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Trends of Inpatient Antibiotic Consumption in a Children’s Clinic
Bir Cocuk Kliniginde Yatan Hastalarda Antibiyotik Tuketim Degisimleri
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Abstract

Introduction: Antimicrobials are the most commonly used medications among inpatient children. Moreover, a direct correlation exists between
the magnitude of antibiotic consumption and the prevalence of resistant organisms. Surveying the trends of antibiotic consumption is crucial for
establishing initiatives that are aimed at combating antibiotic-resistant infections by enhancing the rational use of antimicrobials. The objective
of this study is to assess the trends of antibiotic consumption among hospitalized children for contributing toward future studies and establishing
promising awareness-raising policies for appropriate antimicrobial use.

Materials and Methods: The study was conducted retrospectively in a tertiary research hospital's pediatric ward of 50 beds. Using the hospital
pharmacy and administrative databases between January 1, 2014, and December 31, 2019, all hospitalized children who received antimicrobials in
that period were included. Data regarding antimicrobial use were evaluated according to anatomical therapeutic chemical/defined daily doses (ATC/
DDD) index methodology, described in “World Health Organisation Guidelines for ATC classification and DDD assignment 2020." Data of antibiotic
consumptions were revealed with a unit as DDD/1,000 patient-days (PD). The time trends of antibiotic consumption were statistically analyzed by
linear regression.

Results: Data of 11,519 pediatric inpatients were recorded, in which 6,103 (53.0%) were boys and 5,416 patients (47.0%) were girls. The median
age of the patients was two years. Ceftriaxone was the most commonly used antibiotic throughout the study period. Ceftriaxone utilization has
increased by 19.5% between 2014 and 2019. Despite being the most commonly used carbapenem in the study, meropenem consumption decreased
significantly from 2014 to 2019 (ATC/DDD index in 2014=46.22/1,000 PD; in 2019=11.62/1,000 PD) (p=0.008). Amikacin consumption was greater
than gentamicin use by 2017, but vice versa from 2017 onward. The total antibiotic consumption peaked by 2016 (856.35/1,000 PD), amid a slight
drop from 2014 to 2019 (p=0.667).

Conclusion: Assessing regional antimicrobial consumptions periodically is critical for establishing current antibiotic stewardship initiatives that
enable the rational use of antibiotics for combating bacterial resistance.

Keywords: Antimicrobial consumption, antibiotic consumption, inpatient children, hospitalized children

Giris: Antimikrobiyaller hastanede yatan cocuklarda en sik kullanilan ilaglardir. Antibiyotik tiiketiminin yiiksekligi, direncli organizmalarin gériilme
sikligr ile dogrudan iliskilidir. Antibiyotik tiiketim degisimlerinin degerlendirilmesi, antibiyotik direncli enfeksiyonlarla savasta, akilci antimikrobiyal
kullanimini saglayan yontemlerin olusturulmasinda dnemlidir. Bu ¢alismanin amaci, uygun antimikrobiyal kullanimina yonelik umut veren dikkat
cekici uygulamalarin olusturulmasiniamaclayan ileri calismalara katki saglamak tizere, hastanede yatan cocuklarda antibiyotik tiiketim degisimlerinin
belirlenmesidir.

Gerec ve Yontem: Bu calisma, bir liclincli basamak arastirma hastanesi elli yatakli cocuk servisinde retrospektif olarak yapiimistir. Calismaya, 1 Ocak
2014 ve 31 Aralik 2019 arasindaki hastane eczanesi ve idari verileri kullanilarak belirlenen, yatarak antimikrobiyal almis olan tiim cocuklar dahil
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edilmistir. Antimikrobiyal kullanim ile ilgili veriler, Diinya Saglhk Orgiitii 2020 yili tedavi edici kimyasal (ATC) siniflamasi ve belirlenmis giinliik doz
(DDD) tanimlanmasi kilavuzunda tanimlanan ATC/DDD indeksi metodolojisine gére degerlendirilmistir. Antibiyotik tiiketim verileri DDD/1000 hasta
glnii (PD) birimi ile ifade edilmistir. Antibiyotik tliketimlerinin zamansal degisimleri istatistiksel olarak linear regresyon analizi ile degerlendirilmistir.
Bulgular: Toplamda, 11.519 yatan pediatrik hasta, 6.103 (%53) erkek, 5.416 (%47) kiz olmak tizere calismaya alinmistir. Hastalarin medyan
yasi 2 idi. Alti yillik stire boyunca seftriakson en yaygin kullanilan antibiyotik idi. Seftriakson tiketimi, 2014-2019 yillari arasinda %719,5 artt.
Calismada en yaygin kullanilan karbapenem oldugu halde meropenem tiiketimi, 2014'ten 2019'a kadar anlamli sekilde dustli (ATC/DDD indeksi
2014 yili=46.22/1.000 PD; 2019 yil=11.62/1.000 PD) (p=0,008). Amikasin tiiketimi 2017'ye kadar gentamisin tiiketiminden fazla iken; 2017'den
sonra durum tam tersi olmustur. Toplam antibiyotik tiiketimi 2016'da (856.35/1.000 PD) zirveye yiikselmis, 2014'ten 2019'a kadar ise hafif bir diistis
gostermistir (p=0,667).

Sonuc: Aralikli olarak, bolgesel antimikrobiyal tiiketimlerinin degerlendirilmesi, bakteri direnci ile micadelede akilci antibiyotik kullanimini

amaclayan, glincel antibiyotik kullanim yéntemlerinin belirlenmesinde oldukca 6nemli bir yer tutar.
Anahtar Kelimeler: Antimikrobiyal tiiketim, antibiyotik tiiketimi, hastanede yatan cocuklar, yatan cocuklar

Introduction

Antimicrobials have been the most commonly consumed drugs
among inpatient children, although there is wide variability
among diverse countries!™3. Turkey ranked first among the
"Organisation for Economic Co-operation and Development”
(OECD) countries with its highest antibiotic consumption ratel"2.
However, over half of hospitalized children (54.6%) have been
receiving one or more antibiotics in Turkey, whereas; about one-
third of paediatric patients were on antimicrobials in hospitals
in Europet.

A clear correlation has been established between the
magnitude of antibiotic consumption and the prevalence of
resistant organisms among children®4., Bacterial resistance and
inappropriate use of antimicrobials have emerged as a global
health problem; posing increased healthcare related expenses,
therapy failures and complications in recent years?. Surveying
trends of antibiotic consumption in hospitals is crucial to
determine the latest situation and establish initiatives to
combat antibiotic-resistant infections by enhancing rational use
of antimicrobials. Although a substantial amount of antibiotics
have been consumed in children, research or information over
antimicrobial consumption in children has been lacking in our
country and data focusing on paediatrics have still been limited
worldwide as welll'=34,

There are a variety of methods to assess antimicrobial
consumption in hospitals!"2*8 . The anatomical therapeutic
chemical/defined daily doses (ATC/DDD) index methodology
as assigned by the World Health Organisation (WHO) has
been the preferred international standard for drug utilization
studies”®. The method eases the comparison of utilization
between diverse settings and drugs, rather than reflecting the
recommended or actual prescribed daily dosage for individual
patients!®. Although DDDs are normally assigned based on use

in adults, WHO, recommends the use of the general DDD as a
measuring tool for overall comparisons in selective paediatric
care settings”. The objective of this study is to assess the
trends of antibiotic consumption in hospitalized children
aimed at making contributions to efforts for raising awareness
of appropriate antimicrobial use and establishing promising
antimicrobial stewardship initiatives.

Materials and Methods

Data Collection

The study was conducted to assess antibiotic consumption
retrospectively between 1% January 2014 and 31 December
2019 in a tertiary research hospital paediatric ward of 50 beds.
Antibiotic use data were obtained from hospital electronic
database system where the inputs of doses of medications were
recorded by the pharmacy office. Using the hospital pharmacy
and administrative databases, we reviewed the records of
inpatient children. All hospitalized patients who received
antimicrobials, for any reason, were included in this study.
We ensure respect for World Medical Association Declaration
of Helsinki-Ethical Principles for Medical Research involving
Human Subjects®.

Data Processing

"WHO International Working Group for Drug Statistics
Methodology" has concluded that although, DDDs are normally
assigned based on use in adults, in selected situations the
general DDD should be used as a measuring tool for overall
comparisons!’.

Data regarding to antimicrobial use were evaluated accordingly
to ATC/DDD method, described in “WHO Guidelines for ATC
classification and DDD assignment 20217 Codes of ATC and DDD
figures were gathered from “ATC/DDD alterations, cumulative
lists" published on WHO collaborating Centre for Drug Statistics
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Methodology website (www.whoce.no). Data of antibiotics were
revealed as ATC/DDD Index with a unit as DDD/1000 Patient-
Days (PD) as described”1°!,

Statistical Analysis

The time trends of antibiotic consumption were statistically
analysed by linear regression using IBM® SPSS® Statistics 24
software package.

A total of 11519 paediatric inpatients were recorded, 6103
(53.0%) were boys and 5416 (47.0%) were girls. The ages of
patients have not showed a standard normal distribution.

Table 1. Antibiotic consumptions between 2014 and 2019

Median age of the patients was 2 years (Q1-Q3: 1-8 years
respectively).

Overall antibiotic consumption has been shown in Table 1.
The most commonly used antibiotic was ceftriaxone; followed
by ampicillin sulbactam throughout the 6-year period (Table
1, Figure 1). Trends in ceftriaxone and ampicillin sulbactam
utilization rates to total annual antibiotic consumptions has
been illustrated in Figure 2 as well. Ceftriaxone consumption
had significantly increased from 244.74/1000 PD in 2014 to
469.17/1000 PD in 2017; followed by a slight decrease to
304.19/1000 PD by 2019 (p=0.633). Ceftriaxone utilization has
increased by 19.50% between 2014 and 2019. Cefotaxime was
the second mostly preferred antibiotic among cephalosporins

Antibiotic consumption index (DDD/1,000 patient-days) | Trend analysis
ATC code Antibiotic 95% 95%
2014 2015 2016 2017 2018 | 2019 b Lower Upper p
limit limit
Penicillins
JO1CRO1 Ampicillin-sulbactam | 93.80 113.33 | 142.22 106.32 | 45.73 | 23.28 -16.895 | —40.193 6.404 0.114
JO1CRO5  Piperacillin/ 0.00 1.75 0.00 0.00 3.12 0.81 0.234 —-0.654 1.122 0.505
tazobactam
Cephalosporins
JO1DB04  Cefazolin 2.35 0.43 6.66 0.83 0.46 2.54 -0.137 -1.885 1.610 0.838
J01DCO2 Cefuroxime 2.10 0.00 1.90 23.55 7.28 2.18 1.256 -5.081 7.593 0.611
Jo1DDO1 Cefotaxime 4493 55.09 51.38 43.26 45.76 | 44.37 -1.1m -4.231 2.008 0.379
J01DD04  Ceftriaxone 244.74 | 384.82 | 455.73 469.17 | 419.30 | 304.19 | 11.832 -51.866 75.530 0.633
JO1DEO1 Cefepime 0.16 1.43 1.18 1.03 0.47 0.00 -0.1M -0.517 0.296 0.491
Macrolides
JOIFA09  Clarithromycin los7  |1228 [300 037 |164 [1327 |0.826 ~3.439 5.090 0.619
Carbapenems
JO1DHO3  Ertapenem 0.85 1.43 2.37 4.26 2.02 2.54 0.345 -0.375 1.064 0.254
JO1DHO2  Meropenem 46.22 32.78 19.34 23.76 12.88 | 11.62 —-6.521 -10.217 -2.826 0.008
JO1DH51 Imipenem 0.00 0.00 0.82 1.00 2.02 0.98 0.320 -0.023 0.664 0.061
Aminoglycosides
JO1GB06  Amikacin 18.33 23.50 29.16 22.55 0.00 3.98 —4.255 -10.564 2.055 0.134
JO1GB03  Gentamicin 5.47 11.41 10.47 1.21 16.52 | 29.67 3.630 —-1.748 9.007 0.134
Polymyxins
JO1XBOT  Colistin [396 |21 [123  |s595 Joo0 [o00 [-0612 [-2142 [0917 0329
Glycopeptides
JO1XA01 Vancomycin 16.33 47.25 36.38 30.92 17.87 | 18.95 -2.299 -10.935 6.338 0.501
JO1XA02  Teicoplanin 72.39 35.59 40.71 42.23 36.51 45.33 -3.744 —-12.465 4977 0.299
Others
JO1XX08 Linezolid 1.19 2.92 1.08 2.06 0.00 0.00 -0.393 -1.050 0.264 0.172
JO1XDO01 Metronidazole 3.18 39.52 46.24 27.81 18.76 | 0.00 —-276.086 | —1620.779 | 1068.607 0.599
JO1FFO1 Clindamycin 0.00 1.27 6.39 6,85 1.31 1.93 29.143 —-182.768 241.054 0.722
Total 556,57 | 766,91 856.35 813.13 | 631.65 | 505.64 | —-264.392 | —-1,845.727 | 1,316.944 0.667

ATC: Anatomical therapeutic chemical
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during the period. Ampicillin sulbactam consumption was
relatively high between 2014 and 2016, then it markedly
decreased by 2019; however, the trend of utilization analysed
between 2014 and 2019 was not statistically significant
(p=0.114) (Table 1).

Of the carbapenems was meropenem the most commonly
consumed. However, meropenem consumption showed a
significant downward trend from 2014 up to 2019 (ATC/
DDD index in 2014=46.22/1000 PD; in 2019=11.62/1000 PD)
(p=0.008) (Table 1, Figure 3). Although amikacin had been
the most commonly preferred aminoglycoside in use between
2014 and 2017, widening the gap against amikacin utilization
has gentamicin consumption increased significantly after 2017
onwards. Nevertheless, the trend of annual ATC/DDD indexes
for amikacin or gentamicin did not change significantly
during the period between 2014 and 2019 (p=0.134) (Table
1, Figure 4).

Total antibiotic consumption had increased to its peaks in 2016
and 2017 (856.35/1000 PD and 813.13/1000 PD, respectively),
amid a slight drop from 2014 to 2019 (p=0.667) (Table 1) (Figure

Trends of mostly utilized antibiotics

DDD/1000 patient-days

2014 2015 2016 2017 2018 2019
|—0—ceftriaxone 244.74 384.82 455.73 469.17 419.3 304.19
l «=ampicillin sulbactam| 93.8 113.33 142.22 106.32 45.73 23.28

Figure 1. Trends of mostly utilized antibiotics during 2014-2019
DDD: Defined daily doses

Trends in portions of ceftriaxone and ampicillin sulbactam use
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Figure 2. Trends in ceftriaxone and ampicillin sulbactam
utilization rates to total annual consumptions

DDD: Defined daily doses

5). However, the difference in the trend of total antibiotic
utilization between 2014 and 2019 was not statistically
significant (p=0.667).

Organisation for Economic Co-operation and Development
has announced that antibiotic consumption and, in particular,
inappropriate use are among the major causes supporting
the development of antibiotic resistance. In 2014 average
antibiotic consumption in OECD was about 20.5 DDD per 1000
inhabitants, amid Turkey evidently represented the highest
consumption rate among OECD countries with over 40 DDD
per 1000 inhabitants®'®, Antimicrobial resistance (AMR) has
showed an upward trend during the last decade in a majority
of countries. The probability of identifying a resistant infection
across OECD countries in 2015 was reported as 17% and Turkey
was the second country following Greece with the highest levels
of resistance with over 35% in 2015[". At current resistance
rates, increasing healthcare expense is predicted to reach a total
of 2.9 trillion USD by 2050. OECD has claimed that if this trend
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Figure 3. Trend of meropenem between 2014 and 2019
DDD: Defined daily doses

Trend analysis of aminoglycosides
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Figure 4. Trends of utilizations of aminoglycosides between 2014
and 2019
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continues we could revert to a world where simple infections
are no longer treatablel’o",

Monitoring system in place for antimicrobial consumption
is among the fundamental implemented policies to foster
the rationale use of antimicrobials. Number of packages or
prescriptions has been recommended alternative measures;
nevertheless they do not provide exact quantitative measure
of use; but only useful metrics for assessing antimicrobial
prescribing practices between countries!™. The days of therapy
measurement quantifying antimicrobial use regardless of
dose and cross-sectional point prevalence surveys and ATC/
DDD method might be ranked among surveillance modalities
in paediatricsl">'3. However, researches regarding trends of
antibiotic utilization, in particular, in children have still been
limited®®. In addition, need for a convenient and precise
method of measurement for such studies has still been a
challenge indeed.

In this study, ATC/DDD index methodology has been preferred
in measuring antimicrobial consumption mainly due to its
general applicability. The DDD as assigned by WHO International
Working Group for Drug Statistics Methodology has been the
most commonly used unit of measurement to quantify and
compare antimicrobial consumptions between diverse settings
particularly in adults™®. Although DDD methodology might
be associated with problems related to drug utilization studies
in children; since there has not been any determined optimal
measuring tool yet, the general DDD has still been commonly
in use, in particular, for comparisons of overall data and trends
during selected periods in children.

This study has reported that ceftriaxone was the most
commonly consumed inpatient antimicrobial throughout
the period. Although there have been substantial variations
among antibiotic use in both children and adults across the
globe from Europe to Asia, however, coherently to our results,
ceftriaxone was reported to be the most commonly consumed

Total antibiotic consumption

900

800 A
700 / \
-

400

300

*DDD/1000 patient-days

200
100
0

2014 2015 2016 2017 2018 2019

«=4==Total antibiotic

consumption §56.57 766.91 856.35 813.13 631.65 505.64

Figure 5. Total antibiotic consumption between 2014 and 2019
DDD: Defined daily doses

parenteral antimicrobial in most settings*'2"*"71. Qur high
ceftriaxone consumption rate might be grounded in high
proportion of children with respiratory tract infection as in
Europe and Turkey likewise!*'>'8, However, Ceyhan et al.¥ has
stated a comparatively lower rate of ceftriaxone utilization
in hospitalized Turkish children according to our results (over
16.6% vs 40.0%), although cephalosporins were found to be the
most commonly used antibiotic in a "point prevalence study”.
However, we need to highlight the fact that it is challenging
to make precise comparisons over antimicrobial consumptions
between research reports, because of diverse metrics or
methods used for assessing drug utilizations, differences in
study populations and limited data as well.

In this study, the trend of ceftriaxone use increased markedly
by 2016; then following a short plateau, declined significantly
from 2017 onwards (Figure 1). This trend was consistent with
the higher consumption of third generation cephalosporins
between 2005 and 2015 and the decline in utilization from 2015
onwards in a substantial majority of countries!’. Karabay et
al.”% has recently reported that third-generation cephalosporin
consumption had increased while cephalosporin utilization
had declined between 2011 and 2014 in Turkey. However, the
proportion of ceftriaxone utilization in total antimicrobial
consumption had increased throughout the period by 2018;
then decreased slightly (Figure 2). A recent study reported
that the proportion of ceftriaxone in total inpatient paediatric
antibiotic consumption in Latvia was three times higher than
the UK rate (25% vs 8%)!¢,

Ampicillin sulbactam was the second most frequently consumed
antibiotic in this study (Table 1, Figure 1). Penicillins with beta-
lactamase inhibitors were reported to be among the most
commonly used antibiotics in hospitalized Turkish children
likewise our results™. In countries with higher antibiotic
consumption like South Korea and ltaly, higher rates of broad-
spectrum agents have been utilized®'?. Strikingly, it has been
reported that Turkey is the only country in which combination of
beta-lactamase inhibitors consumption exceeds that of narrow-
and broad-spectrum penicillins which is considered to be
incompatible with the principles of rational antibiotic use®?. In
Norway which has been among the lowest antibiotic prescribing
countries, first-line penicillins like ampicillin constituted of over
60% of total antibiotic consumption, whereas contributing
to their higher resistance rates, second-line penicillins like
ampicillin sulbactam have been more frequently used in south
Korea and Turkey particularly before 201623'2. In our study,
both the ampicillin sulbactam utilization and its proportion
to total antibiotic consumption declined from 2014 to 2019
(Figure 1, Figure 2). The decreasing trend of ampicillin sulbactam
consumption might be associated with the growing resistance
pattern to penicillins in the study population.



Simsek et al.
Antibiotic Consumptions Among Inpatient Children

Mediterr J Infect Microb Antimicrob
2021;10:35

In this study, among the carbapenems, meropenem has outstood
as the most commonly utilized antibiotic throughout the period.
Strict policies and management algorithms might help to
reduce meropenem consumption?. The decline in meropenem
consumption from 2014 to 2019 might be associated with such
recent hospital antimicrobial restriction policies. Irrational use
of antimicrobials as empirical therapy and over-the-counter
sales of antibiotics have induced a substantial increase in
antimicrobial consumption, particularly of carbapenems in
urban areas worldwide as in the case in Pakistan where over
57% of meropenem use was not according to the standards?>?,
Ceyhan et al.™ had reported that carbapenems had been used
in 11.4% of hospitalized children which might be considered to
be comparable with the meropenem use in 2019 in our study
population.

In the research population, amikacin was the most commonly
consumed aminoglicoside by 2017, however gentamicin
utilization has increased by far after 2017 onwards compared to
amikacin (Figure 4). This gap might have been due to clinician
preferences. Consistently with the results of this study, other
aminoglycosides (ATC code: JO1GB), in particular gentamicin
have been reported to be among the most commonly used
antimicrobial in numerous clinics across Europel®'®. The European
Surveillance of Antibiotic Consumption (ESAC) project reported
that antimicrobial combinations had been used in 65% of cases
in systemic infection treatment, the most frequent combination
of penicillin had been to be with aminoglycosides, mainly
gentamicin (21%)B!. A recent research conducted to evaluate the
antibiotic consumptions in inpatient Italian children revealed
other aminoglycosides (ATC code: J01GB) consumption as being
around 22.32 DDD/1000 PD with no significant difference in the
8-year trend analysisl’>2%, There was no significant difference in
the trends of aminoglycosides in this study, indeed.

Comparable with various previous reports, total antibiotic
consumption in this study population decreased slightly by
2019, following a dramatic upward trend to its peak in 2016
(Figure 5)B1012 Even though, the reported decline in total
antibiotic consumption trend might brighten the hopes for
lesser resistant strains and reduced spending for antibiotics;
huge differences have been claimed in paediatric antimicrobial
use, even among numerous industrialized countries from
Europe, Asia and North Americal™®', Compared with Norway,
had the highest relative antimicrobial consumption rate was
7.57 per child-year in Korean children, and 3.61 in Italy and
2.35 in the US as stated in a Cross- National analysis''?. The
highest antibiotic consumption rates are reported in Asian and
Southern European countries like Turkey, Greece and Italy, and
the lowest rates came from Scandinavia and Northern European
countries?0151625 - These data emphasize the necessity to
improve policies to decrease irrational use of antibiotics.

Assessing the local trends of antibiotic consumption might
be the first principal step to establish rational antimicrobial
policies combatting inappropriate antibiotic use and AMR.
Electronic prescription and AMR surveillance systems, national
rational drug use policies, awareness raising campaigns that
urge people to pledge to appropriate use of antibiotics might
be ranked as other actions of which Turkey has recently
implemented®®,

In our study, the peak total antibiotic consumption rates
were detected in 2016 and 2017 (Figure 5). Higher number
of hospitalized children and recently graduated young
paediatricians newly employed in our clinic in 2016 and 2017
who were highly inclined to start antibiotics might have made
significant contributions to these higher utilization rates. It might
be also worthy to admit that there was neither a paediatric nor
an adult infectious disease specialist consultancy in our clinic. It
might be expected the specialist would have crucial impacts on
antibiotic use in a center; however, it has been reported that the
presence of a paediatric infectious disease specialist rather than
patient consultation had not affected the rate of inappropriate
antimicrobial uset. All in all, besides the number of hospitalized
children, continuing education of clinicians, infectious diseases
specialist consultancy and practical antibiotic policies might
be ranked among the factors determining total antibiotic
consumption in a clinic, likewise advocated by Ceyhan et al.!*.

The major limitation of this study is that the ATC/DDD method
is not an optimum measuring tool enabling to make precise
comparisons, but rather to evaluate overall assessments in
children. Secondly, ideally, actual antimicrobial consumptions
should better be calculated individually among patients to give
more precise estimates, this study has not reflected the actual
prescribed antibiotic dosage for individual patients.

In conclusion, ceftriaxone and ampicillin sulbactam were
ranked first and second among the most commonly
used antimicrobials in the study population. While both
consumption and preference for use of ceftriaxone had
increased, however the frequency of occasions, ampicillin
sulbactam preference had been decreased throughout the six-
year period. The meropenem use has declined throughout the
period. Preferences of young paediatricians, higher number
of hospitalized children and lack of a infectious diseases
specialist consultancy might have had decisive impacts over
the higher rates of total antibiotic consumption in our clinic
in 2016 and 2017. Finally, we claim that determining regional
antimicrobial consumptions periodically is critical to establish
current antibiotic stewardship initiatives enabling rationale
use of antibiotics combatting bacterial resistance.



Mediterr J Infect Microb Antimicrob Simsek et al.
2021;10:35 Antibiotic Consumptions Among Inpatient Children
Ethics for Economic Co-operation and Development; Publication date: 30

Ethics Committee Approval: University of Health Sciences
Turkey, Haydarpasa Numune Training and Research Hospital
Institutional Board with a case code of "62977267-000-
12403/26/09/2019" approved this study.

Informed Consent: Retrospective study.
Peer-review: Externally and internally peer-reviewed.
Authorship Contributions

Surgical and Medical Practices: B.S., C.N., Concept: BS.,S.S.,R.B,,
C.N., Design: BS., S.S., R.B., C.N., Data Collection or Processing:
B.S., S.S.. Analysis or Interpretation: B.S., S.S., R.B., Literature
Search: BS., S.$., Writing: BS., S.S.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

1. WHO Report on Surveillance of Antibiotic Consumption, 2016-2018
Early implementation. Publication date: November 2018. Available from:
https://www.who.int/publications/i/item/who-report-on-surveillance-of-
antibiotic-consumption

2. Choe YJ, Shin JY. Trends in the use of antibiotics among Korean children.
Korean J Pediatr. 2019;62:113-8.

3. Amadeo B, Zarb P, Muller A, Drapier N, Vankerckhoven V, Rogues AM,
Davey P, Goossens H; ESAC Il Hospital Care Subproject Group. European
Surveillance of Antibiotic Consumption (ESAC) point prevalence survey
2008: paediatric antimicrobial prescribing in 32 hospitals of 21 European
countries. J Antimicrob Chemother. 2010;65:2247-52.

4. Ceyhan M, Yildirim |, Ecevit C, Aydogan A, Ornek A, Salman N, Somer A,
Hatipoglu N, Camcioglu Y, Alhan E, Celik U, Hacimustafaoglu M, Celebi S,
Inan D, Kurt N, Oner AF, Gulumser O, Gunes A, Coskun Y. Inappropriate
antimicrobial use in Turkish pediatric hospitals: a multicenter point
prevalence survey. Int J Infect Dis. 2010;14:55-61.

5. Dalton BR, MacTavish SJ, Bresee LC, Rajapakse N, Vanderkooi O, Vayalumkal
J, Conly J. Antimicrobial use over a four-year period using days of therapy
measurement at a Canadian pediatric acute care hospital. Can J Infect Dis
Med Microbiol. 2015;26:253-8.

6. Liem TB, Heerdink ER, Egberts AC, Rademaker CM. Quantifying antibiotic
use in paediatrics: a proposal for neonatal DDDs. Eur J Clin Microbiol Infect
Dis. 2010;29:1301-3.

7. Guidelines for ATC classification and DDD assignment 2021. Publication
date: December 2020. Available from: https://www.whocc.noffilearchive/
publications/2021_guidelines_web.pdf

8. Pradipta IS, Ronasih E, Kartikawati AD, Hartanto H, Amelia R, Febrina
E, Abdulah R. Three years of antibacterial consumption in Indonesian
Community Health Centers: The application of anatomical therapeutic
chemical/defined daily doses and drug utilization 90% method to monitor
antibacterial use. J Family Community Med. 2015;22:101-5.

9. World Medical Association Declaration of Helsinki-Ethical Principles for
Medical Research involving Human Subjects. Publication date: 9th July 2018.
Available  from: https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-human-subjects/

10. Organisation for Economic Co-operation and Development (OECD).
Antibiotic consumption levels, 2005-2016 [Internet]. Paris: Organisation

1.

20.

21.

22.

23.

24,

25.

26.

Oct 2018. Available from:
antimicrobialresistance.htm

http://www.oecd.org/els/health-systems/

Oliveira TC, Padget M. Trends in antimicrobial resistance in OECD countries.
In: OECD, OECD Health Policy Studies Stemming the Superbug Tide Just
A Few Dollars More, OECD Publishing, Paris 2018:73-100. Available from:
https://doi.org/10.1787/9789264307599-en

. Youngster I, Avorn J, Belleudi V, Cantarutti A, Diez-Domingo J, Kirchmayer

U, Park BJ, Peiro S, Sanfélix-Gimeno G, Schroder H, Schiissel K, Shin JY, Shin
SM, Simonsen GS, Blix HS, Tong A, Trifiro G, Ziv-Baran T, Kim SC. Antibiotic
Use in Children - A Cross-National Analysis of 6 Countries. J Pediatr.
2017;182:239-244.e1.

. Mertz D. Comparing days of Therapy (Dot) and Defined Daily Doses (DDD)

as risk factors for antimicrobial resistance in a multi-level model. (Thesis).
Ontario Canada: McMaster University; 2011.

. Tsutsui A, Yahara K, Shibayama K. Trends and patterns of national

antimicrobial consumption in Japan from 2004 to 2016. J Infect Chemother.
2018;24:414-21.

. Buccellato E, Melis M, Biagi C, Donati M, Motola D, Vaccheri A. Use of

Antibiotics in Pediatrics: 8-Years Survey in Italian Hospitals. PLoS One.
2015;10:¢0139097.

. Sviestina |, Aston J, Mozgiler D. Comparison of antimicrobial prescribing

between two specialist paediatric centres in the UK and Latvia. Eur J Hosp
Pharm. 2013;20:180-4.

. Fallah S, Mesdaghi M, Mansouri M, Babaei D, Karimi A, Fahimzad SA, Armin

S, Rafiei Tabatabaei S, Azma R, Khanbabaee G, Bashardoost B, Amirmoeini
M, Sadr S, Jalilianhasanpour R, Ghanaei R, Rezaei N, Chavoshzadeh Z.
Severe Combined Immunodeficiency: A Case Series and Review from a
Tertiary Pediatric Hospital. Iran J Allergy Asthma Immunol. 2018;17:201-7.

. Lorgelly PK, Atkinson M, Lakhanpaul M, Smyth AR, Vyas H, Weston V,

Stephenson T. Oral versus i.v. antibiotics for community-acquired pneumonia
in children: a cost-minimisation analysis. Eur Respir J. 2010;35:858-64.

. Organisation for Economic Co-operation and Development. Executive

Summary. In: OECD, OECD Health Policy Studies Stemming the Superbug
Tide Just A Few Dollars More, OECD Publishing, Paris 2018:15-20. Available
from https://doi.org/10.1787/9789264307599-en

Karabay O, Bastug A, Ozturk R, Sencan I, Aksoy M, Simsek H, Gozel MG,
Erdogan H, Karlidag GE, Aypak A, Gonen |, Isli F, Yildiz SS, Yarsan E, Bodur
H. Antibiotic Consumption, Resistance Data, and Prevention Strategies.
Mediterr J Infect Microb Antimicrob. 2018;7:35.

Trinh TD, Strnad L, Damon L, Dzundza JH, Graff LR, Griffith LM, Hilts-
Horeczko A, Olin R, Shenoy S, DeVoe C, Wang L, Rodriguez-Monguio R,
Gu TM, Hampton SR, Macapinlac BAC, Yang K, Doernberg SB. Reductions
in vancomycin and meropenem following the implementation of a febrile
neutropenia management algorithm in hospitalized adults: An interrupted
time series analysis. Infect Control Hosp Epidemiol. 2021:1-8.

Khan MU, Yousuf RI, Shoaib MH. Drug utilization evaluation of meropenem
and correlation of side effects with renal status of patients in a teaching
based hospital. Pak J Pharm Sci. 2014;27:1503-8.

Laxminarayan R, Matsoso P, Pant S, Brower C, Rattingen JA, Klugman K,
Davies S. Access to effective antimicrobials: a worldwide challenge. Lancet.
2016;387:168-75.

World Health Organisation Collaborating Centre for Drug Statistics
Methodology. Latest Accessed date: 15 April 2021. Available from: https://
www.whoce.nofate_ddd_index

Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA,
Laxminarayan R. Global antibiotic consumption 2000 to 2010: an analysis
of national pharmaceutical sales data. Lancet Infect Dis. 2014;14:742-50.

World Health Organisation (WHO). Latest Access date: 13 Nov 2017.
Available from: https://www.euro.who.int/en/countries/turkey



