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Objectives: A decrease in community antibiotic consumption in Europe has been observed during the COVID-19 
pandemic. The magnitude of this decrease, how fast after the outbreak it occurred, whether it was sustained 
during the pandemic and whether the seasonal variation in antibiotic consumption was affected, have not 
yet been evaluated in detail. 

Methods: Data on community antibiotic consumption were available from the European Surveillance of 
Antimicrobial Consumption Network for 28 EU/European Economic Area (EEA) countries between 2010 and 
2021. Antibiotic consumption was expressed as DDDs per 1000 inhabitants per day (DID). The impact of the pan
demic on antibiotic consumption was investigated using descriptive statistics and non-linear mixed changepoint 
models for quarterly and yearly data. 

Results: The decrease in overall antibiotic consumption between 2019 and 2020 (−3.4 DID; −18.6%) was mainly 
due to a decrease in the consumption of penicillins [Anatomical Therapeutic Chemical (ATC) code J01C] (−1.9 
DID; −23.0%), other β-lactam antibacterials (J01D) (−0.6 DID; −25.8%) and macrolides, lincosamides and strep
togramins (J01F) (−0.5 DID; −17.4%) and was sustained during 2021. The changepoint analysis of yearly data 
(28 countries) estimated a decrease of 3.3 DID in overall antibiotic consumption (J01) between 2019 and 2020. 
The analysis of quarterly data (16 countries) estimated a decrease in overall antibiotic consumption (J01) of 4.0 
DID and a decrease in seasonal variation of 1.2 DID between the first and second quarters of 2020. 

Conclusions: The changepoint analysis indicated a significant, sudden and steep decrease in community anti
biotic consumption in the EU/EEA immediately after the start of the COVID-19 outbreak in Europe, as well as a 
decrease in its seasonal variation.
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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
On 11 March 2020, the WHO declared the COVID-19 pandemic, 
which resulted in numerous deaths globally.1 Alongside the 
COVID-19 pandemic, Europe is also suffering a considerable number 
of deaths from the silent but equally serious pandemic caused by 
antibiotic-resistant pathogens. Antimicrobial resistance (AMR), re
sulting from overuse and inappropriate use of antibiotics, is a major 
global health issue.2 The majority of antibiotics in Europe are 
used in the community (i.e. primary care). In order to fight the prob
lem of AMR, reliable data on antibiotic consumption in the commu
nity are needed. The European Surveillance of Antimicrobial 
Consumption Network (ESAC-Net), coordinated by the ECDC, collects 

data on community consumption of antibiotics for 28 EU/European 
Economic Area (EEA) countries.3 According to these data, a decrease 
in the consumption of antibiotics has been observed during the 
COVID-19 pandemic,4 whereas antibiotic consumption in the EU/ 
EEA had remained stable for at least 20 years.5 However, the ob
served decrease has not yet been assessed in detail, using change
point models that allow establishment of the magnitude of the 
decrease, how fast after the COVID-19 outbreak the decrease oc
curred, whether it was sustained during the pandemic and whether 
the seasonal variation of antibiotic consumption was affected 
during the COVID-19 pandemic. Therefore, this study examined 
the decrease in antibiotic consumption throughout the COVID-19 
pandemic in Europe using changepoint models.
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Methods
Data
Data on the consumption of antibiotics [Anatomical Therapeutic 
Chemical (ATC) code J01; version 2021]6 in the community were available 
from the ESAC-Net for 28 EU/EEA countries between 2010 and 2021 and 
were retrieved from the ECDC through the European Surveillance System 
(TESSy) in December 2022 in accordance with the ESAC-Net reporting 
protocol.7 Nine countries reported quarterly data, 7 countries reported 
quarterly data and yearly data, depending on the year of reporting, and 
12 countries reported yearly data only. Not all countries reported com
munity data for all years. Table S1 (available as Supplementary data at 
JAC Online) gives an overview of the type of data available for each of 
the countries by year. Antibiotic consumption was expressed as DDD 
per 1000 inhabitants per day (DID) for each antibiotic subclass aggre
gated at the level of the active substance in accordance with the WHO 
ATC classification (ATC level 3).6 Due to the limited DDDs reported for am
phenicols (J01B), aminoglycoside antibacterials (J01G) and combinations 
of antibacterials (J01R), data on these antibiotics were combined and re
ferred to as ‘low consumption antibacterials’. Denominator data from 
Eurostat were used to calculate DID values. Reported DID values might 
thus slightly differ from those reported by ESAC-Net. Finally, the DID va
lues were corrected for incomplete coverage.8

Analysis
The consumption of antibiotics, expressed in DID, was calculated for each 
of the 28 EU/EEA countries from 2010 until 2021, and the change in anti
biotic consumption between 2019 and 2020, and 2020 and 2021, was 
calculated to evaluate the impact of the COVID-19 pandemic on commu
nity consumption in Europe and each of the 28 EU/EEA countries. The 
antibiotic subclasses substantially contributing to the decrease in overall 
antibiotic consumption (J01) were identified, and the impact of the 
COVID-19 pandemic on the consumption of these subclasses, as well 
as on overall antibiotic consumption (J01), was further investigated using 
non-linear mixed changepoint models with a sine function to catch sea
sonality, as described by Bruyndonckx et al.9 Besides, to assess the appro
priateness of the antibiotics used during the COVID-19 pandemic in the 
EU/EEA community, the percentage of Access antibiotics was calculated 
in 2019, 2020 and 2021, as defined by the Access, Watch, Reserve 
(AWaRe) classification system of the WHO.10 Finally, the use of azithro
mycin was investigated separately at ATC level 5 due to its encouraged 
use during the beginning of the COVID-19 pandemic.

To assess the seasonal variation in antibiotic consumption and to ac
curately estimate the changepoint, i.e. the moment antibiotic consump
tion decreased, the changepoint models were applied to data from 
countries reporting mainly quarterly. Consequently, data from 16 coun
tries, i.e. Austria, Belgium, Croatia, Czechia, Denmark, Estonia, Finland, 
Germany, Hungary, Iceland, Ireland, Italy, Latvia, Luxembourg, Portugal 
and Slovenia, were included in the analysis. Fourteen of these countries 
provided quarterly data in 2019–2021, allowing a more accurate estima
tion of the changepoint. Yet, to estimate the actual magnitude of the de
crease in the consumption of antibiotics, an additional analysis was 
performed including the yearly data from all 28 EU/EEA countries.

In the changepoint analyses, models containing one or two change
points were fitted and model selection was performed using the deviance 
information criterion, where a lower value indicates a better model fit.11

The most elaborate model with one changepoint included: (i) a change in 
intercept, i.e. a sudden decrease or increase in antibiotic consumption; 
(ii) a change in slope, i.e. a decreasing or increasing trend in antibiotic con
sumption; and (iii) a change in amplitude, i.e. a decrease or increase in the 
seasonal variation of antibiotic consumption. Further, this model included 
a random intercept, slope and amplitude, as well as a random change in 
intercept, slope and amplitude to allow for country-specific evolutions 

and changes, respectively. The most elaborate model with two change
points included: (i) two changes in intercept; (ii) two changes in slope; 
and (iii) two changes in amplitude, as well as a random intercept, slope 
and amplitude, and random changes in intercept, slope and amplitude. 
All other models fitted in the analyses were simplifications of those mod
els in which particular terms were excluded. Bayesian model fitting was 
applied in order to determine the changepoints in a data-driven manner, 
allowing assessment of how soon after the emergence of the COVID-19 
pandemic a change in antibiotic consumption occured.12 Further details 
on the model structures and model fitting can be found in the 
Supplementary material.

Results
In Europe (27 EU/EEA countries; no data for Czechia in 2019 and 
2020), a decrease in the overall antibiotic consumption (J01) in 
the community was observed from 18.36 DID in 2019 to 14.95 
DID in 2020 (−18.57%) (Table 1). This decrease in overall antibiot
ic consumption was mainly due to the decrease in other β-lactam 
antibacterials (J01D), penicillins (J01C) and macrolides, lincosa
mides and streptogramins (J01F), where a decrease of 25.78%, 
22.97% and 17.42% was observed, respectively. The consump
tion of quinolone antibacterials (J01M) decreased by 14.89%. 
A decrease of 7.27% was observed in the consumption of sulfo
namides and trimethoprim (J01E). The consumption of low con
sumption antibacterials (J01B, J01G and J01R) decreased by 
7.14%. The decrease observed in the consumption of tetracy
clines (J01A) was 6.86%, and the consumption of other antibac
terials (J01X) decreased by 2.91%. The decrease in overall 
antibiotic consumption (J01) in the community was sustained 
in 2021 (28 EU/EEA countries), where overall antibiotic use rose 
only slightly to 14.98 DID (+0.20%). The consumption of other 
antibacterials (J01X), tetracyclines (J01A), penicillins (J01C) as 
well as macrolides, lincosamides and streptogramins (J01F) in
creased by 3.00%, 2.45%, 1.24% and 0.42%, respectively. The 
consumption of low consumption antibacterials (J01B, J01G 
and J01R), other β-lactam antibacterials (J01D) and quinolone 
antibacterials (J01M) further decreased in 2021 by 7.69%, 
4.79% and 3.33%, respectively. No change was observed in the 
consumption of sulfonamides and trimethoprim (J01E). 
Although overall antibiotic consumption decreased in Europe be
tween 2019 and 2020, increases in the use of separate antibiotic 
subclasses were observed for several countries. An overview of 
the changes in antibiotic consumption between 2019 and 2020 
is given in Table S2 for each antibiotic subclass and country. 
The proportion of Access antibiotics used in the EU/EEA commu
nity slightly increased from 63.25% in 2019 to 63.53% in 2020 
and 64.27% in 2021. The proportions of Access antibiotics used 
in 2019–2021 for each country are given in Table S3.

From 2019 to 2020, a decrease in overall antibiotic consump
tion (J01) was observed for each of the separate countries, ex
cept for Bulgaria, where the overall antibiotic consumption 
(J01) increased by 8.81%. The largest decrease in overall con
sumption (J01) was observed in Austria (−27.23%), whereas 
the smallest decrease was observed in Romania (−1.21%). 
Overall antibiotic consumption remained stable in most countries 
in 2021, with only small changes from 2020 to 2021. Between 
2020 and 2021, overall antibiotic consumption rose in 15 coun
tries and decreased in 12 countries. The largest increase was 
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observed in Slovakia (+10.49%) and the largest decrease was ob
served in Greece (−17.41%). The changes in overall antibiotic 
consumption (J01) from 2019 until 2021 are given in Table 2
for each of the separate countries.

The increase in overall antibiotic consumption (J01) between 
2019 and 2020 in Bulgaria was mainly due to an increase in 
the use of macrolides, lincosamides and streptogramins (J01F), 
predominantly caused by the increase of azithromycin 
(J01FA10), which more than doubled (+1.60 DID, +104.58%). 
An increase in the use of azithromycin (J01FA10) has also been 
observed in Greece, France, Ireland, Italy, Lithuania and 
Romania. However, over all 28 EU/EEA countries, the consump
tion of azithromycin slightly decreased by 0.89% (−0.01 DID). 
An overview of the changes in azithromycin (J01FA10) consump
tion between 2019, 2020 and 2021 is given in Table 3 for each 
country.

Changepoint analysis
Overall consumption of antibiotics (J01)

According to the analysis of the data from the 16 EU/EEA coun
tries providing quarterly data, a model containing a change in 
intercept and amplitude was the best fit to describe the decrease 
in overall antibiotic consumption (J01) (Table 4). The overall anti
biotic consumption (J01) in 2010 in EU/EEA countries reporting 
quarterly data was estimated at 16.02 DID [95% credible interval 
(CrI): 14.04, 18.17] and did not change over time until the chan
gepoint between the first and second quarter of 2020. Between 
the first and second quarter of 2020, the overall consumption 
(J01) decreased by 4.03 DID (95% CrI: 3.18, 4.88). This decrease 
was significantly smaller than average in Estonia and Latvia and 
larger in Belgium and Finland. The analysis further showed signifi
cant seasonal variation, with an amplitude of 2.66 DID (95% CrI: 
2.04, 3.27), which decreased after the changepoint by 1.24 DID 
(95% CrI: 0.36, 2.11). The decrease in seasonal variation after 
the changepoint did not differ between countries.

According to the analysis of the yearly data from all 28 EU/EEA 
countries, a model containing a change in intercept was the best 
fit to describe the decrease in the overall antibiotic consumption 
(J01) (Table 4). The overall antibiotic consumption (J01) in the EU/ 
EEA in 2010 was estimated at 17.24 DID (95% CrI: 15.51, 18.96) 
and did not change over time until the changepoint between 
2019 and 2020. Between 2019 and 2020, the overall consump
tion of antibiotics (J01) decreased by 3.27 DID (95% CrI: 2.36, 
4.17). This decrease was significantly larger than average in 
Greece, Luxembourg, Poland, Slovakia and Spain and smaller in 
Denmark, the Netherlands, Norway, Romania and Sweden, 
whereas in Bulgaria an increase in overall antibiotic use was 
observed.

Consumption of penicillins (J01C)

According to the analysis of the data from the 16 EU/EEA coun
tries providing quarterly data, a model containing a change in 
intercept and amplitude was the best fit to describe the decrease 
in penicillin (J01C) consumption (Table 4). Consumption of peni
cillins (J01C) in 2010 in the EU/EEA countries reporting quarterly 
data was estimated at 6.89 DID (95% CrI: 5.72, 8.32) and did 
not change over time until the changepoint between the first 
and second quarter of 2020. Between the first and second quar
ter of 2020, the consumption of penicillins (J01C) decreased by 
1.83 DID (95% CrI: 1.37, 2.29). This decrease was significantly 
smaller than average in Denmark and Estonia, and larger in 
Belgium and Ireland. The analysis further showed significant sea
sonal variation, with an amplitude of 1.16 DID (95% CrI: 0.87, 
1.45), which decreased after the changepoint by 0.67 DID (95% 
CrI: 0.17, 1.16). After the changepoint, the seasonal variation sig
nificantly increased in Italy.

According to the analysis of the yearly data from all 28 EU/EEA 
countries, a model containing two changepoints was the best fit 
to describe the decrease in penicillin (J01C) consumption 
(Table 4). Between 2015 and 2016, a small increase in the con
sumption of penicillins (J01C) was identified in the EU/EEA. 

Table 1. Changes in overall antibiotic consumption (J01) and the consumption of each antibiotic subclass, expressed in DDD per 1000 inhabitants per 
day in the EU/EEA (2019–2021)

2019 2020 2021

2019 versus 2020 2020 versus 2021

Absolute 
change

Relative 
change

Absolute 
change

Relative 
change

Overall consumption of antibiotics (J01) 18.36 14.95 14.98 −3.41 −18.57% +0.03 +0.20%
Penicillins (J01C) 8.36 6.44 6.52 −1.92 −22.97% +0.08 +1.24%
Macrolides, lincosamides and streptogramins 

(J01F)
2.87 2.37 2.38 −0.50 −17.42% +0.01 +0.42%

Other β-lactam antibacterials (J01D) 2.25 1.67 1.59 −0.58 −25.78% −0.08 −4.79%
Tetracyclines (J01A) 1.75 1.63 1.67 −0.12 −6.86% +0.04 +2.45%
Quinolone antibacterials (J01M) 1.41 1.20 1.16 −0.21 −14.89% −0.04 −3.33%
Other antibacterials (J01X) 1.03 1.00 1.03 −0.03 −2.91% +0.03 +3.00%
Sulfonamides and trimethoprim (J01E) 0.55 0.51 0.51 −0.04 −7.27% 0.00 0.00%
Low consumption antibacterials (J01B, J01G  

and J01R)
0.14 0.13 0.12 −0.01 −7.14% −0.01 −7.69%

No data were available for Czechia in 2019 and 2020. In 2021, data from all 28 EU/EEA countries were available.
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However, this increase was not statistically significant at the 
European level. Community consumption in 2010 was estimated 
at 6.96 DID (95% CrI: 6.05, 7.79) and thus did not significantly 
change over time in the EU/EEA until the second changepoint be
tween 2019 and 2020, where the consumption of penicillins 
(J01C) suddenly and significantly decreased by 1.74 DID (95% 
CrI: 1.36, 2.12). The decrease between 2019 and 2020 was sig
nificantly larger than average in France, Greece, Ireland and 
Spain, and smaller in Bulgaria, Estonia, the Netherlands and 
Norway. Although, on average, no significant change was ob
served in the use of penicillins (J01C) in the EU/EEA between 
2015 and 2016, their consumption significantly increased 
in Greece and Spain and decreased in Ireland, Italy and 
Luxembourg.

Consumption of other β-lactam antibacterials (J01D)

According to the analysis of the data from the 16 EU/EEA coun
tries providing quarterly data, a model with a change in intercept 
and amplitude was the best fit to describe the decrease in other 
β-lactam antibacterials (J01D) (Table 4). Consumption of other 

β-lactam antibacterials (J01D) in 2010 in the EU/EEA countries re
porting quarterly data was estimated at 1.58 DID (95% CrI: 1.07, 
2.04) and did not change over time until the changepoint be
tween the first and second quarters of 2020. Between the first 
and second quarters of 2020, the consumption of other 
β-lactam antibacterials (J01D) suddenly decreased by 0.46 DID 
(95% CrI: 0.22, 0.69). This decrease was significantly smaller 
than average in Denmark, Iceland and Slovenia and larger in 
Germany. The analysis further showed significant seasonal vari
ation, with an amplitude of 0.35 DID (95% CrI: 0.17, 0.51), which 
decreased after the changepoint by 0.23 DID (95% CrI: 0.12, 
0.34). The decrease in seasonal variation after the changepoint 
did not differ between countries.

According to the analysis of the yearly data from all 28 EU/EEA 
countries, a model containing a change in intercept was the best 
fit to describe the decrease in other β-lactam antibacterials 
(J01D) (Table 4). According to this model, consumption of other 
β-lactam antibacterials (J01D) in the EU/EEA in 2010 was esti
mated at 2.10 DID (95% CrI: 1.43, 2.74) and did not change 
over time until the changepoint between 2019 and 2020. 
Between 2019 and 2020, the consumption of other β-lactam 

Table 2. Change in overall antibiotic consumption (J01) expressed in DDD per 1000 inhabitants per day for each EU/EEA country (2019–2021)

2019 2020 2021

2019 versus 2020 2020 versus 2021

Absolute 
change

Relative 
change

Absolute 
change

Relative 
change

Austria 9.77 7.11 7.19 −2.66 −27.23% +0.08 +1.13%
Belgium 19.77 15.25 16.00 −4.52 −22.86% +0.75 +4.92%
Bulgaria 19.06 20.74 22.36 +1.68 +8.81% +1.62 +7.81%
Croatia 17.80 14.83 15.63 −2.97 −16.69% +0.80 +5.39%
Czechia — — 11.52 — — — —
Denmark 13.44 12.51 12.59 −0.93 −6.92% +0.08 +0.64%
Estonia 10.24 8.81 8.66 −1.43 −13.96% −0.15 −1.70%
Finland 12.56 9.95 9.45 −2.61 −20.78% −0.50 −5.03%
France 23.25 18.63 19.87 −4.62 −19.87% +1.24 +6.66%
Germany 11.36 8.97 8.15 −2.39 −21.04% −0.82 −9.14%
Greece 32.41 26.37 21.78 −6.04 −18.64% −4.59 −17.41%
Hungary 13.27 10.03 10.82 −3.24 −24.42% +0.79 +7.88%
Iceland 17.96 15.38 15.73 −2.58 −14.37% +0.35 +2.28%
Ireland 21.02 17.09 16.31 −3.93 −18.70% −0.78 −4.56%
Italy 19.98 16.50 15.99 −3.48 −17.42% −0.51 −3.09%
Latvia 12.02 9.97 10.16 −2.05 −17.05% +0.19 +1.91%
Lithuania 13.83 11.92 11.70 −1.91 −13.81% −0.22 −1.85%
Luxembourg 19.90 14.94 14.71 −4.96 −24.92% −0.23 −1.54%
Malta 18.71 14.38 14.11 −4.33 −23.14% −0.27 −1.88%
Netherlands 8.73 7.74 7.61 −0.99 −11.34% −0.13 −1.68%
Norway 13.61 12.76 12.84 −0.85 −6.25% +0.08 +0.63%
Poland 22.23 17.15 18.83 −5.08 −22.85% +1.68 +9.80%
Portugal 17.07 13.06 13.16 −4.01 −23.49% +0.10 +0.77%
Romania 24.04 23.75 24.28 −0.29 −1.21% +0.53 +2.23%
Slovakia 17.97 13.15 14.53 −4.82 −26.82% +1.38 +10.49%
Slovenia 11.54 8.86 8.74 −2.68 −23.22% −0.12 −1.35%
Spain 23.46 18.21 18.49 −5.25 −22.38% +0.28 +1.54%
Sweden 10.33 8.92 8.66 −1.41 −13.65% −0.26 −2.91%

No data were available for Czechia in 2019 and 2020.
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antibacterials (J01D) suddenly decreased by 0.54 DID (95% CrI: 
0.29, 0.81). This decrease was significantly smaller than average 
in Denmark, the Netherlands, Norway, Slovenia and Sweden, and 
larger in Germany, Greece, Poland and Slovakia.

Consumption of macrolides, lincosamides  
and streptogramins (J01F)

According to the analysis of the data from the 16 EU/EEA coun
tries providing quarterly data, a model with a change in intercept 
and amplitude was the best fit to describe the decrease in macro
lides, lincosamides and streptogramins (J01F) (Table 4). 
Consumption of macrolides, lincosamides and streptogramins 
(J01F) in 2010 in the EU/EEA countries reporting quarterly data 
was estimated at 2.77 DID (95% CrI: 2.25, 3.29) and did not 
change over time until the changepoint between the first and se
cond quarters of 2020. Between the first and second quarters of 
2020, the consumption of macrolides, lincosamides and strepto
gramins (J01F) suddenly decreased by 0.86 DID (95% CrI: 0.62, 
1.11). This decrease was significantly smaller than average in 
Croatia and larger in Austria and Ireland. The analysis further 
showed significant seasonal variation, with an amplitude of 

0.77 DID (95% CrI: 0.58, 0.96), which decreased after the change
point by 0.32 DID (95% CrI: 0.14, 0.50). The decrease in seasonal 
variation after the changepoint did not differ between countries.

According to the analysis of the yearly data from all 28 EU/EEA 
countries, a model containing a change in intercept was the best 
fit to describe the decrease in macrolides, lincosamides and 
streptogramins (J01F) (Table 4). According to this model, con
sumption of macrolides, lincosamides and streptogramins 
(J01F) in the EU/EEA in 2010 was estimated at 3.09 DID (95% 
CrI: 2.44, 3.74) and did not change over time until the change
point between 2019 and 2020. Between 2019 and 2020, the con
sumption of macrolides, lincosamides and streptogramins (J01F) 
suddenly decreased by 0.54 DID (95% CrI: 0.22, 0.86). This de
crease was significantly smaller than average in Romania, and 
larger in Greece, Ireland, Luxembourg, Malta and Poland, where
as in Bulgaria a significant increase was observed.

Discussion
After a relatively stable decade, a sudden and large decrease in 
overall antibiotic consumption was observed in the EU/EEA 

Table 3. Change in azithromycin consumption (J01FA10) expressed in DDD per 1000 inhabitants per day for each EU/EEA country (2019–2021)

2019 2020 2021

2019 versus 2020 2020 versus 2021

Absolute 
change

Relative 
change

Absolute 
change

Relative 
change

Austria 0.73 0.46 0.48 −0.27 −36.99% +0.02 +4.35%
Belgium 1.98 1.58 1.64 −0.40 −20.20% +0.06 +3.80%
Bulgaria 1.53 3.13 3.21 +1.60 +104.58% +0.08 +2.56%
Croatia 1.67 1.59 1.94 −0.08 −4.79% +0.35 +22.01%
Czechia — — 0.71 — — — —
Denmark 0.53 0.41 0.49 −0.12 −22.64% +0.08 +19.51%
Estonia 0.56 0.48 0.51 −0.08 −14.29% +0.03 +6.25%
Finland 0.27 0.17 0.15 −0.10 −37.04% −0.02 −11.76%
France 0.73 0.86 0.90 +0.13 +17.81% +0.04 +4.65%
Germany 0.53 0.35 0.31 −0.18 −33.96% −0.04 −11.43%
Greece 1.42 1.62 1.40 +0.20 +14.08% −0.22 −13.58%
Hungary 1.39 1.14 1.77 −0.25 −17.99% +0.63 +55.26%
Iceland 0.88 0.68 0.68 −0.20 −22.73% 0.00 0.00%
Ireland 1.05 1.06 0.95 +0.01 +0.95% −0.11 −10.38%
Italy 1.53 1.77 1.71 +0.24 +15.69% −0.06 −3.39%
Latvia 0.51 0.45 0.55 −0.06 −11.76% +0.10 +22.22%
Lithuania 0.44 0.46 0.39 +0.02 +4.55% −0.07 −15.22%
Luxembourg 1.23 0.97 0.99 −0.26 −21.14% +0.02 +2.06%
Malta 1.47 1.11 1.15 −0.36 −24.49% +0.04 +3.60%
Netherlands 0.91 0.87 0.83 −0.04 −4.40% −0.04 −4.60%
Norway 0.21 0.16 0.17 −0.05 −23.81% +0.01 +6.25%
Poland 1.64 1.14 1.80 −0.50 −30.49% +0.66 +57.89%
Portugal 1.67 1.07 1.00 −0.60 −35.93% −0.07 −6.54%
Romania 1.08 2.99 2.53 +1.91 +176.85% −0.46 −15.38%
Slovakia 1.66 1.27 2.28 −0.39 −23.49% +1.01 +79.53%
Slovenia 0.79 0.65 0.60 −0.14 −17.72% −0.05 −7.69%
Spain 1.96 1.44 1.40 −0.52 −26.53% −0.04 −2.78%

No data were available for Czechia in 2019 and 2020. Community data were not available at ATC level 5 for Sweden.
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community between 2019 and 2020, which was sustained dur
ing 2021. The antibiotic subclasses most frequently used in 
Europe, i.e. penicillins (J01C), other β-lactam antibacterials 
(J01D) and macrolides, lincosamides and streptogramins (J01F) 
together accounted for 86.24% of the overall decrease. The de
crease in antibiotic use occurred immediately after the start of 
the COVID-19 outbreak in Europe, i.e. between the first and se
cond quarters of 2020, after which the seasonal variation of over
all antibiotic consumption (J01) and of the most frequently used 
antibiotic subclasses also decreased. The proportion of Access 
antibiotics used during the COVID-19 pandemic in Europe re
mained stable over time and reached the threshold of 60% set 
by the WHO.10 These results indicate that although antibiotic 
use decreased in the European community during the pandemic, 
the prescribed antibiotics were still in line with the WHO’s over
arching goals of promoting responsible antibiotic consumption.

Similar decreases in community antibiotic consumption have 
been described in previous national studies conducted within 
as well as outside Europe, whereas increases in community anti
biotic consumption were only rarely observed.12 In Navarre, 
Spain, a decrease of 39% in community antibiotic consumption 
was observed when comparing the second quarter of 2019 and 
2020. This study also concluded that seasonality in the use of 
community antibiotics disappeared.13 A decrease of 28% in the 
community consumption of antibiotics was observed between 
2019 and 2020 in an Italian study.14 In the UK, a decreasing trend 
in antibiotic use in the community was observed before the onset 
of the COVID-19 pandemic, which further decreased as of March 
2020 and was sustained during winter, in contrast to the season
ality in antibiotic prescribing that was previously observed within 
the UK.15,16 The community consumption of antibiotics in the 
USA decreased by 26.8% between March and December 2020 
compared with the same period in 2017–2019.17 In Canada, 
antibiotic consumption in the community decreased by 26.5% 
between March and October 2020.18 A decrease of 36% in com
munity antibiotic consumption was observed as of April 2020 in 
Australia, which persisted into winter (June–August), again point
ing out decreased seasonality.19 In Hong Kong, antibiotic supplies 
to community pharmacies decreased by 47.9% between 2019 
and 2021.20 A study conducted in South Korea found a decrease 
in antibiotic community consumption of 14%–30% compared 
with the three preceding years, after adjusting for the observed 
decrease in respiratory tract infections (RTIs) during the 
COVID-19 pandemic.21

Indeed, a decrease in (non-COVID-19) RTIs during the 
COVID-19 pandemic has been observed in several countries, of
ten coinciding with the decrease in antibiotic use in the commu
nity. These studies also show that the decrease in community 
antibiotic consumption is mainly due to a decrease in the con
sumption of antibiotics used to treat RTIs.13,15,18,19,21 Although 
to a lesser extent, a decrease in other communicable diseases 
has been observed, further explaining the decrease in antibiotic 
use. Reduced disease transmission during the COVID-19 pan
demic resulted from a variety of non-pharmaceutical interven
tions, such as lockdowns, travel restrictions, school closures, 
the use of face masks, increased hand hygiene, social distancing, 
etc. Finally, the decrease in antibiotic use in the community might 
also be the result of hesitancy to seek medical care in case of 
mild symptoms. These results show that there is room for 

improvement in the prescription of antibiotics for respiratory in
fections, which are often of viral origin.

An increase in the use of azithromycin (J01FA10) has been ob
served for several countries. Azithromycin is an antibiotic that has 
shown in vitro activity against the SARS-CoV-2 virus.22 Besides, re
sults from a non-randomized clinical trial published in early 2020 
indicated that azithromycin, in combination with hydroxychloro
quine, significantly reduced the viral load in COVID-19 patients.23

However, this study suffers from major methodological issues 
concerning the design of the trial, the outcome measure and 
the statistical analyses, as discussed by Rosendaal24 and 
Machiels et al.25 Moreover, several studies later demonstrated 
that the treatment of COVID-19 with azithromycin, in addition 
to standard care or hydroxychloroquine treatment, did not re
duce the symptoms, nor the risk for hospitalization or death in 
outpatients.26–29

A positive correlation between antibiotic use and AMR levels 
has been demonstrated by multiple studies.30–35 Unless the per
sistence of AMR has a selective advantage, the observed de
crease in community antibiotic consumption might result in a 
decrease in the AMR levels of community pathogens in the 
EU/EEA. Although literature on the impact of the COVID-19 pan
demic on AMR levels in the community is scarce, Tedeschi et al.14

showed an improvement in AMR patterns in the out-of-hospital 
setting following the decreased community use of antibiotics 
during the COVID-19 pandemic. Lemenand et al.36 showed a de
crease in the proportion of ESBL-producing Escherichia coli infec
tions during the COVID-19 pandemic. These studies seem to 
support the hypothesis of a decrease in AMR due to decreased 
antibiotic use in the community. However, the latest annual epi
demiological report on AMR in the EU/EEA by the European 
Antimicrobial Resistance Surveillance Network (EARS-Net) indi
cates that the changes in AMR levels during the COVID-19 
pandemic vary greatly between different bacterial species, anti
microbial agents and countries.37 It has to be noted, however, 
that most pathogens under surveillance by EARS-Net are found 
in hospitalized patients, that they are unlikely to be affected by 
community antibiotic consumption and that not all drug-bug 
combinations are considered. Besides, a lag is expected between 
the decrease in antibiotic use and its effect on AMR.38 Therefore, 
the impact of decreased antibiotic consumption, as a result of the 
COVID-19 pandemic, on AMR levels in the community remains an 
interesting topic for future research.

Strengths and limitations
We estimated the magnitude, timing and persistence of the de
crease in antibiotic consumption in the European community 
during the COVID-19 pandemic using non-linear mixed change
point models. Quarterly data enabled estimation of the timing 
of the decrease as well as the seasonal variation in antibiotic 
use. However, only 16 of 28 countries reported on antibiotic 
use quarterly, potentially biasing the estimated seasonal vari
ation in Europe. We therefore believe reporting quarterly data 
should be encouraged. The observed decrease in antibiotic use 
was sustained during 2021. However, whether the use of antibio
tics returns to pre-pandemic levels in 2022 or 2023 remains to be 
evaluated.
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Conclusion
In conclusion, our analysis indicated a significant, sudden and 
steep decrease in overall antibiotic consumption in the 
European community between the first and second quarters of 
2020, as well as a decrease in its seasonal variation. Although 
consumption in the European community remained low during 
2021, it remains to be seen how it will evolve in post-pandemic 
times.
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