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ABSTRACT
Background: Little is known about the duration of antibiotic use in hospital settings. We evaluated the 
duration of hospital antibiotic therapy for four commonly prescribed antibiotics (amoxicillin, co-amox-
iclav, doxycycline, and flucloxacillin) including the assessment of COVID-19 impact.
Methods: A repeated, cross-sectional study using the Hospital Electronic Prescribing and Medicines 
Administration system (January/2019-March/2022). Monthly median duration of therapy/duration cate-
gories was calculated, stratified by routes of administration, age, and sex. The impact of COVID-19 was 
assessed using segmented time-series analysis.
Results: There were significant variations in the median duration of therapy across routes of adminis-
tration (P < 0.05), with the highest value among those antibiotic courses composed of both oral and IV 
antibiotics (‘Both’ group). Significantly higher proportions of prescriptions within the ‘Both’ group had a 
duration of >7 days compared to oral or IV. The duration of therapy differed significantly by age. Some 
small statistically significant changes in the level/trends of duration of therapy were observed in the 
post-COVID-19 period.
Conclusions: No evidence for prolonged duration of therapy were observed, even during COVID- 
19 pandemic. The duration of IV therapy was relatively short, suggesting timely clinical review 
and consideration of IV to oral switch. Longer duration of therapy was observed among older 
patients.
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1. Introduction

Antimicrobial resistance (AMR) is a global public health 
threat, complicating the treatment of many infections and 
leading to longer duration of illness, higher mortality, and 
increased treatment costs [1]. Unaddressed AMR is pre-
dicted to result in 10 million preventable deaths worldwide 
by 2050, with consequent economic costs of US$100 trillion 
[2]. Inappropriate uses of antimicrobials, including both 
overuse and unnecessary prolonged courses of treatment, 
are modifiable drivers for AMR and as such are a key focus 
for antimicrobial stewardship programmes (ASPs) [3]. ASPs 
have been challenged through the COVID-19 pandemic not 
only because of the negative impact of the pandemic on 
ASP activities [4] but also due to the increased likelihood of 
prescribing common respiratory antibiotics in COVID pneu-
monitis [5]. A recent meta-analysis reported a high preva-
lence (61.7%) of antibiotic use among hospitalized COVID- 
19 patients despite low prevalence (5.6%) of bacterial coin-
fection [6].

A point prevalence survey of antibiotic prescribing in 
patients with suspected and/or confirmed COVID-19 in 
Scottish hospitals in 2020 provided data on antibiotic 

indication, route of administration, and timing of IV to 
oral switch and proposed duration of therapy but did not 
provide information on the total duration of inpatient 
antibiotic exposure [7]. In this survey, antibiotics were 
most frequently prescribed for suspected respiratory tract 
infections (RTIs) (73.9%), whereby amoxicillin, doxycycline, 
and co-amoxiclav collectively accounted for over half of all 
antibiotics prescribed on the survey day [7].

Antibiotic course duration is a key focus for ASP activity [8] 
particularly since shorter course therapy is safe and effective 
for many common infections including lower RTI [9]. Using 
shorter recommended antibiotic duration is important to mini-
mize the risk of both AMR development and antibiotic related 
adverse events [10–12]. Despite the importance of antibiotic 
duration in relation to AMR, data on antibiotic duration in 
hospital settings are scarce, especially in the COVID-19 era. 
This study aimed to evaluate the duration of antibiotic therapy 
across hospitals in Scotland for four commonly prescribed 
antibiotics, namely amoxicillin, co-amoxiclav, doxycycline, 
and flucloxacillin (as a proxy for assessing the quality of use 
of these antibiotics), including the assessment of any impact 
of COVID-19.
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2. Methods

2.1. Study design and data source

A repeated, cross-sectional study was conducted using indivi-
dual-patient level data from the Hospital Electronic Prescribing 
and Medicines Administration (HEPMA) system [13] from six 
out of the 14 health boards in Scotland, covering about 65% 
(3.58 million out of 5.46 million) of the Scottish population 
from January 2019 to March 2022. The study period was 
divided into a pre-COVID-19 period (January 2019 to 
Febebruary 2020) and a post-COVID-19 period (April 2020 to 
March 2022). HEPMA contains prescriptions and administra-
tions data for all medicines prescribed for in-patients in acute 
hospitals including dates (prescribed and administered), drug 
names, formulations, dosages instructions, and routes of 
administration.

2.2. Study population/subjects

The study subjects comprised all prescriptions for the four 
antibiotics of interest that were prescribed and administered 
(for systemic therapy) to patients admitted to hospital (for any 
reason) during the study period. The date of first administra-
tion of any of the antibiotics of interest was defined as the 
index date for calculating duration of therapy. We have 
selected amoxicillin, co-amoxiclav, and doxycycline as they 
are the most commonly used antibiotics for RTIs in Scottish 
hospitals. As this includes any potential use for bacterial co- 
infection in COVID-19 patients, these three drugs work as a 
reasonable indicator for any potential impact of COVID-19. 
Flucloxacillin was used as a control because it is rarely indi-
cated for RTIs and hence unlikely to be affected by COVID-19 
infection.

2.3. Study outcomes

The primary study outcome was duration of antibiotic therapy, 
calculated by counting the total days between the index date 
and last administration date for each antibiotic; an antibiotic 
with a single dose was assigned a duration of one day. 
Furthermore, we estimated the proportion of antibiotic pre-
scriptions with the following categories of duration: ≤3 days, 
>3-5 days, >5-7 days, >7-10 days, and >10 days for amoxicillin, 
co-amoxiclav, and flucloxacillin and ≤5 days, >5-7 days, >7- 
10 days, and >10 days for doxycycline. The study outcomes 
were stratified by sex, age groups, and routes of administra-
tion (oral, IV, and ‘Both’) where appropriate. ‘Both’ refers to 
those courses in which the antibiotic was administered both 
as IV and oral in any subsequent order, although the majority 
were IV to oral switch. Doxycycline is only licensed in the UK 
for oral route administration.

2.4. Data analysis

Duration of therapy was summarized as median (interquartile 
range, IQR), while categories of duration of therapy were 
summarized as frequencies and percentages. Median duration 
of therapy was compared across routes of administration, age 

groups, and sex using the non-parametric statistical test 
Kruskal-Wallis [14] and Wilcoxon signed-rank tests [15], respec-
tively, whereas chi-square test was used for the duration of 
therapy categories.

In order to assess the impact of the first major COVID-19 lock-
down (imposed in March 2020), segmented time-series analysis 
[16] was applied to the monthly median duration of therapy and 
proportion of prescriptions with >7 days duration (as a proxy for 
unnecessary prolonged course for most common RTIs), stratified 
by route of administration (oral, IV, and ‘Both’), age groups, and sex. 
The baseline trends (β1) in the pre-COVID-19 period and any 
changes in the levels (β2) and trends in the post-COVID-19 period 
(β3) following the first COVID-19 lockdown were assessed and 
presented.

3. Results

3.1. Baseline characteristics

Overall, there were 186,061 prescriptions of the four antibio-
tics issued for a total of 143,951 patients; amoxicillin 
accounted for the largest number of prescriptions (39.4%; 
n = 73,311) followed by co-amoxiclav (30.1%; n = 55,963), 
with IV route as the mostly commonly used route of adminis-
tration for each of amoxicillin, co-amoxiclav, and flucloxacillin 
(Table 1). Patients’ mean age differed significantly across the 
three routes of administration types for amoxicillin, co-amox-
iclav, and flucloxacillin (Table 1). For amoxicillin and doxycy-
cline, >40% of patients were >70 years except for IV co- 
amoxiclav and flucloxacillin (Table 1). Similarly, sex distribu-
tions were significantly different across routes of administra-
tion for the four antibiotics (Table 1).

3.2. Duration of therapy

Median duration of therapy (days) for amoxicillin, co-amox-
iclav, and flucloxacillin prescriptions were significantly dif-
ferent (P < 0.05) across their routes of administration types, 
with the highest median duration of therapy observed in 
the ‘Both’ group compared to the lowest median duration 
in the IV route group (Table 2). However, the pattern of 
median duration of therapy for a particular route across 
each of amoxicillin, co-amoxiclav, and flucloxacillin was 
comparable; for example, median duration of therapy for 
‘Both’ groups was 5.2 (IQR: 3.2, 6.8), 5.1 (IQR: 2.8, 7.0), and 
5.8 (IQR: 3.2, 9.0) days for amoxicillin, co-amoxiclav, and 
flucloxacillin, respectively, and the IV route consistently 
had the lowest median duration of therapy (Table 2). In 
terms of duration of therapy categories, again there was a 
statistically significant difference between the three types of 
routes for each of amoxicillin, co-amoxiclav, and flucloxacil-
lin (Table 2). Similar to the median duration of therapy, a 
comparable pattern was observed with the duration of 
therapy categories: the majority of the oral prescriptions 
for amoxicillin, co-amoxiclav, and flucloxacillin were for 
≤3 days (57.6% vs. 65.6% vs. 54.4%, respectively) and similar 
was seen in the IV route (75.6% vs. 85.5% vs. 68.3%, respec-
tively). However, for the ‘Both’ group, a higher proportion 
were for a longer duration (>7 days) in comparison to the 

2 A. KURDI ET AL.



oral and IV routes for each of amoxicillin, co-amoxiclav, and 
flucloxacillin (Table 2). Noticeably, the proportion of pre-
scriptions with a duration category of >10 days for the 
‘Both’ group was significantly higher for flucloxacillin pre-
scriptions (19.7%) compared with each of amoxicillin (4.8%) 
and co-amoxiclav (6.7%) (Table 2). For doxycycline prescrip-
tions, the median duration of therapy was 2.4 days (IQR = 1, 
4.7) with the majority of prescriptions falling into the dura-
tion category of ≤5 days (79.3%) (Table 2).

3.3. Duration of therapy stratified by age groups and 
sex

Stratifying the median duration of therapy by age groups 
indicated a statistically significant difference in median dura-
tion (Table 3). There was a consistent increasing trend in 
median duration of therapy as age increases for all the four 
antibiotics, with the longest median duration of therapy 
observed in those aged ≥71 years old (Table 3). In terms of 
sex, median duration of therapy did not differ significantly 

Table 1. Baseline characteristics of the 143,951 hospitalized patients who received the 186,061 prescriptions for the four studied antibiotics from January 2019 to 
March 2022 in Scotland.

Amoxicillin (n = 73,311)

Oral (36%, n = 26,406) IV (47.1%, n = 34,522) Both (16.9%, n = 12,383)

Mean age (SD, years)* 69.6 (19.7) 65.4 (19.2) 71.8 (16.2)
Age groups (years)**
<18 2.6 (677) 1.3 (455) 0.5 (61)
18–40 6.9 (1,818) 12.1 (4,162) 5.3 (656)
41–50 5.4 (1,418) 7.7 (2,672) 5 (617)
51–60 11.0 (2,913) 14 (4,816) 10.6 (1,316)
61–70 15.9 (4,206) 18.6 (6,407) 17.5 (2,170)
71–80 25.5 (6,732) 23.7 (8,194) 28 (3,462)
>80 32.7 (8,642) 22.6 (7,816) 33.1 (4,101)
Sex**
Male 47.9 (12,657) 51.9 (17,902) 50.7 (6,273)
Female 52.1 (13,749) 48.1 (16,620) 49.3 (6,110)

Co-amoxiclav (n = 55,963)

Oral (31.4%, n = 17,556) IV (50.9%, n = 28,457) Both (17.8%, n = 9,950)

Mean age (SD, years)* 63.9 (21.5) 54.7 (22.3) 64.7 (20.6)
Age groups (years)**
<18 3.7 (641) 2.8 (783) 2.0 (201)
18–40 13 (2,276) 32.8 (9,334) 15 (1,491)
41–50 7.3 (1,287) 8.1 (2,287) 6.6 (656)
51–60 12.8 (2,253) 12.1 (3,429) 11.7 (1,162)
61–70 16.9 (2,967) 14.2 (4,045) 16.8 (1,667)
71–80 23.3 (4,083) 16.3 (4,636) 24.7 (2,457)
>80 23.1 (4,049) 13.8 (3,933) 23.3 (2,316)
Sex**
Male 49.8 (8,739) 41 (11,671) 49.3 (4,901)
Female 50.2 (8,817) 59 (16,786) 50.7 (5,049)

Flucloxacillin (n = 27,859)

Oral (33.3%, n = 9,269) IV (48.1%, n = 13,412) Both (19%, n = 5,178)

Mean age (SD, years)* 66.9 (19.8) 60.7 (18.9) 64.6 (19.0)
Age groups (years)**
<18 1.4 (130) 1.9 (256) 1.7 (87)
18–40 11.3 (1,050) 15 (2,006) 10.9 (564)
41–50 8.1 (750) 11.5 (1,544) 10.4 (536)
51–60 12.2 (1,131) 18.2 (2,438) 15.1 (783)
61–70 15.8 (1,463) 19.5 (2,612) 18.3 (946)
71–80 23.6 (2,189) 19.9 (2,665) 22.5 (1,163)
>80 27.6 (2,556) 14.1 (1,891) 21.2 (1,099)
Sex
Male 51.4 (4,763) 56.3 (7,553) 53.2 (2,757)
Female 48.6 (4,506) 43.7 (5,859) 46.8 (2,421)

Doxycycline (n = 28,928)

Mean age (SD, years) 71.8 (15.8)
Age groups (years)**
<18 0.3 (81)
18–40 5 (1,450)
41–50 5.1 (1,475)
51–60 11.4 (3,292)
61–70 18.1 (5,229)
71–80 27.7 (8,000)
>80 32.5 (9,401)
Sex**
Male 45 (13,005)
Female 55 (15,923)

Note: *P < 0.05 obtained from one-way ANOVA test; **P < 0.05 obtained from chi-square test; data are presented as % (N) if not otherwise stated 
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between male and female patients except for IV amoxicillin 
(1.4 vs. 1.3), ‘Both’ co-amoxiclav (5.5 vs. 4.8), and IV and ‘Both’ 
flucloxacillin (1.2 vs 1.6; 5.8 vs. 6.0, respectively) (Table 3).

In terms of duration categories, there was a statistically 
significant variation in the duration categories across the dif-
ferent age groups (Table 4). Although the majority of antibio-
tic courses has a duration of ≤3 days, there was a trend 
pattern toward increasing duration of therapy in the older 
age groups, especially those aged ≥71 years (i.e. as age 
increased, the proportion of antibiotic courses with a duration 
of >3 days increased), albeit mostly still within ≤7 days (Table 
4). This was more pronounced in the ‘Both’ group across each 
of amoxicillin, co-amoxiclav, and flucloxacillin. Also of note, 
the proportion of antibiotic courses from oral and IV routes 
with a duration of ≥7 days was higher among those aged 
>71 years in comparison to the other age groups (Table 4). 
Similarly, the majority of doxycycline prescriptions were for 
≤5 days across the different age groups (85.2% vs. 73.9% in 
<18 and >80 years old, respectively); however, there was still a 
clear trend toward increasing duration of therapy with increas-
ing age, even though mostly still within the ≤7 days duration 

(Table 4). In terms of sex, duration categories differed signifi-
cantly between male and female patients for all the four 
studied antibiotics except for ‘Both’ amoxicillin, oral co-amox-
iclav, and oral flucloxacillin, with the general pattern appear-
ing to be a significantly higher duration of therapy among 
men compared to women (Table 4).

3.4. Impact of COVID-19 on the duration of antibiotic 
therapy

Prior to COVID-19, there were statistically non-significant 
changes (both increasing and decreasing) in the baseline 
trends for all four antibiotics except for amoxicillin (Figure 1, 
Table 5). Immediately after the COVID-19 lockdown in March 
2020, statistically significant changes (toward increasing dura-
tion of therapy) in the level were observed only in amoxicillin 
‘Both’ (β2: 0.4, P < 0.05) and flucloxacillin IV (β2: 0.36, P < 0.05). 
Similarly, statistically non-significant changes were observed in 
the trend post-COVID-19 lockdown for all four antibiotics 
except for amoxicillin ‘Both’ (β3: 0.05, P < 0.05) (Figure 1, 
Table 5). When stratified by sex, similarly, there were 

Table 2. Duration of therapy for the 186,061 prescriptions of the four studied antibiotics from January 2019 to March 2022 in Scotland, stratified by routes of 
administration (when appropriate).

Amoxicillin (n = 73,311)

Oral (36%, n = 26,406) IV (47.1%, n = 34,522) Both (16.9%, n = 12,383)

Duration (days)*
Median (IQR) 2.4 (1.0, 4.8) 1.4 (1.0, 3.0) 5.2 (3.2, 6.8)
Duration category** (days)

57.6 (15,219) 
22.5 (5,949) 
16.6 (4,395) 

2.1 (562) 
1.1 (281)

≤3 75.6 (26,109) 22.3 (2,757)
>3–5 14.1 (4,878) 25.5 (3,155)
>5–7 6.4 (2,224) 30.3 (3,755)
>7–10 2.6 (913) 17.1 (2,119)
>10 1.2 (398) 4.8 (597)

Co-amoxiclav (n = 55,963)

Oral (31.4%, n = 17,556) IV (50.9%, n = 28,457) Both (17.8%, n = 9,950)

Duration (days)*
Median (IQR) 1.7 (1.0, 4.4) 1.0 (1.0, 1.6) 5.1 (2.8, 7.0)
Duration category** (days)
≤3 65.6 (11,514) 85.5 (24,340) 26.9 (2,675)
>3–5 16.2 (2,845) 7.1 (2,019) 21.7 (2,155)
>5–7 14.0 (2,460) 4.6 (1,298) 27.2 (2,710)
>7–10 2.7 (480) 2.0 (558) 14.5 (1,739)
>10 1.5 (257) 0.9 (242) 6.7 (671)

Flucloxacillin (n = 27,859)

Oral (33.3%, n = 9,269) IV (48.1%, n = 13,412) Both (19%, n = 5,178)

Duration (days)*
Median (IQR) 2.6 (1.0, 6.0) 1.5 (1.0, 4.1) 5.8 (3.2, 9.0)
Duration category** (days)
≤3 54.4 (5,046) 68.3 (9,157) 23.7 (1,229)
>3–5 16.6 (1,537) 10.8 (1,451) 18.6 (963)
>5–7 21.6 (2,000) 7.5 (1,005) 19.3 (1,000)
>7–10 4 (369) 4.6 (615) 18.7 (968)
>10 3.4 (317) 8.8 (1,184) 19.7 (1,018)

Doxycycline (n = 28,928)

Duration (days)
Median (IQR) 2.4 (1.0, 4.7)
Duration category (days)
≤5 79.3 (22,938)
>5 16.6 (4,801)
>7 2.4 (681)
>10 1.8 (508)

Note: *P < 0.05 obtained from Wilcoxon signed-rank test comparing median duration across routes of administration; **P < 0.05 obtained from chi-square test 
comparing duration categories across routes of administration; data are presented as % (N) if not otherwise stated 
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statistically non-significant changes except among female 
patients for amoxicillin ‘Both’ (β2: 0.56, P < 0.05; β3: 0.07, 
P < 0.05) and male patients for flucloxacillin ‘Both’ (β3: −0.13, 
P < 0.05) (Figure 2, Figure 3, Figure 4, Figure 5, Appendix 1). In 
terms of stratification by age groups, statistically significant 
changes were observed only in the level immediately after 
COVID-19 lockdown among those aged 61–70 (β2: 1.6, 
P < 0.05), 71–80 (β2: 0.8, P < 0.05), and >80 years (β2: 0.7, 
P < 0.05), respectively, for those receiving IV flucloxacillin and 
those aged 61–70 years (β2: −0.7, P < 0.05) for doxycycline 
(Appendix 2, Supplementary file 1, Supplementary file 2, 
Supplementary file 3, Supplementary file 4). Furthermore, 

statistically significant changes were observed in the trends 
after COVID-19 among those aged 41–50 (β3: −0.04, P < 0.05), 
>80 years old (β3: −0.02, P < 0.05), respectively, for those 
received IV amoxicillin, 18–40 years (β3: 0.1, P < 0.05) for 
those within ‘Both’ amoxicillin, 41–50 years old (β3: 0.05, 
P < 0.05) within oral co-amoxiclav (Appendix 2, 
Supplementary file 1, Supplementary file 2, Supplementary 
file 3, Supplementary file 4).

In terms of the impact of COVID-19 on the proportion of 
prescriptions with >7 days duration, results from the segmen-
ted regression analysis indicated an overall lack of any statis-
tically significant impact for all four antibiotics except for 

Table 3. Median duration of therapy (IQR) for the 186,061 prescriptions of the four studied antibiotics from January 2019 to March 2022 in Scotland, stratified by 
routes of administration (when appropriate).

Amoxicillin (n = 73,311)

Oral (36%, n = 26,406) IV (47.1%, n = 34,522) Both (16.9%, n = 12,383)

Age groups (years)* P = 0.001 P = 0.001 P = 0.001
<18 1 (0.8, 1.7) 1.1 (1, 2.2) 3.5 (2.2, 4.5)
18–40 1 (0.9, 2.7) 1 (1, 2.2) 3.1 (2, 5)
41–50 1.2 (1, 3.5) 1.2 (1, 2.6) 4 (2.5, 6)
51–60 1.6 (1, 4.0) 1.4 (1, 2.8) 4.6 (2.9, 6.5)
61–70 2 (1, 4.6) 1.4 (1, 3) 4.9 (3.1, 6.6)
71–80 2.7 (1, 4.8) 1.5 (1, 3.3) 5.4 (3.6, 7)
>80 3.5 (1, 5.4) 1.5 (1, 3.5) 5.8 (4, 7.1)
Sex* P = 0.8782 P < 0.001 P = 0.1048
Male 2.4 (1, 4.8) 1.4 (1, 3) 5.2 (3.3, 6.9)
Female 2.5 (1, 4.8) 1.3 (1, 2.9) 5.1 (3.2, 6.8)

Co-amoxiclav (n = 55,963)

Oral (31.4%, n = 17,556) IV (50.9%, n = 28,457) Both (17.8%, n = 9,950)

Age groups (years)* P = 0.001 P = 0.001 P = 0.001
<18 1 (0.7, 1) 1 (0.8, 1.0) 2.2 (1.0, 3.7)
18–40 1 (0.7, 1.6) 1 (1.0, 1.0) 2.2 (1.1, 4.1)
41–50 1 (0.8, 2.8) 1 (1.0, 1.5) 4.5 (2.3, 6.4)
51–60 1.2 (1.0, 3.6) 1 (0.9, 1.9) 4.8 (3.0, 6.7)
61–70 1.8 (1.0, 4.0) 1 (0.7, 2.4) 5.3 (3.4, 7.1)
71–80 2.4 (1.0, 4.8) 1 (0.7, 2.8) 5.8 (3.6, 7.4)
>80 3.2 (1.0, 5.8) 1 (0.7, 3.1) 6.5 (4.6, 7.6)
Sex* P = 0.116 P = 0.523 P = 0.001
Male 1.7 (1, 4.6) 1 (0.9, 2.5) 5.5 (3.3, 7.1)
Female 1.6 (1, 4.3) 1 (1, 1) 4.8 (2.6, 6.8)

Flucloxacillin (n = 27,859)

Oral (33.3%, n = 9,269) IV (48.1%, n = 13,412) Both (19%, n = 5,178)

Age groups (years)* P = 0.001 P = 0.001 P = 0.001
<18 1 (0.7, 1) 1.4 (1, 2.3) 2.5 (1.6, 4.3)
18–40 1.2 (1, 4.6) 1.1 (1, 2.8) 3.6 (1.8, 6)
41–50 1.8 (1, 4.8) 1.3 (1, 3.4) 4.5 (2.5, 7.7)
51–60 1.9 (1, 4.8) 1.5 (1, 4.3) 5.5 (3.1, 8.9)
61–70 2.3 (1, 5.8) 1.4 (1, 4.6) 6.5 (3.7, 9.8)
71–80 3 (1, 6.6) 1.5 (1, 4.7) 6.7 (3.9, 9.7)
>80 3.8 (1, 6.7) 1.7 (1, 5) 6.7 (4.3, 9.5)
Sex** P = 0.1777 P < 0.001 P = 0.0115
Male 2.5 (1, 6.1) 1.2 (1, 3.6) 5.8 (3, 8.8)
Female 2.6 (1, 6.1) 1.6 (1, 4.5) 6 (3.3, 9.2)

Doxycycline (n = 28,928)

Age groups (years)* P = 0.001
<18 1 (1, 3)
18–40 1 (1, 3)
41–50 1.2 (1, 3.8)
51–60 1.7 (1, 3.9)
61–70 2 (1, 4.4)
71–80 2.7 (1, 4.8)
>80 3.4 (1, 5.0)
Sex** P = 0.2612
Male 2.5 (1, 4.7)
Female 2.4 (1, 4.7)

Note: **P values obtained from Wilcoxon signed-rank test comparing median duration across sex within each route of administration; *P values obtained from 
Kruskal–Wallis test comparing median duration across age groups within each route of administration; data are presented as % (N) if not otherwise stated 
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Table 4. Categories of duration of therapy for the 186,061 prescriptions of the four studied antibiotics from January 2019 to March 2022 in Scotland, stratified by 
routes of administration (when appropriate): A-Amoxicillin; B-Co-amoxiclav; C-Flucloxacillin, and D-Doxycycline.

A

Amoxicillin (n = 73,311) %(N)

Oral (36%, n = 26,406)

≤3 days >3–5 days >5–7 days >7–10 days >10 days

Age groups (years)*
<18 89.4 (605) 6.5 (44) 3.7 (25) 0.3 (2) 0.2 (1)
18–40 78 (1,418) 13.6 (248) 6.8 (123) 0.6 (11) 1.0 (18)
41–50 71.6 (1,015) 18 (255) 8.8 (125) 1.0 (14) 0.6 (9)
51–60 65.0 (1,911) 19.7 (575) 11.3 (330) 2.1 (62) 1.2 (35)
61–70 61.3 (2,576) 22.8 (959) 13.2 (553) 1.7 (72) 1.1 (46)
71–80 54.0 (3,636) 23.5 (1,583) 19.0 (1,286) 2.2 (149) 1.2 (78)
>80 47 (4,058) 26.4 (2,285) 22.6 (1,953) 2.9 (252) 1.1 (94)
Sex*
Male 57.2 (7,239) 22.3 (2,826) 17.1 (2,164) 2.4 (297) 1.0 (131)
Female 58.0 (7,980) 22.7 (3,123) 16.2 (2,231) 1.9 (265) 1.1 (150)

IV (47.1%, n = 34,522)

Age groups (years)*
<18 88.4 (402) 7.3 (33) 3.1 (14) 0.7 (3) 0.7 (3)
18–40 86.3 (3,593) 9.5 (394) 2.5 (103) 1.0 (41) 0.7 (31)
41–50 81.2 (2,169) 12.5 (335) 3.7 (100) 1.7 (45) 0.9 (23)
51–60 76.7 (3,695) 13.7 (661) 5.6 (271) 2.6 (125) 1.3 (80)
61–70 75.2 (4,818) 15.6 (934) 6.3 (401) 2.7 (174) 1.3 (80)
71–80 72 (5,896) 16.0 (1,313) 7.6 (625) 3.1 (253) 1.3 (107)
>80 70.8 (5,536) 15.5 (1,208) 9.1 (710) 3.5 (272) 1.2 (90)
Sex*
Male 74.8 (13,384) 14.4 (2,573) 6.6 (1,180) 3.0 (534) 1.3 (231)
Female 76.6 (12,725) 13.9 (2,305) 6.3 (1,044) 2.3 (379) 1.0 (167)

Both (16.9%, n = 12,383)

Age groups (years)*
<18 44.3 (27) 32.8 (20) 9.8 (6) 8.2 (5) 4.9 (3)
18–40 48.5 (318) 25.9 (170) 16.2 (106) 7.9 (52) 1.5 (10)
41–50 33.4 (206) 19.8 (184) 21.9 (135) 12.3 (76) 2.6 (16)
51–60 26.4 (348) 31.0 (408) 26.8 (352) 12.3 (162) 3.5 (46)
61–70 24.2 (524) 27.9 (605) 28.7 (632) 14.6 (317) 4.7 (101)
71–80 19.8 (685) 24.4 (845) 32 (1,106) 18.1 (628) 5.7 (198)
>80 15.8 (649) 2.5 (923) 34.8 (1,427) 21.4 (879) 5.4 (223)
Sex
Male 21.9 (1,372) 25.7 (1,609) 30.1 (1,885) 17.5 (1,098) 4.9 (309)
Female 22.7 (1,385) 25.3 (1,546) 30.6 (1,870) 16.7 (1,021) 4.7 (288)

B

Co-amoxiclav (n = 55,963) %(N)

Oral (31.4%, n = 17,556)

≤3 >3–5 >5–7 >7–10 >10

Age groups (years)*
<18 90.8 (582) 5.3 (34) 3 (19) 0.3 (2) 0.6 (4)
18–40 86.4 (1,966) 7.3 (167) 4.7 (106) 0.7 (16) 0.9 (21)
41–50 76.4 (983) 13 (167) 8.3 (107) 1.2 (16) 1.1 (14)
51–60 72.1 (1,625) 14.3 (323) 10.4 (234) 2.2 (49) 1 (22)
61–70 66.6 (1,975) 16.7 (495) 13.4 (397) 2.2 (66) 1.1 (34)
71–80 58.9 (2,404) 18.7 (762) 17 (695) 3.9 (158) 1.6 (64)
>80 48.9 (1,979) 22.2 (897) 22.3 (902) 4.3 (173) 2.4 (98)
Sex
Male 64.9 (5,669) 16.4 (1,433) 14.1 (1,234) 3 (265) 1.6 (138)
Female 66.3 (5,845) 16 (1,412) 13.9 (1,226) 2.4 (215) 1.4 (119)

IV (50.9%, n = 28,457)

Age groups (years)*
<18 95.7 (749) 2.9 (23) 0.6 (5) 0.4 (3) 0.4 (3)
18–40 96.8 (9,034) 1.9 (175) 0.8 (72) 0.3 (32) 0.2 (21)
41–50 87.3 (2,005) 6.4 (146) 4 (91) 1.6 (37) 0.8 (18)
51–60 83.2 (2,852) 8.5 (293) 5.1 (176) 2 (70) 1.1 (38)
61–70 80.4 (3,252) 9.5 (383) 6.2 (250) 2.6 (106) 1.3 (71)
71–80 76.5 (3,545) 11.1 (513) 7.8 (362) 3.1 (145) 1.5 (71)
>80 73.8 (2,903) 12.4 (486) 8.7 (342) 4.2 (165) 0.9 (37)
Sex*
Male 79.5 (9,283) 10.1 (1,177) 6.4 (742) 2.8 (329) 1.2 (140)
Female 89.7 (15,057) 5 (842) 3.3 (556) 1.4 (229) 0.6 (102)

Both (17.8%, n = 9,950)

Age groups (years)*
<18 61.2 (123) 23.4 (47) 11.4 (23) 2.5 (5) 1.5 (3)
18–40 63.1 (941) 19.7 (294) 11 (164) 4.2 (63) 2 (29)
41–50 34.5 (226) 25.2 (165) 23.9 (157) 11 (72) 5.5 (36)

(Continued )
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amoxicillin IV (β1: 0.13, P < 0.05; β2: −1.42, P < 0.05; β3: −0.12, 
P < 0.05) (Figure 6,Table 5). Similarly, upon stratification by 
sex, there was a statistically significant reduction only in the 
level immediately after COVID-19 lockdown among male 
patients who received IV co-amoxiclav (Figure 7, Appendix 
3). When stratifying by age groups, statistically significant 

changes were observed only in the level immediately after 
COVID-19 lockdown among those aged 71–80 years old (β2: 
−4.2, P < 0.05), who received oral co-amoxiclav, 51–60 years 
old (β2: −6.6, P < 0.05), and >80 years (β2: 14.4, P < 0.05) who 
received oral and ‘Both’ flucloxacillin, respectively (Appendix 4, 
Supplementary file 5, Supplementary file 6, Supplementary file 

Table 4. (Continued). 

51–60 25.2 (355) 26.2 (304) 28.1 (327) 13.7 (159) 6.8 (79)
61–70 21.3 (355) 24.4 (407) 28.9 (476) 17.3 (288) 8.5 (141)
71–80 19.1 (468) 21.4 (525) 30 (738) 21.8 (535) 7.8 (191)
>80 11.6 (269) 17.8 (413) 35.6 (825) 26.6 (617) 8.3 (192)
Sex*
Male 22.7 (1,110) 21.9 (1,072) 29.2 (1,429) 18.7 (914) 7.7 (376)
Female 31 (1,565) 21.5 (1,083) 25.4 (1,281) 16.3 (825) 5.8 (295)

C

Flucloxacillin %(N)

Oral (33.3%, n = 9,269)

≤3 >3–5 >5–7 >7–10 >10

Age groups (years)*
<18 89.2 (116) 3.9 (5) 3.9 (5) 0.8 (1) 2.3 (3)
18–40 67.5 (709) 12.3 (129) 14.1 (148) 2.6 (27) 3.5 (37)
41–50 61.7 (463) 16.3 (122) 16 (120) 2.8 (21) 3.2 (24)
51–60 59.1 (668) 17.9 (202) 17.5 (198) 3.1 (35) 2.5 (28)
61–70 56.3 (823) 15.9 (233) 20.3 (297) 4 (58) 3.6 (28)
71–80 49.9 (1,092) 18.3 (400) 23.8 (520) 4.7 (103) 3.4 (74)
>80 46 (1,175) 17.5 (446) 27.9 (712) 4.9 (124) 3.9 (99)
Sex
Male 54.9 (2,613) 16.7 (796) 21.0 (1,002) 3.9 (184) 3.5 (168)
Female 54 (2,433) 16.4 (741) 22.2 (998) 4.1 (185) 3.3 (149)

IV (48.1%, n = 13,412)

Age groups (years)*
<18 81.3 (208) 8.2 (21) 3.5 (9) 2.3 (6) 4.7 (12)
18–40 76.7 (1,539) 8.9 (179) 5.1 (103) 2.8 (57) 6.4 (128)
41–50 72.3 (1,116) 10.9 (168) 5.4 (84) 3.8 (59) 7.6 (117)
51–60 66.8 (1,628) 11.2 (273) 8.8 (215) 4.2 (103) 9 (219)
61–70 66.5 (1,738) 11 (286) 7.3 (191) 5.3 (137) 10 (260)
71–80 65 (1,732) 11.1 (295) 7.8 (209) 5.5 (147) 10.6 (282)
>80 63.3 (1,196) 12.1 (229) 10.3 (194) 5.6 (106) 8.8 (166)
Sex*
Male 65.9 (4,979) 11.2 (849) 7.7 (578) 5.2 (391) 10 (756)
Female 71.3 (4,178) 10.3 (602) 7.3 (427) 3.8 (224) 7.3 (428)

Both (19%, n = 5,178)

Age groups (years)*
<18 64.4 (56) 18.4 (16) 6.9 (6) 5.8 (5) 4.6 (4)
18–40 45.0 (254) 22.5 (127) 14.2 (80) 9.9 (56) 8.3 (47)
41–50 33.2 (178) 22.8 (122) 14.7 (79) 14 (75) 15.3 (82)
51–60 23.8 (186) 22.6 (177) 16.9 (132) 17.2 (135) 19.5 (153)
61–70 19.6 (185) 16.1 (152) 21.5 (203) 19 (180) 23.9 (226)
71–80 17 (198) 17.7 (206) 19.3 (224) 22.9 (180) 23.1 (269)
>80 15.7 (172) 14.8 (163) 25.1 (276) 22.8 (251) 21.6 (237)
Sex*
Male 23 (633) 18.5 (511) 18.7 (515) 18.9 (521) 20.9 (577)
Female 24.6 (596) 18.7 (452) 20.0 (485) 18.5 (447) 18.2 (441)

D

Doxycycline % N (n = 28,928)

≤5 >5 >7 >10

Age groups (years)*
<18 85.2 (69) 12.4 (10) 1.2 (1) 1.2 (1)
18–40 89.7 (1,300) 6.9 (100) 1.6 (23) 1.9 (30)
41–50 86.6 (1,277) 9.4 (138) 2 (68) 1.2 (39)
51–60 85.0 (2,799) 11.7 (386) 2.1 (68) 1.2 (39)
61–70 81.7 (4,271) 14.1 (735) 2.1 (111) 2.1 (112)
71–80 78.4 (6,273) 17.5 (1,401) 2.4 (195) 1.6 (131)
>80 73.9 (6,949) 21.6 (2,031) 2.7 (253) 1.8 (168)
Sex
Male 79 (10,268) 16.6 (2,159) 2.6 (332) 1.9 (246)
Female 79.6 (12,670) 16.6 (2,642) 2.2 (349) 1.7 (262)

Note: Results are presented as row percentages; *P < 0.05 obtained from chi-square test comparing duration categories by age groups; data are presented as % (N) 
if not otherwise stated 
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7, Supplementary file 8). Likewise, statistically non-significant 
changes were observed in the trends after COVID-19 lock-
down for all the four studied antibiotics except for those 
aged 71–80 years old (β3: −0.3, P < 0.05; β3: −1.1, P < 0.05) 
who received oral and ‘Both’ co-amoxiclav, respectively, and 
51–60 years old (β3: −0.8, P < 0.05) who received oral fluclox-
acillin (Appendix 4, Supplementary file 5, Supplementary file 6, 
Supplementary file 7, Supplementary file 8).

4. Discussion

4.1. Main findings

The study results indicated statistically significant variations in 
the median duration of therapy among the four antibiotics 
with the highest median duration of therapy among those 
antibiotic courses composed of both oral and IV antibiotics 
(‘Both’ group), which is clinically expected. IV courses consis-
tently had the lowest duration of therapy and was the most 
commonly used route of administration (Table 2). This could 
be explained by either patients been prescribed IV emprically 
but then discontinued because it was realized that antibiotics 
were not required or potentailly switched to another oral 
agent, or IV was stopped and patients discharged on oral 

antibiotic; however, this needs further investigation. 
Significantly higher proportions of prescriptions within the 
‘Both’ group had a duration of >7 days compared to oral 
and IV (Table 2). Although the duration of therapy overall 
did not differ significantly by sex, it differed significantly by 
age groups with a consistent pattern of increasing duration of 
therapy with increasing age, with the longest median duration 
of therapy observed in those aged >71 years old (Table 3); this 
observation was more substantial among the ‘Both’ group. In 
terms of the impact of COVID-19, we observed some statisti-
cally significant changes in the level and trends of duration of 
therapy in the post-COVID-19 period; however, these were 
very small changes (mostly equivalent to a few hours or less 
than one dosage administration interval) and unlikely to be 
clinically significant, which is encouraging.

It is encouraging to see that the observed durations of 
therapy were broadly comparable to the Scottish treatment 
guidelines for lower RTIs such as pneumonia [17] and infective 
exacerbations of COPD [18], which are the main indications for 
the studied antibiotics. Promoting IV to oral switch (IVOST) has 
been a key focus within the Scottish antimicrobial stewardship 
programme whereby particular focus was given nationally to 
review antibiotic therapy and to early IVOST for RTIs during 
the COVID-19 pandemic, given the overlapping clinical 
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Figure 1. Median duration of therapy overtime for the 186,061 prescriptions of the four studied antibiotics from January 2019 to March 2022 in Scotland, stratified 
by routes of administration (when appropriate): A-Amoxicillin; B-Co-amoxiclav; C-Flucloxacillin, and D-Doxycycline.
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Figure 2. Median duration of therapy overtime for the three routes of administration for amoxicillin from January 2019 to March 2022 in Scotland, stratified by sex: 
A-Oral; B-IV; C-Both.
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Figure 3. Median duration of therapy overtime for the three routes of administration for co-amoxiclav from January 2019 to March 2022 in Scotland, stratified by 
sex: A-Oral; B-IV; C-Both.
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Figure 4. Median duration of therapy overtime for the three routes of administration for flucloxacillin from January 2019 to March 2022 in Scotland, stratified by sex: 
A-Oral; B-IV; C-Both.
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Figure 5. Median duration of therapy overtime for doxycycline from January 2019 to March 2022 in Scotland, stratified by sex.

10 A. KURDI ET AL.



features of bacterial pneumonia and COVID pneumonitis [19]. 
It was therefore encouraging to see that the duration of IV 
therapy was relatively short and well maintained throughout 
the study period and particularly during the peak of the pan-
demic in the spring of 2020. Shorter duration of IV therapy is 
particularly important as early removal of vascular devices 
reduces complications associated with IV administration, 
including line-related infections and Staphylococcus aureus 
bacteremia; shorter IV therapy has other significant healthcare 
benefits including reduction in treatment costs and nursing 
time for the preparation and administration of therapy and 
also often enables earlier discharge from hospital [20,21]. 
Although antibiotic courses that were compromised of both 
IV and oral (‘Both’ group) had the longest median duration of 
therapy, the durations were deemed reasonable as they ran-
ged from 5.1 to 5.8 days for co-amoxiclav and flucloxacillin, 
respectively. These align within the guidelines-recommended 
durations for these antibiotics especially for lower RTIs as 
5 days (including both IV to oral switch) duration course is 
recommended. Furthermore, our study found a consistent 
pattern of longer duration of antibiotic therapy for older 
patients; this could be due to a number of clinical factors 
including complexity of managing infection attributed to the 
presence of co-comorbidity, and potentially, diagnostic uncer-
tainty in ‘ruling out’ infection and perception of higher con-
sequences of ‘under treating’ in older, frailer patients, all of 

which contribute to the overuse and misuse of antibiotics 
including unnecessary prolonged empiric antibiotic therapy, 
in this vulnerable population [22,23].

It is reassuring and encouraging that the duration of the 
studied antibiotics was not affected by the COVID-19 pan-
demic and that the observed antibiotic durations were con-
sistent and comparable with a previous Scottish point 
prevalence survey of antibiotic prescribing for RTIs in patients 
with suspected and proven COVID-19 [24], which reported a 
median recorded planned duration of oral antibiotic therapy 
of 5 days (IQR 3–7 days). Patients who had switched from IV to 
oral did so after a median IV duration of 2 days (IQR 1–4 days). 
Of those receiving IV therapy, the median duration of IV anti-
biotics was 2 days (IQR 2–3) [24]. This lack of COVID-19 impact 
could be explained by the Scottish Antimicrobial Prescribing 
Group (SAPG) (https://www.sapg.scot/) substantial efforts 
nationally and locally to promote antibiotic review, shorten 
antibiotic duration, or stop if COVID-19 confirmed and early 
IVOST [19]. Findings from another study assessing antimicro-
bial use among hospitalized COVID-19 patients across the UK 
[25] further suggest the positive impact of these efforts by 
SAPG in Scotland to promote the appropriate antibiotic use 
during the COVID-19 pandemic, in particular, whereby 
Scotland, in comparison with England and Wales, had not 
only lower use of broad-spectrum antibiotic but also did not 
show the similar extent of observed increase in antibiotic use 
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Figure 6. Proportion of prescriptions with >7 days duration overtime for the 186,061 prescriptions of the four studied antibiotics from January 2019 to March 2022 
in Scotland, stratified by routes of administration (when appropriate): A-Amoxicillin; B-Co-amoxiclav; C-Flucloxacillin, and D-Doxycycline.

EXPERT REVIEW OF ANTI-INFECTIVE THERAPY 11

https://www.sapg.scot/


across the other UK regions [25]; in fact, a 3.2% reduction in 
hospital antibiotic use was reported in Scotland between 2019 
and 2020 [26]. This impact of COVID-19 on increasing antibio-
tic consumption has also been reported in a cross-continent 
survey [27] of 73 countries whereby more than half of partici-
pating countries (63%, 35/63) reported an increase in total 
antibiotic use during COVID-19, with higher rates reported 
by low- and middle-income countries compared to high- 
income countries.

In the future, the use of HEPMA data to describe the dura-
tion of therapy may identify areas for antimicrobial steward-
ship improvement initiatives such as promoting IVOST or 
reducing total duration (‘Both’) without the need for a labor- 
intensive, time-consuming clinical manual audit. With a clinical 
focus of ‘shorter is better’ [3], these types of interventions 
have been seen as a ‘low-hanging fruit’, selecting the most 
obtainable targets rather than confronting more complicated 
management issues [28]. Furthermore, it is important to high-
light the fact that shorter antibiotic courses have been found 
to be as effective as longer antibiotic courses in all clinical 
trials that compared short-course antibiotics with longer 
courses across all single bacterial infections studied, which 
included community-acquired pneumonia (3–5 days vs. 7– 
10 days) [29,30], nosocomial pneumonia (≤8 days vs. 10–15) 
[31], pyelonephritis (5–7 days vs. 10–14 days) [32], intra- 
abdominal infection (4 days vs. 10 days) [33], acute exacerba-
tion of chronic bronchitis and COPD (≤5 days vs. ≥7 days) [34], 
acute bacterial sinusitis (5 days vs. 10 days) [35], cellulitis (5– 
6 days vs. 10 days) [36], and chronic osteomyelitis (42 days vs. 
84 days) [37].

4.2. Strengths and limitations

To our knowledge, this is the first published study (in the UK and 
Europe at least) to explore/evaluate the duration of antibiotic 
therapy in an acute hospital setting using individual patient-level 
data, although we are aware of other studies which [38,39], unlike 
our study, presented the duration of antibiotic therapy as a utiliza-
tion/consumption metric (days of therapy per 1,000 patient days) 
rather than as a quality indicator proxy. Using HEPMA data enabled 
the analyses of the actual antibiotic use in clinical practice, describ-
ing the duration of antibiotic therapy by routes of administrations 
(stratified by patient characteristics such as age and sex), conduct-
ing a population-based evaluation covering all inpatients from the 
participating health boards over a prolonged period of time, across 
all indications and clinical specialties, hence providing comprehen-
sive coverage and insight into this important topic in a very 
efficient way. Furthermore, a control group (flucloxacillin) was 
used to separate the impact of COVID-19 from other interventions 
that may have occurred at the same time, which is a standard 
approach in interrupted segmented regression [16]. We did, how-
ever, not discuss the comparison of duration of therapy between 
flucloxacillin and the other studied antibiotics because flucloxacil-
lin, unlike the others studied antibiotics, is rarely used for RTIs; 
hence, any comparison would have been clinically inappropriate.

However, some limitations need to be acknowledged. First, 
our study only included antibiotic use during patients’ hospital 
stay and did not include any antibiotic use being prescribed 
for out-patient use at discharge (these data are not captured 
within HEPMA); therefore, the observed duration of antibiotic 
therapy might be an underestimation of the actual duration of 

Table 5. Segmented regression analysis on the monthly median duration of therapy and proportion of prescriptions with >7 days duration for the 186,061 
prescriptions of the four studied antibiotics from January 2019 to March 2022 in Scotland, stratified by routes of administration (when appropriate).

β1
a β2

b β3
c

Median duration of therapy
Amoxicillin
Oral 0.04 (0.002, 0.07) 0.12 (−0.24, 0.5) −0.04 (−0.08, 0.003)
IV 0.02 (0.003, 0.04) −0.03 (−0.22, 0.16) −0.02 (−0.04, 0.004)
Both −0.04 (−0.08, −0.003) 0.4 (0.01, 0.81) 0.05 (0.008, 0.01)
Co-amoxiclav
Oral −0.004 (−0.03, 0.02) 0.24 (−0.03, 0.5) −0.01 (−0.04, 0.02)
IV NA NA NA
Both 0.02 (−0.4, 0.07) 0.05 (−0.49, 0.59) −0.03 (−0.09, 0.03)
Flucloxacillin
Oral 0.03 (−0.034, 0.01) 0.10 (−0.55, 0.75) −0.002 (−0.07, 0.07)
IV −0.02 (−0.5, 0.01) 0.36 (0.09, 0.64) 0.01 (−0.02, 0.04)
Both 0.04 (−0.05, 0.14) 0.07 (−0.84, 0.97) −0.03 (−0.13, 0.07)
Doxycycline 0.03 (−0.01, 0.08) 0.07 (−0.38, 0.52) −0.01 (−0.06, 0.04)

Proportion of prescriptions with >7 days duration
Amoxicillin
Oral −0.01 (−0.13, 0.10) −0.2 (−1.4, 1.0) 0.004 (−0.12, 0.13)
IV 0.05 (−0.05, 0.16) 0.27 (−0.77, 1.3) −0.005 (−0.11, 0.11)
Both 0.23 (−0.19, 0.66) −1.5 (−5.6, 2.7) −0.16 (−0.62, 0.30)
Co-amoxiclav
Oral −0.06 (−0.2, 0.1) −0.38 (−1.8, 1.1) 0.07 (−0.09, 0.23)
IV 0.13 (0.03, 0.23) −1.42 (−2.44, −0.39) −0.12 (−0.23, −0.007)
Both 0.2 (−0.19, 0.61) −1.5 (−5.5, 2.4) −0.21 (−0.65, 0.22)
Flucloxacillin
Oral 0.05 (−0.22, 0.33) −1.5 (−4.3, 1.2) 0.02 (−0.30, 0.32)
IV 0.02 (−0.31, 0.34) 2.8 (−0.42, 6.0) −0.02 (−0.40, 0.37)
Both 0.40 (−0.41, 1.14) 1.5 (−6.14, 9.20) −0.41 (−1.25, 0.44)
Doxycycline −0.02 (−0.10, 0.10) −0.30 (−1.40, 0.80) 0.04 (−0.08, 0.20)

(Note) Regression coefficients (95% confidence intervals): aBaseline trend before the first COVID-19 lockdown; bLevel change immediately after the first COVID-19 
lockdown; c Trend change after the first COVID-19 lockdown 
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therapy. Furthermore, we did not consider the totality of the 
duration of therapy for infection episodes treated with differ-
ent types of antibiotics (where the IV antibiotic switched to a 
different oral antibiotic) because our study aimed to estimate 
the duration of therapy for the same antibiotic rather than the 
total duration of antibiotic course (with differing antibiotics) 
used to treat the same infection episode; therefore, some of 
the reported results such as for IV antibiotic therapy might not 
reflect the real total duration of antibiotic therapy. Hence, our 
findings in terms of comparing duration of therapy across 
routes of administration should be interpreted with caution. 
Moreover, it is worth noting that we did not report our 
resulted days of therapy per 1,000 patient days or defined 
daily dose per 1,000 patient days because these measures 
are antibiotic consumption metrics used to quantify the anti-
biotic use [40], which was not the aim of our study; rather our 
study was aimed at assessing the quality of antibiotic use, 
using duration of therapy as a proxy.

Furthermore, we did not stratify the antibiotic duration 
by indication because data on indication are not available 
within the data source that we have used in our study 
(HEPMA) but would require multiple linkage with other 
national datasets which was out with the scope of the 

current study. Consequently, some of the studied antibiotics 
therefore may have been prescribed for non-respiratory 
tract infections; however, lower RTIs are reported to be 
the most common indications for antibiotics across hospi-
tals in Scotland [41], with over half of these reportedly 
treated with either amoxicillin, doxycycline, or co-amoxiclav 
[7]. This gave us assurance that lower RTIs were the most 
likely indications for these antibiotics.

4.3. Conclusions

The study showed no evidence for prolonged duration of therapy. 
As expected, median duration of therapy varied by routes of 
administration reflecting clinical review and IVOST. The duration 
of IV therapy was relatively short (median <2 days) throughout the 
study period, suggesting timely clinical review and consideration 
of IVOST. Where both IV and oral therapy (most likely reflecting 
IVOST) had been used, median duration of therapy was about 
5 days reflecting national stewardship guidance for lower RTIs. 
Longer duration of therapy was observed among older patients 
possibly reflecting greater complexity or clinical uncertainty. There 
were no clinically significant differences in the duration of IV 
therapy or total antibiotic course during the period of peak 
COVID-19 admissions, which may reflect national guidance to 
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Figure 7. Proportion of prescriptions with >7 days duration overtime for the 186,061 prescriptions of the four studied antibiotics from January 2019 to March 2022 
in Scotland, stratified by routes of administration (when appropriate) and sex: A-Amoxicillin; B-Co-amoxiclav; C-Flucloxacillin, and D-Doxycycline.
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limit the overuse of antibiotics in COVID-19 infection. Further work 
is needed to link prescriptions with indications, evaluating the total 
duration of antibiotic therapy across the whole infection episode, 
in particular, the duration of antibiotics for older patients should be 
considered a priority for stewardship teams.
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Appendix 1. Segmented regression analysis on the monthly median duration of therapy for the 186,061 
prescriptions of the four studied antibiotics from January 2019 to March 2022 in Scotland, stratified by 
routes of administration (when appropriate) and sex

β1
a β2

b β3
c

Amoxicillin
Oral

Male 0.04 (−0.01, 0.09) 0.06 (−0.44, 0.57) −0.03 (−0.08, 0.02)
Female 0.03 (−0.005, 0.07) 0.11 (−0.25, 0.47) −0.03 (−0.07, 0.01)
IV

Male 0.02 (−0.004, 0.04) −0.14, −0.37, 0.09) −0.01 (−0.04, 0.01)
Female 0.02 (−0.005, 0.04) 0.04 (−0.18, 0.26) −0.02 (−0.04, 0.004)

Both
Male −0.02 (−0.08, 0.03) 0.25 (−0.30, 0.79) 0.03 (−0.03, 0.09)

Female −0.07 (−0.13, −0.019) 0.56 (0.05, 1.10) 0.07 (0.02, 0.14)
Co-amoxiclav

Oral

Male −0.02 (−0.07, 0.02) 0.23 (−0.22, 0.68) 0.02 (−0.03, 0.07)
Female 0.02 (−0.01, 0.06) 0.22 (−0.16, 0.61) −0.04 (−0.08, 0.0002)

IV
Male 0.06 (−0.003, 0.003) 0.02 (−0.01, 0.05) −0.001 (−0.004, 0.002)

Female NA NA NA
Both

Male 0.01 (−0.04, 0.05) −0.02 (−0.48, 0.45) −0.02 (−0.07, 0.03)
Female 0.04 (−0.03, 0.12) 0.08 (−0.63, 0.79) −0.07 (−0.15, 0.01)

Flucloxacillin
Oral
Male 0.01 (−0.07, 0.1) 0.03 (−0.9, 0.9) 0.03 (−0.06, 0.1)

Female 0.04 (−0.05, 0.1) 0.16 (−0.8, 1.1) −0.03 (−0.1, 0.07)
IV

Male −0.002 (−0.03, 0.03) 0.36 (−0.02, 0.71) −0.01 (−0.05, 0.03)
Female −0.04 (−0.08, 0.01) 0.3 (−0.1, 0.6) 0.04 (−0.001, 0.08)
Both

Male 0.1 (0.01, 0.2) −0.12 (−1.3, 1.1) −0.13 (−0.3, −0.006)
Female −0.002 (−0.09, 0.09) 0.12 (−0.79, 1.0) 0.02 (−0.8, 0.1)

Doxycycline
Male 0.06 (0.01, 0.11) −0.20 (−0.70, 0.30) 0.04 (−0.09, 0.02)

Female 0.04 (−0.01, 0.10) 0.004 (−0.50, 0.50) −0.01 (−0.07, 0.05)

Note: Regression coefficients (95% confidence intervals): 
a
Baseline trend before the first COVID-19 lockdown; 

b
Level change immediately after the first COVID-19 

lockdown; 
c
Trend change after the first COVID-19 lockdown; NA: non-applicable due to stable trend overtime 

16 A. KURDI ET AL.



Appendix 2. Segmented regression analysis on the monthly median duration of therapy for the 
186,061 prescriptions of the four studied antibiotics from January 2019 to March 2022 in 
Scotland, stratified by routes of administration (when appropriate) and age groups

β1
a β2

b β3
c

Amoxicillin
Oral

<18 0.002 (−0.07, 0.07) 0.26 (−0.42, 0.95) −0.01 (−0.08, 0.07)
18–40 0.003 (−0.03, 0.04) 0.16 (−0.18, 0.49) −0.01 (−0.04, 0.03)

41–50 0.03 (−0.05, 0.10) 0.27 (−0.48, 1.02) −0.05 (−0.13, 0.03)
51–60 0.03 (−0.03, 0.09) 0.09 (−0.51, 0.68) −0.004 (−0.07, 0.06)

61–70 0.04 (−0.01, 0.09) −0.35 9–0.83, 0.13) −0.004 (−0.06, 0.04)
71–80 0.02 (−0.04, 0.07) 0.32 (−0.21, 0.84) −0.03 (−0.08, 0.03)
>80 0.02 (−0.05, 0.01) −0.08 (−0.79, 0.63) −0.03 (−0.11, 0.05)

IV
<18 −0.4 (−0.11, 0.01) 0.14 (−0.46, 0.73) 0.04 (−0.03, 0.10)

18–40 0.003 (−0.01, 0.02) 0.11 (−0.06, 0.28) −0.01 (−0.03, 0.01)
41–50 0.04 (0.003, 0.07) −0.15 (−0.48, 0.18) −0.04 (−0.08, −0.01)

51–60 −0.001 (−0.04, 0.04) 0.09 (−0.27, 0.45) 0.003 9–0.04, 0.04)
61–70 0.01 (−0.03, 0.05) −0.09 (−0.45, 0.23) −0.01 (−0.04, 0.04)

71–80 0.03 (0.001, 0.06) −0.8 (−0.36, 0.20) −0.02 (−0.05, 0.01)
>80 0.03 (0.01, 0.05) −0.13 (−0.31, 0.06) −0.02 (−0.04, 0.001)
Both

<18 −0.12 (0.51, 0.28) 1.0 (−3.2, 5.3) 0.14 (−0.32, 0.60)
18–40 −0.15 9–0.27, −0.04) 1.0 (−0.11, 2.1) 0.1 (0.04, 0.28)

41–50 −0.06 (−0.17, 0.04) 0.75 (−0.3, 1.8) 0.06 9–0.05, 0.18)
51–60 −0.01 (−0.09, 0.08) −0.4 9–1.3, 0.45) 0.04 (−0.05, 0.14)

61–70 −0.01 (−0.1, 0.9) 0.5 (−0.42, 1.4) 0.02 (−0.08, 0.12)
71–80 −0.05 9–0.10, 0.01) 0.26 (−0.30, 0.82) 0.05 (−0.01, 0.11)
>80 0.01 (−0.04, 0.06) 0.05 (−0.47, 0.56) −0.02 (−0.08, 0.04)

Co-amoxiclav
Oral

<18 −0.001 (−0.02, 0.01) 0.05 (−0.05, 0.14) −0.003 (−0.014, 0.01)
18–40 −0.0001 (−0.02, 0.02) 0.13 (−0.05, 0.31) −0.01 (−0.03, 0.01)

41–50 −0.03 (−0.07, 0.01) −0.09 (−0.47, 0.29) 0.05 (0.01, 0.09)
51–60 0.01 (−0.04, 0.05) 0.17 (−0.29, 0.62) −0.1 (−0.06, 0.04)
61–70 −0.05 9–0.12, 0.01) 0.61 (−0.03, 1.2) 0.04 (−0.03, 0.11)

71–80 0.004 (−0.04, 0.06) 0.11 9–0.1, 0.6) −0.02 (−0.08, 0.04)
>80 −0.04 (−0.11, 0.03) 0.17 (−0.51, 0.84) 0.04 (−0.03, 0.12)

IV
<18 −0.001 (−0.008, 0.008) −0.004 (−0.09, 0.08) 0.0001 (−0.001, 0.09)

18–40 NA NA NA
41–50 NA NA NA

51–60 0.001 (−0.006, 0.01) 0.05 (−0.02, 0.11) −0.002 (−0.01, 0.004)
61–70 0.006 (−0.02, 0.01) 0.15 (−0.01, 0.29) −0.01 (−0.02, 0.01)
71–80 0.009 (−0.002, 0.02) −0.03 (−0.14, 0.08) −0.01 (–0.02, 0.001)

>80 −0.002 (−0.03, 0.02) 0.04 (−0.23, 0.31) −0.002 (−0.03, 0.03)
Both

<18 0.04 (−0.12, 0.20) 0.53 (−1.0, 2.1) −0.08 (−0.26, 0.09)
18–40 −0.02 (−0.09, 0.05) 0.5 (−0.21, 1.28) 0.01 (−0.07, 0.09)

41–50 0.09 (−0.02, 0.22) −1.01 (−2.3, 0.13) −0.11 9–0.24, 0.03)
51–60 0.01 (−0.10, 0.12) 0.1 (−0.9, 1.2) −0.008 (−0.13, 0.11)
61–70 0.04 (−0.04, 0.12) 0.13 (−0.67, 0.91) −0.03 (−0.12, 0.06)

71–80 −0.06 (−0.14, 0.02) 0.36 (−0.44, 1.15) 0.05 (−0.03, 0.14)
>80 0.01 (−0.04, 0.06) −0.08 (−0.59, 0.42) −0.01 (−0.07, 0.04)

Flucloxacillin
Oral

<18 0.01 (−0.2, 0.21) 0.7 (−1.3, 2.7) −0.007 (−0.23, 0.21)

(Continued )
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(Continued). 

β1
a β2

b β3
c

18–40 0.06 (−0.02, 0.11) −0.03 (−0.68, 0.63) −0.05 (−0.12, 0.03)

41–50 0.09 (−0.05, 0.24) 0.49 (−1.0, 1.9) −0.11 (−0.27, 2.1)
51–60 0.05 (−0.09, 0.18) 0.39 (−1.0, 1.7) −0.06 (−0.21, 0.09)

61–70 0.05 (−0.08, 0.18) 1.0 (−0.34, 2.3) −0.07 (−0.21, 0.08)
71–80 −0.03 (−0.13, 0.07) −0.46 (−1.5, 0.59)) 0.09 (−0.02, 0.20)
>80 −0.07 (−0.20, 0.06) 0.55 (−0.71, 1.8) 0.07 (−0.07, 0.21)

IV
<18 0.01 (−0.05, 0.07) −0.04 (−0.62, 0.53) −0.02 (−0.08, 0.04)

18–40 −0.02 (−0.06, 0.03) 0.30 (−0.18, 0.74) 0.01 (−0.04, 0.06)
41–50 −0.02 (−0.06, 0.03) 0.30 (−0.18, 0.74) 0.01 (−0.04, 0.06)

51–60 0.01 (−0.05, 0.06) −0.14 (−0.66, 0.38) −0.01 (−0.06, 0.04)
61–70 −0.08 (−0.19, 0.03) 1.6 (0.5, 2.6) 0.01 (−0.11, 0.12)
71–80 −0.10 (−0.15, −0.01) 0.8 (0.1, 1.5) 0.1 (−0.01, 0.14)

>80 −0.03 (−0.09, 0.04) 0.7 (0.05, 1.4) 0.01 (−0.07, 0.08)
Both

<18 0.11 (−0.13, 0.34) −0.3 (−2.7, 2.1) −0.06 (−0.32, 0.2)
18–40 −0.02 (−0.2, 0.2) 0.42 (−1.2, 2.1) −0.03 (−0.21, 0.16)

41–50 0.03 (−0.30, 0.40) 0.81 (−2.5, 4.1) −0.08 (−0.45, 0.28)
51–60 0.05 (−0.12, 0.23) 0.41 (−1.3, 2.1) −0.01 (−0.20, 0.20)
61–70 0.07 (−0.1, 0.3) −0.05 (−1.8, 1.7) −0.10 (−0.30, 0.09)

71–80 0.06 (0.07, 0.2) −0.20 (−1.5, 1.1) −0.08 (−0.22, 0.07)
>80 −0.04 (−0.16, 0.07) 0.90 (−0.31, 2.0) 0.03 (−0.1, 0.16)

Doxycycline
<18 −0.10 (−0.30, 0.10) 1.80 (−0.50, 4.10) 0.04 (−0.20, 0.30)

18–40 0.02 (−0.02, 0.06) −0.06 (−0.40, 0.30) −0.03 (−0.07, 0.01)
41–50 0.04 (−0.03, 0.10) −0.10 (−0.80, 0.50) −0.02 (−0.10, 0.05)

51–60 0.03 (−0.03, 0.09) 0.02 (−0.50, 0.60) −0.003 (−0.06, 0.06)
61–70 0.08 (0.01, 0.10) −0.70 (−1.30, −0.05) −0.04 (−0.10, 0.03)
71–80 0.04 (−0.03, 0.10) −0.20 (−0.80, 0.50) −0.01 (−0.08, 0.06)

>80 0.02 (−0.04, 0.08) 0.60 (−0.03, 1.20) −0.02 (−0.09, 0.04)

Note: Regression coefficients (95% confidence intervals): 
a
Baseline trend before the first COVID-19 lockdown; 

b
Level change immediately after the first COVID-19 

lockdown; 
c
Trend change after the first COVID-19 lockdown; NA: non-applicable due to stable trend overtime 
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Appendix 3. Segmented regression analysis on the monthly proportion of prescriptions with 
>7 days duration for the 186,061 prescriptions of the four studied antibiotics from January 2019 
to March 2022 in Scotland, stratified by routes of administration (when appropriate) and sex

β1
a β2

b β3
c

Amoxicillin
Oral

Male 0.01 (−0.14, 0.16) −0.65 (−2.2, 0.86) 0.01 (−0.16, 0.17)
Female −0.05 (−0.21, 0.12) 0.24 (−1.4, 1.8) 0.02 (−1.6, 0.19)
IV

Male 0.01 (−0.05, 0.25) 0.07 (−1.4, 1.6) −0.06 (−0.22, 0.10)
Female 0.005 (–0.12, 0.15) 0.51 (–0.87, 1.90) 0.05 (−0.11, 0.20)

Both
Male 0.40 (−0.10, 0.84) −2.83 (−7.22, 1.56) −0.34 (−0.82, 0.14)

Female 0.02 (−0.70, 0.7) 0.10 (−6.12, 8.1) 0.01 (−0.77, 0.79)
Co-amoxiclav

Oral
Male 0.02 (−0.19, 0.23) −1.0 (−3.0, 1.1) −0.03 (−0.30, 0.2)
Female −0.12 (−0.3, 0.10) −0.16 (−2.0, 1.7) 0.14 (−0.06, 0.34)

IV
Male 0.2 (0.01, 0.3) −2.2 (−3.8, −0.6) −0.1 (−0.3, 0.1)

Female 0.09 (−0.02, 0.2) −0.8 (−1.8, 0.25) −0.09 (−0.2, 0.02)
Both

Male −0.07 (−0.6, 0.4) 0.9 (−4.2, 5.9) 0.1 (−0.42, 0.7)
Female 0.5 (−0.1, 1.1) −3.8 (−9.5, 1.9) −0.6 (−1.2, 0.1)

Flucloxacillin
Oral
Male −0.05 (−0.38, 0.27) −2.43 (−5.62, 0.80) 0.21 (−0.14, 0.56)

Female 0.19 (−0.27, 0.64) −0.44 (−4.93, 4.10) −0.20 (−0.70, 0.30)
IV

Male 0.10 (−0.33, 0.54) 4.30 (−0.05, 8.5) −0.20 (−0.70, 0.30)
Female −0.10 (−0.50, 0.30) 0.20 (−3.70, 4.20) 0.20 (−0.20, 0.70)

Both
Male 0.70 (−0.60, 2.10) 3.20 (−9.50, 16.0) −0.90 (−2.30, 0.50)
Female −0.03 (−0.80, 0.80) 2.40 (−5.30, 10.10) 0.20 (−0.70, 1.10)

Doxycycline
Male −0.03 (−0.10, 0.10) −1.10 (−2.70, 0.60) 0.05 (−0.10, 0.20)

Female −0.01 (−0.20, 0.20) 0.10 (−1.40, 1.60) 0.03 (−0.10, 0.20)

Note: Regression coefficients (95% confidence intervals): 
a
Baseline trend before the first COVID-19 lockdown; 

b
Level change immediately after the first COVID-19 

lockdown; 
c
Trend change after the first COVID-19 lockdown; NA: non-applicable due to stable trend overtime 
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Appendix 4. Segmented regression analysis on the monthly proportion of prescriptions with 
>7 days duration for the 186,061 prescriptions of the four studied antibiotics from January 2019 
to March 2022 in Scotland, stratified by routes of administration (when appropriate) and age 
groups

β1
a β2

b β3
c

Amoxicillin
Oral

<18 0.03 (−0.29, 0.36) −1.79 (−5.0, 1.42) −0.03 (−0.39, 0.32)
18–40 −0.08 (−0.36, 0.12) 1.15 (−1.61, 3.9) 0.11 (−0.19, 0.42)

41–50 −0.03 (−0.31, 0.25) −1.4 (−4.2, 1.34) 0.15 (−0.15, 0.46)
51–60 0.07 (−0.22, 0.37) 0.72 (−2.19, 3.63) −0.10 (–0.42, 0.22)

61–70 −0.19 (−0.40, 0.01) 0.47 (−1.56, 22.50) 0.29 (0.07, 0.52)
71–80 −0.01 (−0.25, 0.24) −0.20 (−2.60, 2.20) −0.07 (−0.33, 0.19)
>80 0.02 (−0.16, 0.19) −0.75 (−2.51, 1.00) −0.04 (−0.23, 0.15)

IV
<18 −0.26 (−0.62, 0.09) −0.33 (−3.80, 3.19) 0.39 (−0.001, 0.77)

18–40 0.10 (–0.09, 0.29) −1.24 (−3.13, 0.66) −0.07 (−0.28, 0.14)
41–50 −0.06 (−0.35, 0.22) 2.0 (−0.86, 4.77) 0.61 (−0.25, 0.37)

51–60 −0.33 (−0.59, −0.07) 3.90 91.33, 6.43) 0.34 (0.06, 0.62)
61–70 0.11 (−0.14, 0.36) −0.27 (−2.72, 2.190 −0.04 (−0.31, 0.23)

71–80 0.23 (0.04, 0.42) −0.62 (−2.50, 1.23) −0.15 (–0.35, 0.01)
>80 0.15 (−0.07, 0.36) −0.91 (−3.10, 1.26) −0.10 (−0.34, 0.14)
Both

<18 −2.0 (−6.30, 2.40) 27.2 (−15.6, 70.0) 1.7 (−3.0, 6.4)
18–40 −0.50 (−1.40, 0.40) 5.1 (−3.6, 13.8) 0.4 (−0.6, 1.4)

41–50 −0.3 (−1.7, 1.2) 7.2 (−6.8, 21.2) 0.1 (−1.4, 1.6)
51–60 0.3 (−0.7, 1.2) −5.5 (−14.7, 3.7) 0.11 (−1.1, 0.9)

61–70 −0.02 (−0.7, 0.7) 2.0 (−5.1, 9.0) 0.1 (−0.7, 0.9)
71–80 0.04 (−0.7, 0.8) −1.4 (−8.8, 6.0) −0.02 (−0.9, 0.8)
>80 1.0 (0.1, 1.8) −6.2 (−14.7, 2.4) −0.9 (−1.8, 0.05)

Co-amoxiclav
Oral

<18 0.10 (−0.26, 0.44) 0.72 (−2.7, 4.2) −0.16 (−0.54, 0.22)
18–40 0.22 (−0.07, 0.51) −2.6 (−5.5, 0.240 −0.21 (–0.52, 0.11)

41–50 −0.3 (−0.6, 0.1) 2.0 (−1.1, 5.1) 0.3 (−0.1, 0.6)
51–60 −0.08 (−0.34, 0.19) −.90 (−3.5, 1.7) 0.1 (−0.1, 0.4)
61–70 0.02 (−0.2, 0.3) −1.4 (−3.9, 1.2) −0.02 (−0.3, 0.3)

71–80 −0.02 (−0.3, 0.3) −0.2 (−3.4, 2.9) −0.02 (0.4, 0.3)
>80 −0.25 (−0.6, 0.10) −0.04 (−3.3, 3.3) 0.3 (−0.1, 0.6)

IV
<18 0.18 (−0.03, 0.40) −1.1 (−3.1, 0.9) −0.2 (−0.4, 0.02)

18–40 0.001 (−0.07, 0.07) −0.37 (−1.1, 0.40) 0.01 (−07, 0.09)
41–50 0.03 (−0.3, 0.3) −0.7 (−3.5, 2.2) 0.03 (−0.28, 0.35)

51–60 −0.09 (–0.33, 0.16) −1.4 (−3.8, 1.1) 0.18 (−0.09, 0.45)
61–70 0.05 (−0.2, 0.3) 0.07 (−2.6, 2.8) −0.03 (−0.33, 0.28)
71–80 0.4 (0.14, 0.6) −4.2 (−6.7, −1.7) −0.3 (−0.5, −0.001)

>80 0.3 (−0.05, 0.6) −2.9 (−6.1, 0.3) −0.2 (−0.6, 0.1)
Both

<18 −0.2 (−1.1, 0.7) −1.5 (−10.5, 7.4) 0.6 (−0.4, 1.6)
18–40 0.2 (−0.4, 0.7) −1.5 (−6.8, 3.9) −0.3 (−0.9, 0.3)

41–50 1.5 (0.004, 3.0) −11.2 (−25.8, 3.4) −1.4 (−3.1, 0.2)
51–60 −0.07 (−1.2, 1.1) −0.9 (−12.5, 10.8) 0.3 (−0.9, 1.6)
61–70 1.2 (0.4, 2.1) −3.4 (−11.7, 4.9) −1.1 (−2.0, −1.53)

71–80 −0.6 (−1.3, 0.2) 1.1 (−6.1, 8.4) 0.6 (−0.2, 1.4)
>80 −0.2 (−1.1, 0.7) 0.02 (−9.1, 9.2) 0.2 (−0.8, 1.2)

Flucloxacillin
Oral

<18 0.80 (−1.80, 3.40) 1.40 (−24.10, 26.80) −1.0 (−3.8, 1.8)

(Continued )
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(Continued). 

β1
a β2

b β3
c

18–40 0.30 (−50, 1.0) −3.4 (−10.6, 3.7) −0.20 (−0.97, 0.61)
41–50 0.30 (−0.4, 1.0) 2.3 (−4.7, 9.3) −0.33 (−1.10, 0.44)

51–60 0.7 (0.1, 1.30) −6.6 (−12.5, −0.8) −0.8 (−1.4, −0.10)
61–70 −0.23 (−0.93, 0.50) 4.8 (−2.1, 11.70) 0.001 (−0.80, 0.80)

71–80 −0.20 (−0.63, 0.30) −2.21 (−6.80, 2.40) 0.43 (−0.10, 0.93)
>80 −0.03 (−0.60, 0.54) −3.10 (−8.70, 2.52) 0.20 (−0.40, 0.80)

IV
<18 −0.20 (−1.80, 1.40) −1.40 (−17.10, 14.30) 0.70 (−1.0, 2.40)
18–40 0.10 (−0.40, 0.70) 2.30 (−3.50, 8.0) −0.20 (−0.90, 0.40)

41–50 −0.20 (−0.90, 0.60) 4.20 (−3.0, 11.50) 0.20 (−0.60, 1.0)
51–60 0.50 (−0.10, 1.10) −1.80 (−7.90, 4.20) −0.50 (−1.20, 0.20)

61–70 −0.40 (−1.20, 0.40) 10.40 (2.50, 18.30) 0.03 (−0.80, 0.90)
71–80 −0.40 (−1.10, 0.40) 3.90 (−3.50, 11.30) 0.40 (−0.40, 1.20)

>80 0.50 (−0.30, 1.30) −2.70 (−10.80, 5.40) −0.20 (−1.10, 0.70)
Both
<18 0.30 (−2.50, 3.0) 4.20 (−22.50, 31.0) −0.70 (−3.70, 2.20)

18–40 0.50 (−0.90, 1.90) −1.40 (−14.90, 12.10) −0.80 (−2.30, 0.70)
41–50 0.70 (−1.90, 3.30) 3.50 (−22.70, 29.60) −0.90 (−3.70, 2.0)

51–60 0.40 (−1.40, 2.30) −2.20 (−20.60, 16.30) 0.10 (−2.0, 2.10)
61–70 0.50 (−1.40, 2.40) 2.70 (−15.80 (21.30) −0.70 (−2.80, 1.30)

71–80 1.0 (−0.50, 2.40) −4.30 (−18.70, 10.20) −1.20 (−2.80, 0.40)
>80 −1.0 (−2.20, 0.30) 14.40 (1.90, 26.90) 0.70 (−0.70, 2.0)

Doxycycline
<18 −0.001 (−2.20, 2.20) 1.0 (−21.10, 23.10) 0.30 (−2.10, 2.70)
18–40 0.30 (−0.20 (0.70) 0.01 (−4.60, 4.60) −0.20 (−0.80, 0.30)

41–50 0.40 (−0.04, 0.90) −2.50 (−7.10, 2.10) −0.40 (−0.90, 0.10)
51–60 −0.10 (−0.40, 0.30) 0.60 (−2.90, 3.0) 0.20 (−0.20, 0.50)

61–70 0.20 (−0.20, 0.50) −2.40 (−5.80, 1.0) −0.09 (−0.50, 0.30)
71–80 0.10 (−0.30, 0.01) 0.70 (−0.70, 2.10) 0.20 (−0.001, 0.30)

>80 −0.04 (−0.30, 0.20) −0.20 (−2.20, 2.20) 0.01 (−0.20, 0.30)

Note: Regression coefficients (95% confidence intervals): 
a
Baseline trend before the first COVID-19 lockdown; 

b
Level change immediately after the first COVID-19 

lockdown; 
c
Trend change after the first COVID-19 lockdown 
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