They include regulations on antimicrobial use to
reduce antibiotic consumption as well as antibiotic policies,
surveillance, management, infection control, and sanitation
practices. Antibiotic stewardship requires the development
of a top-down multidisciplinary awareness of antibiotic
management in hospitals, from physicians to pharmacists
and from patients to nurses, and the propagation of a shared
responsibility regarding the prescription of antimicrobials under
the leadership of infectious disease experts. Data collected
through antibiotic stewardship should be incorporated
with information technology systems that enable real-time
interventions and complete technology integration should be
achieved for data analysis. The WHO has also made a call on
governments to take joint measures to reduce AMRP%. Looking
at the content of the surveillance program run by the ECDC, we
see that the basic parameters are the existence of a national
plan for combating AMR, the existence of strategic plans and
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practice guidelines for the appropriate use of antimicrobials in
humans and animals, and AMR surveillance.

Restricting antibiotic prescriptions via regulations is another
method that is implemented in several countries and generally
yield positive results. In Italy, a restriction that allowed only the
infectious diseases department to prescribe antibiotics in a large
2,500-bed hospital resulted in an 8.5% decrease in antibiotic
consumption according to daily defined dose (DDD)/1000
(DDD/1000 patient days)?®. In Turkey, a reimbursement
execution circular in February 2003 restricted the prescription of
extended spectrum antibiotics to infectious diseases specialists.
A comparison of total antibiotic consumption from the three
years before and two years after this restriction, according
to the standardized DDD/1000 formula and Intercontinental
Marketing Services (IMS) data, revealed a slowing in the
consumption increase and even an overall decrease in 2004
compared to 200312528,

In a meta-analysis of 48 studies (published between 2003 and
2013) that evaluate the change in the antibiotic resistance of P.
aeruginosa strains in Turkey, rates of imipenem and meropenem
resistance were determined as 29.4% and 32.1%, respectively.
Although there were marked changes in reports of antibiotic
resistance by year (2003-2013), there were no statistically
significant differences. The researchers interpreted these
findings as evidence that policies for the rational and restricted
use of antibiotics helped reduce resistancel!,

A study conducted in Ankara monitored ESBL positivity rates in
Enterobacteriaceae strains isolated from 12,535 urine cultures
from outpatients treated between 2007-2013 and revealed a
total ESBL positivity rate of 21.8%!2),

The issue of reducing AMR has been on the agenda of national
decision-makers in Turkey for many years. Several programs
have been created and various studies are being conducted
to this end. The rational use of medicines, and by extension
the rational use of antibiotics, is worded in the government
program as “We will promote the rational use of medication
and improve preventive healthcare”, and the Turkish Ministry of
Health (TMH) has been appointed to realize this goal.

The TMH Directorate General of Health Improvement (Saghk
Bakanligi, Saghgin Gelistirilmesi Genel Mudirlagi) was
appointed to “develop or oversee the development of programs
of a cautionary, informative, and educational nature to protect
and improve public health, prevent and reduce the risk of
disease, and utilize diagnostic, therapeutic, and rehabilitative
health services more efficiently”. The strategic objectives and
action plans of TMH Turkish Medicines and Medical Devices
Agency (Tiirkiye ila¢c ve Tibbi Cihaz Kurumu-TMMDA), have
included the rational use of drugs, and a performance indicator
has been defined exclusively for the reduction of antibiotic

consumption: Strategic objective 4: Ensuring the rational use
of drugs by creating an informed physician, dentist, pharmacist,
nurse, and consumer population; Action 4.1. The Rational Drug
Use National Action Plan will be implemented. Performance
indicator: Antibiotic use per 1000 persons based on Anatomical
Therapeutic Chemical (ATC)/DDD methodology.

Furthermore, the Department of Infectious Diseases was
established within the TPHI, a former TMH subsidiary. This
departmenthasbeen preserved in the process of the restructuring
of the Turkish Directorate General of Public Health with the
Legislative Decree No. 694 dated 25 August 2017. Its duties
include the execution of activities aimed at monitoring and
controlling AMR. Infection control committees established in
hospitals have been assigned the task of “Controlling antibiotic
use"” by article 8, section (b) of the Directive on Infection Control
for Inpatient Treatment Institutions issued in 2005.

In summary, Turkey has shown decisiveness by addressing
the issue of AMR and rational antibiotic use in governmental
programs and through legislative regulations, appointing
relevant units, and providing necessary resources. Hospital
infection control committees are charged with implementation,
the Directorate General of Health Promotion (DGHP) with
raising community awareness. TMMDA and Directorate General
of Public Health are responsible for the widespread education of
healthcare personnel and surveillance of their medical practice.
Although it is difficult to cite an exact starting date, periodic
interventions carried out by relevant branch specialists and
academicians and the surveillance, appropriate prophylaxis,
and rational antibiotic use programs led by infection control
committees in hospitals have been intensified since the year
2005. Building on this, the DGHP, TPHI, and TMMDA have held
a 3-month intensive program about rational antibiotic use for
upper respiratory tract infections (URTI) since the start of the
year 2017. Based on its markedly positive results, the organizers
are determined to expand and continue the program. This
program and its outcome measures can be summarized as
follows:

Objective

Reducing total antibiotic use by half with the rational use of
antibiotics for URTI.

Intervention

Educating physicians: Educating physicians working in primary
care; educating physicians working in secondary and tertiary
care (ear nose throat, pediatrics, emergency).

Raising patient awareness: Posters and brochures in Family
Health Centers (FHC), Community Health Centers, hospitals,
public transportation, and informative videos.
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Raising public awareness: Public service announcements, media
presence (TV, newspapers, agency, and social media).

Program Outcomes

Different studies have shown that implementation of the program
was associated with a significant increase in awareness among
the community and individuals presenting to healthcare centers
regarding issues such as antibiotic resistance and the need to
use antibiotics only when recommended by a doctor. Yagar and
Soysal?! determined that the majority of physicians (60.6%) had
received education on the rational use of medicines in recent
years. The authors emphasized that educational interventions
regarding the rational use of medication in hospitals were at
a satisfactory level. An evaluation of antibiotics dispensed to
all outpatients nationwide showed that antibiotic sales had
decreased by 20% during the time the program was implemented
compared to the first week, and that this decrease was ongoing.
Antibiotic sales from 2015 and 2016 were compared with those
in 2017 to assess the effectiveness of the program, and it was
observed that antibiotic sales in January-April 2017 decreased by
13.7% compared to the same time period in 2015 and by 18.1%
compared to 2016. In addition, due to previous reports that
broad-spectrum antibiotics not recommended by guidelines (e.g.,
amoxicillin-beta-lactamase enzyme inhibitor combination or
third-generation oral cephalosporins) were being used extensively
for acute pharyngitis, the sales of antibiotics with the active
ingredient cefdinir in the quarter in which the program was
implemented were compared with those in the same periods of the
previous two years. In the period of January-April 2017, when the
program was implemented, there was a 29.7% decrease compared
to 2015 and a 37.9% decrease compared to 2016. The total cost
of the 3 million rapid beta (Streptococcus pyogenes) tests needed
between 2017 and 2018 and the 300,000 rapid influenza A and B
antigen identification tests provided in the year 2018 is about 5%
of the cost saved from antibiotics in only the first three months
of 2017 due to the program.

There is no Turkish word to fully express the concept of
“antimicrobial stewardship”, which has been the topic of
global discussion in recent years. The concepts of management
(yonetim) and, antibiotic control (antibiyotik kontrolii) have
been used previously in reference to the topic®?. Although
there is no word in our language that directly corresponds to
"stewardship”, we believe, based on what is intended and done
within the scope of the concept, that governance (yonetisim)
is a more appropriate equivalent, so as to also encompass the
“careful and responsible management” aspect of the stewardship
concept. Indeed, the Turkish Language Institution's “Giincel
Tirkce Sozluk" (official dictionary of the Turkish) defines
"yonetisim” as "the shared use of administrative, economic,
and political authority in official and private organizations"
Considered within the extensive framework at a national and

institutional level, it can be recommended that "antimikrobiyal
yonetisim” be used to convey “antimicrobial stewardship”, which
is a "process that enables the careful and responsible use of
antimicrobial substances" as well as the "shared management”
of this process at the national and institutional level. The broad
framework of antimicrobial stewardship includes physicians,
nurses, patients, institutional antimicrobial stewardship
teams, hospital management, pharmaceutical manufacturers,
veterinarians, farm owners, and the government, which defines
and implements policy®".

According to evaluations perfromed in the US, the cost of anti-
infective drugs has been reduced from US $590 to US $21.38
per 1000 patient days after the implementation of ASPPZ. It is
estimated that 30% of outpatient antibiotic prescriptions are
inappropriate?¥. Emergency departments are areas where patients
can access health services very quickly?. It was determined in the
US that 160 million people are admitted to emergency departments
every year and 12.6% of them receive prescriptions for antibiotics.
When antibacterial cultures and prescriptions were evaluated after
emergency visits, approximately 50% of the antibiotic prescriptions
were corrected/adjusted®?. In Turkey, the number of emergency
department visits is about three times greater and the percentage
of antibiotic prescriptions is several times higherf262833],

Data on Antibiotic Consumption in Turkey

In 2011, 53 member countries operating in affiliation with
the WHO Regional Office for Europe adopted the "European
Strategic Action Plan on Antibiotic Resistance” with the aim of
halting the progression of antibiotic resistance in the region,
improving antibiotic consumption and resistance surveillance
systems, and increasing the international sharing of resistance
data. The action plan has five main headings, one of which
concerns ensuring the rational use of antimicrobial drugs
and improving antimicrobial consumption surveillance. For
this purpose, the member countries were charged with the
development of surveillance systems that allow national and
local monitoring of antimicrobial consumption in accordance
with international standards. The antimicrobial surveillance
system was intended to increase awareness of resistance among
healthcare workers, monitor the results of the interventions,
and evaluate the appropriateness of prescription practices.

Two antimicrobial consumption networks to provide this
surveillance are currently in operation. The first of these is the
European Surveillance of Antimicrobial Consumption Network
(ESAC-Net), which is led by the ECDC and comprises EU and
EEA member states. The second is the WHO-Antimicrobial
Medicines Consumption (AMC) Network, which is led by
WHO and run in affiliation with the WHO Regional Office for
Europe but also includes non-EU member states. Since the
establishment of the WHO-AMC network, the TMMDA has
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been calculating antimicrobial consumption data for Turkey
and reporting them to the WHO, enabling the validation
of the data at international standards. Both of these
European networks evaluate drug consumption using ATC/
DDD methodology, which is recommended by the WHO and
allows international comparison of drug consumption data.
The ATC classification system refers to the classification of
drugs based on the organs or systems they affect and their
chemical, pharmacological, and therapeutic properties. DDD is
the assumed average daily maintenance dose in adults for the
main indication of a drug in the ATC system. This allows the
objective comparison between countries of pharmaceutical
preparations with different doses, drugs with different
pharmaceutical forms, and drug packages containing
different amounts, as well as comparison of countries with
different populations and box sale figures®4, Data for Turkey
were calculated using population information obtained from
the Turkish Statistics Institute, box sales figures from IMS for
2012 and earlier, and sales figures from the Pharmaceutical
Track and Trace System for 2013 and later. Data obtained
from the Directorate General of Migration Management
(under the Turkish Ministry of Interior) regarding the number
of refugees under temporary protection in Turkey was used
when calculating consumption for the given year. A series of
calculations involving parameters such as the drug box sales
figures for the target year, the population that year, and the
package quantities, DDD, and strength value of the drug
was performed to yield the DDD per 1000 inhabitants. These
DDD values were used in comparisons between provinces and
regions of Turkey and with other countries.

Antibiotic Consumption in Turkey

Antibiotic use in Turkey was first calculated using the ATC/DDD
system and data from 2011 with the support of the University
of Antwerp as part of the WHO-AMC studies. Turkey ranked
first among 13 non-EU member European states with antibiotic
consumption of 42.28 DDD. According to ESAC-Net data from
the same year, Turkey also used more antibiotics than EU member
states. The ESAC-Net data indicated that Greece had the highest
consumption in Europe, with 37.7 DDD. The Netherlands had the
lowest consumption at 11.4 DDD. This shows that based on DDD
values, antibiotic consumption in Turkey was 4-fold greater
than in the Netherlands®®.

Retrospective calculations were later made to quantify
consumption back to 2007. According to these results, total
consumption was 35.07 DDD in 2007 and increased annually
until 2011. Antibiotic consumption peaked in 2011 and then
showed a decline to 40.18 DDD in 2016 (Figure 1)R8,

When antibiotic consumption in Turkey is evaluated, beta-
lactam antibiotics in the penicillin (JO1C) group account for a

large proportion of consumption. Drugs in this group comprised
approximately 44% of total antibiotic consumption in all
years analyzed. The second highest consumption was in the
other beta-lactam antibiotics (JO1D) group, followed by the
macrolides, lincosamides, and streptogramins group (JO1F) and
quinolones (JO1M) (Figure 1).

Although there were no marked changes in total consumption
between 2007 and 2016, after 2012 there was a notable
increase in the proportion of penicillins (JO1C) and a decrease
in the proportion of cephalosporins and quinolones in total
consumption (Figures 1, 2). However, Turkey has the highest rate
of quinolone and cephalosporin consumption among the WHO-

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
W JO1B- Amphenicoles M J0IG - Ami i W JOIE- and T

B JO1A - Tetracyclines
JOIF — des, Li ides, and

M JO1X — Other Antibacterials JOIM ~ Quinolones
ins W JOID - Other Beta-lactams M JO1C — Beta-lactams, Penicillins

Figure 1. Antibiotic consumption rates in Turkey by year
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Figure 2. Rates of cephalosporin and quinolone usage relative to
other antibiotics in Turkey between 2011-2014
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Figure 3. Rates of cephalosporin and quinolone usage relative to
other antibioticsi”
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Serbia, TJK: Tajikistan, TUR: Turkey, UZB: Uzbekistan
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AMC Network member states (Figure 3).

Evaluation of cephalosporin use in WHO-AMC Network members
reveals a striking difference between the consumption profile
of Turkey and those of most other countries. First-generation
cephalosporins are used less in Turkey than in other countries,
while second-generation cephalosporins are used more
(Figure 4).

A decrease in cephalosporin consumption has been recorded in
Turkey every year between 2011 and 2014. While the proportion
of second-generation cephalosporins in total cephalosporin
consumption decreased, the proportion of third-generation
cephalosporins increased (Figure 5).

Another important indicator used when evaluating antmicrobial
consumption is the ratio of amoxicillin to the combination
of amoxicillin/clavulanic acid. The preference of amoxicillin
alone to amoxicillin/clavulanic acid is considered to be in
accordance with the principles of rational antibiotic usel’.
In this regard, of all the WHO-AMC network member
states, Turkey is the only country in which amoxicillin/
clavulanic acid consumption exceeds that of amoxicillin alone
(Figure 6)P™. Consumption of amoxicillin/clavulanic acid showed
small but consistent increases relative to amoxicillin between
2011 and 2014 (Figure 7).

When we look at antibiotic use in Turkey in 2014 by
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Figure 4. Usage rates of cephalosporins according to generationt”)
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Figure 5. Rates of cephalosporin usage in Turkey between 2011-
2014

province, the highest consumption occurred in the province
of Hatay, with a DDD value of 49.12, followed by Osmaniye
with 47.69 DDD, Mersin with 46.64 DDD, Adana with 46.55
DDD, and Usak with 46.14 DDD. Turkish provinces with the
lowest antibiotic consumption were Hakkari, with 19.40
DDD, followed by Mus with 22.18 DDD, Bitlis with 24.96
DDD, Tunceli with 25.02 DDD, and Ardahan with 25.21 DDD.
Provincial antibiotic consumption is illustrated in a color
density map in Figure 8.

In summary, drug utilization studies are conducted using
the ATC/DDD system, which allows comparison of provinces,
regions, and countries. This methodology was also used to
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Figure 6. Rates of amoxicillin and amoxicillin/clavulanic acid
usagel”!
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Figure 7. Rates of amoxicillin and amoxicillin/clavulanic acid
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Figure 8. Color density map reflecting daily defined dose
distributions of antibiotic consumption according to province
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determine consumption of the antibiotics discussed in this
article. Antibiotic consumption data for Turkey are calculated
with this methodology, shared with the WHO-AMC network via
the TMMDA, and validated by the WHO. Although antibiotic
consumption data for the years 2015-2016 were also calculated
by the TMMDA, data pertaining to these years have not yet
been validated by the WHO; therefore, this report includes
detailed results from the years 2011-2014, which have been
validated by the WHO. The fact that Turkey ranked first among
the countries with which it was compared in the evaluation of
antibiotic consumption in 2011 brought attention and increased
awareness of this issue. Preventing excessive and unnecessary
use of antibiotics is crucial in decelerating antibiotic resistance.
Important responsibility in this area falls not only on all health
professionals, especially our physicians and pharmacists, but
also on the all parts of the society.

Causes of Inappropriate Antibiotic Use

There are basic factors to consider regarding antibiotic therapy.
In order for an antibiotic to be effective in a patient, it must be
used appropriately. Appropriate antibiotic use can be defined as
a correct diagnosis followed by the administration of the correct
drug, at appropriate doses and intervals, through an appropriate
route, and for an appropriate duration. Before initiating
antibiotic therapy, it should be determined whether antibiotic
therapy is necessary, whether the patient's clinical presentation
is consistent with an infectious disease, and if so, whether that
infection is bacterial. In addition, appropriate microbiological
samples should be obtained and the pharmacodynamic and
pharmacokinetic properties of the antibiotic and compatibility
with the patient's characteristics should be evaluated prior to
treatment. After initiating treatment, it is necessary to monitor
treatment response and to narrow or broaden the spectrum
when necessary according to test results.

Inappropriate use of antibiotics is observed in many countries
and can be related to various factors. The most important of
these are summarized below.

1. Use of Inappropriate Antibiotics in The Presence of Infection

Inappropriately used antibiotics may also lead to high
mortality ratesi®3?, In some cases, even if the patient needs
antibiotic therapy, the antibiotic used may not be suitable
for the indication. In a study on patients with Gram-negative
bacteremia, appropriate treatment was found to improve
prognosis, while inappropriate treatment resulted in longer
hospital stays®*#, In another study it was found that 341 of
1064 patients with sepsis caused by Gram-negative bacteria
died, most of those who died were given inappropriate initial
antibiotic therapy, and the mortality rate was 3.9 times higher
in this group!?.

Antibiotics should be administered at appropriate dose and
duration to patients who have been adequately evaluated
and undergone the necessary tests. A sufficient amount of
time should be allocated to properly evaluate the patient. The
amount of time allocated to a patient is an important quality
indicator. Unfortunately, quantity takes precedence over quality
in many countries. This approach results in less time spent with
each patient, and the subsequent substandard examinations
reduce quality. For these reasons, patients are often given
inappropriate antibiotics. A physician who is unsure about the
patient and their disease cannot ascertain whether an infection
is bacterial, and therefore views the prescribing of antibiotics as
a safequard.

2. Unnecessary Combinations

The combined use of antibiotics is necessary in rare cases
(e.g., brucellosis, tuberculosis, etc.). Combination therapies are
administered to reduce resistance and mortality. However, various
studies conducted to date have demonstrated that combined
therapies do not meet these goals®®. Unnecessary combinations
often lead to the unfavorable consequences of drug interactions.
A study comparing the use of vancomycin monotherapy versus
combined metronidazole + vancomycin for antibiotic-related
diarrhea were compared showed that combination therapy
was not superior to monotherapy and resulted in more adverse
events®, For years, the necessity of combined therapies for
Pseudomonas infections has been considered to be a rule.
However, recent studies have failed to demonstrate superiority of
combined therapies for this indication®44,

3. Unindicated Use of Antibiotics

It is generally clear which antibiotics can be used for which
conditions. However, sometimes certain antibiotics should not
be used in certain patients due to patient-related factors, even
if they have an appropriate indication. For example, a baby with
brucellosis should not be treated with tetracycline. In addition,
boundaries have not been clearly defined for all antibiotic
indications. For instance, antibiotics are commonly selected
based on patient characteristics in cases of sudden-onset shock.
There is no evidence-based medical reference showing all
antibiotic indications.

Another area in which antibiotics are used without indication
is surgical prophylaxis. Many studies conducted in Turkey have
revealed unnecessary prolongation of surgical prophylaxis, use
of unnecessary combinations for prophylaxis, and prophylaxis
with broad-spectrum antibiotics to be common errorst*e.

Prolonged prophylaxis is one of the common improper practices.
The benefit of continuing antibiotics after a surgical intervention
has not been scientifically proven. An additional antibiotic dose
is not recommended, except for prolonged procedures and
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special patient groups who have blood loss or undergo fluid
replacement’!,

According to WHO data, more than 50% of drugs are
prescribed inappropriately and nearly 50% of patients do not
take their medication appropriately. Viral URTIs account for a
substantial proportion of admissions to primary care centers.
Although it is well known that antibiotics have no place in
the treatment of viral infections, they are frequently used in
clinical practice. The most common of these viral infections
are colds, influenza, bronchitis, and viral gastroenteritist*el.

A study evaluating antibiotic use in Kosovo determined that
50% of the 811 participants had used antibiotics within
the last year, one quarter of which were obtained without
a prescription. The results also indicated that 24% of the
antibiotics were used for influenza, 20% for sore throat, and
13% for common cold. Interestingly, it was found that 43%
of the participants believed that antibiotics were effective
against viral infections.

Some recent studies in which antibiotics are approved through
automation systems and on-the-spot training is provided
meanwhile, have shown that the consumption and cost of
antibiotics can be reduced by using hospital-based automated
systems under the supervision of an infectious diseases
specialist for antibiotic approval®. It has also been shown that
de-escalation can be successfully achieved with a similar system
in which blood cultures from hospital infections are integrated
with the hospital automation system[®",

4. Pressure from Families to Use Antibiotics

Educating the community on the appropriate use of antibiotics
is at least as valuable as informing physicians®2. Number
of children, parents' age, and income level were identified
as family-related factors affecting antibiotic usel®®. The
socioeconomic level of a family is inversely proportional to their
antibiotic consumption®. In one study, this relationship was
compared between Spain and Denmark, and consumption was
found to be higher in Spain. Moreover, it was found that while
broader-spectrum antibiotics were consumed in Spain, narrow-
spectrum antibiotics like penicillin were more commonly used
in Denmark®.,

Families, especially mothers, attach great importance to past
experience. Parents who have previously observed their child
recover from a fever by using antibiotics tend to want to use
antibiotics for every similar episode later and can be insistent
about this toward physicians®. Similarly, parents who claim
their febrile child is not improving sufficiently and demand
re-evaluation can be more insistent about the prescription
of antibiotics by physicians®”. In a study conducted among
family practitioners, it was shown that families who believed

their children needed antibiotics put more pressure on
physicians®,

It was reported that if maternal pressure to get antibiotics could
be reduced, the amount of antibiotics prescribed to children
could be reduced by nearly half®®. In a study in which families
were asked where they got information about antibiotics, the
most common source was physicians, followed by television
and relativest®®. Communities’ interest in and perception of
antibiotics constitute another factor that influences antibiotic
use. While the consumption of antibiotics for viral diseases such
as colds and influenza are particularly low in Baltic countries,
it is much higher in Middle Eastern countries®. Therefore,
continuing education for both communities and physicians
is important for the prevention of antibiotic consumption
(Figure 9).
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Figure 9. Relation between antibiotic consumption and the
public and physicians

5. Insufficient Laboratory Support Before Administering
Antibiotics

In order to prescribe the appropriate antibiotic, laboratory
tests relevant to the disease must be performed firstly.
Clinicians should gather enough evidence before giving
antibiotics. Performing these tests is imperative before
making the decision to use antibiotic therapy. Physicians
who do not perform the necessary evaluations prescribe
more antibiotics®®. In Turkey, rapid antigen screening tests
for group A streptococci are done at primary healthcare
facilities throughout the country and are covered by social
insurance. In addition, antigen testing for encapsulated
bacteria is also performed for patients with suspected
meningitis in many tertiary hospitals. In a study conducted
in Gambia, it was observed that antibiotics were prescribed
for one-third of patients with suspected infections and
that 83% of inappropriately prescribed antibiotics lacked
laboratory support®. If the clinicians conclude that the
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use of antibiotics is not necessary after routine testing of
a patient presenting with signs of infection, they do not
prescribe antibioticst®?.

6. Lack of or Non-adherence to Evidence-Based Guidelines

The lack of national guidelines on antibiotic use is another
factor contributing to inappropriate antibiotic consumption.
In particular, guidelines for common antibiotic indications
(e.g., diarrhea, urinary tract infection, URTI) prepared
cooperatively by relevant associations and health authorities
are extremely important for the prescription of appropriate
antibiotics.

A study conducted in India showed that nearly 90% of newborns
were started on antibiotics due to a pre diagnosis of sepsis, but
that no evidence was sought as a basis for the initiation of
antibiotics in these infants!®l.

Evidence-based guidelines are reported to reduce both
antibiotic consumption and costs®. There was an 11% decrease
in the use of antibacterial agents and a 42% decrease in the
use of antifungal agents in a 600-bed hospital that created
guidelines for antibiotic therapy and prophylaxis. This resulted
in a 27% (319,300 USD) decrease in antibiotic costs in 1995
when compared to values from 1994.

7. The Role of Pharmacists and The Pharmaceutical Industry
in Inappropriate Use

The use of antibiotics without prescription constitutes a major
part of inappropriate usage. Antibiotic dispensing by pharmacies
and inadequate regulation have been shown to contribute to
excessive antibiotic use. A recent study conducted in Mexico
determined that licensed pharmacists did not spend enough
time at their pharmacies and that their assistants dispensed
medicine and provided most patients information regarding
the medicines®™. It was also noted that these assistants
received drug-related information from representatives of
the pharmaceutical industry. Patients with low education
level trusted pharmacy assistants and tended to follow their
recommendations.

8. Lack of an Effective Antibiotic Policy

Antibiotic consumption is lower in societies that practice
rational surveillance of antibiotic use. The presence of antibiotic
surveillance systems and hospital formulas limit antibiotic
consumption. Guidelines specifying which antibiotic should be
used for which condition and for what duration are also essential
for limiting antibiotic use®. Even providing feedback without
any intervention significantly impacts antibiotic consumption.
In one study, for instance, a 30% reduction in quinolone use was
achieved by giving feedback alonel®”.,

9. Lack of Education on Antibiotics During and After Medical
School

The education about antibiotics received by health personnel,
especially doctors, is a factor in rational antibiotic use.
Physicians, particularly surgeons, who receive adequate
postgraduate training differ in their degree of compliance
to antibiotic guidelines. Educational interventions such as
compiling handbooks for surgeons, displaying informative
posters in wards, and holding educational seminars increase
compliance®®. Similarly, surgeons who are educated on how
prophylactic antibiotics should be used in surgery during
their training have been shown to be more compliant with
guidelines. Another study showed that physicians' knowledge of
appropriate antibiotics was 9.74 prior to training during dental
surgery education and increased to 18.16 after training[®7%,

In summary, the need for strategies to reduce antibiotic
resistance has become clear. Measures are needed to prevent
the misuse of these drugs both in the community and by
physicians. Cooperation of universities, the media, the TMH,
and nongovernmental organizations for this purpose is of key
importance.

One Health in Antibiotic Resistance: The Role of

Antibiotic Consumption in The Food and Animal
Industries in Resistance and Necessary Measures

As in the health field, the inappropriate and widespread use
of antibiotics in agriculture and livestock farming leads to
the spread of resistance genes and therefore to an increase
in the prevalence of infections due to MDR microorganisms.
The One Health approach emphasizes that human, animal,
and environmental health are interconnected and encourages
comprehensive and integrated measures to prevent AMR.

1. The History of Antibiotic Use in Agriculture and Livestock
Farming and its Impact on Resistance

Antibiotics are widely used for the prevention and treatment of
bacterial infections in the fields of agriculture and industrial food
animal production. In addition, the use of antibiotics as growth-
promoting substances, especially in food-producing animals, is a
highly controversial issue because it leads to the development of
AMR®, The most reliable information on the overall production
and use of antibiotics belongs to the US and EU member states.
Seventy percent (15-25 thousand tons) of antibiotics produced
in the US are used for nontherapeutic purposes in food animal
production. In the US, antibiotic use in livestock production
is 8-fold greater than health-related consumption. It has been
estimated that at least 63,200 tons or more of antibiotics have
been used in farm animals worldwide since 2010. The growing
global population and resulting demand for food will also increase
the use of antimicrobials in livestock farming?’. A projection
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made accordingly showed a predicted increase of 67% between
2010 and 2030072,

In the US, low-dose antibiotics were first used as growth-
promoting agents in the years following World War 2. At
that time, meeting the need for animal protein and ensuring
food security (hunger prevention) were perceived as more
important existential threats than the possibility of AMR. Since
growth results were quite impressive, the use of high antibiotic
concentrations (200 g/ton) in animal feeds was quickly adopted
worldwidel®. The selection of resistance genes due to widespread
antibiotic use and the spread of these resistance genes among
farm animals due to close captivity resulted in the emergence
and spread of a resistant Salmonella typhimurium strain in the
mid-1960s4. The matter was considered to be a public health
issue due to infection transmission to farm workers who cared
for infected cattle, to veterinarians, and even to individuals who
consumed the milk of infected cattle during this period. The
Swann committee, appointed by the United Kingdom Ministry
of Agriculture and Health, advised that antibiotics not be used
for non therapeutic reasons such as growth promotion and that
joint commissions responsible for human and animal health
be formed. Although the British government did implement
some of these recommendations, it took many years to adopt
and implement them due to political opposition in the areas
of agriculture and pharmacology and the influence of the
pharmaceutical industry?*®, Twenty vyears later (in 1986),
Sweden was the first country to heed the Swann committee
reports and prohibit the use of antibiotics as growth promoters
in livestock farming.

The main antibiotics used as animal feed additives are
bambermycin, bacitracin, monensin, salinomycin, virginiamycin,
tylosin, spiramycin, avilamycin, avoparcin, ardacin, efrotomycin,
olaquindox, and carbadox. Because a significant portion of these
antibiotics are used for treatment or prophylaxis of infections in
humans, we may make certain inferences. These agents are used
as growth factors. Avoparcin used in animal feed induces cross-
resistance to vancomycin and teicoplanin, which are drugs from
the same group that are used therapeutically in humans. The
isolation of vancomycin-resistant enterococci (VRE) is common
in animals that consume feed containing avoparcin'74,

In 2006, the use of antibiotics in animal feed was completely
prohibited in all EU countries®. Unlike European countries,
the US never approved the use of avoparcin as a growth
factor in food animal farming due to concerns that it could be
carcinogenic. Thus, the epidemiology of VRE in the US is quite
different. Resistance surveillance in humans and food animals
has been integrated through the NARSS and National Animal
Health Surveillance System, and VRE has not been detected in
animals in the United States since 20020778,

2. Animal-to-Human Transmission of Resistant

Microorganisms

Resistant pathogens can be transmitted to humans through
the consumption of contaminated food animals and animal
products. Interspecies modes of transmission include direct
contact with infected animals, consumption of contaminated
animal-based foods (meat, fish, poultry, dairy products, etc.),
and indirect contact with animal waste due to contamination
of water sources. Contact with food resulting from the use of
animal waste as fertilizer is also a factor in transmissiont’879,

Many resistant bacteria and resistance genes have been
detected in animal source foods in recent studies®®". The
presence of resistant pathogens in food is a major public
health problem. Food-producing animals are the primary
reservoirs of zoonotic pathogens. The most common resistant
pathogens that can be transmitted through milk and dairy
products include S. aureus, E. coli, Listeria monocytogenes,
and Salmonella spp. S. aureus is one of the leading causes
of foodborne illness and its enterotoxigenic strains can
contaminate meat and dairy products. An analysis of 2,650
milk samples revealed that 12.4% were contaminated with S.
aureus and 16.2% of those strains were MRSA. There are also
reports of penicillin and oxacillin-resistant L. monocytogenes
and resistant Salmonella spp. detected in milk and dairy
products. In a study conducted in Ethiopia, MDR Salmonella
spp. were detected in 10.7% of cattle®?. Plasmid-mediated
colistin resistance transferred via the mcr-1 (mobilized
colistin resistance-1) gene was first documented in E. coli in
2015. The more frequent detection of isolates carrying the
mcr-1 gene in animals and animal source foods in many
countries demonstrated that the resistance originated in
animals. The widespread use of colistin in pigs and fowl
is believed to have contributed to the selection of this
resistancel®l. When one considers the importance of colistin
in the treatment of infections due to MDR Gram-negative
pathogens, the scale of the problem is clearer. To reduce
further spread of resistance, regardless of its origin, a global
one-health approach should be adopted and strong antibiotic
stewardship programs should be implemented. Within this
framework, unnecessary colistin use in animals and humans
should be reduced, infection control measures should be
taken, and colistin use and resistance should be monitored
in both human and veterinary medicine. The problem of
antibiotic resistance is reported to be especially common in
developing countries, where regulations on antimicrobial use
are usually insufficient. With evidence demonstrating the
transmission of resistant pathogens from animals to humans,
this issue has been addressed as a global public health
concern and various guidelines on recommended solutions
have been published!®¥,
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3. Strategies for Preventing Antibiotic Resistance in Veterinary
Medicine

Strategies to prevent antibiotic resistance at individual,
community, local, regional, national, and international levels
should be determined, and regulations should be implemented
via global cooperation. Essentially, all strategies aim to ensure the
rational use of antibiotics, prevent the non-therapeutic use of
antibiotics in food animals, deter the sale of antibiotics without
prescription, and monitor resistance data through integrated
surveillance systems. To achieve these objectives, the WHO,
World Organization for Animal Health (OIE), and the Food and
Agriculture Organization of the United Nations have adopted the
One Health approach. In 2015, the WHO prepared a Global Action
Plan to tackle the problem of AMR.

An electronic prescription system has been introduced in Turkey
for drugs used in human medicine to ensure the rational use
of antimicrobials. Similarly, it was decided to introduce an
e-prescription and drug monitoring system for drugs to be used
in animal health services. A pilot program was launched in 2017
and it was decided to also expand the program across Turkey
starting in the year 2018.

Another factor that plays a role in the development of AMR is
the long-term exposure of pathogens to suboptimal doses of
antibiotics and the selection of resistant pathogens as a result
of the non-therapeutic use of antibiotics on food animals. In
a 2012 study by the OIE, it was found that only 27% of OIE
member countries had official monitoring systems in which
antimicrobial use in livestock farming could be recorded!®.
The 2017 WHO guidelines on the use of medically important
antimicrobials in food animals advised completely restricting
the use of medically important antibiotics on healthy
animals for growth promotion and disease prevention both
in the food industry and at the farm level. It was also weakly
recommended that critically important antibiotics for human
medicine not be used even for therapeutic purposes in food
animals(®,

In conclusion, future studies on the prevention of AMR should be
conducted with a "one health approach” under the oversight of
a single center to facilitate "coordination”. This problem cannot
be solved with a short-term approach. Therefore, studies should
be carried out with “decisively” to tackle long-term challenges.

Antimicrobial Stewardship Programs

The rapid increase in AMR rates, the emergence of MDR
and even pandrug-resistant bacteria (superbugs), and the
scarcity of newly discovered or developed antibiotics require
the implementation of more comprehensive, coordinated,
multifaceted, and interdisciplinary programs!e,

In the US, healthcare-related infections caused by MDR bacteria
are reported to cause an additional direct expenditure of US
$20 billion and indirect expenditure of US $35 billion®. The
efforts on the prevention and control of antibiotic resistance
that were initiated in 2014 under former US president Obama
culminated in the preparation of a national action plan in 2015.

While it is impossible to completely prevent the emergence
of antibiotic resistance, it can be reduced and controlled by
acting in accordance with proper policies. While some of these
necessary measures require international cooperation, there are
also actions to be taken at an institutional level(®,

One of the most important long-term strategic measures
against the development of resistance is the implementation
of ASP. ASP encompasses interventions to ensure that the most
appropriate antimicrobial (the agent that is most appropriate
to treat the relevant infectious disease and will cause the
least secondary ‘collateral’ damage) is administered at the
appropriate dose, for the appropriate duration, and through
the appropriate route, and all of the processes that facilitate
themP249. The basic principle for achieving the expected
success in an ASP is implementing infection prevention and
antimicrobial stewardship together(®,

In the early years when antibiotic resistance was first detected,
the issue was raised by merely stating that there was a problem;
in later years, the concepts of appropriate antibiotic use (1970),
antimicrobial management, and antibiotic control program
emerged, cumulating in recent years with the search for a
solution to the problem through ASPs,

Approximately one-third of all hospitalized patients worldwide
use antibiotics, 30-50% of which are inappropriately used
[e.g., incorrect choice of antibiotic, use of antimicrobial agents
to which resistance has developed, excessive or inadequate
treatment (in terms of spectrum, duration, or dose)]®.

With an effective ASP, resistance is reduced over time and
there are also decreases in adverse effects in patients and
antibiotic-related costs. The proportion of total cost attributed
to antibiotics, which is around 30% of hospital expenditures,
can be reduced to 10%.

The aim of ASPsis to improve the quality of antibiotic prescribing
practices in order to promote the appropriate and rational use
of antibiotics. The objectives set for achieving this goal are
presented in Table 9.

Antibiotic Stewardship at The National Level

Turkey has one of the highest antibiotic consumption and
resistance rates in Europe. Efforts to deal with these issues have
been initiated in various units of the MH.
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ASPs should be planned at the national and health
institution level and be implemented through the relevant
institutions. The MH, which is the national health authority,
must take action and work in conjunction with the Ministry
of Food, Agriculture and Livestock. Better and more effective
nationwide implementation of an ASP requires the backing
of the Governance of Turkey and close cooperation with
all stakeholders, including the relevant ministries and
universities that include departments in the health sciences
fields, such as medicine.

Table 10 summarizes national priorities of Turkey for an ASP
within the context of global experiences®,

Of the successful remedial actions that have been implemented
globally within the scope of ASP, the most significant are the
education of service providers and the public; continuous
monitoring, evaluation, and feedback regarding prescriptions
(surveillance mechanism); and national drug policies
(restrictive policies) regarding pricing, reimbursement, and
use of drugs.

Antimicrobial Stewardship in Hospitals/

Healthcare Institutions

The basic elements of ASPs in hospitals include resistance
surveillance, ensuring the appropriate use of antibiotics, and
implementing effective infection prevention and control programs.
Necessary steps for the implementation of ASPs are summarized in
Table 11, and the practices employed within ASPs in Table 12.

A dedicated Antimicrobial Stewardship Team should be
established to ensure implementation of the practices specified
in Tables 11 and 12. This team must be multidisciplinary
(Table 13)m889,

The ideal combination of members for an antimicrobial
stewardship team is shown in Table 13; the key members are

Table 9. Main objectives of antimicrobial stewardship programs

Objectives of antimicrobial stewardship

1. To help reduce antimicrobial resistance

- Combined implementation of effective antimicrobial stewardship
+ comprehensive infection control program (integrated measures =
"bundle")

2. To limit infection transmission, reduce antimicrobial resistance
3. To promote the appropriate use of antimicrobials
- Correct choice, duration, dose, timing, and route of administration

4. To help patients receive effective treatment and better clinical
outcomes

- To reduce the emergence of antimicrobial resistance
- To limit drug-related adverse events
- To minimize the risk of unintended consequences

5. To reduce antimicrobial costs without sacrificing patient
outcomes (secondary purpose)

Table 10. Nationwide actions necessary for antimicrobial
stewardship programs

Nationwide actions necessary for antimicrobial stewardship

1. Create a national committee/board

- Multidisciplinary composition: Infectious Diseases, Clinical
Microbiology, Clinical Microbiology, Pediatric Infection, General
Surgery, adult/pediatric/neonatal intensivists

- Specialists from the Ministry of Food, Agriculture and Livestock
(veterinarians, etc.)

- Pharmaceutical industry representative(s)
- Food and livestock production sector representatives

2. Investigate the use of antimicrobial agents and resistance
patterns in the community, health institutions, veterinary
institutions, and agriculture

- "Antibiotic consumption monitoring system” in the fields of
human and veterinary medicine

- "National antibiotic resistance monitoring system"

3. Organize national and regional educational programs

- For physicians, pharmacists, nurses, veterinarians, and the public
4. Prevent over-the-counter sales of antibiotics

5. Improvement and supervision of infection prevention and control
programs

6. Cooperation with international organizations and the
pharmaceutical industry

7. Necessary financial support for research

Table 11. Implementing antimicrobial stewardship in hospitals

Antimicrobial stewardship in hospitals

- Preparation of hospital guidelines and a guide for antibiotic use

- Antimicrobial resistance surveillance and the reporting of
analyzed results

- Education on antibiotic use for clinicians
- Restriction of antibiotic use
- Regular consultation with infectious diseases department

- Monitoring compliance with the antibiotic control program and
providing clinicians feedback

Table 12. Antimicrobial stewardship practices

Practices constituting antimicrobial stewardship

- Prospective audit with feedback

- Restriction and approval

- Education

- Preparation of guidelines

- Antibiotic rotation

- Antibiotic "order forms”

- Antibiotic combinations

- "De-escalation” (step-down antimicrobial therapy)
- Optimal dose

- Consecutive therapy
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infectious disease and clinical microbiology specialists and a
clinical pharmacist. Considering the institutional structuring and
role of hospital infection control nurses in surveillance in Turkey,
it is imperative that they are represented in the team as well.
The antimicrobial stewardship team would most appropriately
be structured as an Antimicrobial Stewardship Subcommittee
within the Hospital Infection Control Committees in Turkey.

Criteria for Evaluating an ASP

In order to evaluate the effect of ASP-related interventions/
practices on antibiotic use, it is important to measure antibiotic
use (e.g., total amount of antibiotics used, target amount of
antibiotic use, duration of treatment, rates of oral/intravenous
administration, drug expenditures) and outcomes relevant to
antibiotic change (e.g., cost, number antibiotic use days, changes
in prescribing practices for certain antibiotics, changes in status
of MDR bacteria or C. difficile). Relevant measures also allow
for benchmarking between institutions. Applicable measures
pertaining to the issue are summarized in Table 140192,

Informatics and technology must be utilized to effectively
implement ASPs, obtain evaluation measures and enable intra-
and interinstitutional comparison, enable digital record-keeping
and data analysis, and to provide clinical decision support!®.

In summary, the effective nationwide implementation of ASPs
is possible with close and continuous collaboration between
the MH, the Ministry of Food, Agriculture and Livestock,
and universities with faculties of medicine andfor other
health sciences, carried out under the auspices of the Turkish
Government. The international relations aspect of the issue
should also be considered during this process.

Basic Recommendations for The Rational Use of

Antibiotics

The main infection control measures practiced in hospitals
and the community globally and in Turkey include expanding

immunization programs, notifying infectious diseases,

Table 13. Members of a hospital antimicrobial stewardship team

- Hospital director

- Infectious diseases and clinical microbiology specialist
- Internal medicine specialist

- Surgeon

- Pediatrician

- Clinical microbiology specialist

- Pharmacologist

- Hospital pharmacist (clinical pharmacist)
- Information systems specialist

- Epidemiologist

- Hospital infection control nurse

monitoring hospital infections, certifying physicians and nurses,
and establishing infection control committees.

Basic recommendations for the rational use antibiotics can be
listed as follows:

1. Determine the indication for antibiotic use

Detailed history-taking and meticulous physical examination
should be conducted for each patient. The focus of infection
should be investigated and the indication for antibiotic use
should be clarified. Antibiotics should not be given in the
absence of clinical findings indicative of bacterial infection.
Detecting the causative microorganism and providing
pathogen-specific therapy are the cornerstones of treatment.
Empirical antibiotic therapy is used in severe infections such as
sepsis, acute bacterial meningitis, and febrile neutropenia where
waiting for culture results may lead to unfavorable outcomes,
and in infections for which cultures cannot be easily obtained,
such as sinusitis and otitis. The aim of prophylactic treatment is
to reduce or eliminate risk by administering antibiotics before
an infection develops. Compliance with recommendations set
forth in guidelines for surgical or non-surgical prophylaxis is
important®,

2. Obtain the necessary clinical samples before initiating
antibiotic therapy

Identifying the causative microorganism will ensure that
the appropriate antibiotic is administered at the appropriate
dose and will enable optimization of treatment duration.
Clinical samples must be obtained at the right time, from
the appropriate sites, and in necessary quantities for
microbiological examination, and should be delivered to the
microbiology laboratory as quickly as possible under proper
transport conditions. Bacterial growth in cultures should be

Table 14. Criteria used to evaluation an antimicrobial
stewardship program

1. Use of local antibiograms

2. Monitoring resistance patterns
3. Patient outcomes:

- Hospital length of stay

- Mortality

- Adverse events

- Readmission due to infection

4, Total antimicrobial use [DOT (Days of therapy) vs. DDD (Defined
Daily Dose per 1000 PD)]

5. Costs of implementing the antimicrobial stewardship program
6. Costs of medication

7. Costs associated with drug-related adverse events

8. Costs of suboptimal antimicrobial therapy

9. Transition from intravenous to oral therapy

10. Number of interventions and percentage of recommendations
implemented
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evaluated in terms of being the actual infectious agent, and
the possibility of colonization or contamination should also
be considered. Results obtained with unnecessary cultures or
samples with insufficient quality may lead to the misuse of
antibiotics®99,

3. Plan empirical antibiotic therapy according to focus of
infection, host characteristics, and local microbiological data

Disease severity, the patient's characteristics (age, allergy
history, underlying diseases, pregnancy, breastfeeding status,
immune resistance, predisposition to a disease), history of
antibiotic use, history of colonization with MDR bacteria,
source of infection (community- or hospital-acquired), the
use of invasive tools, possible pathogens, and knowledge of
regional and institutional microorganism resistance profiles
should be guiding elements of empirical therapy. In serious life-
threatening infections, appropriate antibiotic therapy should
be initiated within the first hour. When initiating antibiotic
therapy, the clinical diagnosis, recommended antibiotic, and its
dose and duration should be written in the patient file”.,

4. Know the pharmacokinetic and pharmacodynamic
properties of an antibiotic in order to provide the right
antibiotic through the most appropriate route, at the most
effective dose, and for the most effective duration

In order for treatment to be successful, an antibiotic
with demonstrated in vitro activity against the targeted
microorganism must be present at therapeutic concentrations
at the infection site. Lipophilic antibiotics have high oral
absorption, large volume of distribution, and rapid cellular
uptake, and are metabolized in the liver. Therefore, they are
effective against intracellular pathogens. They can also reach
high concentrations in damaged tissues with limited perfusion.
Hydrophilic antibiotics, on the other hand, have a low
volume of distribution, low cellular uptake, and are excreted
unaltered via the kidneys. It should be kept in mind that
with antibiotics that show high degrees of protein binding,
such as ceftriaxone, ertapenem, daptomycin, and teicoplanin,
changes in patients' protein levels may influence antimicrobial
activity. Antibiotics exert a time-dependent or concentration-
dependent bactericidal effect. For drugs with time-dependent
action (like beta-lactam antibiotics and linezolid), the duration
for which the patient's serum antibiotic level remains above
the minimum inhibitory concentration (MIC) reported for
the pathogen (time above MIC; T>MIC) is responsible for the
bactericidal effect. Antibiotics with time-dependent action are
administered at frequent intervals or with long infusions to
maintain concentrations above the MIC for as long as possible.
For antibiotics with concentration-dependent bactericidal
action, like aminoglycosides and daptomycin, the highest
achievable serum concentration (C__ /MIC) is responsible for the

bactericidal effect. The goal is to administer the highest possible
antibiotic dose at the beginning for maximum bactericidal
effect. Increase in serum concentrations of concentration-
dependent antibiotics also extends their postantibiotic effect
periods. With fluoroquinolone, polymyxin, and tetracycline
group antibiotics, the time under the curve above the MIC in
24 hours (AUC,_,,) is important®”.

0724)

5. Select preferentially antibiotics with low risk of causing
collateral damage

Collateral damage is defined as the unwanted effects of
antibiotics on bacterial ecology. All antibiotics can lead to the
selection of resistant strains. However, this effect is stronger
with some antibiotics, pharmacokinetic and pharmaceutical
properties of which play an important role in collateral damage.
Third-generation  cephalosporins,  fluoroquinolones, and
carbapenems are the antibiotics most commonly associated with
more collateral damage. Aminoglycosides, beta-lactam/beta-
lactamase inhibitors, and macrolides, on the other hand, are
among the antibiotics with lower risk of collateral damagel®”%,

6. Rarely resort to the use of combined antibiotic therapies

Combination therapies are used to provide broad spectrum activity
in cases of severe infections with unidentified focus, to achieve
synergism, to retard the development of antibiotic resistance,
and to reduce relapse rates in certain diseases. Pseudomonas
aeruginosa, Acinetobacter baumannii, and K. pneumoniae are
the most common MDR or pan resistant pathogens detected in
hospitals. The use of combination therapies is recommended for
patients who develop severe sepsis/septic shock due to these MDR
pathogens and for immunocompromised or febrile neutropenic
septic patientsand septic patients hospitalized in ICUs. Randomized
clinical trials investigating the efficacy of combination therapies
currently in use are needed®4%,

7. Rapidly eliminate or control the focus of infection if
possible

In cases with an identifiable focus of infection, such as
necrotizing soft tissue infections, abscesses, or cholangitis, the
source should be eliminated or controlled. Ideally, source control
should be achieved within 12 hours in septic patients. Removal of
central venous catheters infected with Gram-negative bacteria,
S. aureus, enterococci, Candida, and mycobacterial infections is
recommended. If blood culture is still positive after 72 hours
despite appropriate antibiotic therapy initiated to spare the
catheter, the central venous catheter should be removed!®.

8. Reevaluate patients within 48-72 hours based on the
results of cultures, rapid tests, and molecular tests

The patient should be reevaluated after 48-72 hours of
treatment in order to determine whether antibiotics are still
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needed, whether treatment should be switched to narrower/
broader spectrum antibiotics, and to consider switching to
oral treatment or outpatient parenteral antibiotic therapy.
Oral antibiotic therapy should be preferred because it reduces
complications related to vascular access. Furthermore, it is
cost-effective, and hastens patient dischargel®’.,

9. Administer antibiotics for the minimum duration that
provides maximum effect

Short-term treatment increases patient satisfaction and
treatment compliance and reduces adverse effects and
cost. Although treatment duration varies according to the
microorganism and the patient's treatment response, 4-7 days
is considered sufficient for intra-abdominal infections where
source control has been achieved. In the medical literature,
it is reported that 7-10 days of treatment is sufficient for
complicated urinary tract infections or acute pyelonephritis
requiring hospitalization, 5-7 days is sufficient for
community-acquired pneumonia, and eight days is sufficient
for ventilator-associated pneumonia. Procalcitonin is an
important marker that can guide clinicians in the timing of
antibiotic discontinuation!®!,

Stories of Success in Reducing Antibiotic
Resistance

The association between the excessive and inappropriate use
of antibiotics and the development and spread of resistance
has been clearly demonstrated. Due to the difficulty of
developing new antibiotics, the most reasonable solution is
effective management of antibiotic use'. Global solutions
are needed for the AMR problem. Antimicrobial stewardship
is the cornerstone of this solution!. However, although
antimicrobial stewardship is crucial for the prevention and
reduction of antibiotic resistance, it should not be considered
a solution on its own; it must be implemented in conjunction
with strict infection control measures!'®)., Reduction in
the use of all antibiotics and of specific antibiotic groups,
reduction in the incidence of infections that develop due
to MDR microorganisms (most importantly), and ultimately
a reduction in mortality demonstrate the success of
antimicrobial stewardship®®. The WHO defines appropriate
antibiotic use as having the maximum clinical and therapeutic
effect in a cost-effective way while minimizing drug-related
toxicity and the development of AMRI4. The Infectious
Diseases Society of America issued an evidence-based
medical guideline for the improvement of ASPs in hospitals.
This guideline aimed to prevent the selection of pathogenic
microorganisms and the emergence of resistancel®. This
section includes stories from different countries around the
world that implemented and had success with ASPs.

Australia

An ASP has been effectively implemented in Australian
hospitals. The healthcare quality and safety commission of
the Australian government conducts AMR surveillance and
determines priority indications for the use of antibiotics.
Since 2013, antimicrobial stewardship has been used as the
accreditation criteria of healthcare centers®. In guidelines
prepared as a result of early recognition that fluoroquinolones
have an important effect on the selection and spread of AMR,
this drug is presented as an alternative option and its use is
restricted to very specific indications. As a result, Australia
has the lowest quinolone use among high-income countries
(0.6 DDD/1000 inpatient days vs. 1 DDD/1000 inpatient days
in other European countries). The rate of resistance in E. coli
isolates in community-acquired infections is 5.2%, whereas
this rate is around 15% in most European countries!'®.

France

France is one of the European countries with the highest
outpatient antibiotic use. Three national action plans for the
appropriate use of antibiotics were prepared within the past
two decades (2001-2005, 2007-2010, and 2011-2016)1"7),

Scotland

The Scottish government established the Scottish
Antimicrobial Prescribing Group in 2008, enabling the
implementation of the national ASP in all healthcare
institutions in the country. The main goals of this national
program were to reduce or prevent further increase of AMR,
achieve good clinical results in infectious diseases, reduce
the toxic effects of antibiotics, and reduce rates of C. difficile
infection (CDI), which was an epidemic in the country during
that time. The use of four antibiotic groups was decreased
(cephalosporins, ciprofloxacin and other quinolones, co-
amoxiclav and clindamycin), while priority was given to older
antibiotic groups (co-trimoxazole, amoxicillin, tetracyclines,
and aminoglycosides) for necessary indications!'®. Following
this practice, there was a significant reduction in the
proportion of antimicrobials associated with CDI used
in primary care, from 38% in 2009 to 20.5% in 201209,
Similarly, when Gram-negative bacteremia agents were
evaluated, it was reported that the rate of ESBL production
had decreased in E. coli strains, from 7.5% in 2009 to 6.6%
in 2012, as well as in K. pneumoniae, from 8.8% in 2009 to
6.4% in 20121109,

South Africa

There are few data related to AMR epidemiology, rates of
antibiotic use, and antimicrobial stewardship practices on the
African continent. The ASP that was introduced after the threat
of carbapenemase-producing Enterobacteriaceae appeared in
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the largest private hospital group in South Africa has been
implemented in 55 hospitals since 2010. Multidisciplinary
workshops and teleconferences were held and guidelines were
created as part of this program. Within the first three months
of implementation, a significant reduction in the use of all
antibiotic groups was reported (12.1% reduction DDD/1000
patient days)®>""%. However, the rate of antibiotic use in the
country is still high due to the fact that the program has only
been implemented in private hospitals.

Sweden

Sweden is one of the first countries in the world to
implement a national ASP that includes the veterinary sector.
Due to the STRAMA (Swedish Strategic Programme Against
Antibiotic Resistance) program introduced in 1995, Sweden
has one of the lowest levels of antibiotic use in the European
countries!™,

In a study evaluating the first 10 years of the STRAMA program,
the program was reported to be very effective in reducing
total antibiotic use and preventing the spread of resistant
microorganisms when implemented in combination with other
infection control measures!"2.,

United States of America

The US was the first high-income country to educate the public
using antibiotic campaigns. The CDC's “Get Smart" program was
launched in 1995. Although these campaigns did result in a reduction
in antibiotic use, especially in the pediatric and adult age groups,
the unnecessary use of broad-spectrum antibiotics, particularly
macrolides and quinolones, is still common®. The Transatlantic Task
Force on Antimicrobial Resistance (TATFAR) was established in a
summit meeting held in 2009 to address the problem of AMR, which
had become a growing and dangerous public health issue. With the
CDC's "Get Smart" program and the ECDC's "Antibiotic Awareness
Day" campaigns, the US and EU began to act in coordination. In
October 2011, 17 recommendations against AMR were defined. These
recommendations can be reviewed under three main categories. They
state that the problem of AMR requires urgent attention focused
on the appropriate use of antimicrobials in the fields of human
and veterinary medicine, the prevention of healthcare-associated
and community-acquired MDR infections, and support for the
development of new antimicrobials. Future studies will demonstrate
to what extent the TATFAR program is reaching its goals.

Turkey

The Budget Execution Directive, introduced in Turkey in 2003,
aims to limit the inappropriate use of antibiotics. Studies on the
effects of the restriction policy have demonstrated a significant
reduction in the amount of antibiotics used and a decrease in
resistance rates!"'3-"9],

In short, effective ASPs play a key role in preventing the
emergence and spread of MDR microorganisms. Antimicrobial
stewardship practices are being successfully implemented in
various regions and under different socioeconomic conditions.

Interventions That are Unsuccessful in Reducing

Antibiotic Resistance, with Examples

While some interventions aimed at reducing AMR have
been effective, others have failed. Of the interventions with
questionable effectiveness at reducing AMR, the main ones
include antibiotic rotation, antibiotic combination, and
campaigns for reducing antibiotic consumption.

Antibiotic Rotation

This approach is based on the principle of periodically changing
the antibiotics or antibiotic groups to be used in empirical
treatment. There are studies showing that antibiotic rotation
is effective at reducing AMR, as well as studies that report
otherwise. A study conducted in intensive care patients showed
that the cyclic use of antibiotics did not cause a significant
change in antibiotic resistance among Gram-negative
bacterial"®. There are also studies reporting that the practice
of antibiotic rotation has no favorable effect on the prevalence
of VRE!""8 |n one study conducted in an intensive care unit,
rotational antibiotic administration was found to offer no
benefit in terms of AMRI'"”. It has also been suggested that
antibiotic rotation will not reduce resistance rates, but only
cause fluctuations in resistancel"™. A recent comprehensive
study conducted in eight intensive care units in six countries
showed that antibiotic rotation did not reduce AMR in Gram-
negative bacterial'®., It should be kept in mind that antibiotic
rotation also entails various risks. In fact, it was reported in
one study that an outbreak of resistant P. aeruginosa occurred
while practicing antibiotic rotation!™, Based on these studies,
it can be concluded that antibiotic rotation does not lead to
reduced AMR in bacteria and is an unsuccessful intervention in
the struggle against antibiotic resistancel'?"122,

Antibiotic Combination

Combined antibiotic therapy may reduce antibiotic resistance
by providing a broad spectrum and preventing the formation
of resistant subpopulations through multiple mechanisms
of action. Antituberculosis therapy is one example of
thisl'23124 However, the effects of antibiotic combinations
on the development of resistance in hospital infections are
debatable, and some studies have even reported the possible
emergence of MDR strains!'?>'?8. The therapeutic efficacy
of combination therapy regimens on clinical outcomes is
also controversial. Therefore, with a few exceptions,
combination therapies may be considered an unsuccessful
intervention for reducing antibiotic resistance.
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Campaigns for Reducing Antibiotic Consumption

Different campaigns have been and are still being organized
in various countries around the world to reduce antibiotic
consumption.Oneoftheobjectivestargetedbythesecampaigns
is the reduction of cumulative antibiotic use to prevent AMR
and reduce the prevalence of MDR microorganisms. However,
such campaigns aimed at reducing total antibiotic use have
questionable effectiveness in terms of reducing antibiotic
resistance. A study conducted in France examined a campaign
for the reduction of antibiotic consumption that was carried
out between the years 2002 and 200302829 The study
showed that although antibiotic consumption decreased
in these years, rates of methicillin resistance increased in
both community and hospital Staphylococcus isolates. In a
review of 22 campaigns targeting the public and physicians

Table 15. Interventions targeting antibiotic consumption in Turkey

in high-income countries between the years 1990-2007, it
was stated that these campaigns reduced antibiotic use but
that their impact on antibiotic resistance was not clearly
evaluated!™?. For this reason, campaigns for the reduction of
antibiotic consumption should be carried out in coordination
with other stakeholders (hospital, community, veterinary,
and agricultural practices, etc.). Not only total antibiotic
consumption, but also changes in class-specific antibiotic
use and bacterial resistance should be monitored during
and following these campaigns. Several practices have been
implemented in Turkey over the past 20 years. Preferably, the
campaigns that are being planned and executed in Turkey
should also be carried out in consideration of the data in the
aforementioned review["*”. Major interventions conducted to
decrease antibiotic consumption in Turkey are summarized in
Table 15.

Intervention Date Comment

NosoLINE project 1996 The NosoLINE project, initiated in 1996 with the participation of more than 50
institutions, was one of the important steps taken for hospital infection control studies

Turkish Drug Guide 1999 The guide, published in 1999, was recommended to physicians and pharmacists. The

Ministry of Health provided support for many educational activities related to RDU,
most of which were organized by the ministry itself, but a certain proportion of which
were organized by various non governmental organizations

Antibiotic restriction 15.02.2003

The first national antimicrobial restriction in Turkey came into effect with the BED
dated 15 February 2003

Establishment of infection control | 2003

Establishing infection control committees to help prevent the spread of multidrug-

committees resistant microorganisms, facilitate antibiotic management, and placing authority for
the use of broad-spectrum antibiotics with infectious diseases specialists (e.g., the
regulation passed in Turkey in 2003) are important and necessary steps

Notification of Communicable 2004 In 2004, the “Notification of Communicable Diseases and the Reporting System:

Diseases and the Reporting System:
Standard Diagnosis, Surveillance,
and Laboratory Guidance

Standard Diagnosis, Surveillance, and Laboratory Guide - 2004" was published together
with a circular

Infection Control Regulation for 11.08.2005 The “Infection Control Regulation for Inpatient Treatment Centers” (Official Gazette,

Inpatient Treatment Institutions 11/08/2005/25903) was issued and came into effect with the “Regulation on the
Amendment of the Regulation on the Operation of Inpatient Treatment Institutions”
(Official Gazette, 05/05/2005/25806). Thus, the duties, authority, and responsibilities of
the infection control committee, infection control team, infection control physician,
and infection control nurse were defined in a clear and comprehensive manner

RDU Workshop 2006 The RDU in pharmacology trainings were initiated in the year 2006 with this workshop

MEDULA system 2007 The "MEDULA" software was developed in the social security institution and use of the
system became mandatory

Branch Office of RDU 12.10.2010 Efforts to ensure RDU were increased

Prescription Evaluation Project 26.10.2010 The rational use of drugs was promoted

Establishment of the TMMDA 02.11.2011 The TMMDA was established with the “Legislative Decree on the Organization and
Duties of the Ministry of Health and its Affiliates” numbered 663, published in Official
Gazette No. 28103

RDU national action plan 2014 RDU national action plan 2014-2017 (6 headings/20 strategic goals/99 activities).

RDU, Drug Provision Management | March 2012 The RDU, Drug Provision Management and Promotion Office was established within the

and Promotion Office

TMMDA

Electronic prescription

January 2013

Monitoring usage
Transition to the e-prescription practice in all health institutions
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Table 15. Continued

Intervention Date Comment

Monthly information system for November Facilitated utilization monitoring within the framework of RDU

family physicians 2013

Prohibition of the use of antibiotics | December The sale of antibiotics without a prescription was prohibited in Article 24 of the Law on
without a prescription 2014 Pharmacists and Pharmacies No. 6197.

Office of RDU April 2016

RDU: Rational drug use, TMMDA: Turkish Medicines and Medical Devices Agency, BED: Budget Execution Directive

Today, while we debate whether the age of antibiotics has come
to an end, ASP and infection control measures are of ever-
growing importance. Practices and policies that will promote
antibiotic stewardship and the culture of stewardship in health
services are needed in Turkey. Government ministries, non-
governmental organizations, the press, and universities must
cooperate on this issue. Better planned and more comprehensive
AMR and ASP studies are needed in Turkey, as well as globally.
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