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Objectives: We studied trends in antibiotic prescribing by primary care and assessed the associations between 
generated antibiotic selection pressure (ASP) and the prevalence of sentinel drug-resistant microorganisms 
(SDRMs). 

Methods: The volume of antibiotic prescribing in primary and hospital care expressed in DDD/1000 inhabitants 
per day and the prevalences of SDRMs in European countries where GPs act as gatekeepers were obtained from 
the European Centre for Disease Control ESAC-NET. Associations were tested between (i) DDD and (ii) the 
Antibiotic Spectrum Index (ASI) as a proxy indicator for ASP, and the prevalences of three SDRMs: MRSA, MDR 
Escherichia coli and Streptococcus pneumoniae resistant to macrolides. 

Results: Fourteen European countries were included. Italy, Poland and Spain had the highest prevalence of 
SDRMs and prescribed the highest volume of antibiotics in primary care (average 17 DDD per 1000 inhabitants 
per day), approximately twice that of countries with the lowest volumes. Moreover, the ASIs of these high anti-
biotic volume countries were approximately three times higher than those of the low-volume countries. 
Cumulative ASI showed the strongest association with a country’s prevalence of SDRMs. The cumulative ASI 
generated from primary care was about four to five times higher than the cumulative ASI generated by hospital 
care. 

Conclusions: Prevalences of SDRMs are associated with the volume of antimicrobial prescribing and in particular 
broad-spectrum antibiotics in European countries where GPs act as gatekeepers. The impact of ASP generated 
from primary care on increasing antimicrobial resistance may be much larger than currently assumed.

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https:// 
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the 
original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

Introduction
Antimicrobial resistance (AMR) is increasing worldwide and repre-
sents a major threat to global healthcare.1 The major driver of the 
rise in AMR is the use of antibiotics.2 Worldwide, efforts are now 
being undertaken to decrease antibiotic prescribing and conse-
quently reduce the rate of AMR development.1 Given that GPs 
are responsible for the majority of antibiotic prescriptions in a 
country, they potentially have an important role to play in reducing 
AMR.3 However, the extent to which antibiotic prescribing in pri-
mary care contributes to increasing AMR is still unclear.4 For varied 
reasons, not all GPs consider their antibiotic prescribing practices to 
be part of the process eventually leading to increasing AMR.5,6

Part of the process leading to AMR is referred to as ‘antibiotic 
selection pressure’ (ASP), defined as the extent to which the use 
of antibiotics enhances the selective process increasing the 
growth of resistant microorganisms.7 According to the One 
Health concept, all antibiotic prescriptions contribute to ASP.8

The relative contribution to the ASP of an antibiotic most likely de-
pends on the dosage, duration of use, and type and spectrum of 
an antibiotic.

The aim of this study was to inventorize types and volumes of 
antibiotics prescribed by primary care practitioners in European 
countries where they act as gatekeepers. Importantly, this study 
investigates the correlation between a country’s AMR and the 
overall level of antibiotic prescribing, and resultant antibiotic 
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pressure, in that country. Testing associations between prescrip-
tion data and the AMR levels in a country provides insight into the 
role primary care has compared with hospital care in increasing 
AMR.

Methods
In this study, we collected and analysed open source data on the volume 
of antibiotic prescriptions and on the prevalence of three drug-resistant 
microorganisms. The volume of antibiotic prescriptions was used to cal-
culate ASP. The volume of antibiotic prescriptions and ASP were then cor-
related to the prevalence of a sentinel drug-resistant microorganism 
(SDRM).

The study was performed according to the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) statement: 
guidance for reporting observational studies,9 and the STROBE-AMS re-
commendations for reporting epidemiological studies of AMR and in-
forming improvement in antimicrobial stewardship (S1, available as 
Supplementary data at JAC Online).10

Country selection
We analysed data on antibiotic prescriptions from European countries be-
cause they collect and report their data in a standardized format through 
the European Centre for Disease Prevention and Control (ECDC).11 For a 
country to be included in the study, GPs had to act as a ‘gatekeeper’ in 
the healthcare system, defined as a compulsory GP referral to access 
most types of specialist care except in case of emergency (S2).12 These 
countries generally have lower levels of antibiotic prescriptions.13

Data extraction
Antibiotic prescriptions

The volume of antibiotic prescriptions per country was extracted from the 
ECDC open source antimicrobial consumption database (ESAC-NET) on 15 
March 2022.11 The volumes were represented in DDD per 1000 inhabitants 
per day for the years 2011 through 2020. DDD is defined as the assumed 
average maintenance dose per day for a drug used for its main indication 
in adults.14 To translate absolute volumes of prescribed antibiotics to a va-
lue representing the ASP in a country, we calculate and present the 
Antibiotic Spectrum Index (ASI) as a proxy indicator for ASP.15 The ASI in-
corporates the volume of used antibiotics and their activity against micro-
organisms, expressing these through an index number representing the 
spectrum of microorganisms that are susceptible to that drug (S3a). The 
ASI assigns numerical values for an antibiotic that has activity against 1 
or more of 13 categories of pathogens, with lower values indicating 
narrow-spectrum agents and higher values broader-spectrum agents.

The ECDC website does not provide data on individual antibiotics, in-
stead providing information per Anatomical Therapeutic Chemical 
Classification System (ATC) fourth-level chemical subgroup. Antibiotics 
in a subgroup are effective against the same microorganisms and have 
an equal index number.15 Only antibiotics in ATC subgroups macrolides 
and quinolones have different index numbers. Hence, a mean ASI had 
to be calculated for these subgroups. For antibiotics lacking a reported 
ASI, one was calculated using the method proposed by Gerber et al.15

on the basis of their activity against microorganisms. In total, 13 antibio-
tics were not indexed in the ASI (S3b) and were indexed instead by our 
research group. The ATC subgroup J01RA, combinations of antibacterials, 
was excluded from the ASI analysis because it was not possible to calcu-
late an average.

The cumulative ASI per ATC subgroup was calculated by multiplying 
the volume of antibiotic prescriptions in DDD per 1000 inhabitants by 
the ASI number for that subgroup. The cumulative ASI (i.e. cumulative 
antibiotic spectrum index per 1000 inhabitants) in a country was 

calculated by adding up the ASIs of each subgroup. For each country, 
this was calculated for (i) primary care, (ii) hospital care and (iii) primary 
and hospital care combined (i.e. the combined cumulative ASI).

AMR of sentinel microorganisms

AMR surveillance systems can use a set of drug-resistant microorganisms 
rather than a complete overview of microorganisms to monitor trends in 
AMR.16 This approach was taken and three so-called SDRMs relevant for 
primary care were selected: Staphylococcus aureus, Escherichia coli and 
Streptococcus pneumoniae are often used to monitor AMR.16 MRSA was 
used because S. aureus is the leading cause of skin and soft tissue infec-
tions. From the order Enterobacterales, E. coli resistant to third- 
generation cephalosporins and fluoroquinolones and aminoglycosides 
was selected, because E. coli is the leading pathogen causing urinary 
tract infections. S. pneumoniae is the most common cause of 
community-acquired bacterial pneumonia and was considered resistant 
if non-susceptible to macrolides. We chose to select non-susceptibility to 
macrolides instead of resistance to penicillin. Macrolides are regularly 
second-choice antibiotics for the treatment of community-acquired 
pneumonia in primary care guidelines, making it a reserved antibiotic 
only used where other antibiotics are not effective or administrable.17

Country-level prevalences of the three SDRMs were obtained from the 
ECDC open source database, Surveillance Atlas Antimicrobial resistance, 
on 2 March 2022 for the years 2011–2020.11 The ECDC uses the 
EUCAST guidelines for detecting and reporting specific resistant microor-
ganisms. Treatment of infections in primary care is most often empirical, 
and obtaining cultures is therefore not part of standard care and not al-
ways feasible due to practical reasons. Anticipating a lack of SDRM cul-
tures available from primary care, we combined primary and hospital 
care data to characterize AMR in each country because, according to 
the One Health concept, all antibiotic prescriptions contribute to ASP 
and eventually to AMR.8

Statistical analysis
Descriptive statistics were used to describe and compare antibiotic vo-
lumes between countries and periods, as well as the trends in the volume 
of antibiotic prescriptions, and the prevalences of SDRMs. The combined 
cumulative ASI and combined DDD were plotted against the prevalence 
of each SDRM per country for the year 2020, because it is the most recent 
year with available data. Univariate linear regression was used to calcu-
late associations between (i) ASI and (ii) DDD and each SDRM prevalence.

Results
Fourteen European countries (Denmark, Estonia, Finland, Ireland, 
Italy, Latvia, Lithuania, the Netherlands, Norway, Poland, 
Slovenia, Spain, Sweden and the UK) were identified in which 
the GPs act as gatekeepers and from which data on antibiotic 
prescriptions and SDRMs could be obtained.

Volumes of antibiotic use in primary care and hospital 
care
The volume of antibiotic prescriptions in primary care decreased 
over the course of our observation period (2011–2020) in seven 
countries (Denmark, Finland, Italy, the Netherlands, Norway, 
Sweden and the UK—see Figure 1 ). Ireland, Italy, Poland and 
Spain had the highest volumes of antibiotic prescriptions in pri-
mary care in 2020, with DDDs between 16 and 17 per 1000 inha-
bitants per day. The volume of antibiotic prescriptions was in all 
countries at its lowest in the year 2020. The proportion of anti-
biotic prescriptions in hospital care compared with the total 
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volume of antibiotic prescriptions ranged from a low of 7.4% in 
Poland to a high of 16.6% in Latvia.

Prevalence of resistant microorganisms
MDR E. coli was the SDRM with the lowest prevalence in most 
countries (Figure 2). The prevalence ranged from 1.2% 
(Norway) to 14.6% (Italy). The prevalence of MRSA was stable 
over the period 2011–2020 in most countries. Four countries 
(Ireland, Italy, Poland and Spain) had a prevalence above 10% 
for MRSA. The prevalence decreased over the observation period 
only in Ireland and the UK. Macrolide-resistant S. pneumoniae 
had the highest prevalence of the three SDRMs, with seven coun-
tries reporting a mean prevalence above 10% during the period 
2011–2020.

Patterns of antimicrobial selection pressure
The cumulative primary care ASI in Italy and Spain was about 
three times higher than in the Netherlands and Sweden, where-
as the volume of antibiotic prescribing in primary care in DDD 
was twice as high in Italy and Spain as the Netherlands and 
Sweden (Figure 3). Tetracyclines and penicillin were the largest 
contributors to the cumulative primary care ASI in all countries, 
respectively ranging from 3.6% (Italy) to 39.8% (Sweden) and 
from 22.9% (Norway) to 50.7% (Spain). Within the penicillin 
antibiotic group, penicillin combinations (ATC code J01CR) (e.g. 
amoxicillin/clavulanate) were the largest contributor to the cu-
mulative primary care ASI in eight countries. The contribution 
of primary care to the cumulative combined ASI (primary and 
hospital care) ranged from 80.4% (Finland) to 91.1% (Spain) 
(Figure 4).

Association of ASP and AMR in a country
The combined volumes of antibiotic prescribing in primary and 
hospital care, expressed both as DDD and the combined cumula-
tive ASI, are shown plotted against the prevalence of the three 
SDRMs in Figure 5, and the standardized coefficients of associ-
ation (beta) are presented in S4. The betas representing associa-
tions between SDRMs and combined cumulative ASI were all 
higher than those representing associations between SDRMs 
and combined total DDD.

Discussion
We studied the trends in volume of antibiotic prescribing in pri-
mary care, the prevalences of SDRMs, and the ASP using proxy in-
dicators ASI and DDD in European countries where GPs act as 
gatekeepers. The volumes of antibiotic prescriptions in primary 
care and the prevalences of SDRMs varied significantly between 
countries. DDD and ASI were associated with SDRM prevalence. 
Primary care was a larger contributor to ASP than hospital care.

Total number of antibiotic prescriptions
We found a large variation in volume of antibiotic prescriptions 
between countries in primary care. This may be due to cultural ef-
fects on the prescription of antibiotics. Borg and Camilleri18

showed a high association between a high degree of uncertainty 
avoidance and the prescribing of more broad-spectrum antibio-
tics, and Fletcher-Lartey et al.5 showed uncertainty avoidance 
to be associated with inappropriate antibiotic prescribing. Italy, 
Poland and Spain had high uncertainty avoidance scores.19 In 
2020, the volume of antibiotic prescriptions in primary care was 
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Figure 1. Volume of antibiotic prescriptions in defined daily doses per 1000 inhabitants per day from primary care. *Spain had an increase in prescrip-
tion from 2016 onwards. This was due to the reporting of only reimbursement data until 2015, whereas figures from 2016 on were based on sales 
data.11 ∼Data from primary care in the UK for the year 2020 were not available in the open source database of the ECDC.
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Figure 2. (a) MRSA, percentage resistant isolates. (b) MDR E. coli, percentage resistant isolates. (c) S. pneumoniae non-susceptible to macrolides, per-
centage resistant isolates. *Data from primary care in the UK for the year 2020 were not available in the open source database of the ECDC. MDR E. coli 
is resistant to third-generation cephalosporins and fluoroquinolones and aminoglycosides.
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lower in all countries than in preceding years. This is likely due to 
the trend of decreasing antibiotic prescriptions and the severe 
acute respiratory syndrome coronavirus-2 pandemic. During 
the pandemic, there were fewer non-coronaviral disease respira-
tory tract infections,20 leading subsequently to fewer antibiotic 
prescriptions.

SDRMs
The percentage of invasive isolates with MRSA declined in both 
Ireland and the UK between 2011 and 2020. The decline in 
Ireland and the UK is likely a result of the introduction of guide-
lines on the prevention and control of MRSA in 2007 and of mul-
tiple interventions including hygiene protocols and mandatory 
reporting of MRSA, respectively.21,22

For all three SDRMs, Italy, Poland and Spain have the highest 
prevalences among the countries in our study. These three coun-
tries also have a higher volume of antibiotic prescribing as ex-
pressed in DDD, and a higher ASP as represented by ASI. The 
higher prevalence of an SDRM is a likely consequence of the 
high volume of antibiotic prescribing and will lead to prescribing 

of more broad-spectrum antibiotics. Physicians often assume 
drug-resistant microorganisms are at play when treating bacter-
ial infections in locations where drug-resistant microorganisms 
are known to be an issue. This encourages prescribing broad- 
spectrum antibiotics, often supported by guidelines advising 
this course. The resulting evolutionary pressure on the micro-
biome leads to increased selection of antimicrobial resistance. 
This vicious circle of prescribing more and broader spectrum anti-
biotics can lead to a point of no return when few antibiotics suit-
able for empirical use remain.

Proxy indicators of ASP
The levels of DDD and ASI varied between countries. Primary care 
practitioners in Italy and Spain prescribed twice the volume of 
antibiotics compared with their colleagues in Denmark, the 
Netherlands and Sweden, but the cumulative ASI was three 
times higher in Italy and Spain. Furthermore, the DDD in Spain 
and Italy was comparable to those of Ireland and Poland for 
the year 2020, whereas the ASI in 2020 was 1.5 times higher in 
Spain and Italy. These differences may be largely explained by 
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Figure 3. Cumulative antibiotic spectrum index for primary care. *Spain had an increase in prescription from 2016 onwards. This was due to the re-
porting of only reimbursement data until 2015, whereas figures from 2016 on were based on sales data.11 ∼Data from primary care in the UK for the 
year 2020 were not available in the open source database of the ECDC.
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Figure 5. Antibiotic spectrum index and DDDs plotted against prevalence sentinel MDR microorganisms. (a) Combined cumulative antibiotic spectrum 
index plotted against prevalence of MRSA in 2020. The UK is not included due to missing data for the year 2020. Combined cumulative antibiotic spec-
trum index is primary and hospital care combined. (b) Combined cumulative antibiotic spectrum index plotted against prevalence of MDR E.coli in 2020. 
(c) Combined cumulative antibiotic spectrum index plotted against prevalence of S. pneumoniae non-susceptible to macrolides in 2020. (d) Combined 
cumulative DDDs plotted against prevalence of MRSA in 2020. (e) Combined cumulative DDDs plotted against prevalence of MDR E. coli in 2020. (f) 
Combined cumulative DDDs plotted against prevalence of S. pneumoniae non-susceptible to macrolides in 2020. Source: European Centre for 
Disease Prevention and Control: Antimicrobial consumption dashboard (ESAC-Net). https://www.ecdc.europa.eu/en/antimicrobial-consumption/ 
surveillance-and-disease-data/database.
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the very high number of prescriptions for penicillin combinations 
and quinolones in Italy and Spain in primary care. Both groups are 
broad-spectrum antibiotics and have high ASIs of 6 and 8, 
respectively.

The cumulative ASI seems to correlate better with the preva-
lence of an SDRM than does total antibiotic consumption ex-
pressed in DDD, as illustrated by data from Ireland and Italy. 
The DDD of Italy was only slightly higher than that of Ireland, 
but the prevalence of the selected SDRMs in Italy was significant-
ly higher (Figure 2). Further, the ASI in Italy was much higher than 
that of Ireland and more strongly correlated with the prevalence 
of an SDRM (Figure 5 and S4). MRSA and S. pneumoniae showed 
the strongest associations with ASI, with standardized coeffi-
cients of 0.94 and 0.91, respectively. Particularly relevant for pri-
mary care is the strong association with S. pneumoniae because 
this is a very common cause of respiratory tract infections in pri-
mary care, even more so than skin infections caused by S. 
aureus.23

Comparison with existing literature
Although ASI has been examined in institutes such as hospitals 
and nursing homes,24–30 we found no studies exploring this at 
a national level. The studies who examined ASI in hospitals and 
nursing homes showed that ASI gives additional insight into anti-
biotic prescribing patterns compared with other proxy indicators 
such as DDD or days of therapy, and may be useful for internal 
and external comparisons of institutions.24,28,29 Monitoring anti-
biotic consumption combined with surveillance of resistant mi-
croorganisms is advised as part of the One Health strategy.31

Most healthcare systems still use DDD as the only measure to re-
present the volume of antibiotic use.

Strengths and limitations
A strength of our study is using absolute volumes of antibiotic 
prescriptions in primary and hospital care when calculating the 
proxy indicator cumulative ASI. The proxy indicator is in this 
way a better representation of the ASP in a country than, for ex-
ample, weighted mean volumes. The applied method of calculat-
ing the ASP is relatively simple, which makes it easily 
implemented in almost every country or region as a proxy 
indicator.

A limitation of this study is that some of the prescribed anti-
biotics may not be directly related to increasing resistance found 
in a specific SDRM. However, exposure to antibiotics in general is 
sufficient to generate community-acquired resistant infections in 
members of the same community. Further, the cumulative ASI is 
a proxy indicator representing the level of implementation of 
antimicrobial stewardship and the prevalence of already existing 
AMR in a country. The ratio between antimicrobial stewardship 
and already existing AMR contributing to ASI is not deducible 
from our study.

We used only three specific SDRMs in our study. Although 
using other SDRMs may lead to slightly different results, the ex-
pected trend would be similar. Because only European countries 
in which GPs act as gatekeepers were included in this study, the 
results may be less generalizable to countries with differently or-
ganized healthcare systems.

Conclusions
We found substantial variation in both the volume of antibiotic 
prescriptions in primary care and the prevalence of SDRMs be-
tween countries. There is, however, a clear association between 
the volume of antibiotic prescribing and the prevalence of 
SDRMs. Approximately 90% of the ASP expressed in the ASI origi-
nated from primary care, which is even more associated with the 
prevalence of SDRMs, compared with the volume of antibiotic 
prescribing. This emphasizes that the role of primary care in the 
development of AMR may be much larger than previously as-
sumed by some GPs. This is an important insight, because 
some GPs may believe that antibiotic prescribing in their practice 
does not contribute to the development of AMR, but that instead 
AMR is driven by antibiotic prescriptions in hospitals or those used 
in veterinary care. The societal and medical impacts of this phe-
nomenon warrant further investigation into mechanisms for im-
provement and implementation of antibiotic stewardship in 
primary care.
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