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Antimicrobial Use and
Indication-based Prescribing
Among General Practitioners
in Eastern Croatia: Comparison
with Data from the European
Surveillance of Antimicrobial
Consumption Project

Aim To investigate antibiotic consumption in a sample of
physicians from Osijek-Baranja county in Eastern Croatia
and to determine the volume of prescribed antimicrobials
and assess the appropriateness of prescribing practices.

Methods Analysis of routine prescribing data was carried
out in 30 primary care practices in both urban and rural
communities of eastern Croatia, corresponding to a total
population of 48000 patients. Prescribing practices were
studied over a period of 3 years, from 2003 to 2005. Both
the quantity of antimicrobials and differences and similari-
ties between individual practitioners were analyzed.

Results Urban and rural practices did not significantly dif-
fer in regard to the volume of antimicrobials prescribed.
However, significant differences were found between in-
dividual physicians. Total consumption was 17.73 defined
daily doses per 1000 inhabitants per day or 6456.85 defined
daily doses per 1000 inhabitants per year. The 10 most fre-
quently used antimicrobials (93.70% of the total quantity)
were amoxicillin, co-amoxiclav, co-trimoxazole, cephalex-
in, norfloxacin, penicillinV, azithromycin, cefuroxime, doxy-
cycline, and nitrofurantoin. Sore throat was the most fre-
quent reason for prescribing antibiotics.

Conclusion Prescription of medicines in Osijek-Baranja
county was characterized by high consumption of broad-
spectrum penicillins, combined penicillins, combined sul-
fonamides and long-acting macrolides (azithromycin),
together with disproportionately low use of doxycycline
and erythromycin. The use of combined sulfonamides and
azithromycin in this part of Croatia was among the highest
in Europe. Great differences between prescribers in regard
to indication-based prescribing have been found, and fu-
ture studies should examine the factors behind these het-
erogeneous practices.
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Vojvodi¢: Antimicrobial Use Among General Practitioners in Eastern Croatia

The importance of analyzing prescribing practices goes be-
yond the mere necessity of statistical systematization or finan-
cial savings. The ultimate goal should be an effort to reduce
overconsumption and consequently diminish the develop-
ment of antimicrobial resistance. Antibiotic overconsumption
is the single most important factor directly correlated with the
initiation and spread of resistance (1-3). The link between anti-
biotic use and bacterial resistance has been demonstrated at
the level of individuals (emergence of resistance after a course
of antimicrobial therapy) and of populations (rise of resistance
with large volumes of antimicrobial consumption) (4,5).

In most countries, antibiotics are prescribed exclusively by
general practitioners (family physicians). The quantitative
and qualitative aspect of their prescribing practice is, there-
fore, one of the most significant points of reference of health
consumption in general. The European Surveillance of Anti-
microbial Consumption (ESAC) is a European project on the
use of antibiotics, coordinated by the University of Antwerp,
Belgium, with 34 participating countries including all 27
members of the EU (6,7). According to ESAC antimicrobial
consumption data, Croatia ranks among countries with a
large total volume of outpatient consumption in 2005, with
23.40 defined daily doses per 1000 inhabitants per day (DID)
(6). The prevalence of low/intermediate resistant S. pneumo-
niae in 2007 was 27%, while that of the high-resistant type
was 3%. Macrolide-resistance of S. pneumoniae did not ex-
ceed 30% in 2005 and 2006, while in 2007 it increased to
34% (8). At the end of 2007, the Croatian Interdisciplinary
Group for Monitoring of Antimicrobial Consumption and
Resistance (ISKRA) published national guidelines for antimi-
crobial therapy of sore throat, urinary tract infections, meth-
icillin-resistant S. aureus infections, and surgical prophylaxis,
as part of a concerted action toward prevention of the de-
velopment of resistance (9). As there are no previous data on
antimicrobial use in the region, in this study we attempted
not only to assess the quantity of consumption (expressed
as DID rates) and compare it with the data from other sourc-
es, but to measure the consumption of individual drugs in
relation to diagnoses, as well as the consumption in individ-
ual general practitioners (GP) offices. In addition, we exam-
ined whether urban GPs, because of their easier access to
microbiological laboratories, prescribed less than rural GPs.
Finally, we aimed to assess the appropriateness of prescrib-
ing practices by physicians in eastern Croatia.

METHODS

Indication-based antibiotic prescribing was investigated
on a random sample of 30 general practitioners in Osijek-
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Baranja county (eastern Croatia). Primary care pediatricians,
gynecologists, and dentists, all of whom also prescribe an-
timicrobials, were excluded from the study.

According to the 2001 census, the county had 330506 in-
habitants. Thirty primary care teams were selected arbitrari-
ly from the 169 registered in the database of the Croatian
Institute for Health Insurance (CIHI), which manages the
national health care system. Approximately 48000 people,
or 15% of the population in the County, are registered with
CIHI. The study group was divided into two subgroups: 15
GPs with urban practices based in the city of Osijek (with
114000 inhabitants according to the 2001 census) and 15
with practices in the neighboring communities, which are
referred to in this study as “rural,"irrespective of their loca-
tion in a village or a small city. Individual GPs were identi-
fied with anonymous descriptors (D1, D2, D3...).

Data on both antibiotic consumption and indication-
based prescribing were extracted from the CIHI database,
which collects monthly reports from all retail pharmacies
in the national health system. Pharmacies send electroni-
cally recorded information on dispensed drugs to the cen-
tral CIHI office on a monthly basis. There, the data are not
processed statistically or otherwise, but only stored in the
form of large Excel tables. Because monthly reports con-
tain raw data pooled from many thousands of prescrip-
tion forms, it was possible to extract different types of
data using Microsoft Access tools (queries), such as anti-
biotic name, dose, number of tablets/capsules per pack-
age, number of packages prescribed (but not in terms of
defined daily dose [DDD]), diagnoses (expressed as ICD-10
codes) (10), and age and sex of patients. DDD per 1000 in-
habitants per day (referred to as “DID") and DDD per 1000
inhabitants per year were computed (11) from the num-
ber of packages in the case of most antibiotic oral formu-
lations for systemic use (tablets, suspensions), with the ex-
ception of drugs that have no standardized DIDs, such as
eye drops, ointments, and dermatologic formulations. An-
other exception was parenteral antibiotics, which are not
dispensed through prescriptions. A total of 21 systemic an-
timicrobials were selected for measurement of utilization
(Table 1). The period of data collection was 3 years, from
January 1, 2003 through December 31, 2005.

Consumption rates from the county were compared with
those from Croatia as a whole and those from several Eu-
ropean countries that are members of the ESAC project.
Of 25 members of the ESAC | project (2001-2004), 8
were selected for comparisons: Slovenia and Hun-
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TABLE 1. Total consumption of antimicrobials among general practitioners in Osijek Baranja County, 2003-2005*

Defined daily doses

total per 1000 inhabitants per year per 1000 inhabitants per day

Antibiotic urban GPs  rural GPs total urban GPs  rural GPs total urban GPs rural GPs  total
Doxycycline 12710 22 507 35217 88.26 156.3 244.56 0.24 043 0.67
Oxytetracyc 308 328 636 214 2.28 442 0.01 0.01 0.02
Amoxicillin 89 205 121 018 210 223 61948 8404 1459.88 1.70 2.30 4.00
Coamoxiclav 79 986 114132 194 118 55546 792.58 1348.04 1.52 217 3.69
Penicilline V 21 349 43 819 65 168 148.25 304.3 452.55 041 0.83 1.24
Cloxacilline 109 665 774 0.76 4.62 538 0.01 0.01
Cephalexine 37 536 39391 76 927 260.66 273.55 534.21 0.71 0.75 146
Cephadroxil 1616 2968 4584 11.22 20.61 31.83 0.03 0.05 0.09
Cefuroxime 21 112 32217 53329 146.61 22373 370.34 040 0.61 1.01
Cefprozil 13 225 238 0.09 1.56 1.65

Ceftibuten 8218 12 648 20 866 57.07 87.83 144.9 0.16 0.24 040
Cefixime 9 176 185 0.06 1.22 1.28

Cotrimoxazole 41 560 48 126 89 686 288.61 334.21 622.82 0.80 092 1.72
Azithromycine 20 861 33 865 54726 144.87 23517 380.04 040 0.64 1.04
Erythromycin 2608 1926 4534 1811 13.37 3149 0.05 0.04 0.09
Clarithromycin 6110 3551 9661 4243 24.66 67.09 0.12 0.07 0.20
Clindamycin 2700 3570 6270 18.75 24.79 43.55 0.05 0.07 0.12
Ciprofloxac 4393 3871 8264 30.51 26.88 5739 0.08 0.08 0.16
Moxifloxac 782 1767 2549 543 12.27 177 0.02 0.03 0.05
Norfloxacine 38112 28 231 66 343 264.66 196.05 460.71 0.73 0.54 1.27
Nitrofurant 16 544 8947 25 491 114.89 62.13 177.02 0.31 0.17 048

*GP - general practitioner.

gary as the neighboring countries; Italy and France as the
countries with high consumption volume; the UK and the
Netherlands as the countries with low consumption vol-
ume; and Czech Republic and Austria as the countries with
an intermediate volume of prescribed antibiotics. The DID
rates for the abovementioned EU states and Croatia were
extracted from the ESAC results (6), while for the Osijek-Ba-
ranja county they were independently calculated from the
CIHI data, using the number of inhabitants from the sam-
ple (48,000) as a denominator. As the total consumption
volume remained balanced (with variations of just 29-4%
over the 3 years), the annual average (total consumption in
DDDs divided by 3) was used for calculating the DID rates.

Atwo-sample, independent group t-test (provided by Ope-
nOffice Calc) was chosen to test the differences between
the two groups, both regarding the frequency of diagno-
ses and total volume of prescribed antibiotics. Calculations
with this test were carried out using OpenOffice Calc (Ope-
nOffice 2.0, www.openoffice.org). For an in-depth analy-
sis of indication-based prescribing and comparisons be-
tween individual physicians, total DDDs for all 3 years
were used. The DID rate, although convenient for in-
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vestigating the use of large quantities of drugs, on a state
level or higher, gave very low and impractical numbers for
comparisons between individual prescribers. For example,
for acute sinusitis, physician “1” prescribed 0.002 DID com-
pared with 131 total DDD, physician “2" prescribed 0.017
DID (per day) and 938 DDD, and physician “3" prescribed
0.002 DID (per day) compared with 135 DDD.

RESULTS

The average yearly consumption of systemic antibiotics,
comprising 21 drugs, was 17.73 DID or 6456.85 DDD/1000
inhabitants/y (Table 1). No significant difference was found
between urban and rural GPs in the total volume of pre-
scribed antibiotics in DIDs (calculated t-score, 0.50, P=0.05).
Penicillins were used at a rate of 8.93 DID in Osijek Baranja
County, 12.36 DID in Croatia, and 5.14 DID in Austria and
14 DID in France (Table 2). The use of narrow-spectrum
penicillins in Austria and Hungary was similar to that of
Croatia as a whole and Osijek-Baranja county (1.30 DID ap-
proximately), while in Slovenia and Czech Republic these
rates were nearly double (2.61 and 2.24 DID). Amoxicillin
use in Croatia and Osijek-Baranja county was in the high-
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TABLE 2. Comparison of antimicrobial consumption (defined daily doses/1000 inhabitants/day) in Osijek-Baranja county, as well as from Croa-
tia and some European countries*

Osijek Baranja county Croatia Hungary Slovenia Czech Republic Austria Italy France Netherlands UK

Classes of antibiotics 1 2 3 4 5 6 7 8 9 10

Total outpatient use 17.57 23.50 19.63 1710 16.65 1249 2563 2897 9.78 14.90
Penicillins total 893 12.36 933 10.14 6.89 5.14 1235 14.00 3.86 6.88
Narrow spectrum 1.24 1.60 1.34 261 2.24 115 001 016 044 0.66
Broad spectrum 4.00 4.84 3.31 3.23 2.59 1.07 654 792 1.77 447
Penicillins combined 3.69 5.86 4.67 414 1.96 291 578 546 1.39 0.89
Cephalosporins total 2.87 3.89 2.32 0.71 0.99 1.63 337 334 0.06 0.76
Cephalosporins 1st generation' 146 2.08 0.14 0.09 0.24 031 017 038 0.01 0.56
Cephalosporins 2nd generation® 1.01 1.36 173 0.54 0.75 046 123 131 0.03 0.19
Cephalosporins 3rd generation® 040 044 045 0.09 0.00 086 194 165 0.01 0.01
Macrolides, linkosamin 113 2.0 3.14 3.18 249 289 501 485 1.33 2.31
Short acting 0.09 0.13 0.20 0.30 0.16 007 056 011 0.10 1.81
Intermediate acting 018 0.26 1.96 141 1.73 214 318 1.28 0.84 044
Long acting 1.04 1.50 0.34 1.29 0.50 046 119 079 033 0.04
Tetracyclines total" 0.68 1.89 1.99 0.72 2.85 1.08 050 3.35 2.23 3.23
Sulfonamides® 1.72 1.71 1.27 1.16 118 040 070 045 0.67 1.05

*Data from ESAC project, 2003 (6).

tIn Osijek-Baranja county, only cephalexin, because of minimal use of cefadroxil.

$In Osijek-Baranja county, only cefuroxime.

§lIn Osijek-Baranja county, only ceftibuten.

IlIn Osijek-Baranja county, only doxycycline.

9All, including combination with trimethoprime. In Osijek-Baranja county, sulfamethoxazole-trimethoprime.

er range (4.00 and 4.84 DID), together with Italy, France,
and the UK (6.54, 7.92, and 4.47 DID, respectively), where-
as in other countries it did not exceed 3.30 DID. The con-
sumption of co-amoxiclav was 3.70 DID in Osijek-Baranja
county and 5.86 DID in Croatia, compared with mere 0.89

ranja county (0.18 DID). The most frequently used was
azithromycin in both Croatia (1.50 DID) and Osijek-Ba-
ranja county (1.04). These are the highest rates among
ESAC members.

DID in the UK or 1.39 in the Netherlands. In contrast with
the UK, where the use of co-amoxiclav was lowest in Eu-
rope, the consumption in Osijek-Baranja county was 4.15
times greater, and in Croatia 6.6 times. Thus, like Croatia as
a whole, Osijek-Baranja county was a“leading consumer” of
combined penicillins in Europe (5.86 DID), even after tak-
ing into consideration its pre-school children population.
This level of consumption was greater than thatin Italy and
France (5.78 and 5.46 DID).

Consumption rates for cephalosporins in Osijek-Baranja
county and in Croatia were, again, in the higher category
(2.87 and 3.89 DIDs), comparable with other “big spenders,’
such as Italy (3.37 DIDs) and France (3.34). The lowest rates
were in the Netherlands (just 0.06 DID), Slovenia (0.71), and
the UK (0.76 DID) (Table 2).

The leading macrolide-class drug was clarithromy-
cin in most of the EU countries, but it was prescribed
on a smaller scale in Croatia (0.26 DID) and Osijek-Ba-

Tetracyclines in Osijek-Baranja county were prescribed
at 0.67 DID; this refers exclusively to doxycycline, since
this was the only tetracycline the consumption of which
was measured in the county. Such a low utilization is
surprising, notably in comparison with Croatia as a
whole (1.89 DID).

In contrast, sulfonamides were prescribed at 1.72 DIDs in
Osijek-Baranja county and 1.71 DIDs in Croatia, with the real
difference being even greater after including pre-school
population in the DID value for the county. Such a high us-
age is unparalleled in any other European country. It is the
second highest among the ESAC members in 2003: Ice-
land (1.92 DID)>Osijek Baranja county (1.89 DID)>Russian
Federation (1.79 DID)>Croatia (1.71 DID) (6).

The consumption rates for fluoroquinolones were 1.43
DID in Osijek Baranja County and 1.51 DID in Croatia,
mainly at the expense of norfloxacin (1.27 DID in the
County; 1.49 DID in Croatia).
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Around 75 200 prescription forms were analyzed in 3 years.
A total of 47370 prescriptions (63%) were issued for re-
spiratory infections: 39850 (53%) for infections of the up-
per respiratory tract and 7280 (9.69%) for infections of the
lower respiratory tract (Table 3). The most frequent diag-
noses were acute tonsillitis (ICD-10 code JO3) with 14680
prescriptions (19.52%); acute cystitis (N30) with 13030
(17.33%); and acute pharyngitis (J02) with 12560 (16.70%).
There were no significant differences between the rural
and urban group in regard to diagnoses registered on pre-
scription forms: 22.09 vs 31.24% for upper respiratory tract
infections (t=0.56, P=0.05), 4.06 vs 5.62% for lower respi-
ratory tract infections (t=0.78, P=0.05), 10.84 vs 10.21%
for urinary tract infections (t=0.96,PP=0.05), and 7.63 vs
7.88% for skin, soft tissue, and other infections (t=0.96,
P=0.05). Eye infections, recorded as “acute conjunctivitis”
(ICD-10 code H10) were present in 6390 (8.5%) of prescrip-
tion forms; skin and soft tissue infections (pyodermias, skin
abscesses and subcutaneous infections, and wounds and
combustions) in 3580 (4.76%); acute enteral infections in
1180 (1.57%); other bacterial infections in 300 (0.40%), and
undetermined conditions (fever of unknown origin) in 250
(0.33%) prescription forms.

Croat Med J. 2010; 51: 524-33

The 10 most frequently prescribed antibiotics (in DIDs)
were: amoxicillin = 4.00 DID (22.61% of total volume), co-
amoxiclav - 3.69 (20.87%), co-trimoxazole — 1.72 (9.64%),
cephalexin = 1.46 (8.27%), norfloxacin — 1.27 (7.13%), peni-
cillin V= 1.24 (7.00%), azithromycin — 1.04 (5.88%), cefuroxi-
me - 1.01 (5.73%), doxycycline 0.67 (3.78%), and nitrofuran-
toin — 0.48 (2.74%). Their total consumption was 16.58 DID
(93.51% of all observed drugs). Of all of these, only ceftib-
uten was used at a somewhat greater volume (0.40 DID),
while all others were prescribed on a much smaller scale.

Table 4 summarizes the utilization for upper respiratory
tract infections, presented as total DDDs over all 3 years.
Some drugs (co-trimoxazole, ceftibuten) were excluded
from the analysis because their primary indication was dif-
ferent from respiratory infections, but their volume in up-
per respiratory syndromes nevertheless remained consid-
erable (co-trimoxazole 14 064 DDD, ceftibuten 6548 DDD).

For acute pharyngitis and tonsillitis, the most frequent-
ly prescribed antibiotic was amoxicillin, with 76 762 DDD
(36.51% of its overall consumption) for acute pharyngitis
and 55880 DDDs (26.58%) for acute tonsillitis. For both di-

TABLE 3. Representation of diagnoses on prescription forms according to International Classification of Diseases, 10th revision,

Osijek-Baranja county, 2003-2005*

Upper respiratory Lower respiratory Urinary tract Skin
tract infection tract infection infection soft tissue
Code J02-03J00 JOT JO4 J05-06 H65-66 J20 J15-18 J11 J41-42 N30 N10 N40-44 LO1-04 S00-99 T00-99 Other
Number of prescript 27 240 7524376 2782 2106 2707 6031 165 481 13032 346 2286 3580 676 677 7370
Percent of total 3622 1 58237 28 36 802 081 022 064 1733 046 3.04 4.76 09 09 98
(n=75200)

*ICD-10 codes (10): J02-J03 - acute pharyngitis and acute tonsillitis, JO1 — acute sinusitis, J04 — acute laryngitis, J05-J06 — unspecified upper respira-
tory infection, H65-H66 — acute and chronic otitis media, JOO - common cold, J20 - acute bronchitis, J15-J18 — pneumonia, J11 - influenza, J41-J42 -
chronic bronchitis, N30 — acute cystitis, N10 — acute pyelonephritis, N40-N44 — acute and chronic prostatitis, LO1-L04 — skin and soft tissue infections,
S00-599 - wounds, T00-T99 - combustions, other: infectious diarrheas, infections affecting gastrointestinal system (cholecystitis, Helicobacter pylory
erradication therapy etc.), accelerated erythrocyte sedimentation rate, fever of unknown origin. Acute and chronic conjunctivitis comprised 8.47%
of all recorded diagnoses (in the “other” column).

TABLE 4. Antibiotics used in upper respiratory tract infections (total DDDs) with proportions of their total use (in percentages)*

Upper Acute
respiratory Acute Acute Acute otitis Acute Non-specified
Antibiotic Total DDD infection pharyngitis tonsillitis sinusitis media laryngitis URTI*

Amoxicillin 210223 176776 (84.08) 76762 (37.50) 55880 (26.95) 11510(5.50) 4380 (2.00) 12533 (6.00) 8073 (3.90)
Co-amoxiclav 194 118 119805 (61.71) 23010 (12.85) 48422 (25.10) 16133 (8.30) 15920(8.20) 5505 (3.00) 4879 (2.50)

Cefalexin 76 927 46983 (61.07) 16283 (21.16) 11320 (14.70) 8089 (10.51) 1661 (2.15) 3852 (5.00) 2882 (3.74)
Penicillin V 65168  62200(9544) 7778 (11.93) 51322 (78.75) 784 (1.20) 697 (1.06) 1164 (1.78) 0

Azithromycin 54726  38423(70.20) 6080 (11.10) 15865 (28.98) 8871 (16.20) 2546 (4.65) 2996 (547) 1265 (2.31)
Cefuroxime 53329 24030 (45.05) 6082 (11.40) 4558 (8.54) 3929 (736) 6640 (12.45) 1236 (2.31) 591 (0.11)
Doxycycline 35217 12554 (35.64) 0 5408 (15.35) 1004 (2.85) 93 (0.26) 3442 (9.77) 1327 (3.76)
Total 689708 480771 (100) 135995 (28.28) 192775 (40.09) 50320 (10.46) 31937 (6.64) 30728 (6.40) 19017 (3.95)

*Abbreviations: DDD - defined daily doses; URTI - upper respiratory tract infections.
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TABLE 5. Antibiotics used in lower respiratory tract infections (total DDDs) with proportions of their total use (in percentages)*

Total Consumption lower Acute Chronic

Antibiotic consumption (DDD) respiratory tract infections Influenza Pneumonia bronchitis  bronchitis Asthma
Amoxicillin 210223 12897 (6.13) 873(041) 209 (0.09) 10944 (5.20)  232(0.11) 584 (0.27)
Co-amoxiclav 194 118 35273 (18.17) 404 (0.20) 7447 (3.83) 25830(13.30) 454 (0.23) 1141 (0.58)
Cephalexin 76 927 10881 (14.14) 168(0.21)  457(0.59)  9827(1277) 104(0.13) 329 (042
Azithromycin 54726 12409 (22.67) 95(0.17) 3311 (6.05)  8368(15.29) 93(0.17) 545 (0.99)
Cefuroxime 53 329 14807 (27.76) 170 (0.31) 2588 (4.85) 11295(21.17) 296 (0.55) 460 (0.86)
Doxycyclin 35217 9936 (28.21) 288 (0.81) 1338(3.80) 7780 (22090 0 530 (1.50)
Ceftibuten 20 866 1317 (6.31) 0 189 (0.90) 978 (4.68) 45 (0.21) 95 (0.45)
Clarithromycin 9661 2355 (24.37) 0 1024 (10.60) 1175 (12.16) 154 (1.56) 0
Co-trimox 89 688 2801 (3.12) 75 (0.08) 245 (0.27) 1612 (149) 873 (0.97) 0

Total 102676 (100) 2073 (2.19) 16808 (16.36) 77809 (75.78) 2251 (2.19) 3684 (3.58)

*DDD - defined daily dose.

agnoses, it was 132642 DDD or 63.09% of its overall use,
compared with just 62 200 DDD of penicillin V. If we add to
amoxicillin other frequently prescribed antibiotics for sore
throat (co-amoxiclav, cefalexin, cefuroxime, and azithro-
mycin), the use of broad-spectrum drugs - 3-lactams and
macrolides (269670 DDD) — exceeds that of penicillin V
(62200 DDD) by 4.5 times (Table 4).

A wide range of drugs was used for the treatment of mid-
dle ear infections, with co-amoxiclav in the first place
(49.84% of drugs for that indication), followed by cefuroxi-
me (20.16%), amoxicillin (13.70%), azithromycin (8.00%),
cephalexin (5.20%), and penicillin V (2.18%) (Table 4). Pre-
scribing for acute sinusitis exceeded that for acute ofitis
media (50320 DDD vs 31937 DDD), with co-amoxiclav,
again, as the most frequently used drug. The utilization
for acute laryngitis (30728 DDD) was very close to that for
acute otitis media (31937 DDD).

Acute bronchitis was a frequent indication for antibiotic
use (75.80% of all diagnoses in this group) (Table 5). The
most frequently used were co-amoxiclav (25830 DDD or
13.30% of its total consumption), cefuroxime, amoxicillin,
cephalexin, azithromycin, and doxycycline — all of them
used between 7000 and 11000 DDD. For pneumonia, a to-
tal of 16808 DDD of antibiotics was prescribed (16.36%)
(Table 5). As in the case of acute bronchitis, co-amoxiclav
was the most represented antibiotic, with 7447 DDDs, to-
gether with azithromycin and cefuroxime-axetil.

Among urinary tract infections, the most frequent diag-
nosis was acute cystitis, with norfloxacin as the most fre-
quently prescribed antibiotic (66343 DDD), followed by
co-trimoxazole (42796 DDD) and nitrofurantoin (25491
DDD). The remaining were (-lactams, tetracyclines, and

even macrolides. The most frequently prescribed drugs for
acute pyelonephritis were cefuroxime-axetil and co-amox-
iclav, but their utilization rate was very low (2120 and 1381
DDDs).

For skin and soft tissue infections, wounds, combustions,
and all other indications, the consumption rate was 45052
DDD. As in the case of other diagnoses (eg, otitis media
and pneumonia), a wide range of antibiotics was used - 12
in total, but most commonly, again, co-amoxiclav (20085
DDDs or almost a half of a total consumption for this group
of diagnoses), followed by amoxicillin (7720 DDD) and ce-
phalexin (6918 DDD). “Other infections” included various
diagnoses recorded on prescription forms, such as acceler-
ated erythrocyte sedimentation rate, dry cough (ICD code
RO5), fever of unknown origin, and acute cholecystitis.

The majority of physicians (21 of 30, 70%) prescribed simi-
lar volumes of antibiotics across all categories, but impor-
tant differences among individual prescribers emerged
after detailed surveying of individual rates. Cefuroxime pre-
scribing was the most inconsistent, with the highest utili-
zation rate 38.5 times greater than the lowest, followed by
norfloxacine (35.3 times), ceftibuten (29 times), and doxy-
cycline (25 times). The use of co-trimoxazole was least het-
erogeneous (difference of 4.5 times).

DISCUSSION

This study is the first survey of prescribing practice in
Osijek-Baranja county in Eastern Croatia. The pattern of
prescribing was characterized by antibiotic overconsump-
tion, together with a significant divergence from gener-
ally used guidelines regarding the choice of drugs. GPs
prescribed mostly aminopenicillins, combined peni-
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cillins, combined sulphonamides, and long-acting mac-
rolides (azithromycin), while the use of doxycycline was
among the lowest in Europe.

A high rate of antibiotic use (17.73 DID) places Osijek-Ba-
ranja county among the regions with greater overall con-
sumption, especially given the low presence of pre-school
children in the studied sample (567 out of 48 000), who are
the most common users of antibiotics (12-17). Thus, the
actual consumption in the County was probably higher
than in Croatia as a whole (23.50 DID), putting it among
the highest rates in Europe. Surprisingly, there were no
differences in the total consumption between urban and
rural physicians. This suggests that, although urban phy-
sicians have easier access to microbiological laboratories
and supporting tests to confirm diagnoses, both groups
of physicians showed similar prescribing behavior. Distinc-
tions emerged as the highest and the lowest consumption
rates for individual antibiotics and for individual prescrib-
ers, which indicates a great degree of discord regarding
the place and role of individual drugs in the treatment of
infective syndromes in the primary care setting. Such het-
erogeneity in the choice of antimicrobials arises apparent-
ly from physicians’ noncompliance with international and
domestic guidelines (18-21), the main purpose of which
is precisely the opposite — homogenization of prescrib-
ing practice, aimed at impeding the development of anti-
microbial resistance. There are probably many reasons for
this, including insufficient education, pharmaceutical pro-
motion, and lack of monitoring. Prescribing practices are
affected, apart from education, by many factors: attitudes
and prescribing habits of primary care practitioners; rec-
ommendations of consultants such as pediatricians, oto-
rhinolaryngologists, and infectologists, who cannot them-
selves issue prescriptions; and pressure from patients and
parents. Another likely reason for the observed variations
among prescribers is the number of patients they see, as
well as the age and morbidity patterns of the patients.

Physicians in Hungary, Czech Repubilic, Austria, and Slove-
nia prescribed much greater proportions of narrow-spec-
trum penicillins. This is an example that should be followed,
because of their theoretically lower potential for resistance
and lower cost. Co-amoxiclav was prescribed at 3.69 DID
in Osijek-Baranja county (5.86 DID in Croatia), while in the
UK it was only 0.89 DID — the lowest rate in Europe, not
reported in any other ESAC member, including the Neth-
erlands (1.39 DID). Co-amoxiclav not only has no indica-
tion as the first choice drug in any uncomplicated re-
spiratory tract infection, but is much more expensive
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as well. According to Bisno et al (22), group A B-hemolytic
streptococcus is the most frequent causative pathogen of
acute bacterial pharyngitis, and is still universally suscep-
tible to penicillin V. Penicillin V is, therefore, reliable enough
to remain as the first option even in an era of antimicro-
bial resistance. Domestic guidelines also recommend this
drug as a first choice (9). Practitioners in this survey pre-
scribed for acute sore throat (ICD code J02 + J03) 328770
DDD in total, with only 62200 DDD (18.90%) of penicillin
V, which is inappropriate according to international guide-
lines. Amoxicillin remains the first choice for most uncom-
plicated cases of acute otitis media and sinusitis, according
to the guidelines of the American Academy of Pediatrics,
being efficacious, inexpensive, and safe (23,24). In Osijek-
Baranja county, co-amoxiclav was in the first place for both
indications (15920 DDD in acute otitis media, 16 133 DDD
in acute sinusitis), while amoxicillin was the third in acute
otitis media (behind co-amoxiclav and cefuroxime) and
the second in acute sinusitis (behind co-amoxiclav). The
global prevalence of ampicillin-resistant H. influenzae was
about 20%, and in Croatia between 9 and 30% (2006) (25),
which means that amoxicillin is trustworthy as initial drug
in these indications, with co-amoxiclav only as an alterna-
tive in cases of treatment failure after amoxicillin or peni-
cillinV.

Cephalexin was prescribed mostly in acute pharyngitis/
tonsillitis (27603 DDD or 35.88% of its total consumption),
which is probably justified, because of its good activity
against S. pyogenes in penicillin-allergic patients (26-28).
In other respiratory tract infections (eg, acute sinusitis, oti-
tis media, laryngitis), the consumption volume was 16484
DDD (21.42% of the total quantity), which is inappropriate
due to the unsatisfactory activity against other respiratory
pathogens (29).

Cefuroxime (24030 DDD in upper respiratory infections)
was prescribed mainly in acute pharyngitis and tonsillitis
(10640 DDDs or 19.95% of its total use). Ceftibuten was
represented in upper respiratory infections with 6548 DDD
(31.38% of the total use), mostly for acute pharyngitis and
tonsillitis (2457 DDDs), acute sinusitis, otitis media, and lar-
yngitis. Such a high utilization of second and third genera-
tion cephalosporins is questionable, because of their high-
er potential for the development of resistance, and greater
price (30). Interestingly, there was a relatively high-level
use of co-trimoxazole for acute pharyngitis and tonsillitis
(11064 DDD or 12.33% of the total utilization), comparable
to even cefuroxime (10640 DDD) or azithromycin (21945
DDD). Co-trimoxazole is not an option for that indication in
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any clinical scenario because of its lack of activity against
S. pyogenes.

Azithromycin was prescribed in acute sore throat at 21 945
DDD (40.09% of the total use). There is no scientific back-
ground for such a high consumption, due to the equally
efficacious and inexpensive drugs as erythromycin and ce-
falexin. Itis also presumed to have high potential for induc-
ing antimicrobial resistance (31).

The prescribing pattern for lower respiratory tract infec-
tions was characterized by utilization of B-lactams, com-
pared with macrolides (75175 DDD vs 14764 DDD), and
marginal representation of tetracyclines (doxycycline: 9936
DDD or 28.21%), which is not in accordance with micro-
biological etiology and recommendations from interna-
tional guidelines (19,32,33). The low-level use of amoxicil-
lin for pneumonia is surprising (209 DDDs), as is the use
of cephalexin for this indication (457 DDD). While the first
has a significant place in international guidelines for use
in community-acquired pneumonia without concomitant
morbidity, the second one has no therapeutic role (14). Ce-
falexin, in the fourth place with 10881 DDDs or 14.14% of
total use, has little, if any, role in the treatment of lower re-
spiratory tract infections.

The consumption rates in urinary tract infections varied
between 6760 DDD (81.80%) for ciprofloxacin and 18958
DDD for co-amoxiclav (9.76%). In the study of Huovinen et
al (34), 65% of urinary tract infections in Finland was treat-
ed with trimethoprime (production in Croatia ceased in
1999), pivmecillinam (not registered in Croatia), and nitro-
furantoin, all of them recommended as first line drugs. In
Finland, practitioners used cheaper but still efficient drugs,
while in Croatia the most represented was norfloxacin,
which is not only much more expensive than co-trimox-
azole and nitrofurantoin, but also carries greater potential
for the development of antimicrobial resistance. Azithro-
mycin, a macrolide, was utilized at 2849 DDDs (5.20%), de-
spite the fact that macrolide antibiotics have no activity
against Gram-negative microorganisms. Its main indica-
tion was chronic prostatitis.

A combination of amoxicillin with clavulanic acid was un-
justifiably overused, both in Osijek-Baranja county and in
Croatia as a whole, even compared with the “big spenders’
France and Italy.

"

Consumption of azithromycin in the Osijek-Baranja coun-
ty and Croatia as a whole was highest in Europe. The utili-
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zation of doxycycline in Osijek-Baranja county was much
lower than in Croatia (0.68 DID vs 1.89 DID), belonging
to the lowest rates in Europe. Sulfonamides in Osijek-Ba-
ranja county exceeded the rate not only of Croatia (1.72
DID vs 1.71 DID, but of all other countries as well, resulting
in, again, the highest consumption in Europe. Overall an-
tibiotic use in the Osijek-Baranja county was in the same
range as in both Croatia as a whole and countries with
higher consumption volume (Italy, France). The results of
this study clearly show a necessity for a coordinated inter-
vention — through continuous education of practitioners,
audit of prescribing practice, or other measures, in order to
correct inappropriate and oversized utilization, and place
it in a framework of guidelines and scientifically based
standards. Higher prevalences of resistant microorganisms
reflect high consumption rates of certain antimicrobials
with a significant potential for development of resistance
(azithromycin, cefalosporins, combined penicillins).

The study has two important limitations. First, there were
only 567 children aged 0-7 years in a population segment
of 48000 inhabitants of the county, because majority of chil-
dren were under care of pediatric teams (not included in
the investigation). This had a considerable influence on the
comparisons of overall consumption rates between Osijek-
Baranja county (17.73 DID), Croatia (23.50 DID), and Europe-
an countries, in which the total population (all age groups)
was included as a denominator in calculating DIDs. Such
a small number of children contributed also to a relatively
small proportion of respiratory infections (63%) in our sam-
ple, compared with the literature data (16-18), because of a
well known fact that children with respiratory infections are
the greatest consumers of antimicrobials. Second, the actual
morbidity was not investigated, but only diagnoses record-
ed on prescription forms. It is possible, therefore, to come to
a false conclusion that every visit to a physician, with, for ex-
ample, respiratory infection symptoms, resulted in antibiotic
prescription, which in reality is not the case.

The results of investigation point to two important con-
clusions: a) antimicrobial utilization on a regional level (as
in this investigation), corresponds fairly well with the ESAC
figures, on a state level or higher, and b) antimicrobial uti-
lization data from a regional level are reliable tool for an
approximation of consumption on a state level or higher,
if the Anatomic Therapeutic Classification methodology is
correctly implemented.

A practical approach to inappropriate prescribing in
primary care setting would be, therefore, to follow
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results and conclusions from the two models: 1) antimicro-
bial guidelines based on academic consensus (“theoreti-
cal reference model”) and 2) antimicrobial consumption
based on lower utilization level, attained in some Europe-
an countries (Scandinavian countries, the UK, the Nether-
lands), as a “practical reference model”
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