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Background: Antimicrobial resistance (AMR) is one of the biggest threats to global public health. Selection of re-
sistant bacteria is driven by inappropriate use of antibiotics, amongst other factors. COVID-19 may have exacer-
bated AMR due to unnecessary antibiotic prescribing. Country-level knowledge is needed to understand options 
for action. 

Objectives: To review AMR in Türkiye and initiatives addressing it. Identifying any areas where more information 
is required will provide a call to action to minimize any further rise in AMR within Türkiye and to improve patient 
outcomes. 

Methods: National AMR initiatives, antibiotic use and prescribing, and availability of susceptibility data, particu-
larly for the key community-acquired respiratory tract infection (CA-RTI) pathogens Streptococcus pneumoniae 
and Haemophilus influenzae, were identified. National and international antibiotic prescribing guidelines com-
monly used locally for specific CA-RTIs (community-acquired pneumonia, acute otitis media, acute bacterial rhi-
nosinusitis) were also reviewed, plus local antibiotic availability. Insights from both a local clinician and local 
clinical microbiologist were sought to contextualize this information. 

Conclusions: Türkiye developed an antibiotic stewardship programme, The Rational Drug Use National Action 
Plan 2014–2017, prioritizing appropriate antibiotic prescription in the community. Public campaigns discour-
aging inappropriate antibiotic use were also initiated. Türkiye has a high level of antibiotic resistance and a 
high level of consumption, however, in 2015 over-the-counter antibiotic sales were prohibited, resulting in a de-
clining trend in overall consumption. There is still a need for physician education on current developments in 
antibiotic use. Several ongoing global surveillance studies provide antibiotic susceptibility data in Türkiye. 
Clinicians in Türkiye use several country-specific guidelines for common CA-RTIs plus a range of international 
guidelines. A more standardized inclusive approach in developing local guidelines, using up-to-date surveillance 
data on isolates from community-acquired infections in Türkiye, could make guideline use more relevant for 
clinicians. This would pave the way for a higher level of appropriate antibiotic prescribing and improved adher-
ence. This would, in turn, potentially limit AMR development and improve patient outcome.

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Antimicrobial resistance (AMR) is one of the biggest threats to 
public health throughout the world1 as described in the introduc-
tory paper of this Supplement.2 The WHO states that ‘the world 
urgently needs to change the way it prescribes and uses antibio-
tics. Even if new medicines are developed, without behaviour 
change, antibiotic resistance will remain a major threat’.3

The first paper in this Supplement included details about the 
multiple factors which can drive a rise in AMR along with the 
global initiatives that are in place to address this threat.2

Each country and/or region must also play their part through 
local initiatives.

In order to identify how AMR can be addressed in Türkiye in the 
future, it is necessary to review what is happening now. In this pa-
per, we present the current situation in Türkiye, determined using 
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published information (from searching PubMed, Google Scholar 
and other internet platforms) to ascertain any national initiatives 
to address AMR in Türkiye, antibiotic use and prescribing, and 
availability of susceptibility data, in particular for the key 
community-acquired respiratory tract infection (CA-RTI) patho-
gens Streptococcus pneumoniae and Haemophilus influenzae. 
National and international antibiotic prescribing guidelines for 
CA-RTIs, specifically community-acquired pneumonia (CAP), 
acute otitis media (AOM) and acute bacterial rhinosinusitis 
(ABRS), commonly used by healthcare professionals in Türkiye 
were also reviewed, along with how these link to local antibiotic 
availability. Insights from a clinician and a clinical microbiologist 
in Türkiye were sought to contextualize this information. In add-
ition, we aimed to identify areas where more information is re-
quired and present a call to action to improve clinical outcome 
for patients and to minimize further rises in AMR within Türkiye.

Action Plans
Following the formulation by the World Health Assembly in 2015 
of a Global Action Plan (GAP) for AMR4 many countries began to 
develop their own National Action Plan (NAP). To address the 
problem of antibiotic overconsumption and resistance, Turkish 
health authorities implemented several integrated interventions 
with WHO guidance and support. Türkiye developed an antibiotic 
stewardship programme, The Rational Drug Use National Action 
Plan 2014–2017, which prioritized the proper use of antibiotics in 
the community. Public campaigns discouraging inappropriate 
antibiotic use were initiated, and, in 2015, over-the-counter sales 
of antibiotics were prohibited, resulting in a declining trend in 
overall consumption with the proportion of antibiotics prescribed 
by family practitioners dropping by 25% in 2017.5 Current NAP 
status, as reported by the WHO for 2020–21, shows that 
Türkiye had yet to finalize an AMR NAP.6

Antibiotic use and AMR
The Organisation for Economic Co-operation and Development 
reported in 2015 that, amongst its member countries, Türkiye 
had one of the highest rates of antibiotic resistance at seven 
times higher than the lowest rates seen.5 Resistance develop-
ment is frequently associated with inappropriate antibiotic 
use.7 According to the WHO, the consumption of antibiotics in 
in Türkiye was 38.2 DDD per 1000 inhabitants per day in 2015. 
This was the highest consumption reported in the WHO 
European region comprising 45 countries.8

A retrospective year-long descriptive study in 2017 through-
out Türkiye of e-prescription data from family physicians showed 
that around one-quarter of all prescriptions included at least one 
antibiotic.9 In another study surveying public knowledge about 
antibiotic use, in 1044 participants in Ankara, about 24% of par-
ticipants had demanded antibiotics when visiting a physician and 
83.5% were successful in their request, indicating that more 
physician education is needed.10

In 2018, the WHO Regional Office for Europe Antimicrobial 
Medicines Consumption (AMC) Network, revealed that for 
Türkiye there was an ongoing reduction in antibiotic consumption 
estimates showing a continued national effort to improve anti-
microbial use.11 This was further demonstrated by an 8 year 

evaluation of more than a billion outpatient prescriptions (from 
general practitioners) in all age groups. At the start of the study, 
in 2011, 34.9% of the prescriptions contained at least one anti-
biotic but this fell to 24.6% in 2018. In 2011, 14% of all items pre-
scribed were antibiotics, but this reduced to 10.5% in 2018 and 
during the same period, the percentage of total drug costs ac-
counted for by antibiotics fell from 14.1% to 4.1%. The study con-
cluded that the national interventions had been effective in 
reducing antibiotic use (and at the same had raised the prefer-
ence of first-line antibiotics at primary healthcare level in 
Türkiye over a course of 8 years).12

A study investigating knowledge and awareness of physicians 
concerning rational antibiotic use in a Turkish province revealed 
that differences in knowledge, attitudes, and behaviours of pri-
mary care physicians on the decision to start treatment and its 
necessity may account, at least in part, for increased rates; and 
that pressure from patients and their relatives may encourage 
prescribing. Awareness of multidrug resistance is low. The fear 
of unproven infection seems to be the most important factor 
that encourages doctors to start antibiotics. There is still a need 
for ongoing education for physicians on current developments 
in antibiotic use.13

A new Turkish version of Antibiotic Guardian, a web-based 
campaign initiated by Public Health England in 2014, has been 
made available. Antibiotic Guardian urges everyone to make a 
pledge to make better use of antibiotics and help save antibiotics 
from becoming obsolete. To date more than 50 000 people in 
Türkiye have pledged their support for the campaign.14

Surveillance
Global surveillance studies
SOAR

Several ongoing global surveillance studies provide antibiotic sus-
ceptibility data in Türkiye. The Survey of Antibiotic Resistance 
(SOAR) is a multinational antibiotic surveillance study, ongoing 
in an expanding range of countries since 2002. The study aims 
to collect and make available in published, peer-reviewed papers, 
antibiotic susceptibility data, specifically for S. pneumoniae and 
H. influenzae, the most commonly isolated respiratory pathogens 
in the community.15 Key features of SOAR are that it focusses on 
these pathogens only, and that identification and susceptibility 
testing are performed in an independent centralized laboratory 
using standardized methodology (CLSI). SOAR data is analysed 
based on three different breakpoints: CLSI, EUCAST dose-specific 
and PK/PD breakpoints. This allows for comparisons to be made 
between countries or regions and for the identification of trends 
over time.

Clinical breakpoints are cut-off MIC values used to classify mi-
croorganisms into the clinical categories susceptible (S), inter-
mediate (I) and resistant (R) in order to assist in predicting the 
clinical success or failure of a specific antibiotic.16 Two inter-
national organizations define breakpoint values: CLSI and 
EUCAST. Due to variation in criteria for their definition, there are 
some differences between CLSI and EUCAST in the clinical break-
point values for certain bacteria for some antibiotics and this can 
impact susceptibility interpretation of clinical isolates.17 EUCAST 
breakpoints are dose-specific and use the EMA-approved doses 
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that are included in the Summary of Product Characteristics of an 
antibiotic. This means that by application of breakpoints for high-
er doses, the effect of using a raised dose on the clinical efficacy 
of a particular antibiotic can be predicted. Türkiye is in a transition 
period from CLSI to EUCAST guidelines and breakpoints.18 It is 
therefore possible that dose-specific breakpoints could be used 
commonly in Türkiye in future. The EUCAST dose-specific break-
points can also be used retrospectively to calculate the suscepti-
bility of previously collected isolates to show the susceptibility 
levels that would have been achieved at higher doses.

Use of the EUCAST dose-specific breakpoints shows the effect 
of increasing the antibiotic dose on the susceptibility of a patho-
gen, providing additional information so the prescriber can 
decide if a higher dose would be of benefit. For example, S. pneu-
moniae (the most commonly isolated respiratory pathogen19,20

for clinical conditions such as CAP, AOM and ABRS) has over 
time become less susceptible to amoxicillin/clavulanic acid in 
some countries21 since the MICs for some isolates have in-
creased. When treating infections, it is important to be able to 
eradicate bacterial pathogens with raised MICs to optimize clinic-
al outcome while at the same time minimizing the risk of select-
ing variants with even higher MICs. This is possible because 
β-lactams, unlike many other antibiotics, have time-dependent 
killing properties. Their efficacy depends on the amount of time 
the drug concentration is present at the site of action. Although 
increasing the concentration at the infection site over a particular 
concentration will not have any effect on the efficacy, the use of 
higher doses and/or more frequent dosing allows for successful 
eradication of pathogens with higher MICs because the time 
above the MIC is increased.

Türkiye has participated in the SOAR studies over five time per-
iods, starting in 2002 and ending in 2017, and comparative re-
sults, as shown in Figure 1, clearly show the steady downward 
trend in susceptibility of S. pneumoniae isolates for all the antibio-
tics tested.15,21,22

Figure 2 shows the SOAR results for S. pneumoniae isolates in 
Türkiye for the two most recent time periods studied.15,22 In 2015 
to 2017, 179 S. pneumoniae isolates from outpatients with 
CA-RTIs were collected from three centres. When applying CLSI 
breakpoints 78.8% of isolates were susceptible to amoxicillin and 
amoxicillin/clavulanic acid in 2015–17, with susceptibility of 52% 
to erythromycin, azithromycin, clarithromycin and between 
26.3%–49.2% susceptibility to cefaclor, cefdinir, cefpodoxime, and 
cefuroxime. Prevalence of susceptibility to ceftriaxone was 83.2%.15

Figure 3 shows a plot of the SOAR results for H. influenzae iso-
lates in Türkiye for the two most recent time periods studied.15,22

For H. influenzae isolates (n = 239), in the 2015–17 study, a high 
susceptibility to amoxicillin/clavulanic acid was seen (99.2%) 
along with all other antibiotics tested (except trimethoprim/ 
sulfamethoxazole for which susceptibility was 67.4%) when ap-
plying CLSI breakpoints. Most isolates of H. influenzae from 
Türkiye were β-lactamase negative in 2015–17, but the presence 
of some β-lactamase-positive isolates meant that the suscepti-
bility of H. influenzae to ampicillin was lower.15

ATLAS

The Antimicrobial Testing Leadership and Surveillance (ATLAS) 
database is a global AMR surveillance programme that is fully 

accessible and covers susceptibilities of a range of bacterial 
and fungal pathogens to a bank of antimicrobials with reference 
to the different breakpoints.23 ATLAS data is analysed based on 
CLSI and EUCAST breakpoints.

Susceptibility data is available for S. pneumoniae isolates 
collected between 2014 and 2017 (Figure 4: 2014 n = 50; 
2015 n = 31; 2016 n = 43; 2017 n = 37) and for H. influenzae iso-
lates between 2015 and 2017 (Figure 5: 2015 n = 9; 2016 n = 13; 
2017 n = 10). Using CLSI criteria, susceptibility of S. pneumoniae 
isolates to amoxicillin/clavulanic acid was between 75.7% and 
95.4% over this period. This contrasts with 41.9%–53.5% for 
erythromycin, where erythromycin susceptibility also repre-
sents that for other macrolides such as azithromycin and cla-
rithromycin based on CLSI guidelines (Figure 4). Confirming 
the results shown in the high susceptibility values seen in the 
most recent SOAR study, the ATLAS study showed that H. influ-
enzae isolates remained fully susceptible to amoxicillin/clavu-
lanic acid and ceftriaxone in 2017, applying CLSI breakpoints 
(Figure 5).23

SENTRY

The SENTRY Antimicrobial Surveillance Program was estab-
lished in 1997 and is another long-running antimicrobial sur-
veillance programme. SENTRY monitors worldwide pathogens 
and changes in resistance patterns over time through centra-
lized testing and utilizing reference susceptibility methods.24

Between 2014 and 2018, the susceptibility of S. pneumoniae 
respiratory isolates (Figure 6: 2014 n = 51; 2015 n = 61; 2016 
n = 45; 2017 n = 50; 2018 n = 57) to amoxicillin/clavulanic 
acid, intravenous penicillin and ceftriaxone were reasonably 
consistent and high over the last 4 years tested, whilst the 
macrolides (erythromycin and azithromycin) and penicillin 
(oral) showed a much lower level of susceptibility over the 
same time period. Susceptibility to the fluoroquinolone anti-
biotics remained high throughout the period under investiga-
tion. The results for the susceptibility of H. influenzae isolates 
confirmed that the respiratory isolates collected were highly 
susceptible to almost all the antibiotics tested, including 
amoxicillin/clavulanic acid.

GLASS

In 2015, the WHO launched the Global Antimicrobial Resistance 
and Use Surveillance System (GLASS). GLASS is the first global sys-
tem to collect national AMR data for selected bacterial patho-
gens that cause common infections. The aim is to monitor the 
prevalence of AMR among major pathogens in clinical settings25

to provide the supporting data required to ensure that countries 
can design cost-effective, evidence-based AMR response strat-
egies. During the first four years, 91 countries or territories en-
rolled in GLASS, and data for over two million patients from 66 
countries are included.26 Pathogens currently included in 
GLASS-AMR are: Acinetobacter spp., Escherichia coli, Klebsiella 
pneumoniae, Neisseria gonorrhoeae, Salmonella spp., Shigella 
spp., Staphylococcus aureus, and S. pneumoniae. GLASS data is 
analysed based on CLSI and EUCAST breakpoints. A new and im-
portant component is the inclusion of antimicrobial consumption 
(AMC) surveillance at the national level.27 Türkiye is currently not 
participating in GLASS.
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CAESAR

Türkiye is a member of the Central Asian and Eastern European 
Surveillance on Antimicrobial Resistance (CAESAR) network, a 
joint initiative of the WHO/Europe and partners to survey, contain 
and prevent AMR emergence and spread. Türkiye has submitted 
some data, but isolates collected are mainly from hospitals and 

invasive pathogens. The S. pneumoniae isolates included, for ex-
ample, are from blood and cerebrospinal fluid.28

Disease Management Guidelines
For management of the common RTIs, CAP, AOM and ABRS in 
Türkiye, clinicians make use of several country-specific local 

Figure 1. Percentage susceptibility rates based on CLSI breakpoints for antibiotics against all S. pneumoniae isolates collected as part of the SOAR 
study in Türkiye for five time periods.

Figure 2. Percentage susceptibility rates based on CLSI breakpoints for antibiotics against all S. pneumoniae isolates collected as part of the SOAR 
study in Türkiye in 2011–13 and 2015–17. a321 isolates tested in 2011–13. b2011–13 based on percentage susceptibility to erythromycin, CLSI 
guidelines.
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antibiotic prescribing guidelines plus a range of international guide-
lines, some examples of which are included in Table 1. Most guide-
lines suggest a first-line antibiotic or antibiotics along with 
alternative(s) and then a second-line antibiotic or antibiotics, also 
with an alternative(s). The first-line antibiotic is the recommended 
first choice that should be prescribed by the clinician following diag-
nosis of the infection, supported by criteria defined by the organiza-
tion or committee; alternative(s) may be provided for use in 
particular circumstances. For example, if the first-line antibiotic is 
a β-lactam then alternative suggestions will be for use in the 
case of penicillin allergy. The second-line antibiotic is for use if the 
first-line does not achieve the anticipated outcome, and again al-
ternative(s) may be included for use under specific circumstances.

International antibiotic prescribing guidelines
For the management of CAP, the guidelines principally followed 
by physicians in Türkiye are the IDSA 2019 guidelines for adults40

and for children the Paediatric Society of America/IDSA 2011 
guidelines.32 The British Thoracic Society (BTS) guidelines for 
adults 2009,31 and for children the IDSA 2011 guidelines are 
used33 as well as the WHO guidelines, as provided in the List of 
Essential Medicines.41 For example, a first-line antibiotic treat-
ment recommendation for CAP management from the IDSA 
2019 guideline for treating adults with no comorbidities or risk 
factors for MRSA or Pseudomonas aeruginosa, is amoxicillin or 
doxycycline or a macrolide (if the local pneumococcal resistance 
is <25%) but if the patient has comorbidities, the recommenda-
tion is combination therapy with amoxicillin/clavulanic acid or a 
cephalosporin plus a macrolide or doxycycline, or monotherapy 

with a respiratory fluoroquinolone. The recommended dosage 
for adults with comorbidities is amoxicillin/clavulanic acid, 
500 mg/125 mg given three times daily, 875 mg/125 mg or 
2000 mg/125 mg both given twice daily in combination with a 
macrolide or doxycycline.40 The BTS also suggests amoxicillin/ 
clavulanic acid, cefaclor, and macrolides as an alternative to first- 
line amoxicillin in children with low-severity pneumonia.33

In AOM, the American Academy of Paediatrics (AAP) guide-
lines are followed which specifically recommend high dose 
amoxicillin (80–90 mg/kg/day) given in two divided doses 
or amoxicillin/clavulanic acid 14:1 formulation, 90 mg/kg/day 
amoxicillin with 6.4 mg clavulanic acid, given in two divided 
doses for first-line treatment in children with initial or delayed 
antibiotic treatment and also recommends the high dose amoxi-
cillin/clavulanic acid 14:1 formulation, 90 mg/kg/day amoxicillin 
with 6.4 mg clavulanic acid, given in two divided doses or ceftri-
axone for patients who have failed initial antibiotic treatment.35

For the management of ABRS in adults and children, guide-
lines used include those from the IDSA.34 According to the IDSA 
guideline, amoxicillin/clavulanic acid 90 mg/kg/day given twice 
daily is recommended as an empirical therapy for children in cer-
tain circumstances such as severe disease or in areas where peni-
cillin non-susceptible S. pneumoniae are endemic.

National antibiotic prescribing guidelines
National guidelines in line with more recent international guide-
lines were published by the Turkish Thoracic Society in 2009 for 
CAP in children and in 2021 for CAP in adults as contributed by 
many local associations.

Figure 3. Percentage susceptibility rates based on CLSI breakpoints for antibiotics against all H. influenzae isolates collected as part of the SOAR study 
in Türkiye in 2011–13 and 2015–17. a230 isolates tested in 2011–13.
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Antibiotic availability
Access to antibiotics may be an issue for patients in low- and 
middle-income countries (LMICs) due to cost and insufficient 
government expenditure or support in this area. Unreliable drug 
supply may also contribute to the problem. Limited access to 

the most appropriate antibiotic to treat a specific infection may 
result in raised mortality from treatable bacterial infections. 
The use of suboptimal amounts of antibiotic facilitates resistance 
development and allows resistant strains to persist.41–43

In Türkiye, using amoxicillin/clavulanic acid as an example, 
several formulations of this antibiotic are currently available, 
however, the dosage and indication for all forms of amoxicillin/ 
clavulanic acid are currently under review by the Turkish 
Ministry of Health (MoH). The formulations of amoxicillin/clavula-
nic acid available in Türkiye are all given twice daily. In outpati-
ents with CAP and comorbidities the IDSA 2019 guidelines40

recommend for adults, amoxicillin/clavulanic acid 875 mg/ 
125 mg twice daily (or 2000 mg/125 mg twice daily) as an alter-
native to the three times daily 500 mg/125 mg regimen. In chil-
dren who are outpatients with bacterial pneumonia and 
comorbidities, a dose of 90 mg/kg/day in two divided doses (as 
amoxicillin component) is suggested by the IDSA.32

In ABRS, the IDSA guidelines34 recommend as standard first- 
line therapy amoxicillin/clavulanic acid 500 mg/125 mg three 
times daily or 875 mg/125 mg twice daily in adults and 45 mg/ 
kg/day twice daily in children. ‘High dose’ regimens (2 g given 
twice daily in adults and in children 90 mg/kg/day given twice 
daily) are recommended as a second-line empirical therapy or 
in situations such as severe disease or where there is endemic 
penicillin non-susceptible S. pneumoniae. In AOM, the AAP35 rec-
ommend amoxicillin/clavulanic acid 90 mg/kg/day (as amoxicil-
lin component) in two divided doses (formulation 14:1) as 
first-line for children for initial or delayed antibiotic treatment 
or after failure of initial antibiotic treatment.

Substandard poor-quality or falsified antibiotics promote AMR 
and the spread of drug-resistant infections. Since poor-quality 
antibiotics are unlikely to contain the full dose needed to elimin-
ate all of the infecting pathogens, use of these would encourage 
resistance to develop and allow resistant strains to survive and be 

Figure 4. Percentage susceptibility rates based on CLSI breakpoints for antibiotics against S. pneumoniae isolates collected as part of the ATLAS study 
in Türkiye in 2014–17. Data access date 22 November 2021.

Figure 5. Percentage susceptibility rates based on CLSI breakpoints for 
antibiotics against H. influenzae isolates collected as part of the ATLAS 
study in Türkiye in 2015–17. Data access date 22 November 2021.
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transmitted.44 The quality of medicines, specifically antibiotics, is 
an important consideration for countries worldwide. WHO has 
launched a Global Surveillance and Monitoring System (GSMS) 
for substandard and falsified products.44 The GSMS aims to 
work with WHO member states to improve the quality of reporting 
of substandard and falsified medical products, and, importantly, 
to ensure the data collected are analysed and used to influence 
policy, procedure, and processes to protect public health, at the 
national, regional and the global level. Use of substandard or fal-
sified antibiotics not only compromises clinical outcomes but also 
risks increased AMR. The most recent summary (2013–17) re-
ported substandard and falsified medicines in 46 member states 
(including Türkiye). Antibiotics represent 16.9% of all products re-
ported, second only to malaria drugs (19.6%).

Local insights
Clinical microbiologist expert comment
Surveillance studies provide important information allowing the 
identification of trends in pathogen incidence and AMR, including 
identification of emerging pathogens at local hospital, regional, 
national and global levels. Local surveillance studies indicate 
that the incidence of AMR pathogens is increasing and can guide 
clinician decisions regarding appropriate treatment and to mod-
ify treatment guidelines and aid in empirical prescribing. 
Microbiological methods used for AMR detection in hospitals in 
Türkiye generally conform to EUCAST and CLSI antibiotic suscep-
tibility testing. Local surveillance studies are also a large part of 
efforts to assess AMR patterns and provide important informa-
tion to guide prescribing at individual facilities. At the same 
time, surveillance studies need to maintain a mix of the small 
and the large, the local and the global. The Turkish MoH is the 
main regulator and provider of healthcare in Türkiye. In the 

absence of standardized national surveillance, some universities 
generate annual reports of their AST results.5 There is a need for a 
robust national AMR surveillance system in Türkiye, which could 
be included in the already present global systems for providing 
accurate and reliable surveillance data. Türkiye has two main 
antimicrobial stewardship programmes established by the MoH, 
targeting hospitals and the community.

Rapid delivery of microbiology test results influences mortal-
ity, length of hospital stay and costs, as well as appropriateness 
of antibiotic prescribing and consumption. In Türkiye, Electronic 
Health Records include any information recorded, stored, trans-
mitted, accessed, correlated, and processed by using electronic 
systems relating to physical/mental health conditions or diseases 
of individuals.23 Many hospitals in Türkiye have electronic medical 
record systems and most have integrated Laboratory 
Information Systems. Rarely, vital test results may not be re-
ceived by the treating clinicians, posing a patient safety threat 
and reflecting a need for common protocols on who is to receive 
test results and how to better integrate laboratory IT systems 
and clinical units. In addition to traditional disease notification 
systems, it is important to switch to real-time event manage-
ment, which would significantly reduce turnaround time. Close 
monitoring of hospital antibiotic use for restricted and unrestrict-
ed antibiotics is essential. Resistance rates for key community 
pathogens should be monitored and antibiotic surveillance needs 
to be extended to outpatient clinics.

New rapid microbiological techniques should replace trad-
itional culturing and susceptibility testing. In addition, revision 
of testing processes may improve workload, and workflow. 
Another solution to enhance quality control could be artificial 
intelligence-based systems. The microbiologists could also 
supervise clinicians via tele-microbiology service when interpret-
ing Gram stains and results of culture. Providing the right treat-
ment within the first 24–48 h of symptoms is essential.

Figure 6. Percentage susceptibility rates based on CLSI breakpoints for antibiotics against S. pneumoniae isolates collected as part of the SENTRY study 
in Türkiye in 2014–18. Data access date 22 November 2021.
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Educational programmes combined with mutual internships for 
laboratory and clinical staff could contribute to a better understand-
ing of complementary work processes. In performing antibiotic stew-
ardship outreach visits in clinical units, microbiologists can enhance 
their role as interpreters of clinical processes and patient information 
to the laboratory technicians. Such visits also provide an opportunity 
to convey microbiology insights to clinical staff and teach them how 
to better interpret test results. In future, microbiological methods will 
evolve and become increasingly sophisticated and the need for pro-
fessional guidance will increase. This may require a change in how 
some microbiologists execute their profession, from being predomin-
antly laboratory based to working more closely with clinical staff. It is 
desirable to provide laboratory evidence of diseases not just at the 
level of clinical diagnosis, so it is necessary to develop both human 
and diagnostic capacities of laboratories.

Clinician expert comment
Türkiye has very high antibiotic consumption and RTIs are among 
the diseases for which antibiotics are most frequently used. 
Administration of treatment in accordance with guideline recom-
mendations not only ensures correct, appropriate, and necessary 
treatment, but may also reduce the development of AMR. 
Guideline recommendations, empirical treatment principles and lo-
cal surveillance data should be considered before prescribing anti-
biotics. Considering the evaluation and publication times of local 
surveillance data, shorter intervals and faster and easier access to 
up-to-date data may be more beneficial for the application of 
‘patient-specific treatments’. This ‘patient-focused approach’ 
should be evaluated together with the guideline recommendations 
as well as the clinical features of patients, disease characteristics, 
risks of complication and pharmacokinetic/pharmacodynamic 
(PK/PD) characteristics of the preferred antibiotic(s).

The results of local surveillance studies conducted in different 
cities or clinics in Türkiye have been published but they do not 
show continuity. As described here, SOAR Türkiye studies have 
been published for five different time periods and continuous par-
ticipation of three centres is valuable for monitoring national and 
regional results and changes.15,21,22

In Türkiye, there are no local guidelines on the treatment 
management of diseases such as sinusitis, otitis, tonsillopharyn-
gitis in children and adults; but the booklet entitled ‘Rational 
Approach to Antibiotic Use in Adult Patients’ published by the 
MoH, Turkish Medicines and Medical Devices Agency is defined 
as a ‘local guideline’ that indicates the appropriate and rational 
use of antibiotics in the treatment of many diseases, including re-
spiratory tract infections.45 Recommendations of international 
guidelines should be considered along with local guidelines 
when prescribing appropriate antibiotics specific to the disease 
and the patient. In addition, bacteria-specific local antibiotic re-
sistance data together with endemic resistance rates (especially 
for S. pneumoniae) should be considered.

When prescribing antibiotics in Türkiye, the ‘Electronic 
Prescription System’ program is used in which all antibiotics li-
censed in Türkiye are listed. Physicians can choose the appropri-
ate antibiotic for their patient with recommended dose and 
treatment duration. The licensed antibiotics in Türkiye provide 
sufficient variety for the treatment of many diseases so problems 
of treatment choice are minimal, especially for adults. Most anti-
biotic consumption is from primary care and acute RTIs are the 
most common reason for prescribing antibiotics, particularly in 
primary care, where antibiotics are often prescribed inappropri-
ately. Ensuring the rational use of antibiotics is a priority within 
the scope of the National Action Plan for Rational Use of 
Medicines 2014–2017, which was put into practice in 2014 in or-
der to contribute to slowing AMR.

Table 1. Examples of the main local and international antibiotic prescribing guidelines referred to by physicians in Türkiye for the management of 
community-acquired respiratory tract infections

Local antibiotic prescribing guidelines

Turkish Thoracic Society 2009: Diagnosis and Treatment of Community-acquired Pneumonia in Children29

Turkish Thoracic Society 2021: Diagnosis and Treatment of Community-acquired Pneumonia in Adults30

International antibiotic prescribing guidelines

BTS 2009: British Thoracic Society Guidelines for the Management of Community-acquired Pneumonia in Adults: update 200931

IDSA 2011 (Endorsed by AAP): The Management of Community-Acquired Pneumonia in Infants and Children Older Than 3 Months of Age: Clinical 
Practice Guidelines by the Pediatric Infectious Diseases Society and the Infectious Diseases Society of America32

BTS 2011: British Thoracic Society guidelines for the management of community-acquired pneumonia in children: update 201133

IDSA 2012: IDSA Clinical Practice Guideline for Acute Bacterial Rhinosinusitis in Children and Adults34

AAP 2013: American Academy of Pediatrics. The diagnosis and management of acute otitis media35

AAP 2013: American Academy of Pediatrics: Clinical practice guideline for the diagnosis and management of acute bacterial sinusitis in children 
aged 1 to 18 years Clinical Practice Guideline for the Diagnosis and Management of Acute Bacterial Sinusitis in Children Aged 1 to 18 Years36

American Academy of Family Physicians 2013: Otitis media: diagnosis and treatment37

American Academy of Otolaryngology-Head and Neck Surgery Foundation Guideline 2015: Clinical Practice Guideline (Update): Adult Sinusitis38

NICE 2017: Sinusitis (Acute): Antimicrobial Prescribing39

IDSA 2019: Diagnosis and Treatment of Adults with Community-acquired Pneumonia. An Official Clinical Practice Guideline of the American 
Thoracic Society and Infectious Diseases Society of America40

WHO 2019: World Health Organization Model List of Essential Medicines41
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Conclusions
In an era of rising AMR throughout the world, this paper aims to 
define areas where action is required to address AMR by analys-
ing and understanding the current situation within a country or 
region. Information is presented for Türkiye concerning antibiotic 
use and prescribing, approach to AMR, availability of local suscep-
tibility data, use of international and/or local management 
guidelines and how these link to antibiotic availability. To our 
knowledge this is the first time this information has been re-
viewed and presented in detail by country.

Antibiotic use in Türkiye is extremely high. This and the lack of 
knowledge about antibiotic susceptibilities has led to a high de-
gree of antibiotic resistance. Türkiye has the highest consumption 
of antibiotics per capita in the WHO European region. There is still 
a need for ongoing education for physicians on current develop-
ments in antibiotic use.

In terms of surveillance, Türkiye is a member of the CAESAR 
network, a joint initiative of WHO/Europe.28 Several global surveil-
lance studies have collected and published data from Türkiye for 
the principal pathogens in CA-RTIs including SOAR, ATLAS and 
SENTRY. Surveillance study results consistently show a decrease 
in susceptibility of respiratory pathogens for several classes of 
antibiotics, in particular the macrolides. Susceptibility to the 
fluoroquinolone antibiotics remains high in Türkiye amongst re-
spiratory pathogens but regulatory bodies advise caution for their 
use, recommending restriction to specific cases, due to safety 
concerns.

Initiatives to address the overconsumption of antibiotics and 
antibiotic resistance in Türkiye have had success, for example, 
in reducing the antibiotic prescriptions by family practitioners 
by 25%. However, further improvements, monitoring and invest-
ment are required to sustain Türkiye’s antibiotic stewardship 
programmes.

Whilst a range of guidelines are utilized by clinicians in 
Türkiye, a more standardized inclusive approach is needed to de-
velop local country-specific guidelines These guidelines should be 
based on up-to-date surveillance data of isolates from 
community-acquired infections which would make them more 
locally relevant for clinicians, reiterating the Consensus 
Principles as described in the introductory paper to this 
Supplement. This would pave the way for improved adherence 
and a higher level of appropriate antibiotic prescribing in 
CA-RTIs which could, in turn, potentially limit AMR development 
and improve clinical outcomes for patients.

Acknowledgements
We thank S. Deane, Livewire Editorial Communications, for editorial 
assistance.

An abstract/poster on this work (Abstract no: 0358) was presented 
during the 32nd European Congress of Clinical Microbiology and 
Infectious Diseases (ECCMID) (23–26 April 2022, Lisbon, Portugal).

Funding
This project was funded by GlaxoSmithKline.

Transparency declarations
This article forms part of a Supplement sponsored by GlaxoSmithKline. 
D.T., J.v.H. and Y.S. are employees of GlaxoSmithKline. D.T. and J.v.H. 
hold shares in GlaxoSmithKline. N.K. was an employee of 
GlaxoSmithKline at the time of the analysis. Z.A. and S.U. have none to 
declare.

References
1 WHO. Antibiotic resistance – fact sheet. 2020. https://www.who.int/ 
news-room/fact-sheets/detail/antibiotic-resistance.

2 Cantón R, Akova M, Langfeld K et al. Relevance of the consensus prin-
ciples for appropriate antibiotic prescribing in 2022. J Antimicrob 
Chemother 2022; 77 Suppl 1: dkac211.

3 WHO. Antimicrobial resistance – fact sheet. 2021. https://www.who. 
int/news-room/fact-sheets/detail/antimicrobial-resistance.

4 WHO. Global action plan on antimicrobial resistance. 2015. https:// 
www.who.int/publications/i/item/9789241509763.

5 Isler B, Keske S, Aksoy M et al. Antibiotic overconsumption and resist-
ance in Turkey. Clin Microbiol Infect 2019; 25: 651–3.

6 WHO/OIE/FAO. Global Database for the Tripartite Antimicrobial 
Resistance (AMR) Country Self-assessment Survey (TrACSS). https:// 
amrcountryprogress.org/#/map-view.

7 King LM, Fleming-Dutra KE, Hicks LA. Advances in optimizing the pre-
scription of antibiotics in outpatient settings. BMJ 2018; 363: k3047.

8 WHO. WHO report on surveillance of antibiotic consumption, 2016– 
2018 early implementation. 2018. https://apo.who.int/publications/i/ 
item/9789241514880.

9 Isli F, Aksoy M, Aydıngöz SE et al. Rational use of antibiotics by family 
physicians in Turkey during primary healthcare service: a cross-sectional 
analysis through the prescription information system. Turk J Fam Med 
Prim Care 2020; 14: 87–95.

10 Azap A, Akın TO, Başçavuş M et al. Public knowledge and attitudes re-
garding antibiotic use in Ankara, Turkey. Infect Dis Clin Microbiol 2019; 1: 
134–42.

11 WHO Regional Office for Europe. Antimicrobial Medicines 
Consumption (AMC) Network. AMC data 2014–2018. 2021. https://apps. 
who.int/iris/bitstream/handle/10665/342930/9789289055567-eng.pdf.

12 Aksoy M, Isli F, Kadi E et al. Evaluation of more than one billion out-
patient prescriptions and eight-year trend showing a remarkable reduc-
tion in antibiotic prescription in Turkey: A success model of 
governmental interventions at national level. Pharmacoepidemiol Drug 
Saf 2021; 30: 1242–9.

13 Kose A, Colak C. Knowledge and awareness of physicians about ra-
tional antibiotic use and antimicrobial resistance before and after gradu-
ation: a cross-sectional study conducted in Malatya Province in Turkey. 
Infect Drug Resist 2021; 14: 2557–68.

14 WHO Europe. Turkey takes strong action to reduce antibiotic con-
sumption and resistance. 2017. https://www.euro.who.int/en/countries/ 
turkey/news/news/2017/11/turkey-takes-strong-action-to-reduce- 
antibiotic-consumption-and-resistance.

15 Torumkuney D, Tunger A, Sancak B et al. Results from the Survey of 
Antibiotic Resistance (SOAR) 2015–17 in Turkey: data based on CLSI, 
EUCAST (dose-specific) and pharmacokinetic/pharmacodynamic (PK/ 
PD) breakpoints. J Antimicrob Chemother 2020; 75 Suppl 1: i88–99.

16 Turnidge J, Paterson DL. Setting and revising antibacterial susceptibil-
ity breakpoints. Clin Microbiol Rev 2007; 20: 391–408.

i59

https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://www.who.int/publications/i/item/9789241509763
https://www.who.int/publications/i/item/9789241509763
https://amrcountryprogress.org/#/map-view
https://amrcountryprogress.org/#/map-view
https://apo.who.int/publications/i/item/9789241514880
https://apo.who.int/publications/i/item/9789241514880
https://apps.who.int/iris/bitstream/handle/10665/342930/9789289055567-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/342930/9789289055567-eng.pdf
https://www.euro.who.int/en/countries/turkey/news/news/2017/11/turkey-takes-strong-action-to-reduce-antibiotic-consumption-and-resistance
https://www.euro.who.int/en/countries/turkey/news/news/2017/11/turkey-takes-strong-action-to-reduce-antibiotic-consumption-and-resistance
https://www.euro.who.int/en/countries/turkey/news/news/2017/11/turkey-takes-strong-action-to-reduce-antibiotic-consumption-and-resistance


Torumkuney et al.

17 Cusack TP, Ashley EA, Ling CL et al. Impact of CLSI and EUCAST break-
point discrepancies on reporting of antimicrobial susceptibility and AMR 
surveillance. Clin Microbiol Infect 2019; 25: 910–11.
18 EUCAST. Implementation of EUCAST breakpoints/guidelines. 2022. 
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/ 
Statistics/EUCAST_Maps_March_2022.pdf.
19 Welte T, Torres A, Nathwani D et al. Clinical and economic burden of 
community-acquired pneumonia among adults in Europe. Thorax 2012; 
67: 71–9.
20 Jain S, Self WH, Wunderink RG et al. Community-acquired pneumonia 
requiring hospitalization among U.S. adults. N Engl J Med 2015; 373: 
415–27.
21 Torumkuney D, Gur D, Soyletir G et al. Results from the Survey of 
Antibiotic Resistance (SOAR) 2002–09 in Turkey. J Antimicrob Chemother 
2016; 71 Suppl 1: i85–91.
22 Soyletir G, Altinkanat G, Gur D et al. Results from the Survey of 
Antibiotic Resistance (SOAR) 2011–13 in Turkey. J Antimicrob Chemother 
2016; 71 Suppl 1: i71–83.
23 Pfizer. Antimicrobial surveillance. https://www.pfizer.com/science/ 
therapeutic-areas/anti-infectives/antimicrobial-surveillance.
24 JMI Laboratories. SENTRY Antimicrobial Surveillance Program. https:// 
www.jmilabs.com/sentry-surveillance-program.
25 Inoue H. Strategic approach for combating antimicrobial resistance 
(AMR). Glob Health Med 2019; 1: 61–4.
26 WHO. Global Antimicrobial Resistance and Use Surveillance System 
(GLASS) Report. Early implementation. 2020. https://apps.who.int/iris/ 
bitstream/handle/10665/332081/9789240005587-eng.pdf.
27 WHO. Global Antimicrobial Resistance and Use Surveillance System 
(GLASS) Report: 2021. 2021. https://www.who.int/publications/i/item/ 
9789240027336.
28 WHO Europe. Central Asian and European Surveillance of 
Antimicrobial Resistance. Annual Report 2020. https://apps.who.int/iris/ 
handle/10665/345873.
29 Turkish Thoracic Society. Türk Toraks Derne I Çocuklarda Toplumda 
Geli en Pnömoni Tani ve Tedavi Uzla i Raporu. Turk Thorac J 2009; 10 
Suppl: 3–20.
30 Türk Toraks Derneği Erişkinlerde Toplumda Gelişen Pnömoniler Tanı ve 
Tedavi Uzlaşı Raporu 2021. https://toraks.org.tr/site/community/ 
downloads/lAnyiRwJoRE7AGFc.
31 Lim WS, Baudouin SV, George RC et al. BTS guidelines for the manage-
ment of community acquired pneumonia in adults: update 2009. Thorax 
2009; 64 Suppl 3: iii1–55.

32 Bradley JS, Byington CL, Shah SS et al. The management of 
community-acquired pneumonia in infants and children older than 3 
months of age: Clinical Practice Guidelines by the Pediatric Infectious 
Diseases Society and the Infectious Diseases Society of America. Clin 
Infect Dis 2011; 53: e25–76.

33 Harris M, Clark J, Coote N et al. British Thoracic Society guidelines for 
the management of community acquired pneumonia in children: update 
2011. Thorax 2011; 66 Suppl 2: ii1–23.

34 Chow AW, Benninger MS, Brook I et al. IDSA Clinical Practice Guideline 
for acute bacterial rhinosinusitis in children and adults. Clin Infect Dis 
2012; 54: e72–112.

35 Lieberthal AS, Carroll AE, Chonmaitree T et al. The diagnosis and man-
agement of acute otitis media. Pediatrics 2013; 131: e964–99.

36 Wald ER, Applegate KE, Bordley C et al. Clinical practice guideline for 
the diagnosis and management of acute bacterial sinusitis in children 
aged 1 to 18 years. Pediatrics 2013; 132: e262–80.

37 Harmes KM, Blackwood A, Burrows HL et al. Otitis media: diagnosis 
and treatment. Am Fam Physician 2013; 88: 435–40.

38 Rosenfeld RM, Piccirillo JF, Chandrasekhar SS et al. Clinical practice 
guideline (update): adult sinusitis. Otolaryngol Head Neck Surg 2015; 
152 Suppl 2: S1–39.

39 NICE. Sinusitis (acute): antimicrobial prescribing [NG79]. 2017. https:// 
www.nice.org.uk/guidance/ng79.

40 Metlay JP, Waterer GW, Long AC et al. Diagnosis and treatment of 
adults with community-acquired pneumonia. An official clinical practice 
guideline of the American Thoracic Society and Infectious Diseases 
Society of America. Am J Respir Crit Care Med 2019; 200: e45–67.

41 WHO. WHO model list of essential medicines – 21st list 2019. 2019. 
https://www.who.int/publications/i/item/WHOMVPEMPIAU2019.06.

42 Ball P, Baquero F, Cars O et al. Antibiotic therapy of community re-
spiratory tract infections: strategies for optimal outcomes and minimized 
resistance emergence. J Antimicrob Chemother 2002; 49: 31–40.

43 Frost I, Craig J, Joshi J et al. Access barriers to antibiotics. 2019. https:// 
cddep.org/publications/access-barriers-to-antibiotics/.

44 WHO. Substandard and falsified medical products. https://www.who. 
int/health-topics/substandard-and-falsified-medical-products#tab= 
tab_1.

45 Unal S (Editor). Erişkin hastada antibiyotik kullanimina akilci yakaşim 
(Rational Approach to Antibiotic Use in Adult Patients) Sağlık Bakanlığı 
Yayın. 2020.

i60

https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Statistics/EUCAST_Maps_March_2022.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Statistics/EUCAST_Maps_March_2022.pdf
https://www.pfizer.com/science/therapeutic-areas/anti-infectives/antimicrobial-surveillance
https://www.pfizer.com/science/therapeutic-areas/anti-infectives/antimicrobial-surveillance
https://www.jmilabs.com/sentry-surveillance-program
https://www.jmilabs.com/sentry-surveillance-program
https://apps.who.int/iris/bitstream/handle/10665/332081/9789240005587-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332081/9789240005587-eng.pdf
https://www.who.int/publications/i/item/9789240027336
https://www.who.int/publications/i/item/9789240027336
https://apps.who.int/iris/handle/10665/345873
https://apps.who.int/iris/handle/10665/345873
https://toraks.org.tr/site/community/downloads/lAnyiRwJoRE7AGFc
https://toraks.org.tr/site/community/downloads/lAnyiRwJoRE7AGFc
https://www.nice.org.uk/guidance/ng79
https://www.nice.org.uk/guidance/ng79
https://www.who.int/publications/i/item/WHOMVPEMPIAU2019.06
https://cddep.org/publications/access-barriers-to-antibiotics/
https://cddep.org/publications/access-barriers-to-antibiotics/
https://www.who.int/health-topics/substandard-and-falsified-medical-products#tab=tab_1
https://www.who.int/health-topics/substandard-and-falsified-medical-products#tab=tab_1
https://www.who.int/health-topics/substandard-and-falsified-medical-products#tab=tab_1

	Introduction
	Action Plans
	Antibiotic use and AMR
	Surveillance
	Global surveillance studies
	SOAR
	ATLAS
	SENTRY
	GLASS
	CAESAR


	Disease Management Guidelines
	International antibiotic prescribing guidelines
	National antibiotic prescribing guidelines

	Antibiotic availability
	Local insights
	Clinical microbiologist expert comment
	Clinician expert comment

	Conclusions
	Acknowledgements
	Funding
	Transparency declarations
	References

