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Background: Data on outpatient macrolide, lincosamide and streptogramin (MLS) use in Europe were
collected from 25 countries within the ESAC project, funded by DG SANCO of the European Commission,
using the WHO ATC/DDD methodology.

Methods: For the period 1997-2003, data on outpatient use of systemic MLS aggregated at the level of the
active substance were collected and expressed in DDD (WHO, version 2004) per 1000 inhabitants per day
(DID). Macrolide use was analysed in detail, using a classification based on their mean plasma elimination
half-life.

Results: Total outpatient MLS use in 2003 varied by a factor of 11 between the country with the highest
(9.36 DID in Greece) and lowest (0.85 DID in Sweden) use. MLS use showed high seasonal variation. Short-,
intermediate- and long-acting macrolides were used most in 6, 18 and 1 countries, respectively (mainly
erythromycin, clarithromyin and azithromycin, respectively). Lincosamide use was observed in all
countries (mainly clindamycin) and substantial streptogramin use only in France (pristinamycin). From
1997 to 2003, MLS use increased in 14 countries and was most pronounced in Greece (increase of >5 DID).
Except for Sweden, a relative increase of intermediate- (mainly clarithromycin) and/or long-acting
(mainly azithromycin) macrolide use was observed, at the expense of short-acting macrolide (mainly
erythromycin) use.

Conclusion: The observed differences between European countries in the levels of MLS use and the
extreme seasonal variations in their use suggest that this class of antibiotics is prescribed inappropriately
in many countries. The MLS classification developed here facilitates a more comprehensive description of
macrolide use in Europe. These data (collected as part of ESAC) could promote investigations that lead to a
deeper understanding of the link between macrolide use and resistance.
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Introduction ) ] ) ) )
to classify macrolides, for instance based on their chemical

In this paper we present a detailed overview of outpatient use structure, there is as yet no officially accepted classification
of 18 substances classified as macrolides, lincosamides or for macrolides. We adopted a classification based on their
streptogramins (MLS; Table 1). While several criteria exist mean plasma elimination half-life, which subdivides them into
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Table 1. Classification of macrolides, lincosamides and streptogramins (MLS) according to WHO ATC codes

Macrolides

short-acting

intermediate-acting

long-acting

JO1FAO1 erythromycin JO1FA06  roxithromycin JO1FA10  azithromycin
JO1IFA02 spiramycin JO1FAQ7 josamycin JO1FA13 dirithromycin
JO1FAO03 midecamycin JO1FA09 clarithromycin
JO1FAOQS oleandomycin JO1FA14 flurithromycin
JO1IFAO08 troleandomycin® JO1IFA15S  telithromycin
JO1FA11 miocamycin
JOIFA12 rokitamycin
Lincosamides
JO1FFO01 clindamycin
JO1FF02 lindamycin
Streptogramins
JO1IFGO1 pristinamycin
JO1IFGO02 quinupristin/dalfopristin

Drugs whose use represents more than 1% of the total MLS use in Europe in 2003 are shown in bold type.

“No use of this MLS antibiotic was reported in Europe in 2003.

short-, intermediate- and long-acting macrolides. Additional data
are available on the ESAC website (www.ua.ac.be/ESAC).

Methods

The methods for collecting use data of systemic antibiotics have been
previously described in the introductory paper of this series' and
elsewhere.>® Outpatient use of MLS was compared between 25
countries. A classification according to their mean plasma elimina-
tion half-life, subdividing macrolides into short- (half-life < 4 h),
intermediate- (half-life from 4 to 24 h) and long-acting (half-life >
24 h) macrolides (Table 1), was used to assess outpatient use in more
detail. In addition, trends in time and seasonal variation were
analysed.

Results

For only nine macrolides, the use represented more than 1% of
the total MLS use in 2003 in Europe, while no use was recorded
for one substance (troleandomycin) (Table 1). Figure 1 shows the
total MLS use in 2003, as well as the use of short-, intermediate-
and long-acting macrolides, expressed in defined daily doses
(DDD) per 1000 inhabitants per day (DID). Total MLS use varied
by a factor of 11 between the country with the highest use (9.36
DID in Greece) and the country with the lowest use (0.85 DID in
Sweden). Variations were even more pronounced when use of
short- (1.81 DID in the UK versus 0.07 in Austria), intermediate-
(8.02 DID in Greece versus 0.08 in Sweden) and long-acting
(1.50 DID in Croatia versus 0.04 DID in Sweden) macrolides
was compared (Table 2). While lincosamide (JO1FF; mainly clin-
damycin) use was observed in all countries (ranging from 0.01
DID in Denmark to 0.64 DID in Hungary), streptogramin use was

restricted to Greece, Belgium, Luxembourg (<0.001 DID) and
France (0.82 DID—mainly pristinamycin) (Table S1, Online
Supplementary data).

Erythromycin, a short-acting macrolide, accounted for more
than 50% of the total MLS use in Iceland, Norway, Sweden and
the UK; was the most used MLS in Estonia and Denmark (>40%)
in 2003; and represented more than 20% of MLS use in Ireland
and Israel. The intermediate-acting macrolides represented the
most used subclass in Austria, Belgium, the Czech Republic,
France, Greece, Hungary, Ireland, Italy, Luxembourg, the
Netherlands, Poland, Portugal, Slovakia, Slovenia and Spain
(mainly clarithromycin) and in Germany, Finland and Israel
(mainly roxithromycin). Clarithromycin and roxithromycin use
also represented more than 20% of MLS use in Estonia and
Finland and in the Czech Republic, Denmark and Slovakia,
respectively. The long-acting macrolides were the most used
MLS only in Croatia (mainly azithromycin). Azithromycin
accounted for more than 20% of MLS use in another 12 countries
(Tables 2 and S1; Figure S1, Online Supplementary data).
Lincosamides represented more than 20% of the total MLS
use in Hungary, Poland and Sweden, and more than 10% in
Germany and Croatia (mainly clindamycin), while substantial
streptogramin use was only observed in France (pristinamycin).

Tables 2 and S1 as well as Figure S1 provide an overview of
the consumption trends in the participating countries between
1997 and 2003. A total of 14 countries showed increasing
MLS use between the first and the last year of observation.
Only in one country, however, was there more than 1 DID dif-
ference in MLS use between 1997 and 2003; this was in Greece,
where an extreme increase from 4.16 to 9.36 DID was observed.
The proportional use of the different macrolide subclasses
showed more dramatic variations, i.e. absolute differences of
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Figure 1. Outpatient use of MLS in 25 European countries in 2003. For Iceland total data are used; for Poland 2002 data are used.

10% or more between 1997 and 2003, in more than half of the
countries. Proportional use of short-acting macrolides decreased
by more than 30% in Iceland and Portugal; by more than 20% in
Ireland; and by more than 10% in Denmark, Spain, Greece,
Hungary, Poland, Slovakia and Slovenia. This decrease was
mainly the result of decreasing erythromycin use, except
for Slovakia (decreasing spiramycin use) and Slovenia (decreas-
ing midecamycin use), and was matched by a similar increase
in intermediate- and/or long-acting macrolide use in all
these countries except for Denmark and Slovakia. Overall,
intermediate-acting macrolide use increased by more than 20%
in Ireland (clarithromycin) and by more than 10% in Iceland,
Finland, Greece, Hungary, Portugal and Slovenia (mainly clar-
ithromycin), and long-acting macrolide use increased by more
than 20% in Iceland and Portugal and by more than 10% in Spain,
Poland and Luxembourg (azithromycin). Intermediate-acting
macrolide use only decreased by more than 10% in Sweden
(clarithromycin) and Luxembourg (roxithromycin). In Sweden
this decrease coincided with an increase of lincosamide use (clin-
damycin) by more than 10% (Figure S1). Decreasing rox-
ithromycin use was also observed in Belgium, the Czech
Republic, Spain, Slovakia and Slovenia.

Figures S2 and S3 (Online Supplementary data) show the
seasonal fluctuation of MLS use in 21 European countries that
provided quarterly data. The same figures for macrolides only are
available at www.ua.ac.be/ESAC. The mean of MLS use in the
first and fourth quarter was more than 60% higher than the mean
of MLS use in the second and third quarter in Austria, Belgium
and Hungary (clarithromycin) and in Germany (roxithromycin).
This seasonal variation was more than 50% in Greece, Poland,
Portugal, Slovakia, Slovenia, Spain (clarithromycin) and Estonia
(erythromycin). Only in Iceland, the Netherlands, Sweden and the
UK was it less than 30%. In the Netherlands the increase in
antibiotic use in winter quarters was 25% (clarithromycin). In
Iceland, Sweden and the UK it was 11%, 17% and 21%, respec-
tively (erythromycin), and, similar to the case in Denmark,
decreasing over time.

Discussion

Levels of MLS use and their extreme (also seasonal) variation
among European countries suggest that this class of antibiotics is
prescribed inappropriately in many countries. The seasonal varia-
tions in use observed for this class of antibiotics, which is mostly
used to treat respiratory tract infections, were more extreme than
previously observed for total as well as for B-lactam antibiotic
use."* This may suggest an inappropriate use for conditions
such as the common cold, flu and bronchitis. Moreover, varia-
tions in macrolide use became even more pronounced when
assessing use of short-, intermediate- and long-acting substances.
This subgrouping of the macrolides is not supported by ATC
codes; however, telithromycin was classified here as a macrolide
and not as a ketolide, which is in accordance with the ATC
classification. We assigned telithromycin to the intermediate-
acting subgroup (mean plasma elimination half-life 4-24 h)
based on its 10 h half-life.®

This classification enabled us to provide the most lucid over-
view of MLS use in Europe. Other classifications based on the
chemical structure of the macrolides or on differences in mecha-
nisms of action are known. However, stratifying macrolides
according to these classifications would not have been as infor-
mative or would have compelled us to show data on the substance
level or would have had both these drawbacks.

MLS use increased in 14 countries during 1997-2003, most
remarkably in Greece (by >5 DID), and in 2003, Greece was the
highest consumer of MLS in Europe. This continuous increase of
MLS use (mainly clarithromycin) in Greece might be partially
explained by parallel exports, as described earlier." Among MLS,
macrolides were the most used subclass, and among the macro-
lides, the intermediate-acting subgroup (mainly clarithromycin)
was predominantly used in the majority of the European coun-
tries. In a few countries (Denmark, Estonia, Iceland, Norway,
Sweden and the UK), however, use of the short-acting macrolides
was predominant. Irrespective of the most used subgroup, a shift
in prescribing trends from the older to newer analogues, which
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Table 2. Trends of macrolide use in 25 European countries, Table 2. (continued)
expressed in DDD per 1000 inhabitants per day
Year 97 98 99 00 Ol 02 03
Year 97 98 99 00 Ol 02 03
Israel 149 1.55
Austria 318 339 287 265 254 268  short 038 035
short 024 0.7 012 0.1 008 007  intermediate 0.95 102
intermediate 241 272 229 210 204 214  long 0.16 0.18
long 052 051 046 044 042 046 Italy 505 495 498 498 493
Belgium 318 356 3.50 344 3.3 303 279  short 091 083 084 073 056
short 043 055 048 039 034 030 025  intermediate 3.08 306 299 3.10 3.18
intermediate 228 256 248 243 212 201 189  long LO5 106 LI5S 115 119
long 047 045 054 062 067 072 065 Luxembourg 430 447 469 442 437 390 3.88
Croatia 179 162 165 188  short 0.81 097 085 076 075 066 073
short 0.10 0.09 013 0.13 intermediate 292 3.02 321 291 276 236 224
intermediate 0.10 0.16 0.14 0.26 lOIlg 0.56 0.48 0.63 0.75 0.86 0.89 091
long 159 137 138 150 Netherlands 112 116 117 114 123 124 127
Czech Republic 245 241 236 241 226 239  short 0.16 0.14 014 0.13 0.12 0.11 0.10
short 040 040 036 030 0.18 0.16 intermediate 077 0.79 079 076 0.82 0.82 0.84
intermediate 165 160 157 167 161 173  long 0.19 023 024 025 029 031 033
long 041 041 044 044 047 050 Norway 1.47 Le4 1.80 171
Denmark 203 227 217 201 209 216 214  short 1.08 114 1.20  1.09
short 118 125 111 110 109 111 101  intermediate 0.23 0.30 036 0.36
intermediate  0.58 0.62 058 047 053 062 073  long 0.17 021 024 026
long 027 040 048 044 046 043 040 Poland 117154 142 170 205 1.82
Estonia 109 101  short 045 036 034 040 044 035
short 069 042 intermediate 066 1.04 091 098 1.23 1.13
intermediate 022 032 long 0.06 0.14 0.17 031 038 0.34
long 019 o008 Portugal 306 3.06 350 338 336 346 3.8l
Finland 1.64 164 177 189 207 194 219  short 126 110 100 083 067 035 029
short 024 020 018 016 015 012 0.11 intermediate 1.35 153 175 173 1.73 188 2.14
intermediate 072 077 0.86 102 1.17 109 128  long 045 043 075 082 096 123 137
long 068 067 072 071 076 073 079 Slovakia 292 324 333 3.60
France 460 484 493 519 514 439 400  short 054 057 038 031
short 075 072 061 064 060 038 031  intermediate 182 199 220 2.3
intermediate ~ 3.39 359 3.66 3.83 3.68 321 294 long 056 068 074 0.76
long 046 053 066 072 086 080 0.75 Slovenia 285 353 381 357 318 2.83 3.00
Germany 228 230 233 222 207 201 202  short 064 059 060 048 038 030 030
short 060 057 056 053 043 040 036 intermediate 0.81 1.55 173 172 146 127 141
intermediate  1.35 138 141 132 132 131 136  long L4l 139 147 137 134 125 129
long 033 036 037 038 032 029 030 Spain 325 338 330 3.17 3.04 3.01 3.05
Greece 402 521 613 653 660 746 907  short 089 079 069 059 047 041 036
short 094 088 068 096 107 087 083 intermediate 1.79 192 180 172 170 1.68 1.71
intermediate  2.85 4.05 530 552 546 650 802 long 057 066 081 086 087 092 098
long 024 028 0.15 005 007 0.09 022 Sweden 081 085 079 071 074 066 0.58
Hungary 2.47 3.78 3.00 276 222 2.50 short 0.56 0.61 0.58 0.55 0.60 0.53 0.46
short 050 0.58 045 0.41 0.29  0.20 intermediate 0.22  0.21 0.17 0.12 0.11 0.10 0.08
intermediate 1.60 266 208 194 162 196  long 002 003 003 003 003 003 004
long 037 054 047 041 031 034 UK 286 270 243 228 231 225 229
Iceland 179 184 172 153 149 151 156  short 234 219 15 188 187 180 181
short 155 147 133 107 097 089 082 intermediate 049 047 041 038 041 042 044
intermediate ~ 0.11  0.12  0.15 0.8 020 022 029 long 0.03 0.03 0.03 003 003 003 004
long 0.14 025 024 028 032 039 044
Ireland 187 196 219 214 233 248 283 Country: Total national macrolide use.
short 103 093 092 082 077 070 074 Short: Short-acting macrolide use.

Intermediate: Intermediate-acting macrolide use.

intermediate 080 098 121 126 149 168 198 [ one: Long-acting macrolide use.
long 004 004 006 006 007 0.10 0.10
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has also been previously recorded for other antibiotic classes,’
was observed for all countries except Sweden. There was an
increase in the proportional use of the intermediate- (mainly
clarithromycin) and/or the long-acting subgroups (mainly azithro-
mycin) at the expense of the short-acting subgroup (mainly
erythromycin) during the 7 years studied in this work. Wide-
spread use of the short-acting macrolides, such as erythromycin,
which are inferior to the newer analogues clarithromycin and
azithromycin in terms of pharmacokinetic profiles and adverse
drug reactions, could indicate conservative and cost-conscious
antibiotic use. Remarkably, prevalence of macrolide resistance
in common respiratory pathogens, Streptococcus pneumoniae and
Streptococcus pyogenes, also tends to be lower in countries that
predominantly use the short-acting analogues in comparison with
those that use the intermediate-acting analogues.”* However, this
ecological link does not prove a cause and effect relationship and
could actually relate to more judicious antibiotic prescribing.
In addition, compared with the intermediate-acting (clar-
ithromycin) macrolides, long-acting (azithromycin) macrolides
may cause an enhanced resistance selection.”'? However, this
issue remains, as yet, debatable. In conclusion, the ESAC data
presented here could facilitate investigations that lead to a deeper
understanding of the link between macrolide use and resistance.
Although the current MLS classification might not be ideal, it
nevertheless provided ESAC with a tool to describe macrolide
use in Europe in a more comprehensive manner than ever before.
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