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Abstract

Hospitalized children are often treated with antibiotics. However, 30-75 %
of antibiotic treatment in pediatric hospitals is administrated incorrectly or
unreasonably. Implementation of Hospital’s Antibiotic Policy (HAP) should
improve antibiotic consumption patterns in pediatric wards. The objective of
this study was to determine the effectiveness of HAP by assessing antibiotic
consumption in the General Pediatric Ward of an academic hospital in the
city of Warsaw, Poland before and after this policy was introduced in the
years 2012 and 2013, respectively. Antibiotic use was calculated in daily-
defined doses (DDDs) per 100 patient-days and DDDs per 100 admissions.
Antibiotics were ranked by the volume of DDDs and the number of
antibiotics which accounted for 90 % and 100 % of the total volume:
DU90% and DU100% (where DU stands for drug use). The total antibiotic
consumption and significantly decreased after the implementation of HAP;
DDDs were 2,177.5 before and 1,335.4 after implementation of HAP. The
number of DDDs/100 patient-days was also lower; 36.3 vs. 24.9 before and
after HAP, respectively. After implementation of HAP a decreased use of
ceftriaxone and cefuroxime was observed. The most commonly used antibi-
otic was amoxicillin with clavulanic acid. The DU100% rates remained the
same (8 antibiotics) and DU90% increased (from 3 in 2012 to 5in 2013). We
conclude that implementation of HAP resulted a decreased consumption of
antibiotics in the General Pediatric Ward, despite the hardly changed num-
ber of children treated with antibiotics.
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Abbreviations

AAP American Academy of Pediatrics

ATC Anatomical Therapeutic Chemical
Classification

CAP Community-acquired pneumonia

CDC Centers for Disease Control and
Prevention

DDDs Daily-defined doses

DU9%0% 90 % drug utilization

DU100% 100 % drug utilization

IDSA Infectious Diseases Society of
America

HAP Hospital Antibiotic Policy

NPAP National Program of Antibiotic
Protection

PIDS Pediatric Infectious Disease Society

SHEA Society of Healthcare Epidemiology
of America

WHO World Health Organization

1 Introduction

Antibiotics are among the drugs most commonly
prescribed for children. Although the vast major-
ity of antibiotics are consumed in primary care,
the pressure to opt for antimicrobial drugs in
hospitals appears to be even higher than in out-
patient care. It has been estimated that 3649 %
of hospitalized children receive antibiotics
(Potocki et al. 2003; van Houten et al. 1998). It
should also be highlighted that 1545 % of anti-
biotic treatment regimens for pediatric patients
may be inappropriate (Principi et al. 1981;
Schollenberg and Albritton 1980). The frequent
use of antibiotics is considered to be the main
reason for the high prevalence of antimicrobial
resistance, which may also result in side effects
and excessive costs (Berild et al. 2008; Shehab
et al. 2008; de Man et al. 2000). Therefore,

monitoring of antibiotic use in hospitals is
important for identifying prescribing trends,
linking results with antimicrobial resistance
data and identifying areas for improvement
(Atti et al. 2008). In 2007, the Infectious
Diseases Society of America (IDSA) and the
Society for Healthcare Epidemiology of America
(SHEA) published guidelines for developing
institutional antimicrobial stewardship programs.
Initial efforts were focused on the adult patient
population but efforts for the widespread imple-
mentation of formal pediatrics programs have
occurred in recent years. In 2010, the Pediatric
Infectious Disease Society (PIDS) and the
American Academy of Pediatrics (AAP)
recommended the implementation of the Hospi-
tal Antibiotic Policy (HAP) for healthcare
establishments providing inpatient and outpatient
pediatric care (Hyun et al. 2013). To address
the growing problem of antibiotic overuse and
resistance, the Polish Ministry of Health has
also urged all hospitals, including pediatric
establishments, to develop systems to monitor
antibiotic use and have encouraged physicians
to reduce inappropriate use (Hryniewicz and
Ozorowski 2011). According to the Centers for
Disease Control and Prevention (CDC), antibi-
otic stewardship strategies should include one or
more of the core principles: timely management
of antimicrobial therapy, appropriate selection of
antimicrobials, appropriate administration and
de-escalation of antimicrobial therapy, use of
available expertise and resources at the point of
care and transparent monitoring of antibiotic use
data (CDC 2012). As two of the goals mentioned
have already been achieved in our hospital (for-
mation of a multidisciplinary antibiotic steward-
ship committee and auditing and monitoring of
antibiotic use), we decided to evaluate the results
of HAP introduction in the General Pediatric
Ward in Warsaw, Poland. According to our best
knowledge this is the first such analysis in
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Table 1 Age distribution of patients admitted to the General Pediatric Ward

Number of  Number and Number and proportion Number and proportion Number and proportion
hospitalized proportion (%) (%) of children aged (%) of children aged (%) of children aged
Year patients of infants 1-3 years 4-6 years >6 years
2012 1,083 545 (50 %) 346 (32 %) 144 (13 %) 48 (5 %)
2013 1,111 559 (50 %) 358 (32 %) 147 (13 %) 47 (5 %)

Poland, while the amount of research in this field
by central and eastern European countries is also
very limited.

2 Methods

Approval from the local Ethics Committee was
obtained prior to the study. A retrospective anal-
ysis of antibiotic consumption in the General
Pediatric Ward before and after implementation
of HAP was conducted. The period analyzed was
the year 2012 (a year before HAP’s implementa-
tion) and the year 2013 (a year after HAP’s
implementation). The General Pediatric Ward is
a 21-bed primary level unit providing care for
children aged 0-18 years in Warsaw, the capital
of Poland. The total number of admissions at the
General Pediatric Ward was 1083 in 2012 and
1,111 in 2013. The number of patient-days was
5,592 in 2012 and 5,349 in 2013, while the mean
length of hospitalization was 5.5 days in 2012
and 4.48 in 2013. The majority of patients
hospitalized were infants and children under
3 years of age (Table 1). In 2013, an extensive
antibiotic policy program created by the
members of the hospital’s infection control
team (ICT) was rolled out at the hospital. The
HAP was defined as written guidelines for
prescribing antibiotics. Antibiotics used in the
hospital were divided into three groups: first-
line antibiotics (e.g., penicillin, 1st generation
cephalosporins), second-line antibiotics (e.g.,
macrolides, 2nd and 3rd generation cephalo-
sporins, amoxicillin with clavulanic acid,
piperacillin with tazobactam), and third-line
antibiotics (restricted antibiotics) only available
after pre-authorization (or additional authoriza-
tion) from a physician from the infection control
team (e.g. glycopeptides, carbapenems). Data on
the quantitative and qualitative use of antibiotics
in 2012 and 2013 were reported by the hospital’s

pharmacy. The data represented the dispensing
of antibiotics from the hospital pharmacy to the
General Pediatric Ward. The annual report on
the total volume of antibiotics prescribed was
analyzed and antibiotic use was calculated in
daily-defined doses (DDDs) per 100 patient-
days and DDDs per 100 admissions according
to the Anatomical Therapeutic Chemical Classi-
fication (ATC) System, from the WHO, version
2009. Furthermore, antibiotics were ranked by
volume of DDDs and the number of antibiotics,
which accounted for 90 % and 100 % of the total
volume (DU90% and DU100%, respectively,
where DU stands for drug use). For statistical
analysis, the chi-square test was used for categor-
ical variables. The medical statistical calculator,
available on www.medcalc3000.com, was used.

3 Results

The majority of patients were referred to the
hospital by general practitioners or primary care
pediatricians due to respiratory tract infections
(RTI) (Table 2). Among RTI cases, the most
common diagnoses were: pneumonia (82 %),
bronchitis (10 %), bronchiolitis (2 %), tonsillitis
(1 %), laryngitis (2 %), sinusitis (2 %), and otitis
media (1 %). The second biggest cause of admis-
sion to the hospital was gastrointestinal infection:
gastroenterocolitis of unknown etiology (51 %),
gastroenterocolitis of rotavirus or adenovirus eti-
ology (36 %), and gastroenterocolitis of bacterial
etiology (13 %). After the implementation of
HAP, the proportion of children with RTI treated
with antibiotics significantly decreased (91 % vs.
86 %, p < 0.05). The proportions of patients
receiving antibiotics for the treatment of other
infections (e.g., urinary tract or gastrointestinal
infections) remained unchanged (p > 0.05). The
total proportion of patients treated with
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Table 2 Reasons for hospitalization and proportions of patients receiving antibiotic therapy at the General

Pediatric Ward

Year 2012 2013 2012-2013
Diagnosis No (%) of patients receiving diagnosis
Respiratory tract infections 603 607 1,210

(56 %) (55 %) (55 %)
Gastrointestinal infections 327 378 705

(30 %) (34 %) (32 %)
Urinary tract infections 99 76 175

O %) (7 %) (8 %)
Skin infections 18 15 33

(2 %) (1 %) (2 %)
Sepsis 15 4 19

(1 %) 0.4 %) 1 %)
Other infections 12 14 26

(1 %) (1 %) (1 %)
Other reasons 9 17 26

(1 %) (2 %) (1 %)
Total 1,083 1,111 2,194

(100 %) (100 %) (100 %)

*statistically significant (p < 0.05)

Table 3 Antibiotic consumption patterns before and after HAP’s implementation

Antibiotics for systemic use DDDs
Year 2012 2013
Penicillin:

Ampicillin 1.3 0.0
Penicillin with beta-lactamase inhibitors:

Amoxicillin & clavulanic acid 739.6 650.6
Aminoglycoside:

Amikacin 103.8 923
2nd generation cephalosporins

Cefuroxime 667.5 295.0
3rd generation cephalosporins:

Cefotaxime 0.0 75.0

Ceftazidime 7.5 10.0

Ceftriaxone 540.0 65.0
Macrolides:

Clarithromycin 85.0 160.0
Lincosamides:

Clindamycin 32.8 62.5
Total 2177.5%  1335.4*

DDD daily defined doses
*Statistically significant differences (p < 0.05)

DDDs/100
Patient-days
2012 2013
0.0 0.0
12.3 12.2
1.7 1.7
11.1 5.5
0.0 1.4
0.1 0.2
9.0 4.9
14 3.0
0.5 1.2
36.3%  24.9%

2012 2013 2012-2013
No (%) of patients receiving antibiotics
552 523 1,075
91 %)* (86 %)* (89 %)
93 102 195
(28 %) 27 %) (28 %)
99 76 175
(100 %) (100 %) (100 %)
7 6 12
(38 %) (40 %) (36 %)
15 4 19
(100 %) (100 %) (100 %)
8 9 18
(67 %) (64 %) (69 %)
3 6 9
(33 %) (35 %) (35 %)
777 726 1,503
(72 %)* (65 %)* (68 %)
DDDs/100
admissions % of DDDs
2012 2013 2012 2013
0.1 0.0 0.1 0.0
68.3 58.6 % 34.0 48.7
9.6 8.3 4.8 6.9
661.6 26.8 30.6 16.5
0.0 6.8 0.0 5.6
0.7 0.8 0.4 0.7
49.8 5.9 24.7 4.9
7.8.4 14.5 39 12.0
3.0 5.7 1.5 4.7
201.0%  121.4% 100 % 100 %
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Table 4 Drug use rates (DU90%, DU100%) before and
after HAP’s implementation

Year DU100% DU90%

2012 8: 3:
Ampicillin Amoxicillin &

clavulanic acid

Amoxicillin & Cefuroxime
clavulanic acid
Amikacin Ceftriaxone
Cefuroxime
Ceftazidime
Ceftriaxone
Clarithromycin
Clindamycin

2013 8: 5:

Amoxicillin &
clavulanic acid

Ampicillin &
clavulanic acid

Amikacin Cefuroxime
Cefuroxime Clarithromycin
Ceftazidime Amikacin
Cefotaxime Ceftazidime

Ceftriaxone
Clarithromycin
Clindamycin

DU90% drug use accounting for 90 % of the total volume,
DUI100% drug use accounting for 90$ of the total volume

antibiotics was significantly reduced after the
implementation of HAP (72 % vs. 65 %,
p < 0.05) (Table 2).

None of the restricted antibiotics (including
glycopeptides or monobactams) were used either
before or after HAP’s implementation (Table 3).
After implementation of HAP, a decreased use of
ceftriaxone and cefuroxime was observed. The
most commonly used antibiotic was amoxicillin
with clavulanic acid (Table 3). The DU100%
remained the same before and after implementa-
tion of HAP (8 antibiotics), while DU90%
increased after implementation of HAP (5 vs.
3 antibiotics) (Table 4).

4 Discussion
An important issue identified in our results is a

high proportion of hospitalized children who
were treated with antibiotics (65-72 %). This

proportion is higher than observed previously
in the eastern European countries (3645 %)
(Ang et al. 2008; Potocki et al. 2003; van Houten
et al. 1998). However, some researchers recently
found even a higher proportion of hospitalized
children receiving antimicrobials (57 %) (Levy
et al. 2012). Our data are similar to those
obtained in pediatric intensive care units
(70.8 %) (Blinova et al. 2013; Grohskopf
et al. 2005). However, the present study was
conducted in the general pediatric ward. The
results indicate that Poland is a country with a
high antimicrobial usage rate, which has also
been reported by others (Rossignoli et al. 2007;
Stichele et al. 2006).

We observed that the majority of patients
were admitted due to respiratory tract infections.
It is well known that a high proportion of pediat-
ric respiratory tract infections are of a viral origin
and do not require antibiotic therapy. We pre-
sume that antibiotics were overused in our group
of patients. Several studies have demonstrated
the overuse of antibiotics in clinical situations
where antimicrobials are not indicated, including
exacerbation of asthma, pharyngitis, viral respi-
ratory infections, and bronchiolitis secondary to
syncytial virus infection (de Boeck et al. 2011;
Gaur et al. 2005; Stallworth et al. 2005; Benin
et al. 2003). To decrease the risk of inappropriate
use of antimicrobials, they should be prescribed
less often empirically and more often after
microbiological examination (Atti et al. 2008).

We reported that just 1 year after the imple-
mentation of the HAP, the total antibiotic con-
sumption in the general pediatric ward measured
in DDDs decreased. It can be explained by a
shorter inpatient treatment and less often use of
the combined therapy, i.e., two or three
antibiotics in the same patient. This indicates
that benefits from the HAP’s implementation
can be expected very quickly, improving the
quality of care for hospitalized children,
preventing the emergence of resistance and low-
ering drug-related costs (Ohl and Luther 2011; di
Pentima et al. 2011). It is also worth pointing out
that the proportion of children with respiratory
tract infection treated with antimicrobials
decreased after HAP’s implementation, which is
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in agreement with other findings (Papaevangelou
et al. 2012). The most commonly used antibiotic
in the present study was amoxicillin with
clavulanic acid followed by cefuroxime. It has
been previously described that these antibiotics

are overused in Polish hospitals (Bruce
et al. 2009; Stichele et al. 2006; Cars
et al. 2001). However, these are first-line

antimicrobials in the treatment of community-
acquired pneumonia (CAP) in young children
according to the Polish recommendations
(NPAP 2011). Amoxicillin with clavulanic acid
was also found to be the most commonly used
antibiotic in other pediatric wards in Europe
(Svestina and Mozgis 2014; Atti et al. 2008).
High pharmacological effectiveness against
most local and systemic infections, a low inci-
dence of side effects, and availability in many
suitable dosage forms are the likely reasons
behind the preferential prescribing of amoxicillin
with clavulanic acid (Katakam et al. 2012).
According to the Pediatric Infectious Disease
Society of America (PIDS), the first-line
antibiotics in the hospital treatment of uncompli-
cated CAP in fully-immunized children without
any underlying medical conditions are ampicillin,
macrolides, and beta-lactams when atypical
pneumonia is suspected (Bradley et al. 2011).
These differences in recommendations may be
explained by different national immunization
schedules (for example, in Poland the pneumo-
coccal vaccination is not a universal one). After
implementation of HAP in the general pediatric
ward we observed a decreasing trend in the use of
third generation cephalosporins which is in
agreement with the national recommendations
and the findings of others (di Pentima et al. 2011).

It should be noted that the number of
antibiotics in the DU100% segment remained
the same before and after HAP’s implementation
(8 antibiotics). Interestingly, the number of
antibiotics in the DU100% (8) and in the
DU90% (3-5) was relatively low and comparable
with Dutch data (Liem et al. 2010), but lower than
reported in China (between 16 and 20) (Zhang
et al. 2008), Russia (8, out of a total of
22 antibiotics used) (Hajdu et al. 2007), and
Croatia (11, out of a total of 35) (Palcevski
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et al. 2004). The DU90% rate increased after the
implementation of HAP (5 vs 3 antibiotics). The
DU90% has been proven to be an important tool
for assessing the quality of drug prescription. In
addition to the number of drugs in the DU90%
segment, the presence of treatment guidelines and
adherence to them may serve as general quality
indicators (Bergman et al. 1998). Our findings
clearly suggest that the implementation of HAP
in the general pediatric ward quickly resulted in a
decrease in the total use of antimicrobials, with
good adherence to the national recommendations.

The introduction of HAP in the General Pedi-
atric Ward described in the present study
demonstrated not only a positive change in the
antibiotic consumption pattern but also a general
decrease in the antibiotic use. These results are
thus more advantageous than those described
previously for the Special Care Neonatal Unit
(SCNU) (Nitsch-Osuch et al. 2015), where just
the consumption pattern of antibiotics was
improved. The difference may be explained by
several factors. Newborns hospitalized in SCNU
are treated mainly for congenital intrauterine
infections, so that antibiotics should be effective
against Gram negative bacteria. On the other
side, children hospitalized in the General Pediat-
ric Ward are diagnosed with community acquired
infections, so antimicrobials should be active
mainly against Gram positive bacteria. Our
results raise attention to the necessity of compar-
ing the antibiotic consumption rates and patterns
between similar hospital wards to make the
comparison meaningful.

Our study has some limitations. Firstly, it was
conducted in just one hospital and the results can-
not be representative of the entire country. Sec-
ondly, we did not evaluate the appropriateness of
the antibiotic prescriptions. Thirdly, antibiotic
consumption was estimated with DDDs, while
they are targeted at the average maintenance dose
per day for a specific antimicrobial drug per adult
population and do not take into consideration
differences in dose-range and weight-based dos-
ing. However, the alternative metrics, including
days of therapy and doses administered, have not
been fully evaluated yet (di Pentima et al. 2011).
That is the reason why DDDs are still used for the
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assessment of antibiotic consumption in a pediatric
population (Kuster et al. 2008). Additionally, we
only compared two consecutive years and some
epidemiologic variations in diseases patterns, e.g.,
influenza incidence, may have influenced antibi-
otic consumption.

5 Conclusions

The consumption of antibiotics in the General
Pediatric Ward decreased after the implementa-
tion of the Hospital Antibiotic Policy, especially
among children with respiratory tract infections.
This intervention was effective in bringing about
desirable positive changes in antibiotic consump-
tion patterns. This successful experience in our
General Pediatric Ward should encourage other
pediatric centers to pursue similar programs.
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