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Objective: To assess the influence of the emergence of severe acute respiratory syndrome coronavirus 2
and the implementation of public health measures on the seasonality of outpatient antibiotic use and
their possible association with the incidence of influenza.
Methods: We performed a time-series ecological study in 1516 primary care centres of Andalusia, Spain,
comparing the coronavirus disease 2019 period (April 2020 to March 2021) with the 6 previous years. We
assessed the number of packs and defined daily doses per 1000 inhabitants of antibacterials and key
antibiotics commonly used for acute respiratory tract infections and the number of influenza-positive
cases per 100 000 inhabitants. We calculated the correlation between variables and analyzed the sea-
sonal patterns and differences in quarterly antibiotic use.
Results: For all quarters, a significant correlation was observed between influenza activity and antibiotic
use (Spearman's r ¼ 0.94; p < 0.001). Before the pandemic period, both variables presented similar
seasonal patterns. After the start of the pandemic, influenza activity was suppressed and the pattern of
antibiotic use flattened into a straight line (R2 ¼ 0.96; p ¼ 0.022) with a quarterly change of 3.9%
(p ¼ 0.007). Total antibiotic use and antibiotics used for treating acute respiratory tract infections showed
significant reductions in all quarters compared to the previous year (p < 0.01).
Discussion: The coronavirus disease 2019 pandemic has strongly influenced the seasonality of antibiotic
use in primary care. The decline in respiratory viruses, among which the influenza virus is a major player
that may act as a proxy for general prevalence, is proposed as a reason for the flattening of the seasonal
fluctuations of outpatient antibiotic use in our region. Ana Bel�en Guisado-Gil, Clin Microbiol Infect
2022;28:881.e7e881.e12
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
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Introduction

Antibiotics are some of the most frequently prescribed drugs in
both high-income and low- and middle-income countries in the
outpatient setting [1e3]. Seasonality in antibiotic prescribing in
primary care has been described around the world, in particular
for countries with high annual levels of antibiotic use [1,4,5].
ublished by Elsevier Ltd. All rights reserved.
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Seasonality refers to variations that occur with a frequency of less
than a year; for antibiotic use, it is typically defined by peak values
in winter and valley values in summer, mainly driven by penicil-
lins, macrolides, and fluoroquinolones. The seasonal pattern of
outpatient antibiotic use is similar to the seasonal fluctuations in
the incidence of acute bronchitis, acute upper respiratory tract
infections, and acute tonsillitis and is associated with the change
in influenza virus activity in the community [6]. Antibiotic over-
use in the community, mainly in treating acute respiratory tract
infections (ARTIs), is proposed as one of the main causes of this
phenomenon despite most ARTIs being caused by viruses, for
which antibiotics have no role in treatment [7].

Since the introduction of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) into the northern hemisphere in
January 2020, coinciding with the 2019/2020 respiratory virus
season, a decrease in influenza activity has been reported. In-
terventions designed to limit the spread of SARS-CoV-2, including
lockdowns andmandatory use of face masks, are strongly proposed
as causes of this beneficial collateral effect [8e12].

Antibiotic use across different healthcare settings has also been
significantly influenced by the coronavirus disease 2019 (COVID-
19) pandemic, with an effect on antimicrobial resistance that re-
mains unclear. In contrast to the usage data from hospitals, where
antibiotic prescriptions initially increased despite relatively low
detected rates of bacterial coinfections in patients with COVID-19
[13,14], antibiotic use in primary care dropped. The magnitude of
this reduction has ranged between 30% and 40% and has been
notably greater for antibiotics primarily used for ARTIs [15e18].

Based on our previously reported sharp decline in antibiotic
prescribing in the community setting in our region in the second
quarter of 2020, coinciding with the onset of the first wave of the
COVID-19 pandemic and national lockdown [15], the objective of
the present study was to assess the influence of the emergence of
SARS-CoV-2 over time on the seasonal pattern of antibiotic use
and its possible association with influenza virus activity in the
outpatient setting of Andalusia, the most populated region in
Spain.

Methods

Study design and setting

We designed an ecological study with time-series analysis in all
1516 primary care centres of 26 primary healthcare districts of the
Andalusian Public Health System, with 8069 general practitioners
(GPs) and paediatricians serving 8.4 million people and where an
institutionally supported antimicrobial stewardship programme
(ASP) for primary care centres and hospitals, the PIRASOA pro-
gramme (pirasoa.iavante.es), has been in forcewithout interruption
since 2014 [5,19].

Time periods

From 14 March to 21 June 2020, a lockdown was in force in
Andalusia to contain the transmission of SARS-CoV-2. Other mea-
sures implemented were isolation and testing for symptomatic
individuals, segregated attention for nonrespiratory and respira-
tory patients in health care institutions, epidemiological in-
vestigations and quarantine of contacts, enforced public education
on hand hygiene and use of masks, social distancing, travel re-
strictions, reduced population mobility, and promotion of tele-
phone consultations. In this study, the COVID-19 period (from April
2020 to March 2021) was compared with the previous years.
Study variables and data sources

Quarterly seasonal fluctuations in total outpatient antibiotic use
and influenza virus activity between 2014 and 2021 in Andalusia
were evaluated. Influenza virus activity was measured as the
number of positive cases per 100 000 inhabitants obtained from
the Andalusian epidemiological sentinel surveillance network [20].
We recorded the number of packs (medication containers) of an-
tibacterials for systemic use (ATC group J01) and the number of five
key antibiotics commonly used for ARTIs in primary care (amoxi-
cillin, amoxicillin-clavulanate, cefuroxime, azithromycin, and lev-
ofloxacin) to avoid trend biases due to theWHO's ATC/defined daily
doses alterations in 2019 for certain antibiotics [21]. Fosfomycin-
trometamol use was also evaluated as a comparator because it is
only prescribed for urinary tract infections. We also assessed in
detail the quarterly use from April 2019 to March 2021 of anti-
bacterials for systemic use and four antibiotic groups: penicillins
(J01C), cephalosporins (J01D), macrolides (J01F), and quinolones
(J01M), specifically for the key antibiotics commonly used for ARTIs,
measured as defined daily doses per 1000 inhabitants.

In our region, electronic prescription was established in 2007.
Data on antibiotic use were recorded through the computerized
pharmacy record database of reimbursed and dispensed drugs
hosted by the Pharmacy Service of the Andalusian Health Service,
representing 98% of the total population. In addition, we evaluated
the number of GP and paediatrician consultations (face-to-face or
by telephone), globally and per inhabitant, during the COVID-19
period and for the same period in the previous year.

Statistical analysis

Changes in seasonality were analyzed using the SEASON com-
mand to estimate seasonal factors for time series with a specified
periodicity using IBM SPSS Statistics software version 23.0 (IBM,
Armonk, NY, USA), as well as the packages TSstudio and ggplot2
with R version 4.0.5 (R Core Team, Vienna, Austria). The correlation
between patterns of antibiotic prescribing in primary care and
influenza activity was calculated using the two-tailed Spearman
coefficient (r). To examine whether the antibiotic use pattern dur-
ing the COVID-19 period fit a straight line, we performed a linear
regression analysis with R, and we characterized the quarterly
percentage of change of the trend, accounting for autocorrelation
between quarters, with Joinpoint Regression software v4.8.0.1
(National Cancer Institute, Bethesda, MD, USA).

We analyzed the differences in antibiotic use between quarters
and the number of consultations using the paired Student t-test or
Wilcoxon signed-rank test, as appropriate after checking for
normality, with SPSS. To assess the robustness of the findings from
the paired tests for antibiotic use, we also performed a first-order
autoregressive interrupted time-series analysis for each variable,
accounting for the previous trend since the inception of the
regional ASP in 2014, according to the Cochrane Effective Practice
and Organization Care method [22]. Statistical significance was set
at p < 0.05.

Ethics

The data presented in this study are part of a continuing public
health monitoring of influenza activity and antibiotic use in our
region. Study approval was granted by the ethics committee of
the University Hospitals Virgen Macarena-Virgen del Rocio
(19122014e03/2014) and valid for the Autonomous Community of
Andalusia, Spain.
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Results

Seasonality

Fig. 1 represents the quarterly seasonal fluctuations of total
outpatient antibiotic use and influenza virus activity between 2014
and 2021 in Andalusia. For all 29 quarters, a significant correlation
was observed between outpatient antibiotic use and influenza virus
activity (Spearman's r ¼ 0.94; p < 0.001).

Preceding the onset of the COVID-19 pandemic, antibiotic use
and influenza virus activity presented a markedly seasonal pattern
characterized by higher antibiotic use and incidence of influenza
cases in the first quarter of each year (winter), with a seasonal
factor of 20% above the quarter's average level for antibiotic use and
241% above the quarter's average level for influenza, and the
absence of virus circulation during the third quarter (summer),
coinciding with the lowest rate of antibiotic use (e21% seasonal
factor). In our time series, the highest values for both variables were
reached in 2015 with more than 1.7 million antibiotic packs during
the first quarter of 2015 and 307 influenza cases per 100 000 in-
habitants in the last week of January 2015. After the start of the
COVID-19 pandemic, the number of influenza-positive cases during
the 2019/2020 influenza seasonal epidemic dropped rapidly, with
no influenza cases reported since the end of March 2020 in our
region. The number of samples collected by the sentinel surveil-
lance network and the percentage of influenza-positive cases was
108 (0% of positive cases) in the 2020/2021 epidemic season,
compared to 746 (54% of positive cases) and 778 (62% of positive
cases) in 2019/2020 and 2018/2019, respectively.

The antibiotic use pattern levelled off in the second quarter of
2020, and seasonality was no longer evident (seasonal factors:
summer 2020¼e2%; winter 2021¼5%), turning into a straight line
(R2 ¼ 0.96; p ¼ 0.022) with an average change per quarter of 3.9%
(quarterly percentage of change 95% confidence interval, 2.4e5.3;
p¼ 0.007). Additional analyses of changes in seasonality are shown
in Figs. S1 and S2. The seasonal pattern for individual antibiotics
mainly used for treating ARTIs is shown in Fig. 2. Amoxicillin,
Fig. 1. Quarterly seasonal fluctuations in total outpatient antibiotic use and influenza virus
number of packs of antibacterials for systemic use prescribed in primary care during the p
angles), and the red stacked boxes represent the number of influenza-positive cases per 10
amoxicillin-clavulanate, cefuroxime, azithromycin, and levo-
floxacin use followed a similar oscillatory pattern related to influ-
enza virus detection. Seasonality in the use of all of these antibiotics
was removed after the emergence of the COVID-19 pandemic in the
second quarter of 2020, except for fosfomycin-trometamol.

Antibiotic use

The overall use of antibiotics in the community declined during
all quarters of the COVID-19 period compared with the corre-
sponding quarters of the previous year, with reductions ranging
between e21.4% and e36.8%. Since the start of the COVID-19
pandemic, all groups of antibiotics under study and the key indi-
vidual antibiotics mainly used for treating ARTIs showed a dramatic
reduction in all quarters with respect to the same quarters in the
previous year (Table 1). In contrast, fosfomycin-trometamol use
increased significantly in all quarters under study, except for the
first quarter of the COVID-19 period, in which it remained un-
changed. These findings were confirmed in the interrupted time-
series analysis (Table S1 and Figs. S3eS5), which showed an im-
mediate decrease in total antibiotic use and those antibiotics used
for treating ARTIs after the start of the COVID-19 pandemic and a
difference between the expected value and the observed one that
remained 1 year after the start of the pandemic period.

Primary care consultations

There were nearly 45 million consultations in primary care
during the pandemic period compared to 42million in the previous
year, resulting in 5.3 versus 5.0 consultations per inhabitant,
respectively. The total number of consultations in primary care did
not change, with an average of 3.5 ± 0.4 million monthly consul-
tations in the COVID-19 period and 3.7 ± 0.5 million in the previous
year (p ¼ 0.124). However, the rate of telephone consultations
increased from 4.4% in the previous year to 64.2%, exceeding the
number of face-to-face consultations during the COVID-19 period
(p ¼ 0.002). Details are shown in Fig. S6.
activity between 2014 and 2021. The black line represents antibiotic use measured as
re-pandemic period (circles) and the coronavirus disease 2019 pandemic period (tri-
0 000 inhabitants in Andalusia, Spain. Q, quarter.



Fig. 2. Quarterly seasonal fluctuations in amoxicillin, amoxicillin-clavulanate, cefuroxime, azithromycin, levofloxacinm and fosfomycin-trometamol use between 2014 and 2021.
Lines represent antibiotic use measured as number of packs prescribed in primary care during the pre-pandemic period (circles) and the coronavirus disease 2019 pandemic period
(triangles) in Andalusia, Spain. Q, quarter.

Table 1
Differences in antibiotic use in primary care, Andalusia, Spain 2019/2021

Antibiotic Quarter 2 (ApreJun), n ¼ 26 Quarter 3 (JuleSept), n ¼ 26

2019 (DID) 2020 (DID) Difference (%) p-value 2019 (DID) 2020 (DID) Difference (%) p-value

Total antibiotics (J01) 12.80 8.10 e36.8 <0.0001 10.46 8.22 e21.4 <0.0001
Penicillins 7.74 4.54 e41.3 <0.0001 6.37 4.67 e26.7 <0.0001
Amoxicillin 3.88 1.72 e55.6 <0.0001 2.91 1.77 e39.3 <0.0001
Amoxicillin-clavulanate 3.49 2.55 e27.0 <0.0001 3.10 2.63 e15.1 <0.0001
Cephalosporins 1.10 0.83 e24.6 <0.0001 0.93 0.88 e4.9 0.006
Cefuroxime 0.82 0.58 e29.1 <0.0001 0.69 0.63 e8.6 <0.0001
Macrolides 1.62 0.83 e48.6 <0.0001 1.13 0.81 e28.4 <0.0001
Azithromycin 1.14 0.58 e49.4 <0.0001 0.73 0.53 e27.9 <0.0001
Quinolones 1.25 0.87 e30.5 <0.0001 1.02 0.87 e14.3 <0.0001
Levofloxacin 0.56 0.26 e53.4 <0.0001 0.36 0.26 e28.6 <0.0001
Fosfomycin-trometamol 0.38 0.38 2.2 0.54 0.40 0.40 2.2 0.008

Antibiotic Quarter 4 (OcteDec), n ¼ 26 Quarter 1 (JaneMar), n ¼ 26

2019 (DID) 2020 (DID) Difference (%) p-value 2020 (DID) 2021 (DID) Difference (%) p-value

Total antibiotics (J01) 12.92 8.74 e32.4 <0.0001 14.58 9.25 e36.6 <0.0001
Penicillins 7.64 4.55 e40.4 <0.0001 8.45 4.70 e44.3 <0.0001
Amoxicillin 3.85 1.81 e53.1 <0.0001 4.38 1.82 e58.4 <0.0001
Amoxicillin-clavulanate 3.43 2.51 e26.9 <0.0001 3.74 2.64 e29.4 <0.0001
Cephalosporins 1.13 0.96 e15.0 <0.0001 1.27 0.99 e21.9 <0.0001
Cefuroxime 0.84 0.66 e20.7 <0.0001 0.93 0.69 e26.0 <0.0001
Macrolides 1.71 1.12 e34.5 <0.0001 2.11 1.20 e43.3 <0.0001
Azithromycin 1.23 0.80 e34.6 <0.0001 1.61 0.86 e46.3 <0.0001
Quinolones 1.28 0.95 e26.0 <0.0001 1.54 1.01 e34.6 <0.0001
Levofloxacin 0.60 0.34 e43.5 <0.0001 0.83 0.38 e54.2 <0.0001
Fosfomycin-trometamol 0.38 0.39 2.6 0.014 0.38 0.41 7.3 <0.0001

DID, defined daily doses per 1000 inhabitants; n, number of primary healthcare districts. Penicillins: antiinfectives classified in the group J01C, including amoxicillin and
amoxicillin-clavulanate; cephalosporins: antiinfectives classified in the group J01D, including cefuroxime; macrolides: antiinfectives classified in the group J01F, including
azithromycin; quinolones: antiinfectives classified in the group J01M, including levofloxacin.
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Discussion

The results of this study show a flattening of the characteristic
seasonal pattern of outpatient antibiotic use with a maintained
reduction in antibiotic pressure, specifically for the antibiotics most
commonly used in ARTIs, and a complete suppression of influenza
virus activity since the inception of the COVID-19 pandemic in our
region. The demand for primary care appointments remained sta-
ble during this period but showed a dramatic shift from face-to-
face to telephone consultations.
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The strong association between outpatient antibiotic use and
influenza virus activity found in this work is in line with the
available published evidence that shows a significant positive cor-
relation between the variables. This correlation has been also re-
ported for antibiotic use and the incidence of ARTIs [6].

The antimicrobial use profile was similar to that reported previ-
ously for our region [5,19]. The decreasing trend for amoxicillin-
clavulanate use and the increase in the use of fosfomycin-
trometamol are aligned with the educational activities of the PIRA-
SOA programme and recommendations of the ASP guidelines [23].

Previous studies from different countries and with short follow-
up periods have reported an interruption of influenza virus trans-
mission during the 2019/2020 epidemic season or a decrease in the
rates of antibiotic prescription in primary care soon after the
beginning of the COVID-19 pandemic [8e12,15e18,24e26]. Recently
a preepost study performed on an academic health system in the
south of Wisconsin analyzed the incidence of respiratory virus
detection and antibiotic prescription for the last 4 years, including
the 2020/2021 epidemic season, in more than 80 primary care
centres. Consistent with the outcomes that we found in our setting
with more than 1500 centres, rates of prescription and influenza
and non-influenza virus detection decreased during the pandemic
period. Nevertheless, non-influenza virus detection presented the
strongest correlationwith antibiotic use for ARTIs in that study [27].

The emergence of COVID-19 in Spain disrupted the existing
sentinel surveillance networks, which could explain why the
number of samples collected and analyzed in the 2020/2021
epidemic season was lower than in the previous influenza seasons.
However, no influenza-positive cases were detected, which sup-
ports the absence of circulation of influenza in our community in
the 2020/2021 epidemic season.

The effect of telephone consultations on GPs' diagnostic and
prescribing behaviour or patients' worries is still uncertain [15]. A
recent systematic review found inconsistent evidence for the effect
of remote consulting on antibiotic prescriptions in primary care,
with four studies reporting higher prescribing rates, five studies
showing lower rates, and three reporting no difference in remote
consultations compared with face-to-face consultations [28]. In our
study, one point against attributing the reduction in antimicrobial
prescribing to the increase in telephone consultations is that all
primary care GPs and paediatricians in the Andalusian Public
Health System use the electronic prescription, so the patient is not
required to be present to have antibiotics prescribed. Further
studies are needed to establish the consequences of telemedicine in
this setting.

The prolonged period of analysis, the population covered, and
the great amount of data collected from 2014 are some of the
strengths of this study. A possible explanation for our results may
be that public health measures aimed to mitigate COVID-19
transmission contributed to containing other respiratory viruses
such as influenza and reducing outpatient antibiotic use.

This study also has several limitations that provide scope for
future research. First, observed associations are not exempt from
bias, and correlations on an individual level can differ from those on
a population level from ecological studies. Specifically, antibiotic
reimbursement data cannot accurately reflect individual use of
antibiotics, hindering ecological studies from determining what
motivates patients to take or not take the antibiotics they are pre-
scribed. Second, the use of sentinel surveillance data for influenza
virus activity could have underestimated the influenza virus cir-
culation and prevented the inclusion of non-influenza virus or
other infectious diseases such as bacterial pneumonia. Third, the
lack of sufficient data did not allow us to investigate possible
changes in the reasons for primary care consultations or to explore
the association between decreased antibiotic use and antibiotic
resistance. Further studies are needed to determine if our findings
led to favourable ecological outcomes.

Conclusions

The emergence of SARS-CoV-2 and the implementation of
public health measures have strongly influenced the seasonality of
antibiotic use. The decline in respiratory viruses, among which the
influenza virus is a major player that may act as a proxy for general
prevalence, is proposed as a reason for the flattening of the seasonal
fluctuations in outpatient antibiotic use in our region. This infor-
mation may be valuable for policymakers in promoting future
strategies to reduce patient morbidity and mortality and health
care costs.
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